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Preface

In 1981, under the directing of the great scientist Xuesen Qian, an integrated
frontier science—Man–Machine–Environment System Engineering (MMESE)—
came into being in China. Xuesen Qian gave high praise to this emerging science.
In the letter to Shengzhao Long, he pointed out, ‘‘You are creating this very
important modern science and technology in China!’’ in October 22, 1993.

In the congratulation letter to the commemoration meeting of 20th anniversary
of establishing the MMESE, the great scientist Xuesen Qian stated, ‘‘You have
made active development and exploration in this new emerging science of
MMESE, and obtained encouraging achievements. I am sincerely pleased and
hope you can do even more to make prosper development in the theory and
application of MMESE, and make positive contribution to the progress of
science and technology in China, and even in the whole world’’ in June 26,
2001.

October 22nd, which is the day that the great scientist Xuesen Qian gave high
praise to MMESE, was determined to be Foundation Commemoration Day of
MMESE by the second conference of the fifth MMESE Committee on October 22,
2010. On this very special day, the great scientists Xuesen Qian pointed out in the
letter to Shengzhao Long, ‘‘You are creating this very important modern
science and technology in China!’’ And the conference also determined that the
annual Conference on MMESE would be held from October 21st to 24th to cherish
the memory of the great contributions that the great scientist Xuesen Qian had
made to the MMESE!

The 14th International Conference on MMESE will be held in Guilin, China on
October 21st–24th of this year; hence, we will dedicate Proceedings of the 14th
International Conference on Man–Machine–Environment System Engineering to
our readers.

Proceedings of the 14th International Conference on Man–Machine–Environ-
ment System Engineering is the academic showcases of the 14th International
Conference on MMESE joint held by MMESE Committee of China and Beijing
KeCui Academe of MMESE in Guilin, China. The conference proceedings is
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consisted of 52 more excellent papers selected from more than 400 papers. Due to
limitations on space, some excellent papers have been left out, we feel deeply
sorry for that. Crudeness in contents and possible incorrectness are inevitable due
to the somewhat pressing editing time and we hope you kindly point them out
promptly, and your valuable comments and suggestions are also welcomed.

Proceedings of the 14th International Conference on Man–Machine–Environ-
ment System Engineering will be published by Springer-Verlag, German. Springer-
Verlag is also responsible for the related matters on index of Index to EI and
CPCI-S (ISTP), so that the world can know the research quality and development
trend of MMESE theory and application. Therefore, the publication of Proceed-
ings of the 14th International Conference on Man–Machine–Environment System
Engineering will greatly promote the vigorous development of MMESE in the
world, and realize the grand object of making positive contribution to the
progress of science and technology in China, and even in the whole world
proposed by Xuesen Qian.

We would like to express our sincere thanks to Springer-Verlag, German for
their full support and help of during the publishing process.

Beijing, July 2014 Shengzhao Long

x Preface
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Chapter 1
Performance of Ergonomics from 2001
to 2012

Jie Li, Menglu Li, Xiaohong Guo and Aleksandar Jovanovic

Abstract The objective of this paper is to conduct a quantitative and qualitative
analysis of the international journal of Ergonomics. Articles published in
Ergonomics from 2001 to 2012 have been downloaded from the Science Citation
Index-Expanded database. The bibliometrics methods have been used to analyse
the publication output with respect to authors, countries, institutes and keywords of
these documents. The results show that authors such as Van Dieen JH published
the most papers in this journal; the analysis of institutes and countries has shown
that Vrije University Amsterdam and USA are the most productive in each cate-
gory. The analysis of the keywords revealed that ‘‘electromyography’’ has been the
most-frequently author-used keywords, followed by ‘‘biomechanics’’, ‘‘ergonom-
ics’’ and ‘‘posture’’, reflecting the hot topics and main attention of Ergonomics.

Keywords Scientometrics � Bibliometric � Ergonomics � Knowledge mapping

1.1 Introduction

The term ‘‘ergonomics’’ is derived from two Greek words ‘‘ergon’’, meaning work,
and ‘‘nomoi’’, meaning natural laws (http://www.ergonomics.org/). These days,
ergonomics has been applied in a variety of areas, including safety, computers,
automobiles, cockpits, machinery and factories [1–4]. In addition, many
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ergonomics-related journals and magazines are published around the world.
In fact, there are totally 16 journals listed in the JCR 2012 (for more detailed
information, please visit http://blog.sciencenet.cn/blog-554179-752558.html);
these journals are all indexed by SSCI or SCI. Ergonomics is one of the most
important journals in ergonomics topics which are published in England by Taylor
and Francis Ltd and indexed by SCI and SSCI. According to the JCR Social
Sciences Edition 2012, Ergonomics is 3 out of 16 in ergonomics journals and 23
out of 73 journals in psychology and applied. However, according to the JCR
Science Edition 2012, Ergonomics is 9 out of 44 in categories of engineering,
industrial, and 47 out of 75 in the subject categories of psychology. Ergonomics
has an impact factor of 1.674 in 2013. Recently, the research shows that biblio-
metrics methods have become an effective way to analyse the performance of
Journals [5–7]. In this study, scientometrics method was used to help outline a
profile of the Ergonomics from 2001 to 2012, including annual distribution of
articles, authors, institutes, countries and keywords of the journal.

1.2 Data and Method

The data were retrieved on 30 August 2013, from the Science Citation Index-
Expanded (SCI-E) database with an online version published by Thomson Reuters,
which has been operated by Thomson Scientific, Philadelphia, PA, USA. The
retrieval strategies were arranged as Publication Name = (Ergonomics), Time
span = (2001–2012). Totally, 1544 documents, including articles (1289, 83.
484 %), book reviews (177, 11.464 %), proceedings papers (81, 5.246 %), edi-
torial materials (35, 2.267 %), reviews (22, 1.425 %), corrections (12, 0.777 %)
and biographical items (8, 0.518 %), have been published in Ergonomics. As
articles represented the majority of peer-reviewed document in the journal,
therefore, 1,289 articles were downloaded for further analysis (including 81 pro-
ceedings articles published in Ergonomics). The bibliometrics method has been
used in this study which includes basic statistics, geographic distribution and
co-words analysis. Also, tools for scientometrics analysis including Histcite [8],
VOSviewer [9] and SATI [10] have been used for the data analysis.

1.3 Results and Discussion

1.3.1 Publication Output

Articles published in Ergonomics from 2001 to 2012 are shown in Fig. 1.1. The
number of papers published annually in the journal of Ergonomics varies from 68
to 129 and the average number of papers published in Ergonomics is more than
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107, with standard deviation of 20.02. As a monthly journal, the papers published
in Ergonomics did not change significantly over time.

1.3.2 Authors’ Analysis

There are 3,039 authors from all the 1,289 articles. The top 10 most productive
authors are displayed in Fig. 1.2. Out of 3,039 authors, Van Dieen JH has con-
tributed the most number with 25 articles ranking the first place, followed by
Stanton NA (22), Nussbaum MA (18), Chang WR (16), Frings-Dresen MHW (16),
Callaghan JP (15), Kingma I (14), Chan AHS (12), Sauer J (12), Walker GH (12),
Johnson PW (11) and Sluiter JK (11). They are all core authors who have pub-
lished articles in Ergonomics.

1.3.3 Institute Analysis

The contributions of different institutes were assessed herein by the institutes’
affiliations with at least one author in the published papers. The top 20 institutes
with a paper quantity of more than 15 are ranked by the number of their published
articles. According to Table 1.1, Vrije University Amsterdam has published 40
articles, ranking first, followed by University Waterloo with 37 articles, and
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Table 1.1 Top 20 most productive Institutes of Ergonomics during 2001–2012

No. Institution Country Recs Percentage LCS GCS

1 Vrije University Amsterdam Netherlands 40 3.1 67 542

2 University Waterloo Canada 37 2.9 62 376

3 Liberty Mutual Res Inst Safety USA 32 2.5 25 193

4 University Nottingham UK 28 2.2 64 397

5 Liverpool John Moores
University

UK 27 2.1 12 438

6 NIOSH USA 26 2 64 452

7 University Cincinnati USA 25 1.9 45 273

8 University Amsterdam Netherlands 24 1.9 31 320

9 University Michigan USA 23 1.8 46 217

10 University Loughborough UK 22 1.7 40 202

11 Delft University Technol Netherlands 21 1.6 18 180

12 University Southampton UK 20 1.6 24 105

13 Brunel University UK 19 1.5 84 295

14 Virginia Tech USA 19 1.5 12 92

15 Finnish Inst Occupat Hlth Finland 18 1.4 80 442

16 Hong Kong Polytech University China 18 1.4 30 157

17 Massey University New
Zealand

18 1.4 32 178

18 Ohio State University USA 17 1.3 31 152

19 University Wisconsin USA 17 1.3 24 158

20 University Washington USA 16 1.2 54 252

Note Rec is number of the articles, Percentage is percentage of articles, LCS is local citation
score, which means the number of cited times cited by other papers in local database. GCS is
global citation score that means the number of cited times cited by other papers in web of
science (until 30 August 2013)
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Liberty Mutual Res Inst Safety with 32 article ranking third that makes up the
three of the most powerful institutions in ergonomics. The GCS of the Vrije
University Amsterdam (542) also is the highest, followed by NIOSH (452),
Finnish Inst Occupat Hlth (442) and Liverpool John Moores University (438).
Moreover, Finnish Inst Occupat Hlth (24.5) has the highest AVGS, followed by
NIOSH (17.4) and Liverpool John Moores University (16.2), are the leading
institutes in paper quantity.

The VOSviewer software has been used to analyse the bibliographic coupling
of the 20 most productive institutions (see in Fig. 1.3). From the software, four
major clusters of institutions have been generated. Cluster 1 includes Brunel Univ,
Hong Kong Polytech Univ, Liverpool John Moores Univ, Massey Univ, Univ
Loughborough, Univ Nottingham and Univ Southampton; the cluster 2 includes
Finnish Inst Occupat Hlth, Liberty Mutual Res Inst Safety, Univ Michigan, Univ
Washington, Univ Waterloo, Univ Wisconsin and Virginia Tech. The cluster 3
includes Niosh, Ohio State Univ and Univ Cincinnati; the cluster 4 includes Delft
Univ Technol, Univ Amsterdam and Vrije Univ Amsterdam. Institutions in same
cluster have more cooperation and the close ergonomics topics. The institutes of
Vrije University Amsterdam, University Waterloo, Liberty Mutual Res Inst Safety,
University of Nottingham, Liverpool john Moores University, NIOSH and
University of Cincinnati are in the core status of correspondent cluster. Further-
more, institutions including Vrije University Amsterdam, University of Waterloo,

Fig. 1.3 Bibliographic coupling of key institutions in Ergonomics
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Liberty Mutual Res Inst Safety, University of Nottingham and NIOSH have
cooperated with other institutes frequently and have an important role in their
cluster group.

1.3.4 Spatial Distribution Analysis

The outputs of different countries or territories are presented in Fig. 1.4, and the
detailed information of top 10 countries are listed in Table 1.2. The most pro-
ductive country is USA, followed by UK, Canada and the Netherlands. Further-
more, these countries also have the high citation rates that have been evaluated by
TLCS and TGCS. Finland ranked the first place when compared in terms of AGCS
(AGCS is the average citation frequency of article, which implies the quality of the
articles). It means that these countries/territories published the most high-quality
papers in this journal and have the highest strength in ergonomics research. The
number of publications in other countries is all below 100.

1.3.5 Keywords Research

In this part, Statistical Analysis Toolkit for Informetrics1 (SATI) has been used to
analyse the frequency of the keywords and make the 100 9 100 Co-occurrence
matrix (Valued) of the ergonomics keywords. Keywords matrix has been used in

Fig. 1.4 The spatial distribution of Ergonomics papers during 2001–2012. To explore the map in
an interactive way, please visit: https://www.google.com/fusiontables/DataSource?docid=
15CoDtAs5PEscK7Zgae9Y9m9yq2MVHHoDrsTuoec8

1 Statistical Analysis Toolkit for Informetrics can freely get from http://sati.liuqiyuan.com/.
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Ucinet to get NET file, and Gephi2 was used to draw the network of the keywords
distribution. The most-frequent keywords and their annual distribution are dis-
played in Fig. 1.5. The high-frequency words including ‘‘electromyography (47)’’,
‘‘biomechanics (45)’’, ‘‘ergonomics (44)’’, ‘‘posture (43)’’, ‘‘performance (42)’’,
‘‘musculoskeletal disorders’’ (38), ‘‘EMG (29)’’, ‘‘lifting (29)’’, ‘‘workload (24)’’,
‘‘driving (23)’’, ‘‘children (23)’’ and ‘‘load carriage (23)’’ are shown in the Fig. 1.5.
These high-frequency keywords are reflecting the main topics which Ergonomics
focus on. In addition, Fig. 1.5 also reveals that ‘‘electromyography’’ and ‘‘driving’’
were the hot research topics in 2007; ‘‘performance’’ was a hot topic in 2009;
‘‘posture’’ is a hot topic in 2011; ‘‘biomechanics’’ is a hot topic in 2006 and 2012.
Each word demonstrates the trend of different research areas in Ergonomics. From
the network of the keywords in journal of Ergonomics (See Fig. 1.6), it has been

Table 1.2 Top 10 most productive countries/territories of Ergonomics papers during 2001–2012

No. Country Recs Percentage TLCS TGCS AGCS

1 USA 368 28.5 613 3,608 9.80

2 UK 230 17.8 383 2,726 11.85

3 Canada 129 10 195 1,100 8.53

4 the Netherlands 104 8.1 146 1,266 12.17

5 Australia 97 7.5 141 862 8.89

6 Sweden 63 4.9 152 878 13.94

7 Germany 56 4.3 79 463 8.27

8 Peoples R China 51 4 70 381 7.47

9 New Zealand 39 3 53 328 8.41

10 France 38 2.9 46 301 7.92

Keywords/Year Totally 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 Totally
Electromyography 47 3 2 3

22143131413492Emg

4 5 4 8 4 4 2 5 3 47
Biomechanics 45 5 2 2 4 2 6 4 2 4 4 4 6 45
Ergonomics 44 4 2 3 2 3 2 4 5 6 0 6 7 44
Posture 43 3 2 1 5 3 3 6 5 2 5 7 1 43
Performance 42 2 2 2 4 1 3 4 2 8 4 4 6 42
Musculoskeletal Disorders 38 2 0 2 2 5 2 3 5 6 4 2 5 38

92
Lifting 29 1 4 0 3 3 0 3 2 3 6 2 2 29
Workload 24 0 5 0 2 3 0 2 1 5 1 3 2 24
Driving 23 1 1 4 1 2 2 7 0 3 0 0 2 23
Children 23 1 0 2 4 1 0 3 5 2 4 1 0 23
Load Carriage 23 1 0 3 5 0 2 3 2 1 4 1 1 23
Keywords/Year Totally 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 Totally

Fig. 1.5 Annual distribution of the keywords in Ergonomics

2 The Open Graph Viz Platform can freely get from https://gephi.org/.
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shown that ‘‘electromyography’’, ‘‘biomechanics’’, ‘‘ergonomics’’, ‘‘posture’’,
‘‘performance’’, ‘‘musculoskeletal disorders’’, ‘‘EMG’’, ‘‘lifting’’, ‘‘workload’’ and
‘‘driving’’ have a high degree in the network. It means these keywords have played
an important role in connection with each topic in Ergonomics.

1.4 Conclusions

In this study, bibliometrics methods have been used to analyse the performance of
the journal of Ergonomics from 2001 to 2012. The results of publications outputs,
authors, countries/territories, institutes and keywords distribution are explained in
this paper. The analysis of the authors shows that Van Dieen JH, Stanton NA,
Nussbaum MA and Chang WR are the most productive authors who publish more
articles in Ergonomics. The articles published in Ergonomics reveal that Vrije
University Amsterdam, University Waterloo and Liberty Mutual Res Inst Safety
are the key institutes. Moreover, USA, UK, Canada and the Netherlands are
the most productive countries. Finally, keywords of ‘‘electromyography (47)’’,
‘‘biomechanics (45)’’, ‘‘ergonomics (44)’’, ‘‘posture (43)’’, and ‘‘performance
(42)’’ are the hot topics, which are the Ergonomics’ focus.

Acknowledgment The study has been supported by the Joint Education Graduate Cooperation
Program between Capital University of Economics and Business (CUEB) and Steinbeis
Advanced Risk Technologies.
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Chapter 2
Perceived Fatigue Evaluating Model
in Health Men Performing Backpack
Load-Carriage Exercises

Yuhong Shen, Jiewen Zheng, Chenming Li, Yafei Guo
and Pengfei Ren

Abstract Objectives This study aimed to develop a fatigue model for human load
carriage during endurance exercise using quantification of perceived pains and
physiological parameters. Methods Heart rate, skin contact pressure, and perceived
pains and corresponding locations of five healthy participants were measured
during treadmill tests on non-consecutive days under three different conditions of
backpack payloads (29, 31.5, and 34 kg). Results All participants could complete
the trials without resting using 29, 31.5, and 34 kg payloads for 50 min. The slopes
for heart rate regression equations in three-payload conditions became steeper as
the payload increased. The trends of root mean square (RMS) of skin contact
pressure in back, shoulder, and hip regions are all changing smoothly. But the
overall amplitudes of RMS of pressure in shoulder region in all three-payload
conditions are higher comparing with other two regions. Perceived fatigue inten-
sity results showed that shoulder region was the most discomfort region on the
body and was highest using 34-kg payload. Conclusions The results suggested that
shoulder fatigue may limit endurance performance, thereby indicating the
importance of a well-designed shoulder strap. A fatigue intensity predictive model
was proposed to allow prediction of human load carriage limits and fatigue
intensity trend for endurance exercise.

Keywords Backpacks � Biomechanical assessment � Load carriage � Fatigue
intensity predictive model � Skin contact pressure
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2.1 Introduction

Backpacks or personal load carriage systems are commonly used by soldiers to
carry heavy loads in different terrains and gradients even in long-distance
marching or in the fighting [1]. With technological advancements, loads carried by
soldiers especially in terms of increased firepower and protection equipments have
progressively increased. Unfortunately, carrying heavy loads often caused dis-
comfort, fatigue, and injuries and affecting soldiers’ operational performance [2].
In a recent military report, US rifle squads carried fighting load of 28.3 kg (34.9 %
body weight (BW)), approach march load of 43.1 kg (52.6 % BW), and emer-
gency approach march load of 58.2 kg (73.6 % BW) [3]. A difficulty for military
personnel have to face is to assess the fatigue or injury that various loads will have
on foot soldiers. Even though payload and mission are known, there are only a few
strategies to assess or predict the impact of loads on the soldiers. It is important to
develop a predictive model or equation that encompasses more of the major
variables that limit performance of load carriage in the field.

Till date, the studies of fatigue predictive model for human load carriage par-
ticularly in military conditions are limited and less reported, especially applying
both biomechanical and physiological approaches. This paper will explore the
relationships between fatigue and backpacks and give some suggestions for
improving the design of backpack and reducing discomfort or fatigue when car-
rying heavy loads. Finally, a fatigue intensity predictive model was proposed to
allow prediction of human load carriage limits and fatigue intensity trend for
endurance exercise, which would be used to provide backpackers and military with
a simple guideline to assess the load reasonably carried by a soldier or backpacker,
the duration with corresponding load, and the dropout rate for a certain task.

2.2 Methods

2.2.1 Subjects

Five male individuals with a mean (±SD) age, body weight, and height of
24.2 ± 3.7 years, 64.5 ± 11.59 kg, and 172.2 ± 2.39 cm, respectively, enrolled
in this study. The participants were healthy Chinese men and had no muscular or
skeletal illness that would influence load carriage performance. Both written
consent and verbal consent were obtained from all participants prior to experiment.
They were asked to have a good rest and avoid caffeine, alcohol, smoking, and
intense physical activity at least 24 h prior to the experiment.

14 Y. Shen et al.



2.2.2 Apparatus and Measurements

The pressures at shoulder, back, and hip regions were measured by miniature
pressure sensor (Model 9801, Tekscan, USA). The 9801 sensor has sensing region
dimension of 7.6 9 20.3 cm that is so small that a minimal change to the cur-
vature of the shoulder strap can be measured. Two 9801 sensor pads were put on
each region to detect pressure of both sides, as shown in Fig. 2.1. Each 9801
sensor was plugged into a data scanner where pressure data were collected and sent
to PC via USB cable where the data can be viewed, analyzed, and stored in real
time with I-Scan� application software. Heart rate (HR) was acquired using a chest
HR belt and a wristwatch monitor (S610i, Polar, Finland). The HR data stored in
wristwatch monitor will be uploaded to PC via infrared port after experiment.

2.2.3 Procedure

The experimental trials began at 08:00. Temperature of the climate chamber was
maintained at 25 �C throughout all the trials. Participants visited the climate
chamber at our institute for three exercise sessions on non-successive days. The
payloads were packed into the modern Chinese army backpack that was adjusted
to fit each participant with a balanced and uniform load distribution. Five par-
ticipants will perform treadmill tests (5 km/h speed, 0 % incline) under three

Fig. 2.1 Location of 9801
pressure sensors
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different conditions (29, 31.5, or 34 kg). Every three minutes, numerical fatigue
intensity (0 to 10 where ‘‘0’’ indicates ‘‘no fatigue’’ and ‘‘10’’ indicates ‘‘fatigue as
bad as it can be’’) on three regions (shoulder, back, and hip) and whole body were
recorded by the researcher, until finishing 50 min of trail or until the participant
reported stopping exercising.

2.2.4 Statistics

Descriptive statistics were used to calculate mean values for fatigue intensity. The
root mean square (RMS) was used to describe the magnitude of skin contact
pressure in three minutes. P \ 0.05 was considered significant. All statistical
analyses were performed in SPSS 11.0 and MATLAB 7.0.

2.3 Results

Figure 2.2 shows the mean HR resulting from 50 min of load carriage on a
treadmill for three payloads. In Fig. 2.2, the regression equation for each payload
was calculated based on time (independent variable) and mean HR (dependant
variable). The slope for regression equation became steeper as the payload
increased. Figure 2.2 also shows that mean HRs generally reached a plateau
(slopes became gentle) between 25 and 40 min of exercise.

Figure 2.3 shows the RMS of skin contact pressure during 50 min of load
carriage exercise for three payloads. It can be seen that the trends of RMS of skin
contact pressure in back, shoulder, and hip regions in three-payload conditions are
all changing smoothly. But the overall amplitudes of RMS of pressure in shoulder
regions are higher comparing with other two regions (back and hip). And the
difference is most obvious in 34 kg payload.

Fig. 2.2 Mean HR during
50 min of load carriage
exercise
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Table 2.1 shows perceived fatigue scores of three regions and whole body
during 50 min exercises in three-payload conditions. In shoulder and hip regions,
the fatigue scores increased as the payloads changing from 29 to 34 kg. But the
opposite is in back region. Whereas there is no regular changes of the whole body
fatigue score. Table 2.1 also shows that shoulder region was the most discom-
fortable region on the body and was highest using 34-kg payload.

To develop fatigue predictive model for load carriage, a number of regression
equations were calculated. Figure 2.4 shows the regression equations for each
payload, calculated based on fatigue scores from the most discomfortable of
shoulder region (dependent variable) and time (independent variable). Figure 2.5
shows the regression equations, calculated based on shoulder fatigue (dependent

Fig. 2.3 The RMS of skin contact pressure during 50 min of load carriage exercise

Table 2.1 Perceived fatigue score of shoulder, back, and hip regions and whole body in three-
payload conditions

Time Shoulder Back Hip Whole body

29
kg

31.5
kg

34
kg

29
kg

31.5
kg

34
kg

29
kg

31.5
kg

34
kg

29
kg

31.5
kg

34
kg

50 min 3.2 4.1 5.7 3.3 2.1 1.3 3.1 2.3 3.7 3.6 3.3 3.9

Fig. 2.4 The relationship
between shoulder region
fatigue and excising time
during load carriage
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variable) and payload (independent variable). For this test, all participants could
complete 50-min exercises without resting using all three payloads.

Based on above findings, a simple fatigue predictive model will be proposed
(Fig. 2.6).

Fig. 2.5 The relationship between shoulder region fatigue and payload during load carriage

Model 1
Prediction of load carriage duration for 

discrete payloads ≤ 34 kg

Model 2
Prediction of percent of maximal fatigue intensity for a 

given payload during 50-minute exercise.
If payload is known (e.g. 29, 31.5, 34 kg),
then the maximal duration can be predicted.
Choose appropriate regression equation
from Figure 4;
Where, x = time; y = shoulder fatigue score.
For example:
To predict how long backpacker can endure
31.5 kg before fell exhausted.
y = 0.066x + 0.592; (31.5 kg), when y = 5.7,
x = 77 minutes;
Therefore, backpacker can endure 77
minutes exercise when carrying 31.5 kg
payload.

If the payload is known, then the percent of maximal
fatigue intensity can be predicted.
Step 1:
Use equation from Figure 5:
y = 0.496x - 11.28
Where, x = load; y = shoulder fatigue intensity.
Step 2:
Use following equation:
% maximal fatigue limit: = y/5.7 × 100%.
For example:
If 33 kg payload is carried for 50 minutes, backpacker
will be working at the following percent of his maximal
fatigue limit.
Step 1:
y = 0.496× 33 –11.28
y = 5.1
Step 2:
% maximal fatigue limit: = 5.09/5.7 × 100%= 89.3%
Therefore, fatigue is predicted to be 5.1/10 during payload
carriage of 33 kg for 50 minutes which is 89.3% of
maximal load carriage fatigue limit.

Fig. 2.6 The fatigue intensity predictive model
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2.4 Discussions

As expected, each participant showed increasing tendency of mean HR in all three-
payload conditions and reached a plateau between 25 and 40 min (Fig. 2.2). When
starting exercise, the cardiorespiratory system is trying to accommodate body to
changed load conditions, so the HR increased rapidly. After about 25 to 40 min,
the body tends to balance, so a plateau appeared. But the HR would continue to
grow up as the exercising intensity increased, and then, the body would explore
potential of the body to adapt to new change [4]. The highest mean HR recorded
was 137 beat/min (BPM) (34-kg payload), suggesting that the HR was in the
low end of cardiorespiratory limit. Tanaka et al. reported that following equation
could be used to predict maximal HR (HRmax): HRmax = 208 - (0.7 9 age)
[5]. Based on mean age of our participants (24.2 year), the expected HRmax
would be 191 BPM. From Fig. 2.2, it can be calculated that the participants were
excising at 71.1 % of HRmax (34 kg). Kenney et al. reported that about 70 % of
HRmax could be accepted for most healthy individuals [6]. Based on above, all
participants always took exercises within maximal cardiorespiratory limit, even for
the heaviest 34-kg payload, suggesting that HR may be not a major factor for
predicting fatigue when carrying under 34-kg payload.

Some studies have suggested that the shoulder region played the most important
role in determining load carriage limit and will be most vulnerable region of
feeling fatigue or pain [7, 8]. This study gets similar results that both in 31.5- and
34-kg payloads condition, fatigue scores of shoulder region are the biggest. But in
29-kg payload, the most discomfortable region was back. Table 2.1 shows that
fatigue scores of the shoulder, back, and hip regions in 29-kg payload were 3.2,
3.3, and 3.1, respectively, suggesting the differences between them had no sig-
nificances (P [ 0.05). This maybe can be explained that perceived fatigues in three
regions are so small in this low payload condition (29 kg) that it cannot be dif-
ferentiated. In all payloads conditions, fatigue score of shoulder region in 34 kg
was highest, suggesting that shoulder fatigue may limit endurance performance,
thereby indicating the importance of a well-designed shoulder strap. The sternum
strap and hip belt may also improve fatigue by reducing shoulder pressure through
the redistribution forces over a larger surface on the anterior body during endur-
ance exercise. These results are similar to other studies [1, 9, 10].

Figure 2.3 shows the RMS of pressure in shoulder region in all three-payload
conditions are higher than other regions, but almost no differences existed among
three-payload conditions. By contrast, the RMS of pressure in back and hip regions
seemed to present regular trends of increasing as adding payloads. It was possible
that the sternum strap and hip belt shared much pressures distributed in shoulder
region when payload increased. So that is why the RMS of pressure in shoulder
had less change, whereas those of back and hip increased. This also on the other
hand proved that well-designed sternum strap and hip belt would improve back-
pack performance in load carriage and proved the backpack used in this study had
good performance. The skin contact pressures could be acquired with film-type
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sensors, but some indeterminacy due to volatile contact areas between skin and
backpacks, bending errors, poor repeatability, and calibration limitations still
existed [11]. So modern pressure mapping technology must resolve these problems
or explore alternative methods to study biomechanical factors in load carriage.
As such, using two 3-axis accelerometers to assess the contact forces and pressures
between the backpack and person seems to be a prosperous method [12].

Some limitations of our studies must be pointed out. First, payload or duration
should be increased. In this study, the maximum payload was 34 kg, 52.7 % of
BW. But Fig. 2.4 shows that the maximal mean fatigue score was only 5.7 in
shoulder region. It was obvious that the participants did not reach their physical
limits. US army defined the limit of payload in load carriage was 50 kg based on
previous statistical data acquired from Afghanistan and the Falkland Islands bat-
tles. Second, the number of participants was small (N = 5). It was important to
have a dropout rate in order to develop a comprehensive fatigue predictive model
through increasing samples, payloads, or duration of exercise. Third, this study
tested a limited payloads (29, 31.5, 34 kg), march speed (5 km/h), incline (0 %),
and duration (50 min). Only when testing wide conditions, the predictive model
could have good performance in actual application.

2.5 Conclusion

A fatigue intensity predictive model was proposed to allow prediction of human
load carriage limits and fatigue intensity trend for endurance exercise. The fatigue
predictive model only considering limited physiological and biomechanical
aspects. But more factors should be introduced, such as demographic factor
including body size, gender, and age, fitness and injury factors, and so on. In this
paper, the study on fatigue predictive model is only elementary and groping, and a
lot of work need to do in the future.
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Chapter 3
The Changes of Physiological
and Biomechanical Indices and Their
Relations to Fatigue During Treadmill
Walking with Different Loads

Jiewen Zheng, Yuhong Shen, Chenming Li, Pengfei Ren
and Yafei Guo

Abstract Objectives To analyze the changes of physiological and biomechanical
signals and their relations to fatigue in treadmill walking with backpack load.
Methods Cardiopulmonary function parameters, shoulder force, trunk pressure,
and perceived fatigues are sampled simultaneously with six healthy men during
30-min treadmill walking experiments under five different conditions of backpack
loads. Results HR, BR, VE, and VO2 gradually increased as the load increased,
and the increasing rate became bigger during 37–39 kg tests. Shoulder force and
shoulder pressure were strongly correlated with load. Pressures at waist and back
regions were influenced by the tension degree of waist and chest belts. The 37-kg
load was the turning point of human cardiopulmonary function starting working
overload. The perceived fatigues in shoulder and whole body are more intense than
those of back and waist. Conclusions The coordinate ability of cardiopulmonary
system should be considered when studying treadmill walking with loads greater
than 37 kg. Shoulder force and pressure are considered as main factors for fatigue
evaluation.
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3.1 Introduction

Carrying heavy loads for long distances is a common requirement to military
personnel, various types of workers, and recreational hikers [1]. With technolog-
ical advancements, loads carried by people especially for soldiers in terms of
increased firepower and protection equipments have progressively increased.
Physical transport of heavy load over long distances often caused discomfort,
fatigue, and injuries and affecting soldiers’ operational performance [2–4]. In a
recent military report, U.S. rifle squads carried fighting load of 28.3 kg (34.9 %
body weight (BW)), approach March load of 43.1 kg (52.6 % BW), and emer-
gency approach March load of 58.2 kg (73.6 % BW) [5]. Even though U.S. Army
has been attempting to reduce loads carried by soldiers, little effects were obtained
for maintaining requirements of combat. According to statistics of U.S. Army,
there were 257,000 cases of injuries in lower extremity induced by overload
combat equipments in 2007. Thus, it is very significant to study relative factors
leading to fatigues and injuries by various load–condition experiments. At present,
many researchers have done much works related to load carriage applying with
physiological and biomechanical methods, such as to analyze forces distributed in
trunk regions using pressure sensors, to study effects of load carriage on kine-
matics of gait using human motion detecting system [4, 6, 7]. Many load carriage
relevant works have been done in China, but most of them only applied heart rate
(HR), body temperature, oxygen uptake (VO2), and other physiological variables
to study optimal load for single soldiers and to evaluate load carriage systems
[8–10]. The characteristics of physiological and biomechanical signals during
different-load treadmill walking and their relationships with perceived fatigues
have not been studied so far. The purpose of this study was to systematically
analyze the characteristics and trends of HR, breathing rate (BR), VO2 and other
physiological parameters, forces on shoulder, back and waist regions, and per-
ceived fatigues during different-load conditions, and to explore relative factors
leading to body fatigue.

3.2 Methods

3.2.1 Subjects

Six male individuals with a mean (±SD) age, body weight, and height of
24.7 ± 3.5 year, 63.8 ± 8.3 kg, 172.0 ± 2.3 cm, respectively, enrolled in this
study. The participants were healthy Chinese men and had no muscular or skeletal
illness that would influence load carriage performance. Both written and verbal
consent were obtained from all participants prior to experiment. They were asked
to have a good rest and avoid caffeine, alcohol, smoking, and intense physical
activity at least 24 h prior to the experiment.
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3.2.2 Apparatus and Measurements

The pressures at should, back, and waist regions were measured by miniature
pressure sensor (Model 9801, Tekscan, USA). The 9801 sensor has sensing region
dimension of 7.6 9 20.3 cm that is so small that a minimal change to the cur-
vature of the shoulder strap can be measured. Two 9801 sensor pads were put on
each region to detect pressure of both sides, as is showed in Fig. 3.1. Each 9801
sensor was plugged into a data scanner where pressure data were collected and sent
to PC via USB cable where the data can be viewed, analyzed, and stored in real
time with I-Scan� application software. Two pulling force sensors are placed on
both sides of shoulder straps; the data were transferred to PC via RS-232 port for
real-time display and record. HR and BR were acquired using the physiological
monitoring straps called Bioharness 3 (Zephyr, USA); the data were wirelessly
sent to PC via Bluetooth 3.0. VO2 and VE were continuously measured via a face
mask using on-line gas analysis (Fitmate Pro, Cosmed, Italy).

3.2.3 Procedure

Temperature of the climate chamber was maintained at 25 ± 2 throughout all the
tests. Participants visited the climate chamber at our institute for five exercise
sessions on non-successive days (at least one-day interval). At each exercise
session, subjects were randomly assigned to carry one of the following loads: 25,

Fig. 3.1 The positions of pressure sensors and shoulder straps pulling forces sensors
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29, 34, 37, or 39 kg. The loads were packed into a modern Chinese army backpack
that was adjusted to fit each subject with a balanced and uniform load distribution.
The test was conducted in a treadmill (LE 600 CE, Jaegher, Germany) (5 km/h
speed, 0 % incline). Every 3 min, scores of perceived fatigues (0 to 10, where ‘‘0’’
indicates ‘‘no fatigue’’ and ‘‘10’’ indicates ‘‘fatigue as bad as it can be’’) on three
local regions (should, back, waist) and whole body were recorded by the
researcher, until finishing 30 min of trail or participants reported stopping
exercising.

3.2.4 Statistics

Descriptive statistics were used to calculate mean, SD, and other general infor-
mation. One-way ANOVA and repeated measures were used to analyze the
relationships between various variables during different-load conditions. P \ 0.05
was considered significant. All statistical analyses were performed in SPSS 11.0
and Matlab 7.0.

3.3 Results

The six subjects completed all five-load conditions, 30-min treadmill walking.
At the end of experiment, no subjects report dizziness, nausea, and other over-
fatigue symptoms. Table 3.1 gives the means and SD for physiological, biome-
chanical, and scores of perceived fatigue contrasted by five-load conditions.

3.3.1 Physiological Signals

Figure 3.2 depicts the developing trends of HR, BR, VE, and VO2 during different-
load conditions. The four physiological parameters gradually went up when load
increased from 25 to 39 kg, and the raising speed became quicker in 37–39-kg tests
than others, but no significant differences were observed. HR irregularly changed in
25–34-kg tests, but speed up in 34–39-kg tests. BR gently changed in 25–37-kg
tests, but became obvious quicker in 37–39-kg tests. VE and VO2 presented steady
uptrend and became quicker in 37–39-kg tests.
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3.3.2 Biomechanical Signals

Figure 3.3 depicts the developing trends of shoulder force, should pressure, back
pressure, and waist pressure during different-load conditions. Shoulder force
gradually increased from 25 to 39-kg tests and having significant differences
between them excepting for 25- and 39-kg tests. Shoulder and waist pressures went
up as a whole, but came down in 34-kg test. Back pressure presented uptrend in
29–39-kg tests, but it became abnormal bigger in 25 kg than 29- and 34-kg tests.

3.3.3 Perceived Fatigue

Figure 3.4 depicts the developing trends of perceived fatigues in shoulder, back,
and waist regions and whole body during different-load conditions. Perceived
fatigues both in local regions and whole body obviously became intense along with
increase of loads. Perceived fatigues in shoulder region and whole body are higher
than those in back and waist regions, and it was most obvious in 37- and 39-kg tests.

Fig. 3.3 Biomechanical responses under different-load conditions during 30-minute treadmill
walking (Mean ± SD) (* indicates significant difference with 25 kg, # indicates significant
difference with 29 kg, + indicates significant difference with 34 kg, $ indicates significant
difference with 37 kg)

Fig. 3.2 Physiological responses under different-load conditions during 30-min treadmill
walking (Mean ± SD)
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3.4 Discussions

Figure 3.2 showed that HR, VE, and VO2 increased along with increase of loads.
From physiological aspects, physiological stress increased must lead to enhance-
ment of metabolic and cardiopulmonary function to fit the requirement of body.
A common feature in Fig. 3.2 was the four parameters in 37- and 39-kg tests
increased with significant quicker speed, which indicated that in higher loads,
human body entered a new stress period and explored potential of the body to
adapt to new change [11]. The mean and maximal HR in 37- and 39-kg tests were
(134.6, 146.1 BPM) and (138.9, 157.4 BPM), respectively. Tanaka et al. reported
that following equation could be used to predict maximal HR (HRmax):
HRmax = 208 - (0.7 9 age) [12]. Based on mean age of our participants
(24.7 years old), the expected HRmax would be 190 BPM. From the data in
Fig. 3.3, it can be calculated that participants were excising at 70.8 % (37 kg) and
73.1 % (39 kg) of HRmax, respectively. Kenney et al. reported that about 70 % of
HRmax could be accepted for most healthy individuals. Based on above, the
participants could take exercises without influence of cardiopulmonary functions
in 25–34-kg tests. But the body would work in overload status in 37- and 39-kg
tests. So, the coordinate ability of cardiopulmonary would have significant influ-
ence on body fatigue. The coordinate ability could be expressed with VO2max or
measuring HRmax (HRMmax) of individual. Bigger VO2max or HRMmax
indicated better coordinate ability, especially for those endurance exercises, such
as long duration and continuous marching for soldiers. Consequently, for those
walking on foot with higher load (C37 kg), VO2max or HRMmax should be
applied to build load carriage fatigue model. In practical application, body mass
index (BMI) could be a good substitute in case VO2max and HRMmax hard to get.

Figure 3.3 showed the developing trends of biomechanical signals during
30-min treadmill walking experiments under different loads conditions. Shoulder
force had significant differences between different loads and had strong correlation
with loads. So, shoulder force could be used as an important variable for building
load carriage fatigue model. Shoulder pressure had steady increasing tendency
along with increase of loads and had good correlation with loads. Therefore,

Fig. 3.4 Perceived fatigues in local regions and whole body under different-load conditions
during 30-min treadmill walking (Mean ± SD)
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shoulder pressure was considered as good index for fatigue evaluating model.
Back and waist pressure had no uniform changing tendencies and had poor cor-
relation with loads, which resulted that pressure sensors in waist and back regions
could only detect partial pressures. Body swaying and adjusting shoulder straps of
backpack would make the sensor move from its original position that leads to
pressure detecting error. So, some reinforcing methods should be applied to ensure
that waist and back sensors would always stay on right positions.

Figure 3.4 showed that perceived fatigue in shoulder region was much higher
than back and waist regions. It proved that shoulder regions played the most
important role in determining load carriage limit and will be most vulnerable
region of feeling fatigue or pain. These results are similar to other studies [13, 14].

3.5 Conclusion

Six subjects have been tested under five-load conditions during 30-min continuous
treadmill walking. The result proved that 37-kg load was the turning point of
human cardiopulmonary function starting working overload. The coordinate
ability of cardiopulmonary system should be considered when studying treadmill
walking with loads greater than 37 kg. VO2max, HRmax, or BMI could be used
as covariates representing individual differences. According to the results of
biomechanical analysis, shoulder force and shoulder pressure were strongly cor-
related with loads, which can be used as main factors for fatigue evaluation. This
study analyzed relative factors leading to load carriage fatigues by physiological
and biomechanical methods and laid foundation for further study on evaluating
model for load carriage fatigue.
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Chapter 4
Marine Nuclear Power Plant Human
Error Analysis and Protective Measures

Chuan Wang, Jianguo Zhang, Hao Yu and Shenglong Dai

Abstract Perform statistical analysis of occurrence time, occurrence process,
accident type, and accident cause of domestic and foreign nuclear submarine
accidents in detail under the existing condition. On this basis, according to the
marine nuclear power plant and its operation management features, combined with
the marine nuclear power plant operation and management experience, summarize
and analyze the inducement of human error for nuclear power operation position
operators, and propose pertinent preventive measures which have an important
directive meaning on reducing human error rate of nuclear power operation
position operators, improving design and construction level of the marine nuclear
power plant and enhancing nuclear security level of the marine nuclear power
plant operation and management.

Keywords Marine nuclear power plant � Human error � Analysis and prevention

After American Three Mile Island and former Soviet Union Chernobyl nuclear
accident, human errors have been highly paid attention to by China domestic and
foreign industrial insiders. Substantial labor forces, materials, and capital have
been invested into for research. Human factor engineering field has been estab-
lished, as one of the four nuclear safety technologies, giving full play to its
significant role in guaranteeing the nuclear safety. According to the open research
results, the anomalous events and accidents, from nuclear plants caused by human
errors, account for 50–85 %. While among the anomalous events and accidents
caused by human error, the part caused by operators accounts for 60–80 % [1].
Under the circumstance that equipment technology reliability is improved greatly,
prevention on human errors has been regarded as one of the key issues guaran-
teeing nuclear safety. As the direct implementing personnel of all operations of
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nuclear power device, the personnel of nuclear power running posts are regarded
as the top priority of preventing human errors.

Comparing with the nuclear plant, the ship nuclear power device has lower
automation degree. Human factor accounts for higher proportion in the whole
system. The human factors of operating posts are more highlighted. According to
the statistics of China’s ship nuclear power service conditions, all the ships once
appear anomalous events and accidents caused by human errors. For example,
primary circuit resin enters into reactor core after heating and disintegration,
producing profound lessons [2]. Thus, developing human factor engineering
research, analyzing the seducing reasons of human errors, and adopting scientific
and effective preventing measures to lower human error have important meaning
to improve the device using efficiency and guarantee the safety of the nuclear
power device.

4.1 What Is Meant by Human Error?

4.1.1 Definition of Human Error

Human error refers to the human’s action in the system exceeding the system’s
tolerance.

4.1.2 Classifications of Human Factors

American Nuclear Regulatory Commission classifies human error events into three
kinds.

Type A: human factors before accidents and man-caused potential unavailable
equipment or system;
Type B: human factors stimulating the triggering events, that is, the occurrence
of preliminary events from human errors or combining equipment failures;
Type C: human factors after accidents, that is, human errors occurred after
systemic failure or errors during executing safety actions or actions deterio-
rating the fault consequence.

4.1.3 Features of Human Factor

Human factors are featured by repetitiveness, potential, irreversibility, unavoid-
ability, and reparability.
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4.2 Accident Overview of Domestic and Foreign Ship
Nuclear Power Unit

4.2.1 Accident Overview of Foreign Ship Nuclear Power
Unit

It is difficult to make a statistics of how many accidents occurred for foreign nuclear
power device due to the confidentiality reason. The incomplete statistics shows that,
since 1954, there are over 300 accidents of ship nuclear power device issued.
Among them, there are over 18 nuclear power device submerging accidents,
causing over 900 seamen death [3]. Most of the accidents are caused from bumping
accidents, fire disaster, and nuclear power device accidents. (See Table 4.1).

However, the accident times of actually occurred power nuclear device exceed
the above number excessively. It is because that some testing accidents are not
included. For example, American naval strategic nuclear weapon test has failed
over 120 times. According to the law of general statistics, pressurized water
reactor vapor generator accidents are over 50 %. Considering the factors of con-
fidentiality, thus, the conservative estimation shows that the occurred shop nuclear
power device shall be over 500.

4.2.2 Accident Overview of Domestic Ship Nuclear Power
Unit

The ship nuclear power device is the symbol of national safety and large country
position as the strategic weapon platform. PRC has experienced the brilliant course
of about half a century and obtained the progress by leaps and bounds and became
an important force of implementing historical mission of Chinese at the new phase
in the new century. However, we are also confronting many imperfections like
absence of shipmaking industry from science and technology, capacity deficiency
of authorities and troops, lag behind of training management means, rules and
regulations construction, marine risks, and failed mastery of secret worries form
occasional errors. These issues obstruct the officials and soldiers at all level of
Chinese marine troops. They will be reflected on the improper aspects of arms
device management. The discipline of accidents and risks is very deep.

Table 4.1 Type statistics of foreign marine nuclear power plant accidents

Types of
accidents

Collision Fire Nuclear
power
plant
accident

Nonnuclear
leak

Sink Explosion Others Total

Frequency 130 54 44 23 18 14 17 300

Rate (%) 43 18 15 8 6 5 5 100
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4.3 Classified Statistic of Human Factors of Foreign
Nuclear Power System

4.3.1 Human Factor Events Before and After Accidents

Statistics conditions of human factors before and after accidents as shown by
Table 4.2.

4.3.2 Human Factor Stimulating the Starting Events

The statistics conditions of human factors stimulating the starting events is shown
as Table 4.3.

4.3.3 Human Factor Events Before and After Accidents

The statistics conditions of human factor events are shown in Table 4.4.

4.4 Human Factor Analysis of Ship Nuclear Power Device

4.4.1 Reasons of Human Factor Events

The inducing reasons of human factor events mainly include psychological factors,
physiological factors, personnel educational training factors, environmental fac-
tors, task factors, running rule factors, communication factors, working factors,
organization monitoring factors and systemic design, etc. Any system is composed
of human, machine or human–machine interaction. The above inducing reasons

Table 4.2 Statistics of human factor events which happened before accident occurrence

Country Submarine
name

Accident
time

Causes and consequences of the accident

Russia K-162 1980.12 Equipment during maintenance phase control rod coil
reversed, leading to real boats mistakenly mentioned rod
during operation

K-431 1985.12 A loop construction defect exists somewhere in the
system

K-429 1983.6 Forgot dive due to ventilation ducts closed so that the
influx of seawater compartments
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shall be classified as its own internal reasons, objective external reasons, execution
process, and preventing system. The schematic model formed by human error of
the human is shown in Fig. 4.1.

4.4.2 Reasons of Human Factor Events

4.4.2.1 Degraded Working and Living Environment

In the external environment, the ship nuclear power device is mobile. They usually
cruise on the ocean when reactor capability is running. Most of them are under the
water. The personnel do not have the external moving space. The nuclear plant is
fixed; the personnel external activity space is not limited. In terms of internal
environment, due to the limited volume of ship nuclear power device hull and
cabin, the working and living space is narrow and compressed, with the threat of
strong noise, excessive radiation, and high temperature. The working and living
environment of nuclear power plant is capacious and comfortable. The working
personnel on the post nuclear power device is located under the bad environment
for a long time tends be psychological and physiological fatigue.

Table 4.3 Statistics of human factor events which inspired accidents

Country Submarine
name

Accident
time

Causes and consequences of the accident

United
States

Hull
number
665

1969.5 In the process of mooring outfitting shipyard personnel
do not comply with minimum security technical rules,
the occurrence of an accident resulting in the sinking
water

Russia K-116 1979.7 Operator error off the main circulation pump, causing
loss of coolant accident to occur

K-431 1985.12 Operator violated technical specifications; erroneous
operation caused prompt critical, explosion, and fire that
sank

Unknown 1997.5 For berth in collision with other vessels that sank

Table 4.4 Statistics of human factor events which happened after accident occurrence

Country Submarine
name

Accident
time

Causes and consequences of the accident

Russia K-192 1989.6 The main circuit of a component leaks, artificially cut
off when plugging water and not restored, resulting in
loss of coolant accident

K-116 1979.7 Operator error off the main circulating pump, the error is
not corrected in time resulting in loss of coolant accident
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4.4.2.2 Shouldering High Psychological Stress

On the one hand, ship nuclear power device shoulder the military tasks, requiring
the personnel on the ship with high degree of responsibility and sense of mission.
Psychological pressure is increased potentially. On the other hand, the power
failure, steam overflow, smoke, and gas in the case failure lowers the visibility of
cabin and quick boosting of temperature, produces scared sentiment in personnel,
and seduces C type of human errors.

4.4.2.3 Easily Producing Physiological Fatigue

Limited by the inside ship space and personnel load amount, the personnel on duty
in turns of nuclear power running post are less than that of nuclear plant. Thus, the
working intensity is massive. Meanwhile, the on-duty post in turn makes the on-
duty time unfixed, disturbs the fixed biological internal clock inherently, and easily
produces functional disorders. Long-time continual like this would cause the
deterioration of health, lowering of working desire, and degradation of attention
and inferential capability.

4.4.2.4 Large Task of Difficulties, Frequency, and Complex Post
Operation

Comparing with long-term stable working conditions of nuclear power plant, the
ship nuclear power device requires frequent starting, stopping, and changing
working conditions running considering the requirement of maneuverability. The
execution task is different each time, and the difficulties to finish the tasks are
heavy. Meanwhile, the automation degree of ship nuclear power device is rela-
tively low; manual operation is frequently complex; human professional quality
demand is harsh.

Psychological 
factors

Physiological 
factors

Education and 
Training

Environmental 
Factors

Mission factors

Operating rules

Communication 
factors

Job Factors

Regulatory 
organization

Human 
Error

Own internal
Objective 
external

Acts performed
System design 
defense system

Fig. 4.1 Human error causes schematic diagram

38 C. Wang et al.



4.4.2.5 Imbalance Between Supply and Demand of Educational
Training

Running post personnel of nuclear power requires high professional level and
practice ability. It requires long-term systemic professional training and education
and long-term talent growth period. Due to the limited service, each year most of
people are confronting the issue of leaving or transferring. It conflicts with the
personnel training period. The brain drain of post qualified personnel is higher than
nuclear plant.

4.4.2.6 Limited Fixed Shielding Capacity of Systemic Design

In the human–machine system, not all the human’s error action would cause the
occurrence of human errors. Equipment has some fixed error tolerance and
shielding capability. Operated cabin section of ship nuclear power device has
limited space. Its related system, especially the safety-level system comparing with
the land nuclear facilities, cannot reach the multiplicity, diversity, and redundancy
design of the same level [4]. The error tolerance and distribution capacity of
system is restricted to some extent, which shall be intensified in the large water
surface nuclear power ship and warship design.

4.5 Preventing Measures of Human Factor Events

Human factors have the objective law with unavoidable generality of human,
machine, and human–environment. However, the human error factors may be
lowered by mastering the human error mechanisms and formulating scientific and
effective preventing measures. The specific preventing measures are as follows.

4.5.1 Developing and Carrying Out the Effective Human
Error Tools

Presently, the nuclear power running post of ship nuclear power device has not
been established with a set of preventing measures of human errors. The common
quick and efficient work way of promoting this work is to learn and borrow the
advanced experience of the existing nuclear power plants, so as to realize
‘‘introduction, assimilation, and absorption.’’ For example, most nuclear power
plants like Tianwan Nuclear Plant, Qinshan Nuclear Power Plant, and Dyawan
Nuclear Power Plant have finished the development of human error tools and
publicized for application. They realize remarkable efficiency in lowering human
error ratio. Learning from and borrowing the previous results and experience can
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avoid detours. Ship nuclear power device running post personnel have many
differences with nuclear power plants due to the features. We should pay attention
to master their own features and law and improve the suitability and pertinence.
Meanwhile, intensify the implementation of the terminals. Human error tools are
formulated against personnel. The efficiency can be given full play only imple-
menting on each post. Therefore, it is feasible to imitate how nuclear power plants
act, to make human error tools prevention as brochure and portable cards or
tangible carrier to bring with each person, beneficial to learning and application.

4.5.2 Pay Attention to Advocating the Training of Nuclear
Safety Culture

Human error prevention belongs to not only the nuclear safety technology category,
but also the nuclear safety culture category. It is an important measure to improve
the nuclear safety and cultural level. By advocating training nuclear safety culture,
improving personnel overall quality, increasing the nuclear safety consciousness of
applying and learning laws, and forming safety shield and last shield of each
person, the whole human error preventing work will be improved substantially.

4.5.3 Perfect and Strictly Abide by the Running Specification
and Prearranged Scheme

Due to the requirement of maneuverability, ship nuclear power device requires
frequent starting, shutting down, and working conditions changing. Reactor running
transients are numerous, and it is very difficult for operators to operate. Therefore,
perfect running specification and prearranged scheme is the basis of running safety.
Due to the complex working conditions, the running specification and prearranged
scheme are difficult to cover all the conditions, requiring progressive improvement.
Due to the complex and difficult operational working conditions, the operators shall
abide by the running specifications and prearranged scheme closely.

4.5.4 Establish Experience Feedback Mechanism
and Improve the Responding Capacity
Under the Extreme Conditions

According to the running experience of the past years, some extreme conditions
exceeding the running specifications and pre-arranged scheme. In particular, under
the circumstance of accidents, the time effectively processing accidents is calcu-
lated as per a second. The running personnel shall be able to make quick judgment
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and adopt effective solutions to make up the insufficiency of running specification
and prearranged scheme. They shall not only excel in professional practice, but
also have abundant practical experience. Therefore, it is very necessary to estab-
lish a set of experience feedback system to fill in the status reporting record about
the appeared abnormal events and make the analysis and summary, so as to reach
the error correcting actions, continually improve the work, and accumulate the
experience.

4.5.5 Establishing the Systemic Educational Training
Mechanism

The educational training of ship nuclear power device running posts has formed
comparatively perfect system. The prevention of human errors shall also require
that (1) the issue of growth-up term of running post personnel and server period
limitation shall be solved; running post personnel are confronting the issue of
staying or leaving each year; the working personnel may fluctuate in the thought;
thus, educational persuasion shall be intensified; favorable policies may be for-
mulated to keep stability of the staff; (2) pay priority to the psychological and
physical intensifying training; lay stress on psychological counseling and drill,
intensify exercise, and keep good physical and mental status; (3) develop human
error training of special themes; currently, nuclear power plants have started the
human error specialized theme training and formulated the Training Syllabus of
Human Error Against Errors course. The effective practice is worthy of borrowing.

4.5.6 Improve the Systemic Equipment Design and Advance
the Shielding and Error-Tolerating Capacity

While improving the reliability of humans, the overall design of systemic equip-
ment shall lay stress on human error engineers, improve the living and working
environment, advance human–machine interface to make the interface more
friendly, beneficial to human–machine interaction, try to increase the diversity and
redundancy of safety-level system equipment, and improve the shielding and error-
tolerating capacity. It is also the important link of lowering human errors [5].

4.6 Conclusion

This paper is based on the numerous human factors of ship nuclear power device,
combining the running management experience of ship nuclear power device
according to the ship power device and feature of running management and
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making a summary and analysis on the reasons of human errors of ship nuclear
power device running posts. This paper puts forth corresponding preventing
measures against the human errors, which have important guiding significance to
lower the human error rate of ship nuclear power device by running post personnel
and boost the nuclear safety level of nuclear power device running management.
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Chapter 5
The Development of Professional Morality
Questionnaire for Civil Pilots

Yuchuan Luo, Xiaoli Luo, Quanchuan Wang and Xianlin Zeng

Abstract Objective To develop a questionnaire of civil pilots professional
morality. Methods The theory structure of professional morality of civil pilots was
constructed. Regarded to the theory structure and the result of documents and
specialists evaluation, a questionnaire of civil pilots professional morality was
developed. In order to examine the validity, 324 pilots of CAAC were tested.
Results The professional morality of civil pilot was composed of three key
dimensions. The Cronbach of full questionnaire was a = 0.863, and the content
validities were from 0.760 to 0.842 (P \ 0.01). Coefficient of stability of the
questionnaire was beyond 0.463 (P \ 0.01), and criterion validity of questionnaire
was 0.564 (P \ 0.01). Confirmatory factor analysis (CFA) of questionnaire met
the requirements. Conclusion The questionnaire proves to be applicable to civil
pilots in evaluating their professional morality.

Keywords Civil pilot � Professional morality � Questionnaire

5.1 Introduction

Professional morality means the total sum related to the occupational activity with
the moral code and norms of occupational features. It is the materialization of
general social ethnical principle and norms in the occupational life and the
important supplement [1] of the general social ethnical principles and norms. The
professional morality status quo of civil pilots will be directly affect their working
performance and behaviors and manifest on the safety and benefit of aviation.
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The China domestic scholars have started their study on the job regulation [2],
stress [3] and personality of civil pilots [4], but quantitative research has not yet
involved in professional morality of the civil pilots. This research aimed to
develop research on the professional morality of civil pilots and formulated a
questionnaire of civil pilots professional morality.

5.2 Methods

5.2.1 Dimensions and Items

After consulting the related literary involved in professional morality of civil pilots
[5, 6], carrying out interview with the civil pilots, ground instructors, political and
trade union cadres, and family members of civil pilots from China Eastern Air-
liners, Shanghai Airline, China Cargo Airlines, Northwest of China Eastern Air-
lines Corporation Limited, Yunnan Airlines of China Eastern Airlines Corporation
Limited, combining the opinions of aviation psychology experts, reflect the social
responsibility, fundamental interest and career development of the civil pilots
according to professional morality, this paper proposes the operational definition
of professional morality of the civil pilots as the behavior performance standard of
faithfully implementing rules and regulations, standards, manuals and reducing the
human errors, and realizing the safety aviation.

On this basis, this paper proposes four dimensions of civil pilots’ professional
morality including responsibility, preciseness, safety concept, and regulatory
concept. After implementing three rounds of Delphi letter consulting method and
analytic hierarchy process (AHP) on the pilots of some domestic aviation airlines
and experts from Shanxi Normal University, Civil Aviation Flight University of
China and Mianyang Normal College, this paper confirms three dimensions of
civil pilots’ professional morality responsibility, safety concept, and regulatory
concept.

By collecting data and combining the operational definitions and above-men-
tioned interview results, the writers formulated the original items of questionnaires
and invited aviation psychological experts to discuss items one by one, deleted the
items with ambiguity or inconformity with questionnaire testing purpose, and
finally formed preliminary testing version of Questionnaire of Civil pilots Pro-
fessional Morality. Questionnaire was recorded with 5-point Likert Scale, suc-
cessively as ‘‘completely non-conformity, basically non-conformity, unconfirmed,
basically conformity, and completely conformity,’’ respectively, giving 1–5 points
of assessment.
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5.2.2 Subjects

The stratified random sampling method is adopted in all sub-airlines of all aviation
airlines. Four hundred and sixty-five civil pilots are selected for testing. After
getting rid of the questionnaire of set effect, social desirable behavior, and false
answering, 324 questionnaires are obtained and the effective ratio reaches 69.7 %.

According to the age distribution conditions, the civil pilots above 50 years old
account for 5.38 %; the civil pilots from 40 to 49 years of age account for
18.83 %; the civil pilots from 30 to 39 years of age account for 30.80 %; the civil
pilots below 29 years of age account for 44.99 %; captain and captain instructors
account for 41.57 %; copilots and pilots account for 49.87 %; and flying cadets
account for 8.56 %.

5.2.3 Statistics Tools

Adopt SPSS18.0 and AMOS7.0 to make statistic analysis on data.

5.3 Results

5.3.1 Exploratory Factor Analysis Results

Investigation acquires 324 answers. Adopt principal component analysis (PCA) to
make exploratory factor analysis extract common factor. The test value of Kaiser–
Meyer–Okin measure of sampling adequacy (KMO) is 0.899. Bartlett test value is
1839.945 (P \ 0.001), which demonstrates that the data are suitable for explor-
atory factor analysis. The number of factors shall be confirmed by the following
standards. The factor feature value exceeds 1; factor solution must meet screen
test; the factors withdrawn can explain 3 % of the total variation at least before
rotating; each factor includes over three items at least; items only rise contribution
rate to some factor; and the contribution rate to other factors does not exceed 0.30.
The 15 items finally acquired, meeting the requirement form Questionnaire of
Civil pilots Professional Morality.

It can be seen from Table 5.1 that three factors explain 58.236 % of the total
variance. All items corresponding to factor load are located among 0.624–0.785.
Dimension 1 contains five items, involving whether civil pilots can abide by the
related rules, regulations, and disciplines, named as ‘‘regulatory concept’’;
dimension 2 contains five items, involving whether civil pilots can be responsible
clearly and bear the responsibility, thus called as ‘‘responsibility’’; dimension 3
contains five items, involving whether civil pilots attention flight safety, thus
called as ‘‘safety concept.’’
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5.3.2 Analysis of Reliability

Adopt internal consistency coefficient and stability coefficient to inspect the reli-
ability of questionnaire. Randomly select 40 civil pilots with valid answers and
implement remeasurement 30 days later to check the test–retest reliability of
questionnaire, with the specific contents as Table 5.2.

Table 5.2 shows that the Cronbacha coefficient of all dimensions and overall
part ranges from 0.753 to 0.863, reaching the acceptability standard. It demon-
strates that all dimensions of questionnaire have good internal consistency. The
retesting correlation coefficient of all dimensions and total points of questionnaire
range from 0.463 to 0.671 (P \ 0.01). It demonstrates that questionnaire has good
test–retest reliability.

5.3.3 Analysis of Validity

Adopt leaders peer assessment to test the validity of questionnaire of civil pilots
professional morality; ask for the authority leaders of 31 tested civil pilots to make
1–5 grade assessment of the professional morality; make the significance testing of
the coefficient of association on the score of the testes; the results (r = 0.564,
P \ 0.01) show that the coefficient of association between the two aspects is high
and reaches the significance level. It demonstrates that the questionnaire has higher
criterion validity.

Table 5.1 Results of exploratory factor analysis (n = 324)

Factors Regulatory
concept

Responsibility Safety concept

Items comp Item Comp Item Comp Item Comp

8 0.760 33 0.785 7 0.751

16 0.725 30 0.763 11 0.715

4 0.714 34 0.741 19 0.665

13 0.668 22 0.654 27 0.642

12 0.643 29 0.648 38 0.624

Eigenvalue 5.662 1.922 1.151

Percentage of variance (58.236 %) 37.748 12.814 7.674

Table 5.2 Reliability test

Factors Cronbacha (n = 324) Retest reliability(n = 40)

Regulatory concept 0.827 0.577**

Responsibility 0.825 0.463**

Safety concept 0.753 0.595**

Total 0.863 0.671**

Note ** P \ 0.01, P \ 0.05
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According to the theory of Tuker [7], the required dimensions and tests con-
stituting perfect project fall from 0.3 to 0.8 in correlation; the correlation among
dimensions falls from 0.10 to 0.60. As shown in Table 5.3, the correlation coef-
ficient among dimensions of questionnaire ranges from 0.302 to 0.575; the cor-
relation between dimensions and overall scores ranges from 0.760 to 0.842. It
demonstrates the better structure validity of questionnaire.

Adopt AMOS7.0 to make confirmatory factor analysis (CFA) on data
(n = 324). The results refer to Fig. 5.1 and fit index refers to Table 5.4.

Table 5.3 Result of content validity (n = 324)

Regulatory concept Responsibility Safety concept Total

Regulatory concept 1.000

Responsibility 0.575** 1.000

Safety concept 0.486** 0.302** 1.000

Total 0.842** 0.760** 0.786** 1.000
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Fig. 5.1 Confirmatory factor analysis of three-factor model
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Figure 5.1 and Table 5.4 show that the CFA results of factor model and all fit
index reach the requirement, which claims the good fit between the model and
data [8].

5.4 Discussion

In terms of the features of professional morality, professional morality reflects the
special requirement of the occupation on practitioners, with definite pertinency and
long-term stability [9]. Safety is the maximal requirement of civil pilots’ occu-
pation; thus, civil pilots shall bear in mind that safety is the foremost aspect.
Meanwhile, they shall hold definite attitude to the responsibility. Closely abiding
by the flying procedures, rules and regulations and standard operating procedures
are the effective way to prevent misuse, mistake, forgetting, and negligence [10].
Thus, the three dimensions, regulatory concept, safety concept, and responsibility,
obtained from three rounds of Delphi letter inquiry method and AHP, annotate the
contents of the professional morality of civil pilots.

Exploratory factor analysis (EFA) and CFA demonstrate the rationality of the
theoretical supposition model of civil pilots’ professional morality. EFA abstracts
three dimensions, regulatory concept, safety concept, and responsibility; CFA
indicates that structural model and data can fit preferably. It demonstrates that the
structural model of questionnaire of civil pilots professional morality meet the
standard of surveying.

In the aspect of reliability and validity, Cronbacha coefficient of the three
dimensions reaches above 0.753; the a-coefficient of the questionnaire is 0.863;
according to the correlation analysis of resurveyed data, the correlation of all items
reaches above 0.463 (P \ 0.01). The criterion validity adopts the method of
leading peer assessment checking the related coefficient, with the correlation
coefficient of r = 0. 564 (P \ 0.01); dimensions of questionnaires have the cor-
relation of medium level to lower level. All dimensions have higher correlation to
the overall aspect. It demonstrates that questionnaire have good structural validity.

5.5 Conclusion

Questionnaire of civil pilots’ professional morality has good reliability and
validity, which can be taken as the measuring and assessing tools of civil pilots’
professional morality research. Through the specific assessment and testing, the

Table 5.4 Result of confirmatory factor analysis (n = 324)

X2 df X2/df GFI CFI IFI NFI RMSEA

Default model 165.957 87 1.908 0.935 0.955 0.956 0.911 0.053
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civil pilots’ status of professional morality can be quantified, providing data
support for policy makers of the Civil Aviation Administration and Airlines, so as
to improve the working status and quality of civil pilots and realize the guarantee
of flying safety at finally.
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Chapter 6
Study on Function of Neurotransmitters
and Brain of Chronic Brain fag Sufferers

Yaofeng He, Guansheng Huang, Haiyan Niu, Yuping Luo,
Yajuan Bai and Jianlan Xu

Abstract Objective To study the function of neurotransmitters and brain and to
explore the mechanism of chronic brain fatigue. Methods fatigue group: 200 chronic
brain fag sufferers, control group: 120 common people; compare the power and
relative power of nerve, index of cerebral function by EFG. Results (1) All nerve
power of fatigue group are significantly lower than the control group (P \ 0.01); (2)
the relative power of GABA, Glu, and NE of fatigue group are significantly lower
than the control group (P \ 0.05), there are no significant difference in other relative
power between two groups; (3) fatigue group’s total power and index of blood vessel
systolic or diastolic are significantly lower than the control group (P \ 0.01), the
exercise index is also significantly lower than the control group (P \ 0.05), but the
entropy is significantly higher than the control group (P \ 0.01). Conclusion There
are significant differences in power of all neurotransmitters, parts of relative power,
and index of brain function between the two groups, which suggests that change of
these indices may be the cause of chronic brain fag.

Keywords Chronic brain fag � Encephalofluctuograph � Neurotransmitter � Index
of cerebral function

6.1 Introduction

Fatigue means failure of concentration and efficiency keeping during the working
process [1]. Fatigue is a major actual issue. The research of fatigue has important
significance in the movement, labor safety, and military affairs. How to delay the
fatigue and how to remove fatigue and the unbeneficial aftermath are the issues to
be solved in the actual social life.
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According to the occurrence position, fatigue can be divided as peripheral
fatigue and central fatigue [2]. Peripheral fatigue mainly refers to muscle fatigue,
whereas central fatigue mainly refers to brain fatigue. Brain fatigue mainly indi-
cates as deficiency of motivation and alertness, laziness, sleeping status, dizziness,
and inattention. If peripheral fatigue and brain fatigue cannot be effectively
intervened and corrected, generally it grows as chronic fatigue syndrome.

Apart from muscle fatigue, there are no objective quantitative checking ways
for brain fatigue. Although there are assessing standards of subjective fatigue [3,
4], so far the decisive means or quantitative standards of subjective syndromes or
objective deciding means are not mastered. The difficulties of brain fatigue lies
that the present technical means cannot directly check the intracerebral conditions
directly in the absence of cut.

EFG analyzer can quantitatively check the intracerebral nerve delivery quality
[5, 6] in the absence of cut. It can be taken as the detecting means of brain fatigue.
This test uses EFG analyzer to research the neurotransmitter function and brain
function of chronic fatigue sufferers, with a view to exploring the occurrence
mechanisms of chronic brain fatigue.

6.2 Objects and Methods

6.2.1 Objects

Fatigue group: 200 examples of chronic brain fatigue as government functionaries;
119 male examples, 91 female examples; 25–66 years old, average (38.9 ± 12.3)
years old; Selection standard: sustaining the clinic syndromes of lack of power,
hypomnesis, inattention, insomnia, headache, and fatigue sense for over 6 months.

Contrast group: 120 normal cases, 68 male cases, 52 female cases; 20–65 years’
old, average (33.6 ± 10.5) years old, healthy, no nerve systemic illnesses and
psychiatric history; no positive syndromes in nerve system checkup, without
taking medicine on nerve system 7 days before checkup.

Exclusion criteria: (1) confirming the diagnostic body illnesses; (2) confirming
the diagnostic mental disease; (3) acute infection, trauma, and operation history
within two weeks; (4) Taking medicine affecting the central nervous system within
a week.

6.2.2 Methods

EFG checking method: The testees keep sitting and eye-closed resting status
during the check. Arrange electrodes as per the systemic method of 10–20 lead
stem of the international stands. There are 16 electrodes arranged (F1, F2, F3, F4,
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C3, C4, P3, P4, O1, O2, F7, F8, T3, T4, T5, and T6). Reference electrode is placed
at the earlobes. Respectively collect the electroencephalogram (EEG). After col-
lecting the signals, encephalofluctuograph (EFG) (Developed by Beijing Shu-
pusheng Company) automatically makes an analysis of EFG on signals. Make
analysis and comparison of the neurotransmitter power, relative power, and brain
functional index.

6.2.3 Processing of Statistics

Adopt SPSS 17.0 statistics software to process data. The results are expressed by
average value ± standard deviation (v ± s). The difference between fatigue group
and contrast group is tested by independent sample t test. The significant difference
shall be P \ 0.05. The extreme significant difference shall be P \ 0.01.

6.3 Results

Contrast and analysis results of between fatigue group and contrast group refer to
Tables 6.1, 6.2, and 6.3.

Tables 6.1, 6.2, and 6.3 shows all the neurotransmitter power level of fatigue
team is significantly lower than the contrast group (P \ 0.01); the neurotransmitter
power level occupies about 20 % of the contrast group; in the relative power level
of neurotransmitter, the relative power of GABA, Glu, and NE is evidently lower

Table 6.1 Power of neurotransmitters between fatigue group and control group

Power of neurotransmitters Fatigue group Control group

GABA 10.82 ± 6.36 56.41 ± 48.67**

Glu 10.43 ± 8.61 51.75 ± 42.03**

EN3 100.33 ± 84.65 438.28 ± 361.64**

5-HT 78.93 ± 56.88 354.02 ± 321.01**

ACh 57.81 ± 46.34 242.93 ± 190.26**

EN6 44.80 ± 41.82 201.63 ± 156.78**

NE 37.52 ± 30.13 180.67 ± 152.69**

DA 24.67 ± 21.45 99.75 ± 68.70**

IN13 18.94 ± 16.75 85.11 ± 72.57**

* P \ 0.05 indicates significance difference
** P \ 0.01 indicates extreme significance difference
EN3 excitatory neurotransmitter 3, 5-HT 5-hydroxy tryptamine, ACh acetylcholine, DA
dopamine, IN13 inhibitory neurotransmitter 13
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than the contrast group (P \ 0.05); the relative power of other neurotransmitters
does not have significant differences among two groups; in the terms of brain
function index, total power and vasomotion index are significantly lower than the
contrast group (P \ 0.01); the movement index is evidently lower than the con-
trast group (P \ 0.05); whereas entropy value is significantly higher than the
contrast group (P \ 0.01).

6.4 Discussions

Chronic brain fatigue is caused by long-term irregular brain using or, under the
pressure of examinations for higher school enrolling and being promoted, long-
time studying, learning, or overwork to the extent that brain cannot rest timely and
sufficiently. Or the reasons of living habits, economic conditions or illnesses cause

Table 6.2 Relative power
of neurotransmitters between
fatigue group and
control group

Relative power of
neurotransmitters

Fatigue group Control group

GABA 23.16 ± 19.17 50.61 ± 47.17**

Glu 30.98 ± 17.93 45.92 ± 33.24*

EN3 376.02 ± 32.35 351.70 ± 43.76

5-HT 290.63 ± 35.94 276.13 ± 29.49

ACh 224.82 ± 36.91 203.01 ± 44.30

EN6 175.37 ± 21.02 169.25 ± 32.16

NE 145.29 ± 22.44 164.36 ± 32.38*

DA 96.07 ± 17.56 92.67 ± 32.88

IN13 76.81 ± 18.23 70.73 ± 18.51
* P \ 0.05 indicates significance difference
** P \ 0.01 indicates extreme significance difference

Table 6.3 Index of cerebral
function between fatigue
group and control group

Index of cerebral
function

Fatigue group Control group

Total power 358.76 ± 217.31 1,454.33 ± 1,260.97**

Exercise index 0.454 ± 0.069 0.518 ± 0.118*

Excitatory
inhibitory index

1.753 ± 1.185 1.36 ± 0.92

Vasomotion
index

0.495 ± 0.091 0.587 ± 0.161**

Entropy 88.68 ± 6.94 74.25 ± 12.02**

* P \ 0.05 indicates significance difference
** P \ 0.01 indicates extreme significance difference

54 Y. He et al.



insufficient nutrition or increased consumption. They cannot provide sufficient
energy and all kinds of nutrients for the activities of neurons. Thus, mental fatigue
easily occurs. The occurrence of chronic fatigue requires a long-time accumulation
process similar to the fatigue after long-time movement training.

Presently, the reasons and mechanism of brain fatigue have not been ascer-
tained. As for the occurrence mechanism of brain fatigue, scientists propose many
hypotheses. Among them, 5-HT hypothesis is recognized widely [7]. 5-HT
hypothesis proposes that H-5T has high thickness within the brain in the case of
fatigue. Literary reports that acute movement increases brain stem, the integration,
and metabolism of 5-HT [8]. Long-term movement training would lower the level
of 5-HT, DA, and NE [9, 10]. In other researches, the research made by Baily et al.
shows that in the case of central fatigue, DA integration of mesencephalon in
central fatigue would be weakened [11]. The maintaining of DA integration
anabolism would retard the fatigue. Mieko [12] finds that when Ach thickness
lowers in pivot, central fatigue would occur. The research by Chaouloff et al. [13,
14] shows that chronic brain fatigue is not caused by the change of single neu-
rotransmitter, but the result of interaction between variant neurotransmitters and
breakdown of balance among them. They found that DA activity increase in the
brain can curb 5-HT integration and metabolism. When the ratio of 5-HT/DA in
the brain rises, movement fatigue would occur. Moreover, research indicates that
when body movement appears fatigue, the metabolic balance of Glu and GABA in
encephalic region is changed. The balance of original quietness is damaged.
GABA inhibition effect in the brain dominates [15].

This research analyzes and contrasts the neurotransmitter power, relative
power, and brain power index of the chronic brain fatigue sufferers and normal
persons, so as to explore the differences of all indicators level among two groups
of person group and find the possible mechanism in the case of chronic brain
fatigue.

Neurotransmitter power refers to the power of the produced electricity acted by
neurotransmitter and acceptor. Generally, it depends on the thickness of neuro-
transmitter. This research finds that 9 kinds of neurotransmitter power of chronic
brain sufferers are evidently lower than the normal people level (P \ 0.01). It
shows that 9 kinds of neurotransmitter thickness within chronic brain fatigue
sufferers are located at the lower level, which conforms to the related literary
reports [9, 10].

Relative power refers to the relative size of single neurotransmitter. The relative
power of GABA and Glu of chronic brain fatigue sufferers is substantially lower
than the normal people’s level (P \ 0.05). It shows that comparing with other
neurotransmitter, the functions of GABA and Glu of sufferers are lower substan-
tially, at the weak position. GABA and Glu are related to the advanced functions
of the brain, such as learning and memory, etc. Thus, the function decline of
GABA and Glu may be physiological mechanism of chronic brain fatigue sufferers
learning, decline of memory capability, and inattention. Moreover, this research
also finds that the relative power of NE of chronic fatigue sufferers is evidently
lower than the normal people’s level (P \ 0.05). It shows that the NE functions of
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chronic brain fatigue sufferers decline. Apart from the adjustment of participating
in movement, NE participates in adjusting mood. It is also probable that chronic
brain fatigue, apart from movement ability lowering, may arise melancholy and
anxiety mood emotional disorder.

In terms of brain functional index, the total power of whole brain of chronic
brain fatigue sufferers in this research is evidently lower than the level of normal
people (P \ 0.01). Then, entropy is higher than the normal people (P \ 0.01),
indicating that the overall functions of brain of the chronic brain fatigue sufferers
declines. It may probably explain the clinical syndromes of chronic brain fatigue.
The movement index of chronic brain fatigue sufferers (ratio of DA and 5-HT in
the brain) is evidently lower than the normal people (P \ 0.05). It indicates that
the movement excitability of the chronic brain fatigue sufferers declines, which is
related to the reaction ability and coordinating ability in movement, conforming to
literary report [13, 14]. Moreover, this research also finds that vasomotion index of
chronic brain fatigue sufferers is evidently lower than the level of the normal
people (P \ 0.01). Vasomotion index is the indicator used to indicate the status of
vasomotion in the brain. The higher the vasomotion index, the higher degree the
vasomotion index in brain; conversely, the shrinkage degree will be higher.
Therefore, the above-mentioned results show that the blood vessels of chronic
brain fatigue sufferers are dominated by shrinkage, which may be reason of the
brain function decline of chronic brain fatigue sufferers.

6.5 Conclusions

Evident differences exist between neurotransmitter power, partial relative power,
and index indicators of brain functions of and chronic brain fatigue sufferers. The
prompting of the above indicator change may be the reason causing chronic brain
fatigue occurrence. EFG can detect the neurotransmitter and brain function within
brain by noninvasive quantitative detection and can also analyze the degree of
brain fatigue quantitatively. It is an effective detecting means of brain fatigue.
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Chapter 7
A Study on Analysis of Learners
in Instructional Design

Yanyan Chen, Genhua Qi and Hong He

Abstract Instructional design is the advanced presentation of the thinking of the
instruction. It is an important stage in instruction preparation. The instructional
design should be of comprehensiveness and pertinence. Various instructional
methods may be adopted in accordance with different types of learners to achieve
high efficiency. The analysis of learners should be highlighted and necessary in the
design. The mastery of the characteristics of the learners may facilitate the
accurate determination of the instructional contents and methods. It is the basis for
guarantee of instructional effect. The analysis of learners should be comprehen-
sive. It should cover the past and the present situations. This paper makes a study
on the analysis of learners in instructional design with provision of some new
ideas.

Keywords Instructional design � Learners � Instructional process � Study

7.1 Introduction

The instruction is a creative and artistic activity. Whether the instructional
objective is achieved or not depends to a large extent on the analysis of the
learners. The analysis of learners should be scientific and comprehensive. The
emphasis should be put on personality traits of the learners so as to solve a series
of problems in the instructional process. This paper makes a study on the com-
prehensive analysis of the learners in connection with the instructional process
from the view of the importance of the analysis of the learners.
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7.2 Significance of Analysis of Learners

Instructional design is the advanced design of the instructional process and shows
a teacher’s class control capability. The thorough analysis of the learners may
better research into the instructional contents and make instructional process more
reasonable. Specifically, the analysis of the learners mainly functions as follows:

7.2.1 Detail Instructional Process

Instructional process means the process to impart the instructional contents. It is an
instructional process as well as a learning one. Whether the learners study suc-
cessfully or not depends on the teacher’s capability and the learners’ qualities. The
analysis of the learners is just on purpose to get the knowledge of the learners’
situation. The instructional design should highlight the points of importance and
help the teacher have a good control of the class.

7.2.2 Quantize Instructional Contents

Instructional contents are the key job in class instruction. The conduction of
instructional contents makes up the whole instructional process. Each period of
class has its important and difficult points. Thus, teachers should quantize the
instructional contents to achieve the continuity of various points of knowledge.
The analysis of the learners’ characteristics may facilitate quantization of the
instructional contents so as to ensure the completion of instructional contents.

7.2.3 Optimize Instructional Effect

The instructional effect is the forceful criterion for the evaluation of class
instruction. The learning effect of learners is the key evaluating index of
instructional effect. The learners’ characteristics should be put into consideration
and the learners should be taught in accordance with their aptitude in terms of the
learning effect. The evaluation of the instructional effect is made through exam-
ination as written examination, oral examination, paper, etc. The difference of
learners should be taken into account in checking the instructional contents. The
analysis of the learners can attain the goal of distribution of instructional contents
according to diversified needs of the learners. The lecture may be given by the use
of different methods to achieve the understanding of the contents by the learners as
many as possible.
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7.3 Necessity of Analysis of Learners

7.3.1 Reasonable Arrangement of Instructional Contents
Requires Analysis of Learners

The instructional contents are the principal part of class instruction, so the
instructional contents should be arranged reasonably. What contents should be
lectured at what time and by what method should be arranged in a scientific way.
There exists continuity between each parts of a subject. The learning effect of each
point of knowledge should be estimated in advance; in other words, whether the
learners can master the knowledge or not should be taken into account before
lecture. Therefore, it is necessary to make a meticulous analysis to ensure the
reasonable arrangement of the instructional contents.

7.3.2 Effective Control of Instructional Rhythm Requires
Analysis of Learners

The arrangement of instructional contents is the key factor for class instruction. In
class lecturing, there will happen something unexpected. For example, if there is a
discrepancy between the learners’ actual understanding and prediction, an
adjustment is required to stabilize the instructional rhythm. It is not desirable that
the teacher stops instruction or does not know what to do. A teacher should grasp
the learners’ learning conditions all the way and make an effective adjustment as
quickening or slowing down the instruction progression. Of course, this is con-
ducted on the premise of completing the instructional contents.

7.3.3 Scientific Evaluation of Learning Effect Requires
Analysis of Learners

The scientific evaluation of learning effect should be of comprehensiveness and
pertinence. The learners may be examined by various methods. No matter what
kind of methods is adopted, the purpose is to check the learners’ understanding and
application of the contents. Of course, it is based on various subject standards.
There are various points of view to evaluate the instructional effect in diversified
disciplines. Generally speaking, the employment of the imparted knowledge
should be emphasized. Thus, various checking modes can be adopted in respect of
different types of learners.
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7.4 Comprehensiveness of Analysis of Learners

The mastery of the characteristics of the learners may facilitate the accurate
determination of the instructional contents and methods [1]. It is the basis for
guarantee of instructional effect. The analysis of learners should be comprehen-
sive. It should cover the past and the present situations. In the analyzing process,
the stress can be laid on the following points:

7.4.1 Analysis of Aptitude of Learners

The aptitude of the learners mainly depends on the previous study and studying
experience. The analysis should be meticulous, accurate, and comprehensive. The
analysis can be focused on age, educational background, and living surroundings.

7.4.1.1 Age

The university students are in the flower of their age. They have catholic tastes and
are very active in many affairs. Their consciousness is gradually strengthened. Yet,
different age causes discrepancy in ability. The teacher should get to know the
discrepancy of learners of different years in life experience, level of knowledge,
etc. Even in the same year, due to the influence of life surrounding, family con-
ditions, etc., there exists a discrepancy in fundamental knowledge, reception
ability, thinking ability, operating skill, analysis, and inductive thought. Some
learners have a wide range of knowledge, and some not; and some learners have a
high skill in operation, and some not.

7.4.1.2 Educational Background

The university students have almost the same educational backgrounds. The
analysis of learners should take different provinces or unique features of certain
schools into consideration. The accumulated knowledge before enrollment in
University can be analyzed. For post-oriented education stage, the educational
background and major subjects before enrollment should be taken into account.

7.4.1.3 Living Surroundings

Diversified living surroundings may result in varied degrees of understanding. The
student’s academic environment should be acquired for the purpose of effective
class discussion.
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7.4.2 Analysis of Learning Attitude of Learners

Attitude is a kind of tendency of intrinsic reaction which one holds for a long time
toward a certain matter. It is composed of cognition, emotion, and behavior ten-
dency. The learning attitude depends on subjectivity of the learner and is the
objective reaction of the learning contents. It displays whether the learner is
interested in the contents and exerts a direct influence on the learning effect [2]. I
am forced to learn and I want to learn will cause different results. Then, how does
a teacher acquire the learning attitude? In the analysis of the learners, the analysis
of the learning attitude needs a process, and it is a dynamic factor. To get to know
the learning attitude, first, a meeting is suggested for the introduction of learners
from some other teachers or persons, from which the teacher may get some
knowledge of the learners’ learning attitude. Second, a questionnaire is necessary
to obtain the ideas, likes and dislikes, and choice of the learners toward the
instructional contents, instructional materials, organizational method, etc.,
involved in the instructional design. Third, the general characteristics of the
learning attitude or the possibly possessed attitude can be estimated based on some
documents or teaching experiences. Fourth, the learning attitude may be assessed
from the learners’ cognition and performance.

7.4.3 Analysis of Potentialities of Learners

Potentialities embody the deepening understanding of a matter and thus display the
quality of learners. The potentialities are gradually known by the teachers from the
learners’ learning process. This analysis should emphasize the development of the
learners’ autonomic learning. It is necessary to set up a database of the learning
process containing enthusiasm, initiative and creativity, etc. Through a dynamic
analysis, the teacher may guide the learners to make a scientific study and mobilize
the learners’ learning enthusiasm. Thus, the learners may display their actual value
in the learning process and their learning capabilities are gradually enhanced [3].

7.4.4 Analysis of Adaptability of Learners

The analysis of adaptability of the learners means analysis of the learning styles of
the learners. The learning style is the consistent academic tendency with person-
ality characteristics shown in the learning process such as mood, attitude, motive,
persistence, and preference for some contents [4].

The researchers make an analysis of the learning styles, which can be classified
in the following methods:
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7.4.4.1 Independent Versus Dependent

This classification method reflects the learner’s control capability, flexibility, and
analysis and integration of information. The learners of dependent type are evi-
dently influenced by the environment. They are easier to obtain happiness in the
collective environment and tend to be obedient, harmonious, and coordinative. The
learners of independent type are less or even not influenced by the environment
[5]. They are accustomed to think independently, not satisfied with accepting the
conclusion, and not easily affected by personal emotions.

7.4.4.2 Introspective Versus Impetuous

It is divided into introspective and impetuous types according to cognitive and
emotional reaction speed. The experiment shows that the impetuous learners,
triggered by the superficial phenomena, are just eager to answer questions without
thoughtful consideration. Their answers are quite lacking the exploration of the
question and planning. The introspective learners are prudent, careful, and
thoughtful. They are not eager to answer questions or draw conclusions. They are
inclined to think a lot about their choices until they are doubly sure about them.

7.4.4.3 Regular Versus Irregular

Regular and irregular instructional methods may exert influence on the learners.
The regular instructional is suitable for learners of anxiety reaction who are tal-
ented and eager to achieve success. The irregular instructional method which
emphasizes diversification and random is of great use for low-talented and self-
disciplined learners.

7.4.4.4 Wholistic Versus Sequential

The learners with wholistic strategy usually think from the objective reality to the
abstract and go from the abstract back to the reality. The learners with sequential
strategy think in a linear way from one assumption to the other assumption.

7.4.4.5 Extroverted Versus Introverted

The extroverted learners like to express their ideas openly with strong optimistic
sense. The joy or anger is always visible on the face with a constantly changing
mood. The introverted learners do not readily express their feelings. They seem to
be calm but actually experiencing a surge of excitement inwardly.
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The instructional process embodies two aspects, i.e., instruction by teacher and
learning by learners. The mutual adaptation to each other may achieve the desired
instructional goal. The acquaintance of the learning styles may be of great help to
the teacher who can employ different instructional methods to the learners with
various characteristics and thus promote their learning.

The comprehensive analysis of the learners may help the teachers acquire the
characteristics of the learners. The instructional design should give prominence to
the subjective factor of the learner so as to bring the initiative of the learners into
play. It is advisable to put forward feasible strategies in the design to adjust the
instructional progression, optimize the instructional contents, and enhance the
instructional effect. The ideas mentioned above can be used for reference in the
instructional design.
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Chapter 8
On How to Foster the Officer Cadets’
Psychological Quality of Operational
Command

Rongzhi Yang, Hai Chang, Danfeng Liu, Zengjun Ji
and Shujie Zhang

Abstract In order to enhance the cadets’ psychological quality of operational
command under the conditions of informationization, the paper expounds the
characteristics of the informationized war and their effect on the commander’s
psychology. By way of the document analysis, questionnaire investigation, and
expert interview, the authors construct the model for the commanders’ psycho-
logical quality of operational command in the informationized war, i.e., firm
quality of will, effective emotional control, excellent personality traits, strong
cognitive ability. Combining the current institutional training status, the authors
suggest a theoretical framework of the confrontation training for the cadets’
operational command psychology, establishes the contents system of the con-
frontation training, and expands the methods and means of the confrontation
training. It paves a broader way for the institutions to train the cadets’ psycho-
logical quality of operational command.

Keywords Officer cadet � Psychological quality of operational command �
Informationized war � Confrontation training

The officer cadets is an important force for the informationized war in the future;
therefore, it is one of the important subjects of the current institutional education to
foster the cadet psychological quality of operational command.
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8.1 Characteristics of the Informationized War and Their
Effect on the Commander’s Psychology

8.1.1 Characteristics of the Informationized War

The informationized war in the future is characterized by [1]: the information
resource will dominate. The difference between the informationized war and the
mechanized war lies in the dominant resource which changes from material and
energy to information resource. The precondition to gain and retain the initiative of
war is to possess the information superiority; the battlespace is multi-dimensional.
The information system links all the dimensions of the battlespace, i.e., land, sea,
sky, space, electromagnetic environment, and cyberspace into an integrated bat-
tlefield, among which the war in the psychological space will become an important
factor to affect the course and end state of war; the information confrontation is
conducted in any dimension of the battlefield. In the informationized war, the
information confrontation covers all the electromagnetic environment, cyberspace,
and human psychological space of the informationized battlefield and lasts from
the beginning to the end of war; the command activities are real time. The
development of information technology shortens to the maximum the time interval
between the decision making and action and realizes the real-time precision link
between them, which hastens the operational tempo of the armed forces; the
precision engagement is popularized. With the innovation of the precision
reconnaissance and location, high-speed signal processing, and automatic control,
the precision guidance weaponry are rapidly developed and extensively employed,
and the power of destruction to the target reaches 4 * 10 times of the past.

8.1.2 Effect of the Informationized War on the Commander’s
Psychology

The complex of war increases the commander’s psychological pressure. Compared
to the traditional war, the informationized war is more complex. As far as the form
is concerned, the informationized war is the joint warfare conducted by multiple
services and branches, where all participants of the war and all struggles in the
fields are interwoven together; as far as the decision making is concerned, each
link of the operational command is restricted by multiple objective conditions, thus
the commander must bear a heavy psychological burden. The generation gap of
weapon and equipment increases the commander’s psychological burden. The
generation gap of weapon and equipment is obvious, and the degree of infor-
mationization differs greatly. At the first stage, the side which is advantageous in
the weapon and equipment shows a proud and fanatic state of psychology, while
the side which is disadvantageous in the weapon and equipment usually lacks
confidence, even is scared [2]. Precision engagement and saturation attack produce
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an enormous shock on the commander. At the first stage, the enemy may employ
the precision guidance weapons to conduct precision engagement and pinpoint
clearance against friendly main military installations. Then, they may conduct
saturation attack against friendly main battle forces of the army, navy, and air
force, so that the opposing force may be forced to lose the final effort to resist.
Such a warfare has a great effect on the commander’s psychology.

8.2 Psychological Quality the Commander Should Have
in the Informationized War

8.2.1 Firm Quality of Will

The commander’s firm quality of will is the key to achieve victory [3]. The will is
closely related to the command capability. Without firm quality of will, the
commander may produce a confused and abnormal psychology after being stim-
ulated intensively from the outside, so that he may lose the capability to think and
express and the power of control. The commander with firm quality of will, even if
facing danger, may change the ill situation and defeat the powerful enemy. The
will is closely related with the spirit of combat. If lacking the courage to overcome
difficulty, one will be in a passive situation and one with weak quality of will either
wait or resist passively, even give up the combat. The will is closely related with
the confidence daring to fight and win. The confidence daring to win comes from
the confidence daring to fight, while a firm confidence comes from the excellent
courage and the calm mind. Without a firm confidence, the inevitably ensuing
must be unquiet, pessimistic, despairing, and hesitative.

8.2.2 Effective Emotional Control

The emotion is the external expression of the human psychological activity, which
is of a great force to affect and communicate. The steady emotion is an important
precondition of the scientific decision making. In the informationized war, the
commanders need process plenty of information. In particular, in the non-con-
gruent engagement such as the ECM warfare and cyber warfare in the informa-
tionized war, the disadvantageous conditions such as the malfunction of electronic
system, paralysis of command system, intrusion of hacker may easily cause a
psychological disorder among officers and men. The commander must rely on the
steady emotion to guarantee the proper conduct of analysis, conclusion, deduction,
and judgment. The controllable emotion is the necessary condition to command
the force. The force which can win is a group of servicemen who have a strong
sense of coherence, spontaneous sense of coordination, intensive sense of
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obedience, and deep sense of emotion. A high spirit is an important guarantee for
the morale of officers and men, a calm spirit is an important precondition for
seizing the opportunity of combat, a sonorous spirit is an important embodiment
for agglomerating the morale of the servicemen. Therefore, in the complex and
volatile combat environment, the commander should be able to adjust consciously
his/her personal emotion and behavioral way, affect and control his/her subordi-
nates, and remove such ill emotions as scare.

8.2.3 Excellent Personality Traits

The war practice indicates that the commander’s personality traits are vital to
decision making. Compared to the traditional war, the informationized war is more
complex in form and means; the uncertainty, suddenness, danger, and cruelty of
the war increase; thus, the commander usually faces an enormous burden of
psychology and mind, but the excellent personality traits are just the fundamental
subjective factors to meet the challenge. The commander must chasten and edify
his/her own good personality, produce an excellent quality of command psy-
chology; he/she can adapt himself/herself to the informationized war in the future.
One must chasten a wise and flexible command personality. In the dangerous
situation, the commander must keep a cool mind; judge according to the actual
development of the actual course of war; recognize the troublous and complex
ostensible and/or false phenomenon; be calm, easy and flexible. One must chasten
a brave and staunch command personality. Brave and staunch is an important
factor of a commander’s excellent personality, and it is also one of the most
valuable personality. As a Chinese saying goes: ‘‘the brave one will win if two
men fight,’’ which is the embodiment of brave and staunch. Brave means not to
fear bleeding and sacrificing and not to fear challenging the physical extremity.
One must chasten a firm and resolute command personality. Indecision is always
one of the military taboos. In the informationized war, the battlefield situation is
interwoven and complex, so that the commander must have not only a cool and
calm mind but also a resolute personality.

8.2.4 Strong Cognitive Ability

The widespread extension of the cognition space on the informationized battlefield
requires that the commander must have a strong cognitive ability. The commander
should have a rapid cognition speed and deep cognition degree. As the operational
command system becomes flat in structure and network-dependant, the speed and
precision with which to acquire, process and disseminate the operations-related
information must be higher and higher, which has a higher demand for the com-
mander’s psychological and cognitive ability such as attention and feeling: the
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commander must be able to transform rapidly and accurately the memorized
experience solidified in the training into the operational command. The com-
mander should be able to clarify the cognition clue in the battlefield environment.
The future war is an integrated joint warfare in the conditions of information-
ization, so that the commander must link naturally all the element features such as
the military power, weapon and equipment, logistic support with the battlefield
environment. The commander must have a strong capability of logic thinking, so
that he/she can clarify accurately the combat course of action, combine, and
reconstruct reasonably all combat modules. The commander should have a strong
capability of objective identification. As can be seen in the recent local wars in the
world, both the opposing commanders are good at cheating and puzzling their
opponents by the battlefield and intelligence ostensible phenomenon. Therefore,
the commander must be equipped with an accurate identification capability to the
enemy displayed information: he/she must be able to hold the essential, removing
the false and leaving the true, in order to make an accurate judgment and proper
decision.

8.3 Ways to Foster the Officer Cadets’ Psychological
Quality of Operational Command

8.3.1 Establish Firmly the Concept that ‘‘Training Strategy
Must Train Psychology’’

During the confrontation training, the institutions pay more attention to train
cadets’ strategy and psychology. The first is to design complicated preconditions
for both sides before training so as to train strategy and psychology simulta-
neously. The institutions bruit conditions of weapon equipment to let cadets
analyze and judge, and organize them to make well preparation of combat
mobilization, psychology, and technology. The second is to preset complicated
situation more approach the actual combat. Under the preset field conditions and
the unified coordination of director department, the red and blue sides, respec-
tively, accept task. The red side is taken as our army and provided with present
weapon equipments, while the blue side is taken as opponent and provided with
opponent’s weapon equipments. The third is the two sides make a systematic
summary after training. The summary is mainly about confrontation training,
psychological adaptation, experience, and lesson. The confrontation training is a
content-rich psychological training. The commanders, whose psychological
quality are weak and spirit and emotion are easily affected by outside, must be
difficult to calmly, objectively and exactly full play use of strategy. Therefore, the
institutions should take the concept of ‘‘Training Strategy must Train Psychology’’
as guidance, organize well the confrontation training for strategy and enhance the
confrontation training for operational command psychology to achieve.
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8.3.2 Improve the Theoretical Framework
of the Confrontation Training for the Operational
Command Psychology

At present, the theory of the confrontation training for the operational command
psychology in the institutions is imperfect, so that it is one of the most urgent tasks
to construct the theoretical framework and carry out research. The first is the
current status of research, i.e., the main theories, viewpoints, achievements on the
confrontation training for the commander’s operational command psychology
concluded by the military experts in China and abroad. The second is the con-
frontation quality of operational command psychology that the commander should
have, such as noble morality, profound knowledge, stable emotion, strong will,
good character, and excellent strategy. The third is the confrontation capability of
operational command psychology that the commander should have, such as
observing ability, thinking ability, deciding ability, and reaction ability. The fourth
is the commander’s confrontation training theory of operational command psy-
chology, such as the training theories on simulation confrontation, cyber con-
frontation, and actual combat–oriented operational command confrontation. The
fifth is the commander’s confrontation training theory of operational command
psychology in special environments, such as the confrontation training theories of
operational command psychology in the mountain/jungle warfare, urban warfare,
air battle, sea battle, and contest for the dominance of islands or vital terrains.

8.3.3 Establish the Contents System of the Confrontation
Training for the Operational Command Psychology

The confrontation training of operational command psychology is to construct the
contents system of the psychological confrontation training by injecting the psy-
chological stimulus element in the operational command confrontation training.
The first is the psychological adaptability training. The advantageous and disad-
vantageous conditions in the informationized war are studied to enhance the
cadets’ confidence to fight and win [4]; the operational command simulation
training is conducted in order to construct a new way psychological training
adapted to the characteristics of the informationized war and to adjust the psy-
chological structure and status not adapted to the new situation; the actual combat-
oriented exercise is rehearsed to adapt the cadets to the change of way and
characteristics of the informationized war so that they are equipped with the
psychological capability of operational command under all conditions. The second
is the psychological endurability training. All the likely stimuli that the com-
mander may face in the informationized war are simulated to ‘‘shock’’ the cadets’
psychological state for increasing their ‘‘aseismatic’’ capability, so that the cadets
may endure an extreme pressure to train their psychological endurability [5]. The
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third is the psychological potential training. The potential energy of the cadets’
psychological activities in the wartime is explored to mobilize and develop the
potential psychology so that the energy of their psychological activity is excited to
the best level, resulting in the positive reflex ‘‘the combat conditions to the psy-
chological state.’’

8.3.4 Expand the Methods and Means of the Confrontation
Training for the Operational Command Psychology

The commander’s psychological training should be conducted after the basic
psychological training is completed. The psychological quality of operational
command must be enhanced by fierce confrontation training. First, the psycho-
logical confrontation training is implanted in the strategy confrontation training.
The psychological interference factor of the strategy confrontation training is
‘‘amplified finitely’’ by simulating the actual combat-oriented environment to
enhance the cadets’ anti-interference capability. Second, the training is conducted
in the simulated actual combat environment. The ‘‘battlefield atmosphere’’ is
created to enhance the commander’s psychological adaptability [6]. For example,
when there are plenty of interference factors, the cadets may be trained as to keep,
concentrate, distribute, and shift their attention; under the complex conditions, the
cadets may be trained as to think flexibly so that they may analyze the enemy/
friendly situations and solve all sorts of problems; in the highly tense and dan-
gerous situation, the cadets may be trained to possess such psychological qualities
as brave and calm in order to foster their psychological reliability and stability.
The third is to organize the simulation training. The computer and network are
used to simulate the situations where the informationized weaponry is employed,
such as the enemy interference and attack. Under such conditions as the inter-
rupted command, downsized force, uncontrollable battlefield, and lack of equip-
ment where the psychology is overloaded, the cadets may be trained to possess the
operational command capability to act according to the changing circumstances,
taking it as the breach to chasten the combat will.
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Chapter 9
Eye-Tracking Analysis for the Disabled
in the Spatial Environment

Yuanzhe Fan, Weimin Wang, Yuhui Xin, Meiyu Lv and Lan Wang

Abstract In order to examine the cognition behaviors of the physically disabled
in the spatial environment such as subway system, we implemented the onsite eye-
tracking experiment in the real subway environment. We hired 12 physically
disabled people who sit on the wheelchairs and conducted certain experiment at
National Library Station, Beijing Subway. By using SMI-HED eye tracker, we
collected physiological data concerning disabled’s visual cognition performances
such as fixation, saccades, and diameter of pupil and. Afterward, we implemented
quantitative data analysis and established math model through correlation analysis
between different variables. We found there remained a correlation between var-
iance of saccade’s displacement with task time.

Keywords Eye-tracking �Cognition analysis � Spatial environment � The disabled

9.1 Introduction

As an increasingly large fraction of human knowledge migrates to the World Wide
Web and other information systems, finding useful information is simultaneously
more important and much more difficult [1]. Nowadays, eye-tracking experiment
has become a popular tool to investigate into user’s visual cognition. A majority of
certain experiments have been focused on examining the usability of Web layouts,
users’ attention on Web, and mobile devices. Using eye tracking in the evaluation
of Web search interfaces can provide rich information on user’s information search
behavior, particularly in the matter of user interaction with different informative
components on a search results screen [2]. These researches focused on the
interaction between user and interface in a restricted context.
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What we are interested in is to examine the cognition of human under the
broader scope of environment. With the development of ubiquitous computing, we
live among invisible computers, with user interfaces that consist of sensing sys-
tems providing contextual information that drives their actions [3]. We measure
visual attention with eye tracking, a methodology commonly used in HCI research,
especially in multimodal interaction. Head-mounted (mobile) eye trackers allow us
to measure visual attention also for large-scale spaces, such as outdoor urban
settings [4]. Environment has a spatial context, with multiple divisions and
numerous information types. Meanwhile, factors influencing the communications
between human and environment have dramatically increased such as noise, light,
and density of people. These studies are mobile eye tracking (MET), extended to
large-scale spaces [5]. Compared to static eye tracking, MET methods provide a
good solution for studying perception with the freedom of movement and variable
contexts that characterize natural vision. The example is taken from a spatial
cognition research context. We emphasize the mobility of the participant, and less
the mobility of the device. We also introduce location-aware mobile eye tracking
(LA-MET) and describe the conceptual differences to related work in MET.

The total amount of the disabled people has risen to 0.9 billion, takes up nearly
1/10 of all population. In China, the total amount of such disadvantaged people is
60 million, takes up 5 % of all [6]. However, there are few research focused on
these disadvantaged people. In this paper, we analyzed the cognition behaviors of
the physically disabled people in the subway system.

Due to the immobility of the disabled people, incompleteness of accessibility,
and discrimination of the society, most disabled people would prefer not to use
public transportation. Based on our field investigation and user interview, the
physically disabled people usually carry the wheelchair for their transportation
vehicle. Since their viewpoints are lower than the normal people, the disabled
people often face great difficulty in receiving navigation information in the spatial
environment; their processes of perceiving information are more likely disturbed
by the surrounding environment. Implementing in-depth research on the disabled
people would be meaningful since we could discover the specialty of the dis-
abled’s cognition model, mental model, and patterns of information receiving.
Achievements of such researches not only would help us understand the charac-
teristics of cognition for the disabled in the spatial environment, but also would
contribute to the establishment of non-barrier environment (Fig. 9.1).

9.2 Experiment Design and Procedures

Figure 9.2.
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9.2.1 Calibration

It is really challenging for us to conduct calibration in the spatial environment
since accuracy for SMI-HED eye tracker is ensured when the distance between test
taker and visual stimulus is constant. However, there does not exist such constant
in the spatial environment.

Moreover, complex light sources added great difficulty in tracking the corneal
reflection (CR) of the i-View camera.

We set the place of calibration in the spatial environment with less light
interference. We selected a wall as screen of calibration and asked test person to
look at five specific points adhered on the wall. The distance between test person
and wall was decided based on the measurement of suitable distance when per-
ceiving navigation information in the spatial environment.

Fig. 9.1 The cognitive model of Wickens [7]

Fig. 9.2 Captured in field investigation
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9.2.2 Pre-experiment Adjustments

In order to reduce the cognition differences among these participants, we presented
them the same paragraph of informative words and made sure they could recognize
relevant details appeared in the paragraph. Such pre-experiment adjustments
would make sure they went through a thorough cognition process and maintained a
similar cognition condition.

9.2.3 Searching for Navigation Information in the Platform

We arranged the disabled participants on the platform of subway environment.
Firstly, we provided participant the place of departure A and destination B. Then,
we asked participant to search for guided information to find the proper route
based on the information in the spatial environment.

9.2.4 Evaluation of Searching Performance

Afterward, we made an evaluation on their search performance by examining the
accuracy of transfer spots they provided.

9.3 Methods

9.3.1 Apparatus

Eye-tracking experiment was performed using the SMI-HED eye tracker paired
with 13’’ monitor. The eye tracker sampled the gaze of users at the rate of 50 Hz.
We have also used the video-based i-View system to record video in the eyes of
participants.

9.3.2 Participants

We recruited 12 physically disabled people who used wheelchair as their trans-
portation tool. Due to the immobility of their bodies, they seldom used subway in
their daily lives. None of them had experience in using the HED eye tracker. After
excluded two incomplete pairs of data, we got 10 valid experiment samples.
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9.3.3 Experiment Location

Beijing Subway, National library station, Entrance F.

9.4 Data Analysis

9.4.1 Data Collection

Export .txt raw physiological data from experiment center 3.0 such as saccades,
fixations, and blink, distributed by chronological order.

9.4.2 Data Integration

Match time spots in recording video with time spots in exported raw data. We looked
for significant behaviors of users that marked the beginning and end of an event.

9.4.3 Data Classification

We classified whole data into several parts, saccades data, fixation data, and blink
data. Then, we combined the relevant data of all test takers accordingly.

9.4.4 Data Mining

We completed this process with the knowledge of statistics and put all raw data
into SPSS. Firstly, we calculated average and variance and made the fundamental
analysis of data. Then, we tried to figure out the correlation between each phys-
iological data. Finally, we established math model for cognition of the disabled in
the subway and achieved meaningful conclusions.

9.5 Results

9.5.1 Fixation

1. Firstly, we extracted raw fixation data from eye tracker: duration of fixation,
dispersion in X&Y axil, coordinate of fixation (x, y), and average of pupil’s
diameter.
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2. Calculating area of fixation dispersion per time by multiplying parameters in
X&Y axil dispersion.

3. Calculating the mean value and variance of diameter of pupil, X&Y dispersion,
and area of fixation dispersion. Then, we conducted linear fitting and secondary
fitting for the correlation curve between these physiological data with task time.
However, such correlation remained not obvious and needs to be substantiated
further.

9.5.2 Saccade

1. Extracted raw saccade data from eye tracker, duration of saccade, start coor-
dinate of each saccade (x1, y1), and end coordinate of each saccade (x2, y2).

2. Calculating displacement (D) value for each saccade.

D ¼ p½ x1� x2ð Þ2þðy1� y2Þ2�

Table 9.1 Linear and quadratic fitting results

F(x) Model collection Parameter estimates

R2 F df1 df2 Sig. Constant b1 b2

Linear 0.490 7.701 1 8 0.024 20.493 0.001

Quadratic 0.867 22.888 2 7 0.001 -3.325 0.006 -1.302E-7

Dependent variable task time
Independent variable variance of saccades displacement

Fig. 9.3 Quadratic fitting
results
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3. Conducted linear fitting and secondary fitting for the correlation curve between
displacement of saccade with task time.

As can be seen from the linear curve and secondary curve, there remained a
clear correlation for the secondary fitting curve between variance of saccade’s
displacement (V) with task time (T). Equation for the secondary fitting is as fol-
lows (Table 9.1, Fig. 9.3).

T ¼ 0:006V2 � 1:302E � 7S� 3:325

9.6 Conclusion

By implementing onsite eye-tracking experiment for the disabled in the subway,
we focused on cognition behaviors of the disabled when searching for information
in the spatial environment. By conducting data analysis on the physiological data
exported from eye tracker, we examined the correlation between displacement of
saccade and dispersion area of fixation with task time. Then, we found the apparent
correlation between variance of saccade displacement with task time which would
be helpful for us to find out influential elements of perceiving spatial information
for the disabled.
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Chapter 10
A Research of NATO Forces Fitness
on Man–Machine Operation and Its
Enlightenment

Weizhong Liu

Abstract Numerous working groups in NATO troops have launched many
research findings on army physical fitness of the human–machine job, covering
human medicine, exercise science, nutrition, injuries, rehabilitation, and female
military personnel policy in humanities and social sciences areas. These researches
on physical effectively stimulate the promotion of human–machine operation. The
features of the research are as follows: by detailed analysis of operations tasks of
man–machine combination, march, mining, and crafts were determined as
NATO’s typical physically demanding military tasks. According to the different
periods of military tasks, trans-department research groups were set up to establish
human–machine job fitness model and training schedule. By long-term track and
research on body job capacity, the military task effectiveness was analyzed and
upgraded based on body activities; the research method on soldiers’ body job
capacity emphasizes science, quantitative, using more integrated research disci-
pline, not simple of overview or illustrates; meanwhile, from the perspective of
soldiers body capacity training and supports, NATO army also study on policy and
social problems (health, pregnant, men and women soldiers team action, sexual
harassment). The enlightenment is as follows: First, studying ideas should enhance
the analysis of occupational physical fitness; second, the research direction should
focus on man–machine operations closely connected with physical fitness avoiding
simply physical study; and third, innovate means of physical exercise and set up
new military sports events associated with military skills to train and improve
soldiers’ physical fitness.

Keywords NATO �Man–machine operation � Physical fitness �Military physical
education and sports
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10.1 Task Group and Main Contents of Physical Fitness
Study on NATO Troops Man–Machine Operation

NATO troops began their researches on army physical fitness in human–machine
operation as early as 1975, set up the 4th, 8th, and 17th research group of research
study group (RSG) and the 8th team of the defence research group (DRG) [1].
Research contents mainly consist of human–machine environment adaptation,
nutrition, training biomedical, and female soldiers’ contents.

10.1.1 Research of Human–Machine Environment
Adaptation

During military training, military staff must have perfect physical fitness to
accommodate to severe condition changes, which included human, machine,
environment etc., providing sufficient cognitive and movement abilities, such as
lasting cognitive and accurate operational performance under the conditions of
sleep deprivation, changes in time zone, influence of environment, and drugs. By
means of studying the medical characteristics of physical training (age, sex,
overtraining, injury, cardiovascular disease, risk factors and protect, heat and cold
injuries, health and endurance, exercise and health), The Fourth Research Group
has [2] gauged physical attributes and body compositions of human–machine
operation and carried out researches on human–machine environment adaptation.

10.1.2 Research of Military Nutrition

Military diet nutrition directly affects strength of the army. Main contents con-
cerned by the eighth research group include heat and rational rationing of various
foods, relation between nutrition and cardiovascular diseases, soldiers’ health and
weight control, etc. [3]. Under the different conditions of daily survival, emer-
gency situations, battle and fight, etc., study on the relationship between nutrition
and physical fitness may provide nutrition policy for the army and provide food
supply program to meet human–machine operation performance.

10.1.3 Research of Biomedicine in the Military Training

Military personnel improve their physical fitness through physical training besides
military skill training to meet the needs of military tasks. Physiological problems
during the physical training include reaction to training, muscular strength and
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endurance, flexibility, and body composition factors. Research may let the choice
of oxygen ability training program more scientific; adopt reasonable training
strength, frequency, and continuous variables; reduce the happening of wounds
during the military training. Fourth and seventeenth research groups did scientific
research from different levels [4].

10.1.4 Female Soldier

NATO DRG eighth group [5] specially research many performance-related issues
of female soldiers in the sea, ground, and air forces, such as design of female
soldiers’ clothing, individual equipment and operation positions from anthropo-
metrics, gender differences in hot and cold environments, cognitive differences,
women in the team (men and women mixed coupling or all female team similar
with tradition of all male soldiers), and policy and social issues (health care,
pregnancy, and sexual harassment).

10.1.5 Research Tasks Since the New Century

Since the new century, NATO’s military tasks (NATO in the twenty-first century)
have been changed [6], which requires the soldiers’ physical ability to adapt to the
transition shift in the human–machine operation. A code 019 task group was
founded for the purpose; it researched and determined physical demands of the
military personnel in their combat missions, prevented excessive fatigue, and
reduced military training injuries and diseases in combat.

10.2 Features of Research of NATO Forces Man–Machine
Operation Physical Fitness

10.2.1 Detailed Analysis of Operations Tasks for the Man–
Machine Combination

Research objects of army soldiers’ physical ability directly aim at the physical
activities of military action post position, operations, and man–machine combi-
nation. By referring the basic task lists of military actions, which are actually
performed and recorded in the relevant files, regular tasks are analyzed for different
countries during the humanitarian assistance, peacekeeping, conflict resolution,
counter-terrorism operations, etc. Research groups determined tasks which have
representative physical requirements in NATO’s military tasks: military tasks with
common physical demands including marching, digging, and manual operation.
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10.2.2 Division Collaboration of Trans-Department
Research Group

A trans-department research group is set up according to military tasks in different
periods, especially research physical demand models and the training plans of
human–machine operations. The rapid developed modern technologies are both
direct combat force and combat multiplier, bring huge power to military revolu-
tions, and give birth to new war form and combat style. Changes in combat style
directly or indirectly affect soldiers’ physical attributes demands, when soldiers
perform the military missions; development in military science and technology
also bring new changes to soldiers’ operation range and form. Therefore, NATO
forces emphasize on the researches of military actions on the human–machine
operation physical fitness in different periods, and special research groups have
been set up aiming at demands of military mission, test type, and job contents of
military man–machine operation and determine common operation types.

10.2.3 Longer Term Follow-Up Research

Study physical operational capabilities by long-term follow-up, and analyze and
upgrade the military mission effectiveness by means of physical activities. View
from following research literatures from all eras: Gould made comparison on tools
used by soldiers to mine trenches in 1957, reduced weight of picks and shovel
through experimental researches, and upgraded job capacity [7]; Jorgensen et al.
made physiological problem researches on physical limits to repeat lifting weights
in the maximum frequency in 1974 [8]; Garg et al. made assessment researches of
mechanical and physiological metabolism on soldiers’ operation posture and job
effectiveness in 1979 [9]; Taboun et al. set up forecasting models for manual
handling supplies during a joint mission (CTMMH) in 1984 [10]; Lee studied
Canadian army’s aerobic and anaerobic fitness standards associated with the
military tasks in 1992 [11]; Kraemer et al. carried resistance training researches for
female soldiers in 2001 and analyzed the influence on strength, effectiveness, and
occupation operation ability in 2001 [12]; Pandorf et al. made reliability evaluation
study by military occupational physical ability test in 2003 [13].

10.2.4 Adopt a Quantitative Research Approach

The research methods and means of the soldiers’ operational capabilities
emphasize on scientific, quantitative use of multidisciplinary research, not a simple
summary or explanation. Studies in all periods focus on application of the latest
research results, including exercise physiology, dynamics, sports training, and
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ergonomics, making scientific quantitative study on military operational capabil-
ities of the body. The paper places emphasis on modeling and scientific assess-
ments through experimental studies. See from the documentation, most
experimental researches are based on experiments, as well as conclude data to
assess and inspect the predict results. It is also found that NATO forces have
carried on many studies in the fields of military physical training, security policies,
and social issues (health care, pregnancy, men team to action, sexual harassment).

10.3 Enlightenment

10.3.1 Enlightenment on the Army Physical Fitness
Research Logic Thought

There may be different logic thought in the research and exploration of inherent law
of matters, and the same goal can be eventually reached; or, research purposes can
be realized from different paths and sides, so as to reveal the general or special laws
of matters. The physical researches of our army are carried out more from the logic
thought ‘‘physical training—specific object (soldiers) engaging in physical training
(military sports)—improve army fighting.’’ It can reach similar effects of the logic
thought of NATO forces, which is ‘‘military action (human–machine operation)
task list—soldiers’ body capacity needs—body fitness training or sports exercise
provides body capacity.’’ But in our previous studies, most researches stayed in the
first step ‘‘physical training,’’ and the researches on specific objects (soldier) in the
second step mainly focus on soldiers’ strict discipline and higher requirements of
movement quality; research the training program and means and methods of
organization, to improve soldiers’ physical fitness test scores. It is generally
regarded that the improvement in the results of physical examination will also
improve capability of the soldier’s body and then improve their underlying strength
in combat. This awareness is not wrong, and for the army-wide, the test levels of
basic physical fitness testing items can really reflect soldiers’ basic physical ability
and facilitate the assessment and comparative assessment of the whole army, but
this is not enough. Fulfilling the responsibilities and tasks in our army has proposed
new requirements to the soldiers’ body capabilities, along with the social and
technological development and military tasks change. What requirements are
included and how to implement these requirements? How much relevance are there
between contents and standards of military personnel physical training in the past
and at present, and body capability demands for human–machine operation (mili-
tary physical training or actual military operations such as fitness training for troops
marching, digging trenches, filling shells, such as flights, transporting goods, back
or operational capability upgrade how relevance and reliability). The writer sug-
gested that researches on our soldiers’ physical training may refer to the logic
thought of NATO force research, starting from the military operational tasks,
studies on appropriate methods, and contents for physical training.
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10.3.2 Enlightenment on the Army Physical Fitness
Research

As mentioned before, the researchers will have different directions of research if
guided by different logic thoughts. Our military sports begin from sports training
and reveals the general principal, method, tool, organization, management,
examination, and evaluation for soldiers engaging in sports training. Many research
fruits have obtained on the physical training plan, training method, physiological
and biochemical evaluation, etc., and force military physical training achievements
have been improved to a certain extent, and guarantee soldiers have good physical
conditions to perform military tasks. NATO forces started from military combat
tasks, researched the typical representative of physics (labor) in the human–
machine operation of the military operation, measure energy (oxygen, non-oxygen,
movement quality, etc.) consumed by the physics, and forecast and select physical
sport items, which are equivalent to the army’s operation energy. By some period of
training to check the correlation between the operation and physical trainings,
contents and standards of physical training items are drawn, which can reflect
capacities of human–machine operation. Therefore, research men in NATO forces
pay more attention to the following research directions: the correlation between
military physics and operation, efficiency of training effect, using suitable physical
training to replace military operation training; providing enough strength, speed,
reaction ability to reduce military training wound, sex difference in the military
training, group and single solder standards of physical operation ability, standards
of body health level etc. therefore, the writer suggestion the research of military
physical training needs to be rooted in the troop and faces realistic of the troop
training, and directly promote the physical efficiency of military operation. To those
normal physical trainings, there are many researches, which only need serious
reference and consideration, and do not need repeat research on pure physical
training plans and methods, but put emphasis on the demands of human–machine
operation body quality and improvement means during the battle training.

10.3.3 Enlightenment of Developing Military Sport Items
Inspiration

Military sports draw high attentions as military combat skills, but soldiers’
physical factors in the modern wars are reduced dramatically, and soldiers’
physical fitness has transformed from direct combat skills into fighting protection
component or safeguard methods. Most military sports have transformed into the
emerging mass sports, and military characteristics are hard to maintain. For
example, popular outdoor sports in modern society include partial or all military
sports, such as hiking, camping, rock climbing, swimming, field shooting, obstacle
running, directional cross-country, and skydiving. In recent years, military sports
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have turned to raise the level of army physical fitness, as well as increase physical
fitness training and researches, and promote soldiers’ physique being improved
quickly. However, some armies replace training projects with examination pro-
jects, simplify military physical training into training for simple physical assess-
ment projects, and weaken the spread of military sports program to a certain
extent.

There are research bases for using simple physical training evaluations as
means to assess the fitness level of human–machine operation (NATO forces have
done a lot of research on the degree of association). However, the military physical
training does not simply raise the level of physical fitness, and the more important
is to improve the physical operational capabilities required by the combat, or direct
combat skills to play. In the theories of sports training, no matter monistic training
theory or the theory of special training, they all emphasize the importance and
action of specific technical training. Hence, simple physical training methods are
effective to improve the skill or abilities of military operations, but they are not
necessarily the best ones and need to be evaluated. While carrying out some
military missions, man–machine operation requires military personnel to have a
corresponding quality of strength, speed, stamina, and agility, plus of specialized
brain training. Therefore, if compared with the simple physical training, special-
ized human–machine operation skills training can improve physical fitness
required by military operations and establish as well as strengthen human–machine
operation brain links, so as to let military skills more skillful and effective. It is
recommended to open new military five items, taking common basic operation
items (loading march, mining trench (filling sandbags), lifts ammunition box (or
gas can) to truck tank, handling ammunition box (or gas can) to reentrant run and
armed running) as the military sports items. Contest race activities not only can
promote big improvement in the army’s military basic skills, but also can fill with
new energy and vitality for the military sports projects.
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Chapter 11
Analysis of the Psychological
Connotations of the Military College
Course Designer

Hua Li, Huifang Wang, Jianhe Wang, Guoxiang Tian, Jie Xing
and Weixin Liu

Abstract The purpose of this thesis is to improve the course designer’s psycho-
logical quality and then to enhance the course quality. With the method of theo-
retical arguments, the psychological connotations of the course designer are
analyzed, and the growth point of the psychological mental process and the per-
sonality psychology of the course designer in the military colleges are proposed to
be concerned about, so as to enhance the course quality by improving the course
designer’s personality and developing their potential.

Keywords Military colleges � The course designer’s psychology � Connotations �
Analysis

11.1 Research Purpose

Course design is the core and guidance of all that is concerned about the course
[1]. Without scientific design, there will be no course implementation blueprint
that meets the practical needs. In recent years, although there is quite a lot research
about the course design, most is focused on the object—the course—and few is
about the course designer, especially their psychology. In fact, the course design is
the process that the subjective works on the objective and the psychological factors
of the course designer affect the design and implementation to a great extent. With
the deepening course reform, widening course research areas and especially the
course design as a strong word in the present course area research and practice, the
course designer’s psychological factors such as thought, emotion, attitude, and
will are paid more and more attention to. On both the subjective and objective
aspects, the psychological quality of the course designer needs to be improved.
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Therefore, the concept of the course designer’s psychology is proposed to meet the
needs of the course design. This concept can also help to analyze the psychological
factors in the course design process and their important functions, to improve the
course designer’s psychological quality and to provide a new orientation for the
course development and design.

11.2 Psychological Connotations in the Course Design
of the Military Colleges

11.2.1 The Course Design and Psychological Process

The essence of the course design is a kind of psychological activities, which is the
reflection of psychological process and personality in the course design process.
Because both of a series of specific design activities participated by the course
designer and the service objects of the course design are to make the learners know
how to learn, the course design process is a thinking process with distinctive
orientation, an continuous emotion investing process, a willpower process and a
personality exhibition process as well as the product of the comprehensive psy-
chological function

Through the theoretical research and argumentation, the course design result
proves to be the product of the comprehensive psychological function, which is
proceeded through the thinking activities. The broadness, profoundness, crea-
tiveness, criticalness, flexibility, logicalness, and so on will absolutely have effect
on the result of the course design. The perception way to problems, the information
processing capability, the willpower, personal values, emotions, and character
traits will also penetrate into the course design process [2]. All these will com-
prehensively constrain or determine the way to define problems, the broadness of
materials, and the deepness of the problem analysis, the way to develop optional
programs and the quality of the optional programs as well as the boldness and
decisiveness to implement the plan.

11.2.2 Psychological Connotations in the Course Design

Based on the above analysis, the course designer’s psychology refers to the
designer’s subjective reflection of the course design, the sum of the designer’s
psychological process and character psychology, and the interactive process of
various psychological factors in the course design process. What needs to be
emphasized is that the research objects of the course designer include two groups
of people. One group is the main course designers, including college adminis-
tration personnel and teachers, and the other one is the participants in the course
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design, namely cadets. These two groups of people act together in the course
design process.

The research contents of the course designer’s psychology include two parts.
One is the psychological process of the course design community, which means to
study the course designer’s cognition, emotions, and will in the course design
process. The other is character psychology of the course design community, which
means to mainly study the course designer’s character tendency and traits.

The basic tasks of the course designer’s psychology study are to guide the
course design practice and to enrich and develop the course design theories on the
one hand. On the other hand, it is to evaluate the psychological quality of the
course designer and to provide psychological assistance.

11.2.3 Psychological Connotations in the Course Design
of Military Colleges

The nature of the military college courses is the general design and arrangement of
the education aim, education contents, and study manners of a certain major in the
military colleges [3]. The military college courses are professionally directive
because of the constraints of the needs of military construction and the future war,
the development of the military technology, and the physical and psychological
development of the cadets and the course designer. The military course design
emphasizes the military college education characteristics when consistent with the
normal course design theories.

The course designer’s psychology in the military colleges refers to the psy-
chological process and character psychology reflected by the course designer in
course design activities when trying to meet the requirements of training qualified
military personnel under the specific education environment. The psychological
connotations of the military college course designer elaborate the following points:
Firstly, the military college course designer’s psychology has the psychological
characteristics of professional military personnel except the normal psychological
characteristics; secondly, it is the military colleges that determine the course
design to be multi-level and multiple values, with the application and practice as
the main course orientation, and have higher requirements for the psychological
quality of the course designer; and thirdly, on the whole, the analysis of the course
designer’s psychology in the military colleges emphasizes the course’s charac-
teristics and special requirements in the military colleges more when in conform
with the normal patterns and rules of the designer’s psychological research. All the
above factors result in that the military college course designer’s psychology
reflects the special thought, emotions, attitude, wills, and characters of the military
course designer—servicemen from both the psychological process and the char-
acter psychology.
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11.3 Conclusions

The analysis of the course designer’s psychology in the military colleges should be
aimed at promoting the course designer’s psychological quality and enhance the
course design quality by studying their unique psychological process and character
psychology and finding the growth points.

11.3.1 The Psychological Process of the Military College
Course Designer

The psychological process of the military college course designer includes cog-
nition, emotions, and willpower, the three basic categories, of which the thinking
process, the emotion investing, and the willpower are the study emphasis of this
thesis.

11.3.1.1 The Thinking Process of the Military College Course Designer

The thinking process of the military college course designer refers to the process
that the course designer analyzes, integrates, compares, abstracts, and concludes
related information according to his own knowledge and experience. Specifically
speaking, it is a series of thinking operation of the course designer to choose the
course design concept, set the thinking orientation, lock the aim, and construct the
course system. In this process, to solve problems is the most important thinking
activity, ‘‘which can be considered as the most common form [4].’’

The problem solving in the military college course design includes the fol-
lowing basic stages, characterization of the problem, program design, program
implementation, and result assessment. In the four stages, the thinking charac-
teristics, which are the general, indirect, and integration characteristics, of the
military college course designer should be fully reflected. In the thinking process,
the following characteristics should also be contained: firstly, to be profound and
broad; secondly, to be independent and critical; thirdly, to be flexible and agile;
and fourthly, to be logical.

11.3.1.2 Emotion Investing in the Military College Course Design

Emotion is the experience of people’s attitude toward the objective existence,
which affects the task completion. Emotion investing in the military college course
design refers to the emotion investment direction, extent, continuance, and the
emotional communication of the course designer in the detailed course design
process.
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The military college course designer should learn how to control their emotions
and change their roles in the course design process through effective emotion
investing.

11.3.1.3 The Willpower in the Military College Course Design

The willpower in the military college course design refers to the positive and
dynamic process that the willpower adjusts the course design process, which can
be divided into two stages. One is the course program design stage, and the other is
the stage that is to implement the course program into the microscopic course
design. The first stage is the willpower’s initial stage. After enough cognition
preparation, the main task of the course designer is to draw up the personnel
training program and curriculum standards. Optimization of the design is their aim.
Under this aim, the course designer should understand their tasks and conduct
complicated design tasks with the support of the strong willpower. The second
stage is the willpower strengthening stage. When the course program being
implemented, there will be a lot of new conditions and problems, difficulties, and
contradictions with the original design, which needs the course designer to make a
lot of efforts and keep the strong willpower. It is the key step to convert the
willpower into actions.

11.3.2 The Character Psychology in the Military College
Course Design

The character psychology in the military college course design mainly studies the
character tendency, traits, and adjustment of the course designer. The study
emphasis of this thesis is the course designer’s values, creative capability, and self-
adjustment capability.

11.3.2.1 The Values of the Military College Course Designer

Values are ‘‘the psychological tendency system used by people to judge the value
standards and guide their behaviors [5].’’ The values of the military college course
designer are stable and systematic opinions toward the military college course
designed, which are formed by the designer on the basis of their cognition of the
military college course design theories and practices.

Under the guidance of the significance of training qualified military personnel
and forming correct course design values, the scientific course theories should be
developed, and the actual demands of the military construction and the future war
on the personnel quality should be grasped. Therefore, the course design should be
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studied and planned carefully, so as to build a scientific, effective course platform
for the training of the qualified military personnel, which is in conform to the
military education rules and has the characteristics of the military college edu-
cation [6].

11.3.2.2 The Innovation Capacity of the Military College Course
Designer

The innovation capacity is the core in a person’s capacity structure and the most
active and viable one in the character study area. The innovation capacity of the
military college course designer refers to the course development capacity, course
integration capacity, course organization capacity, and course prediction capacity
displayed by the course designer in the course design process.

11.3.2.3 The Self-adjustment Capacity of the Military College Course
Designer

The self-adjustment capacity is the most important part of the character adjust-
ment. The self-adjustment capacity of the military college course designer is
displayed in self-adjustment, self-monitoring, self-motivating, self-education, and
so on in the course design.
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Chapter 12
Study on Comprehensive Quality
Evaluation of Military Science
Postgraduate

Shenhua Huang, Hongyan Ou, Lin Chen, Chenhui Li, Guoan Shi
and Huiyong Wang

Abstract For raising the cultivation quality of military science postgraduate
cultivation and pushing the reforming of military science postgraduate education,
this text carried on a thorough study to the topic of comprehensive quality eval-
uation of military science postgraduate. The essay established the factor system,
the weigh system, and the model system to comprehensive quality evaluation of
military science postgraduate and expounded the evaluation process. The related
study and achievement of this text had a lot of aggressive theory meaning and
practice value to pushing the progress of military colleges and schools education
reforming, raising the quality of the military talented people, and strengthening
fighting efficiency of the army forces.

Keywords Military science postgraduate � Comprehensive quality � Evaluation
system model

12.1 Introduction

Military talented people are the key to troop’s construction and the core to
strengthening fighting efficiency of the army forces with science and technology.
Military colleges and schools are the base to cultivating military talented people,
and they carry sacred mission to strengthening fighting efficiency of the army
forces. Military science postgraduate is an important part of the army forces
especially the main source of commander, and it will provide strong intelligence
guarantee with technique to troop’s construction. It is very necessary to evaluating
the comprehensive quality of military science postgraduate with a reasonable
method.
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12.2 Evaluation Method

Qualitative assessment and quantitative analysis are the main methods to evalu-
ating the comprehensive quality of military talented people. Each of the two
methods has merits and shortcomings. For improving objectivity and impartiality
of evaluation result to military science postgraduate, a comprehensive evaluation
method was used in this text.

12.3 Factor System of Evaluation

Military physique, military kill, and military intelligence are the main ability of
military science postgraduate. Military physique means the healthy condition of
physiology and psychology. Military kill indicates the well-trained degree of
operating which includes technology, speed, accuracy, and so on. Military intel-
ligence symbolizes creative imagination, creative thinking, and creative power in
military domain.

12.3.1 Military Physique

Military physique is the ‘‘cornerstone’’ to improve the comprehensive quality of
military science postgraduate [1]. Good military physique is the basically con-
stitute part of soldiers’ fighting efficiency; any advanced weapon cannot replace
the strong and healthy soldiers in the battlefield [2]. Military physical qualities of
military science postgraduate include the following five abilities: first, body
character; second, speed and flexibility; third, anti-tired ability; fourth, ability of
adapting to time difference; and fifth, mental character.

12.3.2 Military Skill

Military skill is the ‘‘fundamental’’ to improve the comprehensive quality of
military science postgraduate. Good military skill is a comprehensive reflection of
mental skills and motor skills. It is one of the core elements that constitute military
quality, and it is the fundamental means of combat troops to complete task [3].
Military skills of military science postgraduate include the following two capa-
bilities [4]: first, single-handed skill, and second, collaborative skill.
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12.3.3 Military Intelligence

Military intelligence is the ‘‘drive’’ to improve the comprehensive quality of
military science postgraduate. Military intelligence indicates the degree of inno-
vation in the implementation of tasks. It is a complex which composed of multi-
factor and multi-sequence by the military knowledge, intelligence, and abilities
[5]. Only advanced intelligent cultivation, especially in favor of military weapons
and equipment research and development of military intelligence, can greatly
promote the pace of construction troops. Military intelligences of military science
postgraduate include the following six capabilities: first, learning ability; second,
research capacity; third, management capacity; fourth, the ability to command;
fifth, innovation capability; and sixth, information quality.

In a lot of discussion and questionnaire survey, the article established the factor
system of comprehensive quality evaluation to military science postgraduate [6].
The factor system was shown in Fig. 12.1.
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Fig. 12.1 Factor system
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12.4 Weigh System of Evaluation

In order to determine the weigh system of evaluation, the paper used the expert
evaluation method. Let us assume factor set as follows [7]: U ¼ u1; u2; . . .; ungf .
Experts’ weights respective of each factor are given as shown in Table 12.1.

According to Table 12.1, we can obtain the average weight of each factor.

a ¼ 1
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If the expert weight of each factor was filled in Table 12.1 we could obtain
weight system of military science postgraduate comprehensive quality evaluation
as Table 12.2.

12.5 Model System of Evaluation

Due to many factors of military science postgraduate comprehensive quality are
difficult to quantify, the article used the fuzzy comprehensive evaluation model
[7].

Table 12.1 Expert weight table

Experts Factors
P

u1 u2 ��� ui ��� un

Expert 1 a11 a21 ��� ai1 ��� an1 1

Expert 2 a12 a22 ��� ai2 ��� an2 1

��� ��� ��� ��� ��� ��� ��� ���
Expert k a1k a2k ��� aik ��� ank 1

Weight aiði ¼ 1; 2; . . .; nÞ
1
k

Pk

j¼1
a1j

1
k

Pk

j¼1
a2j

���
1
k

Pk

j¼1
aij

���
1
k

Pk

j¼1
anj

1

100 S. Huang et al.



12.5.1 Establishing the Factor Sets

Factor sets consist of U1, U2, and U3. U ¼ U1;U2;U3f g. Each element is military
physical, military skill, and military intelligence. U1 ¼ U11;U12;U13;U14;U15f g.
Each element is body character, speed and flexibility, anti-tired ability, ability of
adapting to time difference, and mental character. U2 ¼ U21;U22f g. Each element
is single-handed skill and collaborative skill. U3 ¼ U31;U32;U33;U34;U35;U36f g.
Each element is learning ability, research capacity, management capacity, the
ability to command, innovation capability, and information quality.

12.5.2 Establishing the Evaluation Sets

Evaluation sets are usually given by the judgment of experts.
V ¼ V1;V2;V3;V4;V5f g. Normally, evaluation sets are composed of five levels;
they are excellent, good, fair, poor, and bad. Scores were 100, 80, 60, 40, and 20.

Table 12.2 Weigh system table

Assessment objective The first
level
indicators

Weights The second level
indicators

Weights

Military postgraduate
comprehensive quality
evaluation factors
U

Military
physique
U1

a1ð0:25Þ Body character a11ð0:25Þ
Speed and
flexibility

a12ð0:15Þ

Anti-tired ability a13ð0:2Þ
Ability of adapting
to time difference

a14ð0:15Þ

Mental character a15ð0:25Þ
Military kill
U2

a2ð0:30Þ Single-handed skill a21ð0:4Þ
Collaborative skill a22ð0:6Þ

Military
intelligence
U3

a3ð0:45Þ Learning ability a31ð0:1Þ
Research capacity a32ð0:1Þ
Management
capacity

a33ð0:2Þ

The ability to
command

a34ð0:2Þ

Innovation
capability

a35ð0:25Þ

Information
quality

a36ð0:15Þ
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12.5.3 Comprehensive Evaluation

Experts generally include those personnel of military education, management,
researching, decision-making, and so on. The evaluation order was as follow:
firstly, evaluating the second-level single factor; secondly, evaluating second-level
factors; finally, evaluating first-level evaluation factors.

12.5.3.1 Second-level Single Factor Evaluation

After the expert judgment of each single factor of the second-stage factors, we can
get a fuzzy mapping. To U11, for example, the views of 10 experts: Five experts
believe it is excellent, four experts think it is good, and one expert believes it is
fair. We can get a fuzzy mapping:

U11 7!
5

10
;

4
10
;

1
10
; 0; 0

� �
¼ 0:5; 0:4; 0:1; 0; 0ð Þ

After similar statistics for each factor, we can get a second-level single factor
evaluation matrix:

R1 ¼

0:5 0:4 0:1 0 0
0:7 0:2 0:1 0 0
0:8 0:2 0 0 0
0:7 0:1 0:1 0:1 0
0:6 0:3 0:1 0 0

2

66664

3

77775

Similarly, we can get second-level single factor evaluation of U2 and U3:

R2 ¼
0:8 0:1 0:1 0 0

0:9 0:1 0 0 0

� �

R3 ¼

0:8 0:1 0:1 0 0

0:7 0:2 0:1 0 0

0:9 0:1 0 0 0

0:8 0:2 0 0 0

0:7 0:1 0:2 0 0

0:8 0:2 0 0 0

2
666666664

3
777777775

12.5.3.2 Comprehensive Evaluation of Second-level Factors

Assuming the weight of U2 and U2, respectively:
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A1 ¼ 0:25; 0:15; 0:2; 0:15; 0:25ð Þ; A2 ¼ 0:4; 0:6ð Þ;A3 ¼ 0:1; 0:1; 0:2; 0:2; 0:25;ð
0:15Þ, the result can be calculated based on the model ‘‘M �;þð Þ’’:

A1 � R1 ¼ 0:25; 0:15; 0:2; 0:15; 0:25ð Þ �

0:5 0:4 0:1 0 0

0:7 0:2 0:1 0 0

0:8 0:2 0 0 0

0:7 0:1 0:1 0:1 0

0:6 0:3 0:1 0 0

2
6666664

3
7777775

¼ 0:645; 0:26; 0:08; 0:015; 0ð Þ

A2 � R2 ¼ 0:4; 0:6ð Þ �
0:8 0:1 0:1 0 0

0:9 0:1 0 0 0

� �
¼ 0:86; 0:1; 0:04; 0; 0ð Þ

12.5.3.3 Comprehensive Evaluation of First-Level Evaluation Factors

Assuming the weight of three factors as A:

A ¼ 0:25; 0:3; 0:45ð Þ

And:

R ¼
A1 � R1

A2 � R2

A3 � R3

2
4

3
5

So:

A � R ¼ a1; a2; a3ð Þ �
A1 � R1

A2 � R2

A3 � R3

2
64

3
75

A � R ¼ 0:25; 0:3; 0:45ð Þ �
0:645 0:26 0:08 0:015 0

0:86 0:1 0:04 0 0

0:785 0:145 0:07 0 0

2
64

3
75

¼ 0:7725; 0:16025; 0:0635; 0:0025; 0ð Þ

Therefore, we can calculate the score of comprehensive quality of military
science postgraduate.
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Z ¼ 0:7725; 0:16025; 0:0635; 0:0025; 0ð Þ

100
80
60
40
20

2

66664

3

77775
¼ 93:98

Thus, we can conclude that the level of comprehensive quality of this military
science postgraduate was ‘‘excellent’’.

12.6 Conclusions

Military physical, military skill, and military intelligence are the core of com-
prehensive quality of military science postgraduate. In order to evaluate com-
prehensive quality, master current research situation, improve training quality, and
promote education reform to military science postgraduate, this paper conducted
in-depth research. By using a combination of quantitative and qualitative methods,
this paper constructed a factor system, weight system, and the model system of
comprehensive quality of military science postgraduate. In this paper, the evalu-
ation method was reasonable and feasible. The research results had some reference
meaning to other related research in the field.
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Chapter 13
Analysis and Study About Military Large
Special Vehicle Driver’s Attention
Characters

Xiang Gao, Jianjun Li, Shuai Mu, Haiwen Zheng, Min Chen
and Ming Kong

Abstract Driver’s attention features is a key factor of driving safety, especially
for large special military vehicle driver. It is very necessary to analyze the
influencing factors and study the stability of its attention, continuity of attention
and the intensity of attention. In order to study the drivers’ attention characters of
large special military vehicle, a test about attention characters in different condi-
tions was made among 36 special vehicle drivers in this paper. By the analysis of
the main factors of age, driving age, and time of continuous driving, all kinds of
factors on drivers’ attention were reflected by using graphs clearly, hoping to
provide help for selecting, using, and managing the special vehicle drivers.

Keywords Attention characters � Special vehicle � Driver

‘‘Attention’’ mentally defined as perspicuous consciousness, making the con-
sciousness work, producing perspicuous mental preparation, the sense of some
things, and behaviors. Or it is understood plainly as ‘‘attention’’ is the psychological
activity’s point and focus that is resulted by some condition. Because of this point
and focus, the driver can reacted to the path condition from a particular phenom-
enon clearly. The driver will adapt to the needs of safe driving, which is more
important for large special vehicle by putting aside those irrelevant objects [1].

In the process of driving, a main object is the ‘‘center of attention’’; the rest is in
the ‘‘edge of attention.’’ While driving, the ‘‘center and edge of attention’’ is in
constant change. That at some point, one is the attention center of state and the rest
are on the brink of attention of state; another moment, maybe another state of matter
may become attention center; attention to the original center along with most of the
state of matter turned out to be attention to the edge. For large special vehicle, the
vehicle’s characteristics determine its attention center; in the road, it may be more;
attention center changes quickly, so the driver’s request is higher [2].
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Driver’s attention features is a key factor of driving safety, especially for large
special military vehicle driver. It is very necessary to analyze the influence factors
and study the stability of its attention, continuity of attention and the intensity of
attention.

13.1 The Influence Factors of Attention

Studies showed that age, gender, driving experience, continuous driving time,
thought condition, vehicle driving performance, cabin comfort, and so on related
to attention [3]. Considering the force drivers were men, we do not consider gender
issues. In addition, the large special military vehicle driving performance and
cabin comfort levels were similar, so we also do not consider these two factors.
And thought of the volatile driver is an extremely individual phenomenon, so we
do not consider either. We mainly analyze the effect of the age, driving experience,
and continuous driving time on attention [4].

13.2 Attention Test

Currently, focus detection technology mainly includes auditory attention tests
based on ear points technology, revised attention testing table aim at visual
attention, eye tracking technology apply to the visual attention dynamic deter-
mination widely, etc. [5].

Vision is the most important in the sense organs. The capacity of visual
information is 250 times more than hearing in the electric physiology measure-
ment to human body. Considering the operational test in the army, we adopt the
method of revised attention testing table aiming at visual attention [6].

A check table used to test the driver’s attention specially is proposed by
American psychologist Dr. Joseph Brock, as shown in Fig. 13.1. While testing, the
drivers are asked to find the number from 10 to 59 in the table successively and
watch the determination of reading time. After long-term research, Dr. Brock
summed the following rules: the drivers’, reading time between 10 and 30 s,
respond ability is better; and the drivers’ reading time more than 1 min was proved
that their attention were dispersed.

Teacher Li, Xi’an, Jiaotong University, improved the test method for parallel
table test block in the thesis. Each number from 1 to 25 was arranged as far as
possible in the parallel table according to principle; we made four tables of 46 cm
by 46 cm, as shown in Fig. 13.3a–d. Because the table number is half of the Brock
checklist, the drivers are hard to leak. In addition, in order to avoid subjects that
are easy to remember several groups of numbers while explanation, result in the
first test is not accurate; a table is designed of the same type, for the interpretation
and practice (see the Fig. 13.2). The five tables will be posted on the wall while
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testing, which is 1.7 m high away from land; the subjects stand in front of table,
1.7 m, and point out 7–25 in order with a rod. The main subjects record time with a
stopwatch [1].

By the tests, we can induct that is good who finishes the first table in 40 s, that
is medium whose finish the table in 40–50 s, and that is considered attention speed
is slow who finishes it in more than 50 s. The second, the third, and the fourth table
reading time represents the attention stability, namely if the reading time is almost
the same or gradually shortened, show that the subjects’ attention stability is good
[1].

34   19   42   54   45

26   16   39   28   57

40   35   14   56   30

12   29   44   51   23

50   43   36   24   11

37   20   55   32   47

25   41   17    53    38

13   22   48   10   58

52   18   21   31   46

27   49   33   15   59

Fig. 13.1 Brock test table

21   12    7    1   20

6   15   17    3   18

19    4    8   25   13

24    2   22   10    5

9   14   11   23   16

Fig. 13.2 Explain and
practice table
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13.3 Test Results and Analysis

13.3.1 The Test Result Data

In this paper, a total of 36 large special vehicle drivers were tested. All drivers’ age
and driving age distribution is shown in Table 13.1.

Test results are shown in Tables 13.2, 13.3, and 13.4.

13.3.2 The Relationship of Attention and Influence Factors

According to the test data form a graph as shown in Figs. 13.4, 13.5, and 13.6.
We can summarize as follows according to the curve above:

(1) The curve of test time of Fig. 13.3a showed that the average time is extended
as the growth of the age of drivers, younger drivers react fast, correspond
with the physiological rule, but the time range of older drivers is narrow to

14   18    7   24      21   

22    1   10    9    6

16    5    8   20   11

23    2   25    3   15

19   13   17   12    4

5   14   12   23    2

18   25    7   24   13

11    3   20    4   16

5   10   19   22    1

21   15    9   17    8

9    5   11   23   20

14   25   17   19   13

3   21    7   16 1

18   12    6   24   4

8   15   10    2   22

22   25    7   21   11

6    2   10    3   23

17   12   15    5   18

1   16   20    9   24

19   13    4   14    8

(a) (b)

(c) (d)

Fig. 13.3 Parallel test tables.
a–d are the first table to the
fourth table to test driver’s
attention
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Table 13.1 The distribution of age and driving experience

Age distribution Driving experience distribution

Age Number of people Driving experience Number of people

20–25 years 8 3–5 years 6

25–30 years 15 5–8 years 10

30–35 years 10 8–12 years 15

35 years or older 3 12 years or older 5

Table 13.2 The driver’s test time on average in different age paragraph

Age Figure 13.3a Figure 13.3b Figure 13.3c Figure 13.3d

20–25 years 39.546 s 39.478 s 40.326 s 38.125 s

25–30 years 40.143 s 39.457 s 41.207 s 38.285 s

30–35 years 42.206 s 42.341 s 41.874 s 42.388 s

35 years or older 42.715 s 42.025 s 42.357 s 42.796 s

Table 13.3 The driver’s test time on average in different driving experience

Driving experience Figure 13.3a Figure 13.3b Figure 13.3c Figure 13.3d

3–5 years 39.412 s 39.521 s 38.197 s 39.167 s

5–8 years 38.975 s 39.126 s 38.296 s 39.287 s

8–12 years 40.127 s 39.861 s 39.786 s 40.391 s

12 years or older 40.598 s 40.254 s 40.690 s 40.427 s

Table 13.4 All drivers’ test time on average in different continuous driving time

Continuous driving time 0 h 1 h 2 h 3 h 4 h

All driver’s test time on
average

Figure 13.3a 40.156 40.389 41.092 42.874 44.285

Figure 13.3b 40.073 40.574 41.173 42.765 43.958

Figure 13.3c 40.285 40.613 40.925 42.813 44.816

Figure 13.3d 40.381 40.515 41.132 42.916 44.716

Figure3a Figure3b Figure3c Figure3d 

Fig. 13.4 The relationship of
test time and age
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finish other three form, and the younger drivers is opposite. The reading time
has no significant difference between age curves and driving age, because the
longer the driving age is, the bigger the drivers’ age will be. It cannot state the
driving age and effect of age on drivers’ attention features, but can explain the
older and the longer driving drivers’ attention stability is good.

(2) When continuous driving time extended, the drivers’ reading time extended,
which shows that continuous driving time influences attention characteristics
more; it is the main factor influencing the drivers’ attention characteristics.

(3) For large special vehicle driver selection, use and management should con-
sider the corresponding several factors, especially to strengthen the control of
continuous driving time.

Figure3a Figure3b Figure3c Figure3d 

Fig. 13.5 The relationship of
test time and driving
experience

Figure3a Figure3b 

Figure3c Figure3d 

Fig. 13.6 The relationship of
test time and continuous
driving time
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Chapter 14
Experimental Study on 5-km Armed
Cross-Country Based on Heart Rate Data
Analysis

Honglei Li, Zhibing Pang, Meng Kang, Xiaogao Wang, Shuai Mu,
Miaofei Chen, Haitao Zhao, Hongyan Ou, Ming Kong and Min Chen

Abstract The requirement for soldiers’ load-carrying capacity is not reduced, but
gradually increased as future battle conditions are getting more complicated,
weapons and equipment are day by day improved. 5-km armed cross-country is
one of the main contents of army physical training. If compared with free cross-
country, there exist both similarities and differences between them. In this
experiment, comparative study of full heart rate monitoring versus training result
based on 3 groups of data is introduced, so as to find out the laws and charac-
teristics and lay a scientific basis for 5-km armed cross-country training man-
agement in terms of teaching and training in military academies and field troops.

Keywords Heart rate data analysis � 5-km armed cross-country � Experimental
study

14.1 Introduction

5-km armed cross-country is one of the main contents of army physical training,
which is usually conducted in the field either by individual or in groups with
weapons and equipment. It is employed on purpose to develop and improve the
capabilities of fast mobility. Studies are of great significance to improve training
efficiency, get adapted with various complex environment, enhance soldiers’
physical conditions, and combat efficiency [1].
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14.2 Heart Rate Analysis Experiment on 5-km Armed
Cross-Country

14.2.1 Experiment Design

Each testee needs to go through 3 tests: free 5-km cross-country (abbreviated as
first testing), 5-km armed cross-country for the first time (abbreviated as second
testing), and 5-km armed cross-country for the second time after being trained for
2 months (abbreviated as third testing). Testing result and heart rate data are
recorded in each test and then carry out study on the laws and methods of 5-km
armed cross-country training with scientific approaches.

14.2.2 Experiment Object

40 male academy cadets. Average age: 22. Average height: 172 cm. Average
weight: 68 kg. Blood pressure, heart rate, and other physical qualities good. All
objects are psychologically tested normal by Cattell-16PF.

14.2.3 Experiment Preparation

Standard 5-km armed cross-country equipment is adopted for testees:
Camouflage (BDU), waist belt and rubber shoes; 1 automatic rifle, 1 gas mask,

1 canteen (full of water), 1 grenade pouch (containing dummy grenade 4 pcs), 1
bandoleer (containing vacant magazine 4 pcs), and 1 shoulder bag (containing
toiletries) [2]; Modified Cattell-16PF testing software, 8 stop watches, and 1 heart
rate remote monitor; standard sports field of open view and good illumination.

14.2.4 Experiment Method

This experiment is carried out in 3 stages. Preparation: conducting ideological
education for testees to be fully aware of the proceedings and significance of the
experiment. Implementation: conducting 3 tests on experiment objects as was
designed. Data collection and analysis: collecting all data obtained in the previous
two stages and analyze them with software and reach relevant conclusions.

114 H. Li et al.



14.3 Data Processing

Statistically process the collected data and obtain classified charts as follows.
Chart 1 shows the heart rate curve of testees who have completed all 3 tests,
chart 2 shows the heart rate curve of testees who have passed the third test, chart 3
shows the heart rate curve of testees who have passed the third test but failed the
second test.

14.4 Analysis and Discussion

14.4.1 Experiment Analysis

Analysis of Fig. 14.1: first, 21 testees that have passed all three tests significantly
improved their performances as training increases; second, 1 * 3 min is the
sharply increasing stage of heart rate, 3 * 12 min is the slowly increasing stage of
heart rate, 12 * 20 min is the sustaining stage, and 20 * 20 + minute is the
slowly decreasing stage; third, most testees distributed their strength unreasonably
in the second testing: running out of strength after 10 min due to premature push-
up in 1 * 3 min; fourth, testees are able to distribute their strength reasonably and
greatly improve their performances after special training.

Analysis of Fig. 14.2: first, duration of the heart rate sustaining stage in the
third testing is noticeably increased among the 20 testees that have passed the third
testing; second, number of testees that are able to sprint at the finish is noticeably
increased if compared with that in the second testing.

Analysis of Fig. 14.3: 8 testees who failed the second testing but passed the
third have noticeably improved their tempo-manipulating capability. Compared
with their performance in the second testing, they spent nearly 10 min to increase
their heart rate to 190, then adjusted their tempo and decreased their heart rate to
185, and finally sprinted for almost 1 min.

14.4.2 Discussion

14.4.2.1 Making Overall Plans Scientifically for Training Management

Make overall plans of 5-km armed cross-country training, arrange training con-
tents from easy to difficult step by step, and manage training scientifically and
systematically. Conduct education of general knowledge and make reasonable
training plan, mix the strong with the weak to bring along them and cultivate team
spirit, conduct reinforced training to improve the overall combat efficiency.
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14.4.2.2 Implement Training Strictly While Following Principles
and Laws

Attach importance to researching the principles and laws of 5-km armed cross-
country training. Attention should be paid to these 4 points: first, combining aerobic
endurance exercise and anaerobic endurance exercise but giving priority to aerobic
exercises [3]; second, integrating strength exercises for upper limbs, lower limbs and
torso as 5-km armed cross-country training is not merely an exercise for endurance;
third, emphasizing both strength and speed as they both are crucial physical qualities
for 5-km armed cross-country; fourth, incorporating load-carrying games into 5-km
armed cross-country training so as to on the one hand make the dull training
interesting and on the other hand improve the agility and flexibility of cadets [4].
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Fig. 14.1 Heart rate curve of testees who have completed all 3 tests
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14.4.2.3 Making Full Preparations Scientifically

Full preparation is the precondition to improve training efficiency. The first is
mental preparation. Encourage trainees to challenge their physical and psycho-
logical limits at 1.5 * 3 km and devote themselves into the 5-km armed cross-
country training with high spirits. The second is equipment preparation. Make sure
the equipment is reasonable or not, and make sure the equipment is neither too
slack nor too tight lest it hurt the trainees during training. The third is warm-up
preparation. Don’t start 5-km armed cross-country before a 2 * 3 km warm-up
jogging and medium-level arthrosis activities. Stretch their ligament and muscle to
improve their adaptive capabilities and reduce the probability of training accidents
[5]. The fourth is necessary medical preparation. Medical workers, first-aid
medicine, and instrument as well as ambulance vehicle should be in place before
hand.

0 200 400 600 800 1000 1200 1400 1600 1800
100

120

140

160

180

200

220

Time (second)

H
ea

rt
 r

at
e 

(b
ea

t/m
in

ut
e)

First testing

Second testing

Third testing

Testing Average result Number of testees

First 21 55 20

Second 25 24 20

Third 24 49 20

Fig. 14.2 Heart rate curve of testees who have passed the third test
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14.4.2.4 Distributing Strength Smartly

Trainees should be guided to distribute their strength reasonably in the following
ways. First, constant-speed running, namely, to maintain a constant speed from
start to finish. It is suitable for trainees of good endurance but poor ability to sprint.
Second, variable speed running. It consumes strength greatly and is therefore
suitable for trainees of good endurance and acceleration. Third, taking the lead in
running. It is suitable for trainees of good performance but the distance between
them and others should be maintained reasonably lest those falling behind be bear
heavy pressure and the overall performance is adversely influenced. Fourth,
slipstream running, namely, to select another trainee in the front and run after him.
It is suitable for trainees of poor comprehensive qualities [6].
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14.4.2.5 Paying Attention to After-Training Adjustment
and Relaxation

Trainees are extremely fatigued both physically and psychologically after 5-km
armed cross-country training. Having ache, numbness or pain in torso and limbs is
natural. More seriously they may even suffer from shock or faint. Trainees should
walk or jog other than stop to sit or lie down. Organize men to mutually relax
themselves by stroking, kneading, and shaking or to complement energy by taking
in glucose to regain strength [7].

14.5 Conclusion

The 5-km armed cross-country experiment data study provides the basis for sci-
entifically organizing 5-km armed cross-country training and noticeably improve
the exercise result and training quality. Analysis on other physical factors and
individual differences is to be further carried out so as to reach a whole set of
solutions and measures.
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Chapter 15
Exploring the Psychophysical
Relationship Between Basic Fabric
Construction Parameters and Typical
Tactile Sensations

Ruitao Jiang, Jiyong Hu, Yuan Zhang and Xin Ding

Abstract The psychophysical relationship between fabric construction parame-
ters and tactile sensations remains unknown, and it limits the development of
textile products as well as their virtual rendering techniques. To uncover the
underlying psychophysical relationship, this study designed a series of plain
woven fabrics, and two basic construction parameters, i.e., weft yarn density and
weft yarn diameter, gradually change. Meanwhile, the typical tactile sensations of
these fabrics are evaluated by the magnitude estimation method and the paired
comparison method. By applying the classical psychometric analysis to the sen-
sation evaluation data, the discrimination threshold and the Weber fraction are
calculated, respectively. From psychometric analysis, both perceived roughness
and softness sensation decreased with an increase of weft density and weft yarn
diameter. The Weber fraction for weft density is 0.16 in roughness and 0.21 in
softness, for yarn diameter 0.3 in roughness and 0.26 in softness, respectively.

Keywords Yarn density � Yarn diameter � Roughness � Softness �Weber fraction

15.1 Introduction

The tactile quality of fabrics is a key parameter in successful textile marketing
strategies. Meanwhile, with the development of the virtual rendering technology of
fabric tactile textures, it needs to know the psychophysical characteristics of fabric
tactile perception with respect to fabric properties, which is determined by the fiber
and yarn properties, basic construction parameters, and finishing techniques. Sev-
eral researchers have studied the effect of process parameters on the fabrics tactile
quality. Winakor et al. [1] asserted that tactile feeling is affected by material type.
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Cotton, wool, acrylic, and polyester fabrics with the similar yarn linear densities
and constructions were clearly differentiated on several sensory attributes. Other
investigations have shown that the tactile quality of fabric is influenced by yarns
properties, such as type [2, 3] (single or folded), production process (ring-traveler or
open-end, combed or carded) [3, 4], count, and twist. Furthermore, it has been also
observed that weave and knit construction [5] and fabric density [3, 6] affected the
tactile feeling of fabrics. Some studies have investigated the influence of finishing
treatments on tactile properties of fabrics. The effects of softening [7], bio-polishing
[8], and calendaring [9] on the sensory properties of woven fabrics have been
studied. However, the mechanism that the psychophysical characteristics of fabric
tactile perception were affected by the basic fabric construction parameters is still
unknown. Actually, fabric construction parameters such as weft density and weft
yarn diameter determined the geometrical morphology and distribution character-
istics of surface texture. This paper designed two sets of plain woven fabrics and
two basic construction parameters, i.e., weft yarn density and weft yarn diameter to
explore the psychophysical relationship between basic fabric construction param-
eters and typical tactile sensations by the methods of magnitude estimation and
paired comparison.

15.2 Materials and Methods

15.2.1 Materials

In this study, the fabrics were industrially produced by means of LT102-type rapier
loom. The following weaving parameters, i.e., material (100 % siro-spinning
cotton), the weft density (16–24 weft yarns per cm) and the weft yarn diameter
(210–305 lm), have varied as shown in Table 15.1. The stereoscopic microscope
images of fabrics are shown in Fig. 15.1.

Table 15.1 Structural parameters of woven fabric

Group Fabric
number

Fabric
weave

Weft density (weft yarn/
cm)

Count
(Nm)

Diameter
(lm)

First 1 Plain 28 9 16 27 9 27 240

2 Plain 28 9 18 27 9 27 240

3 Plain 28 9 20 27 9 27 240

4 Plain 28 9 22 27 9 27 240

5 Plain 28 9 24 27 9 27 240

Second 6 Plain 28 9 24 27 9 17 305

7 Plain 28 9 24 27 9 21 278

8 Plain 28 9 24 27 9 24 258

9 Plain 28 9 24 27 9 27 240

10 Plain 28 9 24 27 9 36 210
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15.2.2 Sensory Evaluation

Before instrumental and sensory evaluation, the samples were precut into 20 3
20 cm squares. The tests were performed in standard atmosphere (20 ± 2�C and
65 ± 5 % relative humidity). The fabrics were preconditioned for 24 h before
evaluation.

To evaluate the typical tactile sensations of produced fabrics, the sensory
evaluation method that refers to AATCC: Guidelines for the Subjective: Evalua-
tion of Fabric Hand and GBT 19547-2004 Sensory Analysis Methodology Mag-
nitude estimation has been used. The trained participants (6 men, 12 women, aged
from 18 to 24) were recruited; most of them were textile background. The eval-
uation has been performed in blind condition and replicated thrice. Participants
were asked to assess the roughness and softness by using both magnitude esti-
mation method and paired comparison method. For magnitude estimation method,
the roughness and softness of each fabric were scored on the basis of a reference
fabric with defined score equal to 50. For paired comparison method, participants
determined the rougher or softer fabric (left or right).

Fig. 15.1 The 20 times image of fabrics a is the first fabric, b is the fifth fabric, c is the sixth
fabric, and d is the tenth fabric
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15.2.3 Research Method

This paper is based on the methods of magnitude estimation and paired compar-
ison in sensory evaluation to explore the psychological physical properties of
fabrics. A multivariate analysis of variance was computed in order to test the
validity of experiment (significance level of 5 %). With the same weft density and
weft yarn diameter, there were no significant difference on the roughness sensation
(p=0.85, p=0.77) in these three repeatable experiments. The same results were
obtained from three repeatable experiments of softness sensation (p=0.59, p=0.9);
it can be concluded that the data of three repeatable experiments came from the
same sample. At the same time, in order to avoid each assessor’s score, coordinate
system is different; the data of experiment were normalized. Meanwhile, we take
Grubbs tests to reject the abnormal value in order to avoid assessors were affected
by accidental factors in subjective experiment such as fatigue etc. The discrimi-
nation threshold of roughness and softness sensations that affected by weft density
and weft yarn diameter, respectively, were calculated by constant stimulus
method. So the Weber fraction is

K ¼
P5

i¼1
Du
u

5

.

15.3 Results and Discussion

15.3.1 Weft Yarn Density Effect

The perceived roughness decreases with the increasing weft yarn density as shown
in Fig. 15.2a. This result can be attributed to increased contact area and the
number of yarn intersection point in per unit area. As the weft yarn density
increases, more materials are filled in the gaps so we get more uniform stimuli
when touching the fabric. According to Weber et al. [10], roughness sensation
decreased with the figure getting uniform stimuli. Therefore, the perceived
roughness decreases with the increasing weft density. The perceived hardness
increases with the increasing weft yarn density as shown in Fig. 15.2b. Bergmann
Tiest [11] found that softness is related to deformation. When the weft density is
increased, the fabric samples are not easy with deformation and stress resistance
increases so the hardness sensation increases.
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15.3.2 Weft Yarn Diameter Effect

The roughness sensation is illustrated in Fig. 15.3a, which decreases with the
increasing weft yarn diameter. This result can be attributed to increased contact
area and intersection area. Thicker yarn provides increased contact area between
sliding surfaces in comparison with finer yarn under the condition that yarn
densities of fabrics are same in a unit area. Fabrics constructed with thicker yarns
yield more uniform surface than finer yarns since intersection points of yarns
causing the distance between two adjacent yarns are smaller. Hardness sensation
measurement results of weft yarn fineness, presented in Fig. 15.3b, show parallel
behavior in the matter mentioned above of weft yarn density. Fabrics constructed
with finer yarns yield smoother surface than thicker yarns. Hu et al. [12] asserted
that softness was depended on the relative elastic modulus of fabrics to finger pad.
With the increased weft yarn diameter , stress resistance of fabric samples becomes
bigger so the perceived hardness increased.

Fig. 15.3 Effect of weft yarn diameter on sensory evaluation a weft yarn diameter and roughness
sensation b weft yarn diameter and hardness sensation

Fig. 15.2 Effect of weft density on sensory evaluation a weft density and roughness sensation
b weft density and hardness sensation
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15.3.3 Weber Fraction

We can calculate the mean of Weber fraction by 75 % difference threshold. All
other construction variables (warp yarn density and warp yarn diameter, pattern)
are kept constant, only weft yarn density and yarn diameter varied, the Weber
fraction for weft yarn density is 0.16 in roughness and 0.21 in softness, for yarn
diameter 0.3 in roughness and 0.26 in softness, respectively.

The Weber fractions of typical tactile sensations are shown in Fig. 15.4. For
weft yarn density, the Weber fraction of roughness sensation is less than that of
softness which means people can easily sense the difference of roughness when we
add a slightly smaller amount at the same weft density condition. When weft yarn
diameter varies, Weber fraction of roughness sensation is larger than that of
softness sensation and the Weber fractions of roughness and softness sensations
are both larger than the Weber fractions of weft density which indicates the
variation of weft yarn density can easily cause the discrimination of roughness
sensation and softness sensation.

15.4 Conclusions

In this article, the psychophysical relationship between basic fabric construction
parameters and typical tactile sensations was discussed by the sensory analysis
method. The obtained results show that the varied weft yarn density and weft yarn
diameter have a significant effect on the tactile sensory, the perceptions of
roughness and softness decrease with an increase of weft yarn density and yarn
diameter. Furthermore, the Weber fraction for weft density is 0.16 in roughness
and 0.21 in softness, for yarn diameter 0.3 in roughness and 0.26 in softness,
respectively. Obviously, weft yarn density and yarn diameter as two major con-
struction parameters are able to tell the tendency of fabrics’ roughness and softness
in sensory evaluation. Textile industries could develop products in a method of
adjusting process parameters with the guidance of Weber fraction.

Fig. 15.4 The Weber
fractions of different structure
parameters
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Chapter 16
The Body Mass Index of Taikonaut
Candidates

Xiaochao Guo, Duanqin Xiong, Yanyan Wang, Chunmei Gui,
Guowei Shi, Jian Du and Yu Bai

Abstract All of taikonaut candidates came from China Air Force pilots aged
25–35 in years. The GJB4856-2003 gave the anthropometric data of weight (body
mass) and height (stature) for 587 male fighter pilots in this age range investigated
in 2001. The weight and height were measured for 1,225 male fighter pilots aged
25–47 in 2013, of which there were 787 pilots in age of 25–35. The BMI was
23.00 ± 2.23 for the taikonaut candidates in 2001 with 31.18 % overweight, and
24.27 ± 2.16 for the candidates in 2013 with 47.14 % overweight. The analysis
found that the new candidates possess a comparatively higher value for average
BMI, and their overweight trends show an obvious rise with time and age.

Keywords Body mass index (BMI) � Overweight � Taikonaut � Male pilots

16.1 Introduction

The Body Mass Index (BMI) is defined as the weight in kilograms divided by the
height (stature) in meters squared (kg/m2) used measure for fatness. The normal
range for adults is 18.5–24.9 in WHO classification, but the overweight is with
BMI C 24.0 and the obesity is with BMI C 28.0 for Chinese adults [1].

NASA found that the BMI for the astronaut group show a small increase in
mean from 23.3 to 24.7 in 3 years [2], their overweight trends show a rapid rise
that may result in prevalence similar to that of the general population [3]. FAA has
announced that all overweight pilots, controllers must be tested for sleep disorders
by calculating the BMI [4]. In China, all of taikonaut candidates came from Air
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Force pilots aged 25–35 years according to GJB4016-2000 [5]. The BMI for
taikonaut candidates were analyzed based on comparison between pilot groups
investigated in 2013 and the pilots in GJB4856-2003 [6] investigated in 2001 to
understand their overweight trends.

16.2 Method

16.2.1 Measurements

The weight (body mass) was measured in kilograms with precision of 0.5 kg, and
the height (stature) in meters with precision of 1.0 mm. The BMI was calculated
by dividing the weight by the height squared.

16.2.2 Samples

There were 587 taikonaut candidates with year-age 29.50 ± 3.42 in 2001 and 787
candidates aged 29.71 ± 3.05 in 2013 with range of 25–35 years.

There were also 393 male pilots whose age was 42.27 ± 3.25 with range of
37–47 years in 2013. So the whole sample was 1,225 aged 25–47 in 2013.

16.3 Results

For the candidates in 2001, their BMI were 23.00 ± 2.23 kg/m2 with 22.05–24.07
in age groups. For the candidates in 2013, their BMI were 24.27 ± 2.16 kg/m2

with 23.34–25.23 in same age groups.
For the elder pilots in 2013 aged 37–47, their BMI were 24.98 ± 2.12 kg/m2

with 24.44–25.99 in different age groups.
The overweight trends of taikonaut candidates are showed in Fig. 16.1.

16.4 Discussions

16.4.1 The BMI Between Taikonaut Candidates in 2013
and 2001

The difference was significant in statistics between the mean BMI for the candi-
dates in 2013 and those in 2001 (F(1,1373) = 113.29, P \ 0.001). The new
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taikonaut candidates in 2013 possess a comparatively higher value for average
BMI compared to those in 2001, which the finding is approximately same as the
result by NASA [7], but the average BMI of 24.27 kg/m2 does exceed the Chinese
normal range (t = 3.45, P \ 0.01) that means overweight.

16.4.2 The BMI Between Elder Pilots in 2013
and Candidates in 2001

The difference was statistically significant between the mean BMI for the candi-
dates in 2001 and the elder pilots in 2013 (F(1,979) = 193.79, P \ 0.001). And it
is demonstrated that the mean BMI was larger than 24.0 by one sample test for the
elder pilots (t = 9.14, P \ 0.001). It suggested that the taikonaut candidates in
2001 have growth from the normal BMI value to the overweight after 12 years as a
special professional population.

16.4.3 The Overweight Trends for Taikonaut Candidates

The overweight and obesity in two taikonaut candidate populations were listed in
Table 16.1.

Fig. 16.1 The overweight trends for taikonaut candidates
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The analysis found that the distributions of BMI in Table 16.1 were signifi-
cantly different between the candidates in 2001 and those in 2013 (v2 = 64.68,
P \ 0.001), and there were more overweight candidates in 2013 than the ones in
2001.

As showed in Fig. 16.1, the regression analysis found that the linear equations
are BMI = 0.1644 * Age + 19.38 for the taikonaut candidates in 2013
(R2 = 0.88) and BMI = 0.1216 * Age + 19.38 for the candidates in 2001
(R2 = 0.51). It suggested that the overweight trends for the candidates in 2013
show a rapid rise in comparison with that for the candidates in 2001 though they
had same BMI value at start point. The finding is approximately same as the result
by NASA [3].

16.5 Conclusions

The BMI for the taikonaut candidates in 2013 was 24.27 ± 2.16 kg/m2, which
changed in the equation BMI = 0.1644 * Age + 19.38. It is suggested that the
new taikonaut candidates possess a comparatively higher value for average BMI,
and their overweight trends show an obvious rise with time and age compared to
the BMI for the candidates in 2001.
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Chapter 17
Human Dimensions of Chinese Male Pilots
in Sitting Posture and Some Changes

Xiaochao Guo, Duanqin Xiong, Yanyan Wang, Guowei Shi,
Chunmei Gui, Wei Zheng and Qingfeng Liu

Abstract The GJB4856-2003 in effect is based on the latest anthropometric
investigations in large scale for Chinese male pilots. There were 22 basic human
body measurements of anthropometry in sitting posture. The data of human
dimensions were from 1,739 male pilots, including the mean, std. deviation, and
5th, 50th, and 95th percentiles. The analyses suggested that the data of GJB4856
are steady and reliable with good precision. Some human dimensions in GJB4856
seemed to augment generally in comparison with that of GJB20-1984.

Keywords Pilots � Human dimensions � Anthropometry � Sitting posture

17.1 Introduction

The human dimensions of pilot are fundamental to product design such as cockpit
geometrical layout, eject seat and exit, and personal protective equipment. There
were three anthropometric investigations in large scale for Chinese male pilots in
1954, 1977, and 2001. The statistical data of the 3rd investigation were presented
in GJB4856-2003 [1], while the data of the 2nd investigation were attached to
GJB20-1984 [2]. Human body measurements of anthropometry were divided into
fundamental items and recommended items according to the frequency of usage in
production design for pilots in GJB4856. The fundamental items should have
better degree of precision than the recommended items.

The human dimensions in sitting posture in GJB4856 were analyzed in order to
compare the data quality and changes of the latest anthropometric investigation
with the former data in GJB20.

X. Guo (&) � D. Xiong � Y. Wang � G. Shi � C. Gui � W. Zheng � Q. Liu
Institute of Aviation Medicine PLAAF, Beijing 100142, China
e-mail: guoxiaochao1965@163.com

� Springer-Verlag Berlin Heidelberg 2015
S. Long and B.S. Dhillon (eds.), Proceedings of the 14th International
Conference on Man–Machine–Environment System Engineering,
Lecture Notes in Electrical Engineering 318, DOI 10.1007/978-3-662-44067-4_17

135



17.2 Method

17.2.1 Measurement Items and Pilot Sample

There were 22 fundamental items and 17 recommended items of anthropometry in
sitting posture in GJB4856. All data were collected by direct measurement with
instrument precision of 1.0 mm.

The participants included 1,739 male pilots whose age was 32.4 ± 6.8 in year
and body mass (weight) was 68.8 ± 8.5 kg.

17.2.2 Database and Quality Control

The database was developed for data records and analysis. Quality management
was taken on the spot during all the anthropometric investigation [3].

The standard error of the 50th percentile was less than 2 % in expectation.

17.3 Results

The data of 22 fundamental items in sitting posture in GJB4856 were present in
Table 17.1. The mean ð�xÞ, std. deviation(s), and the 5th, 50th, and 95th percentiles
(P5, P50, and P95) were given.

17.4 Discussions

17.4.1 The Stability and the Reliability of the Data

The preset eligibility rate of review was 95 %. The test–retest reliability was
checked out for every 100 pilots in order to control the quality of the anthropo-
metric investigation [3]. It is found that the eligibility rates of review averaged
96.2 % in the range of 94.4–97.8 %. The data of human body measurements in
sitting posture in GJB4856 are steady and reliable in general.

17.4.2 The Precision of the Percentiles

The precision of the 5th, 50th, and 95th percentiles were 0.9137–0.9913,
0.9905–0.9987, and 0.9480–0.9920, respectively, at 95 % confidence interval for
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Table 17.1 The fundamental items in sitting posture in GJB4856 (mm)

Items Definitions �X s P5 P50 P95

1 Sitting height
(erect)

Vertical distance from a
horizontal sitting surface
to the highest point of the
head (vertex).

927.4 24.7 887.0 928.0 969.0

2 Eye height,
sitting

Vertical distance from a
horizontal sitting surface
to the outer corner of the
eye

813.5 24.0 774.0 813.0 852.0

3 Inion height,
sitting

Vertical distance from a
horizontal sitting surface
to the inion

800.9 26.4 760.0 801.0 845.0

4 Cervical
height, sitting

Vertical distance from a
horizontal sitting surface
to the cervical

679.2 21.6 645.0 679.0 715.0

5 Shoulder
height, sitting

Vertical distance from a
horizontal sitting surface
to the acromion

607.8 22.7 570.0 608.0 645.0

6 Elbow height,
sitting

Vertical distance from a
horizontal sitting surface
to the lowest bony point
of the elbow bent at a
right angle with the
forearm horizontal

260.7 22.7 223.0 261.0 297.0

7 Shoulder–
elbow length

Vertical distance from
acromion to the bottom
of the elbow bent at a
right angle with the
forearm horizontal

347.1 14.9 324.0 347.0 372.0

8 Elbow-to-
elbow breadth

Maximum horizontal
distance between the
lateral surfaces of the
elbow region

434.9 32.1 385.0 433.0 491.0

9 Hip breadth,
sitting

Breadth of the body
measured across the
widest portion of the hips

345.3 17.1 318.0 345.0 374.0

10 Lower leg
length
(popliteal
height)

Vertical distance from
the footrest surface to the
lower surface of the thigh
immediately behind the
knee, bent at right angles

418.8 17.0 391.0 419.0 448.0

11 Thigh
clearance

Vertical distance from
the sitting surface to the
highest point on the thigh

154.1 12.7 135.0 153.0 176.0

12 Knee height Vertical distance from
the floor to the highest
point of the superior
border of the patella

504.0 18.9 474.0 502.0 537.0

(continued)
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Table 17.1 (continued)

Items Definitions �X s P5 P50 P95

13 Trochanter
height, sitting

Vertical distance from
the sitting surface to the
trochanterion

87.2 9.6 72.0 87.0 104.0

14 Grip reach;
forward reach

Horizontal distance from
a vertical surface to the
grip axis of the hand
while the subject leans
both shoulder blades
against the vertical
surface

732.4 29.3 687.0 732.0 781.0

15 Elbow–grip
length

Horizontal distance from
back of the upper arm (at
the elbow) to grip axis,
with elbow bent at right
angles

353.2 17.0 325.0 353.0 381.0

16 Forearm–
fingertip length

Horizontal distance from
the back of the upper arm
(at the elbow) to the
fingertips, with the elbow
bent at right angles

454.6 15.8 429.0 455.0 480.0

17 Seat depth Horizontal distance from
the hollow of the knee to
the rearmost point of the
buttock

461.5 19.1 430.0 461.0 492.0

18 Buttock–knee
length

Horizontal distance from
the foremost point of the
kneecap to the rearmost
point of the buttock

567.2 20.9 534.0 566.0 602.0

19 Arm reach
from back

Horizontal distance from
a vertical surface to the
fingertips while the
subject leans both
shoulder blades against
the vertical surface.

833.8 29.1 789.0 834.0 885.0

20 Lower
extremity
length, sitting
(buttock–heel
length)

Projective maximum
horizontal distance
between the sole near the
heel and the maximum
posterior protrusion of
the buttock while the
subject sits and extend
the lower extremity
forward as far as possible
with the anklebone bent
at right angles

983.8 32.8 932.0 983.0 1040.0

(continued)
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the measurement items of GJB4856 in statistics [4]. The standard error of the 50th
percentile was less than 2 % in practice. The precision of the data in GJB4856 can
meet the general requirements of product design for pilots.

17.4.3 Comparison with GJB20-1984

There were 36 measurement items in sitting posture in GJB20 for 1,654 Chinese
male pilots. The precision of the 5th, 50th, and 95th percentiles were 0.9396, 0.9967,
and 0.9821, respectively, at 95 % confidence interval for the measurement items of
GJB20, which are not different from that of GJB4856 by t-test in statistics [4].

There are 10 relative measurement items in sitting posture both in GJB4586 and
GJB20. It is found that 7 of 10 measurement items were different statistically in
size by U-test [4] (U = 5.02–15.82, P \ 0.001). Some key size for production
design such as sitting height, eye height, seat depth, and arm reach from back were
bigger in GJB4856-2003 with 8.4, 7.5, 4.5 mm, and 15.8 mm than the items in
GJB20-1984. It seemed that some human dimensions in GJB4856 seemed to
augment generally in comparison with that of GJB20 in view of body growth in
measurement items in standing posture such as stature, leg length [5].
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21 Buttock–
trochanterion
length, sitting

Projective maximum
horizontal distance
between the trochanterion
and the maximum
posterior protrusion of
the buttock while the
subject sits

116.7 13.8 95.0 116.0 140.0

22 Knee
circumference,
sitting

Circumference of knee
through the patella center
point and the popliteal
point with knee bent at
right angles while the
subject sits

377.5 20.3 348.0 375.0 413.0
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Chapter 18
Research on the Design of the Ecological
Atrium in the Architecture

Zhen Li

Abstract The atrium is an ancient concept. It has appeared in all kinds of
buildings. Some methods about the atrium design are discussed in this paper from
different aspects, in order to improve the ecological environment and reduce the
energy consumption in the modern atrium buildings. The research used the
comparative studying ways, combining various factors affecting the environment
in modern architecture atriums. The best solution of the ecological atrium design is
found by the analysis. It tells us the principles in the design of the ecological
atrium from natural ventilation, the lighting, and virescence. All these aim at
further understanding of the factors influencing the atrium, and providing a ref-
erence for the modern architecture design in the future. The conclusion of this
paper can be applied directly to the design of public buildings, so as to effectively
improve the ecological environment of our country. Thus, it is of great
significance.

Keywords Atrium � Ecological environment � Energy consumption �Architecture
design

18.1 Introduction

The atrium is a multi-functional space. It is both a transportation hub and the
center of people’s activities, thus it is known as a ‘‘shared hall’’ [1]. The atrium is
an ancient concept. It has already been used for 2,000 years, up to the present.
Now, it has been used in all kinds of buildings, such as the hotel, the business
center, and the office building. Now, atrium has been a kind of rifeness form. It has
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already become a kind of widespread building form in the architecture. Now, the
architectural technology has developed constantly, and people bring natural
environment into countries and buildings through the atrium. The atrium rein-
forces the relation of the people and the nature. It improves environment’s quality
and people’s living standards.

The atrium brings comfortable circumstance for us. At the same time, it brings
us some troubles too, such as consuming large energy resources. As a result, the
design of atrium should think about the peculiarity of atrium and take the different
methods on building design in the vary areas. Only by this, it can afford a com-
fortable space for people.

At the end of the last century, the idea of ecological architecture was firstly
proposed in the west and rapidly developed when facing the energy crisis. At the
same time, the atrium space’s positive role in many aspects has being recognized
by more and more people. It not only is the modern architectural interior space, but
also become the important means of ecological architecture design. In the new
century, the research on the ecological architecture has just begun in China. A
large number of ecological atriums appear in succession. However, some of them
are actually passable due to the ill-considered design. The atrium’s environmental
quality is affected by quite a few factors. Thus, the paper intends to discuss the
principles in designing ecological atrium from some different aspects. The
research used the comparative studying ways, combining various factors affecting
the environment in modern architecture atriums. The best solution of the eco-
logical atrium design is found by the analysis.

18.2 Light Environment in the Atrium

The effect of the architectural physics environment to the people mainly manifests
for the sensory stimulation, including visual, auditory, heat sensation, and smell.
Therefore, effective control of environmental stimuli (sunshine, temperature,
humidity, noise, etc.) is the main purpose of the people-oriented design. That is the
environmental stimuli optimization, which can ensure the comfort of human
activities [2]. At the same time, lighting quality has the most direct impact on the
human. From the view of energy saving, the building should make full use of
natural lighting. The atrium building structure has at least one glass side, which
makes it an ideal natural lighting space. It is like a collector of natural light,
bringing light to each layer plane. It can produce a transparent and changeful effect
by the change of seasons and shadows. This has completely broken the sense of
closure in an ordinary parallelepiped space. However, the design of light envi-
ronment in the atrium is relatively complex. It involves many factors, such as the
transparency of the building top, the atrium space’s geometric proportion, and the
reflectance of the wall.
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18.2.1 Geometric Proportion of the Atrium Space

The proportion relationship among the atrium’s length, width, and height deter-
mines the changing degree of its light levels. The floor in spacious and low atrium
obtains more direct light. With the increase in the height of the atrium, the direct
sunlight reaching the corresponding space rapidly reduces(Fig. 18.1). Thus, the
atrium should be designed short to obtain sufficient sunlight at the bottom in the
area with poor sunshiny condition. The maximum value of the atrium high aspect
ratio is 3:1 upon study. The internal space can get enough natural light to meet the
demand of human activities when the high aspect radio is controlled at 3:1 value
range. For the high and deep atrium with more protruding members, it is hard for
natural lighting to reach the illuminance standard. In this case, it may be appro-
priate to use artificial lighting to compensate. A proper artificial lighting design
can not only effectively improve the illumination in the room, but also increase the
environmental atmosphere indoor and play a good decorative effect. But we should
notice to control the proportion between the natural lighting and artificial lighting
so as to save energy.

18.2.2 The Transmittance of the Top of the Atrium

The transmittance of the light at the top of an atrium is another key aspect affecting
the lighting effects. More light can reach the bottom of the atrium and adjacent

Fig. 18.1 The proportion of
the atrium’s height to width
and the direct light’s
boundary
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room when the transmittance of the top is higher. The ordinary glass and Low-E
glass with smooth surface has good transparency. Sunlight can enter the room
directly. But the light distribution at the horizontal level is uneven and will pro-
duce glare. At the same time, the frosted glass and the transparent membrane
structure with a rough surface can avoid the glare effectively and realize a uniform
diffusion of the sunlight. But the amount of the incident light decreases greatly.
The effects of different translucent materials are different. Actually, we should
make a choice of the transparent material according to the other influencing factors
of the light environment in the atrium, especially the geometric proportion of the
space.

The glare entering the atrium will cause environmental overheating in summer.
Otherwise, the inappropriate sun-shading manner can block the sunshine in winter
and influence people’s feelings. The way to resolve this contradiction is to find a
reasonable treatment for the atrium’s shade. Firstly, the saw-toothed skylights can
be considered. Let the roof plate both turn toward the sun and make the glass back
to the sun. It can both avoid the direct sunlight and make the light reaching the roof
be reflected back into the atrium, which improves the illumination indoors. Sec-
ondly, a movable sunshade system can be used (such as a movable shutter), and let
the sunshade angle changes with the seasons, so as to achieve an effective control
of the amount of light transmission at the top.

18.2.3 Reflection of the Atrium Walls

There is reflected light and diffuse light in addition to direct light coming into the
atrium. For the ground floor and the adjacent space, the latter two are particularly
important. Vertical walls of the atrium redistribute the daylight and readjust the
lighting effect by the reflection and diffuse reflection. Experiments have shown
that diffuse light is more soft and uniform than the rough wall surface, and it is
hard to produce glare. Therefore, the atrium walls should be made of plain con-
crete, light-colored stucco, gypsum board, rough stone materials, etc. To the
contrary, such smoothy materials as the marble and glazed tiles should be avoided.
If it needs to increase the amount of natural lighting at specific parts, the adjustable
mirrors installed on the atrium walls can be used. They can reflect the daylight
downwards so as to solve the problem that the natural light is insufficient at some
parts.

18.3 Thermal Environment Design

Thermal environment is another important aspect of a building’s physical envi-
ronment, including temperature, humidity, and wind speed. Since the atrium space
generally has a glass enclosure cover, through which the daylight can go inside, it
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can easily cause intolerable feelings in summer and winter if the design is not
proper. At the same time, the shape and structure of the atrium determines two
natural phenomena: the greenhouse effect and the chimney effect. These phe-
nomena must be researched and used seriously to get comfortable thermal envi-
ronment in the atrium.

18.3.1 Greenhouse Effect of Atrium

Solar shortwave radiation through the glass can warm the building’s interior
surface. But the longer wavelength (about 10 microns) of the secondary radiation
from the interior surface cannot pass through the glass and shot back outside,
thereby solar power is stored inside and the temperature of atrium rises. This is the
greenhouse effect in the atrium. The atrium’s main function in north China is
lighting and heating. So special attention should be paid to using the effect to raise
the room’s temperature in winter. First of all, it must be ensured that the atrium
faces toward the sun to get sunshine as much as possible. It can be designed at the
south with a side-lighting form. This may not only ensure the atrium to gain
enough sunlight and warm up quickly, but also avoid the strong sunlight from the
top in the summer. Secondly, we should choose a good form of the atrium’s
structure with a satisfying thermal performance, such as the adjustable curtain
wall. Besides, such heavy material such as the brick and the concrete block can be
used with the interior decoration, in order to maintain a good heat storage of the
interior space and prevent the heat loss at night. Through the above methods, the
artificial heating costs and the energy consumption can be greatly reduced in the
cold winter.

18.3.2 Chimney Effect of Atrium

Because the atrium usually has certain height, and a certain temperature difference
exists between the upper and lower height, it causes the thermal pressing venti-
lation, which is named the chimney effect [3]. By the chimney effect, hot air rises
and cold air falls. In this way, a regular indoor natural ventilation without the aid
of mechanical means forms. This can both realize the effect of ventilation and save
energy, which is of great significance to the atrium in the summer at the hot
districts. Effect of the hot pressure ventilation is determined by the difference
between indoor and outdoor temperature as well as the height of the atrium’s
opening. The greater the temperature difference is and the higher the air outlet is
the stronger effect we can get. Hot pressure difference and outlet’s opening area
determine the gas flow rate in the unit time. So, we can improve the heat venti-
lation’s efficiency from two aspects in the design of the atrium in hot area. On the
one hand, the vent area should be expanded. We can use the open sunroof with
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adjustable sunshade grills. All the sunroofs may be opened in hot weather. With
the expansion of the vent area, the air flow speeds up and the thermal natural
ventilation indoor will be more powerful. On the other hand, the outlet’s height
ought to be raised appropriately, so as to increase the temperature difference
between the upper and lower air. In this way, the effect of pulling the wind is more
obvious.

18.4 Atrium Greening Design

18.4.1 The Significance of the Atrium Greening

Modern people stay insides for a long time in big cities, exposure to benzene,
formaldehyde, and other harmful substances. It is easy to induce ‘‘building syn-
drome’’ and ‘‘air-conditioning disease’’ [4]. Greening can improve the building’s
environment, and it is the best way to build green houses. Therefore, it is an
indispensable means to design the eco-building atrium. Atrium greening has three
functions.

First, it can improve the quality of the environment significantly. Plants release
much oxygen by photosynthesis. This makes people feel pleasant more. Moreover,
plant’s respiratory function may filter the air, reduce the indoor temperature, and
improve the micro-climate. It is the environmental and ecological regulator.

Second, it is rich in the space hierarchy. Various plants have specific mor-
phology. We can create a colorful and natural scene with them. At the same time,
large space can be divided into different and tasty small space by limiting and
diverting plants. They are separated as well as mutually penetrated, softening the
building’s blunt sense.

Third, it has a visual function and psychological infection. Plants have various
shapes, lines and colors, which gives us a feeling of beauty. The atrium will be
vigor with the trees, flowers, potted plants, and spider plants. In addition, the
flowers in spring, green in summer, colors in autumn, and plant’s posture in winter
make us come to realize the change of time and the cycle of seasons. Thus, people
get a touch of mind and then produce a strong artistic resonance.

18.4.2 Tips for a Atrium Greening

Environment in the atrium differs greatly from the nature. So, it is a foundation for
the greening landscape design to select appropriate varieties of plants, which is
suitable for the special environment. Indoor sunshine intensity and time are far less
than the open-air condition. Thus, plants in tropical and subtropical regions should
be mainly used. They are more shade-tolerant and have strong resilience with the
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atrium’s environment. At the same time, the selected plants should also be higher
ornamental. They need beautiful or unusual morphology. The shape and color of
the leaves should be nice or they are in bloom and can bear attractive fruits. Such
plants as the delicate bamboo, tall and stout pines, colorful sunflowers, and dates
are all good choices [5]. In addition, the plants should be non-toxic and have no
bad smell and no acne flying to protect people.

It is emphasized on the plant landscape’s multiple levels. Atrium’s ground
floor, the corridor, and roof platform must be considered together, so as to form a
complete greening system. Only in this way, can it meet viewers’ visual
requirements from different height. Green landscape should echo the characteris-
tics of the atrium’s usage and create different styles of space images. [6] It may be
warm, quiet, noisy, or romantic, etc. Besides, the plants need work in concert with
other landscape elements in the environment, such as lights, sketches, water,
furniture, to form a same style and the harmonization in colors.

18.5 Conclusion

Atrium is a transitional space between the building and the external environment.
It can enhance the whole building’s vitality to create a successful atrium. This
requires that the designer should study the relationship between architecture and
people seriously. We must use the most appropriate technical means combined
with local climate condition, so as to ensure a good ecological efficiency of the
atrium space. Only in this way, it can meet the spirit of the sustainable architecture
design and protect human beings as well as the natural resources at the same time.
This study reveals the restrictive factors of ecological atrium, and the conclusion
can be applied directly to the design of public buildings, so as to effectively
improve the ecological environment of our country. Thus, it is of great
significance.
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Chapter 19
On-Orbit Mission Assisting
and Supporting System Based on AR

Xiuqing Zhu, Yuqing Liu and Bohe Zhou

Abstract Objective In the future deep-space exploiting missions, due to com-
munication delay, astronauts cannot depend on the instructions of control center
completely. In the long-duration on-orbit missions, astronauts are likely to disre-
member the operation procedures of some tasks that ever be performed seldom,
despite they had been trained on the ground in advance. To help astronauts to cope
with these situation by themselves, AR, which can enhance human’s perception
and interaction with the real world, is a feasible solution. Methods Applying AR,
such as three-dimensional registration and perspective projection, assisting infor-
mation of the task procedure was superimposed on the real scenes, whose showing
pace was controlled by voice instructions, so astronauts can focus their hands on
their tasks, referencing assisting information to do their work. Results A prototype
system was realized based on AR, which can help astronaut to do operation of a
specific device. Conclusion The AR assisting system affords an effective tool for
astronaut task supporting and training on orbit and also adapts to training on
ground and has an expansive applying prospect.

Keywords Augmented reality � Long-duration space flight � Training � Astronaut

19.1 Introduction

Technology of Augmented Reality (AR) integrates variant forms of digital
information, including figures and characters generated by computer, into the real-
world scenery which can be seen by users and augments human vision perceptual
performance [1]. In the long-duration flight task of future space station, although
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astronauts had been trained on the ground in advance, they shall be avoided
forgetting due to long duration. Though the operation information could be found
out in all kinds of operating manual or electronic documents, the working effi-
ciency will be lower. Moreover, in the exploration activities of deep space in the
future such as flying to small planets and Mars, the communication with the
ground control center would be lengthened. For example, the unidirectional delay
between Mars and earth can be up to 22 min, and it is difficult to depend on the
real-time guidance on the ground. Applying AR technology to realize auxiliary
task-supporting system, forming the task prompting information in the form of
text, images, videos, or three-dimensional models according to the operational
procedures designed by the task, displaying the information within the visual
scope of astronauts and assisting them to complete the task process can substan-
tially lessen the task load of astronauts and improve the working efficiency [2–5].
European Space Agency (ESA) had designed and realized a Wearable Augmented
Reality (WEAR) system assisting the astronauts and had completed the orbit test,
so as to test the feasibility in the space task application [6, 7]. American NASA
Johnson space center had designed and applied AR system to assist the astronauts
to conduct the robot arm operating drills. The system could improve, under the
poor light conditions, astronauts’ recognition and judgment on manual operation
objectives, to improve the operating accuracy and speed [8, 9].

19.2 Design Methods

19.2.1 System Structure

System is composed of interactive interface and calculation processing equipment.
Human–machine interactive interface can be divided into information input and
output interface. The typical optical see-through AR system usually includes
optical see-through helmet, graphic workstation, and tracking and interacting
equipment. In our system, the helmet is a Cybermind Visette45 optical see-through
HMD. A common net camera is used as tracking camera, fixed on the top of
helmet eyepieces (Fig. 19.1).

Input information includes head position-tracking data and voice message.
Head track is realized by installing camera on helmet; the head position is indi-
rectly indicated by calculating the calibrated camera position applying computer
vision arithmetic. The role of head position tracking is to make the observed
virtual information changed while the head of astronaut turns. Human–computer
interaction is realized through voice input so as to control the presenting steps of
augmented message. Information output includes the output of visual information
and audio information. Helmet is the visual output equipment. The scene and
operation sound effects are fed back through auditory information.

152 X. Zhu et al.



19.2.2 Selection of Marker Pattern

AR system needs to overlap the virtual information within the real time to the real
scenery. In order to guarantee the correctness of information overlapping position,
the coordinates matching of virtual and actual space must be completed, that is,
three-dimensional registry. Three-dimensional registry is determined by the coor-
dinate-corresponding relationship of feature points at scenes on the display plane.
Considering the environment limitation of the narrow space cabin and the flexibility
and portability of registry equipment, the system adopts the registry technology
based on visual features. Under the real circumstance, the extraction and identifi-
cation of calculation of nature features are very complex and time-consuming,
usually difficult to meet the real-time requirement. Therefore, the registry method
based on artificial identity is widely used. Currently, the common artificial identity
system includes ARToolKit and ARTag. This paper makes comparison and analysis
on the working performance of the two kinds of marker system.

19.2.2.1 Comparison of Minimum Marker Size

Minimum marker size is the pixel size of marker pictures formed through camera
shooting of marker points. The marker points of ARToolKit and ARTag are arranged
at the positions 60 cm away from camera. The experiment selects 24 ARToolKit
marker points and ARTag marker points in 7 different sizes, so as to compare the

Fig. 19.1 Scheme of assisting system-based AR
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identifying ratio of the two types of marker points. The image resolution of marker
points shall be 72 pixels per inches. Through experiments and comparison, AR-
ToolKit shall reach 100 % of the resolution ration, but its identifying image requires
150 pixels, while ARTag identifying image can be only 120 pixels.

19.2.2.2 Running Speed

System running speed is an important indicator to assess a marker system. The
quicker the system run, the closer the processing time to nearly synchronous, the
better bonding the virtual information and real information can be. Conduct tests
respectively according to the different marker pattern amount, so as to test the
identifying rate of two marker systems with recorded different amount markers.

ARToolKit algorithm principle is to retrieve the images matched with the
preloaded marker templates from the images shot by camera. If the preloaded
templates are numerous, they shall be in contrast one by one with the target
marker. This will reduce the running speed of algorithm. ARTag does not have this
issue. Thus, while the marker group is large, using ARTag marker system would
get quicker running speed.

19.2.2.3 Performance of Preventing Occlusion

During the extraction process of feature districts, both ARToolkit and ARTag are
regionally recognized with the square outline as the boundary features. ARToolkit
firstly makes binarization processing of gray level on images, then sets up a fixed
threshold to segment the images, and searches the connected domain contour in the
derived black–white images. ARTag also firstly makes binarization processing on
images and then abstract quadrangle. Different from the connected field of iden-
tification adopted by ARToolkit, ARTag adopts the algorithm based on boundary.
This method firstly abstracts all the straight line in the objective images and then
finds the line segment composing the quadrangle as contour of objective area.

Comparing the abstracting process of feature regions of the two kinds of marker
point system, ARToolki fails to successfully abstract the feature regions under the
circumstance of incomplete marker outline border due to the use of connected
domain abstracting algorithm. ARTag can still identify partial disturbed marker
due to the algorithm based on boundary, even though the pixels of framework are
incomplete.

19.2.3 Helmet Calibration and Three-Dimensional Registry

Three-dimensional registry technology is not only the fundamental technology to
realize the AR and the key technology to guarantee the system performance of AR.
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Thus, it is an important direction of system research of AR. When the head moves,
the scenery observed by eyes will change with the head moving. Thus, the aug-
mented information generated by computer would change correspondingly. Thus,
AR system must be able to detect the head position and sightline direction in time,
then determine mapping positions of the added virtual information in the real
world according to this information, and display this information at the correct
positions of display unit [1–3].

This system adopts the calibrating method based on Single-Point Active
Alignment Method (SPAAM). SPAAM utilizes a calibration target in real scenes
for optical see-through helmet calibration. Users observe the target through the
optical see-through helmet screen and then use mouse to control the virtual target
on the helmet display screen, making it align to the calibration target through the
helmet display screen. Due to the alignment of target virtual image and real image,
involve the translation and rotation transformation of target coordinates, that is,
transformation from a coordinate system to another coordinate system for target
coordinate points. Target coordinate transformation includes from world coordi-
nate system to tracking coordinate system, then display coordinate system. The
transform matrix from tracking coordinate system to display coordinate system is a
fixed point Mtd. Keeping user’s head in movement, we can get the target point’s
coordinates in tracking coordinate system and display coordinate system respec-
tively are Pt and Pd. Establish the equation set and solve the transform matrix Mtd.
The matrix is the 3 9 4 matrix integrating human eye visual virtual camera lens
internal and external parameters. There are 11 parameters to be solved in all. Thus,
six head tracker gesture positions with different directions are required to measure
coordinate points Pt and display coordinate points Pd. Each calibrating points can
determine two independent restricting equations and then transfer matrix calcu-
lated by least square method or direct linear transformation method.

19.2.4 Interaction Design by Speech Command

Under the space microgravity environment, astronauts not only require two hands
for operating tasks, but also have to control body movement and gestures. Thus,
the interaction with computer should avoid the interacting action with hands, so as
to make the two hands focus on operating task. Thus, voice interaction becomes
the choice of interacting means.

This paper adopts Microsoft Speech API (SAPI) voice developing engine of
Microsoft, which provides the interface of data exchange between voice identi-
fying application program and voice engines and can help users to realize all kinds
of adjustment and management of engines involved in voice recognition. The
utilization of SAPI library functions realizes all kinds of functions of the whole
voice identifying program, including the adjustment of microphone, voice drill,
and instructional voice recognition.
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Voice recognition system mainly uses the interface components in applying
voice engine library.

1. Voice Commands API: This component is mainly used for the control of
application program. Generally, it is used in the voice recognition system. After
recognizing some orders, call the related interface to make the application to
complete the corresponding functions. This paper mainly uses the interface
functions of the components.

2. Voice Dictation API: This component is used for monitoring the users’ voice as
the voice recognition interface.

3. Voice Text API: This component is used for changing the words in the text as
voice files, that is, voice synthesis.

This paper mainly realizes the command-voice recognition. Users give out
speech command, voice recognition system triggers graphic generation system
through the recognition user command to load the corresponding auxiliary oper-
ating information.

19.3 Results

On the basis of the above-mentioned basic technological analysis, it realizes the
auxiliary operating supporting system based on AR through integration design.
The auxiliary guidance function of partial operating process is realized through the
operating procedures of equipment.

According to the using course of equipment, present the equipment operating
method through optical see-through helmet in the form of virtual auxiliary
information for users, to guide the user operating as per the information prompting
(Fig. 19.2).

During the actual operating process, users gives out speech command control
operating prompt information like ‘‘Start,’’ ‘‘Next,’’ ‘‘Quit,’’ and ‘‘Finish’’ through
presenting process of voice command auxiliary information. When users give out
instructions, the system firstly recognizes the artificial markers in the camera
images. According to the identified marker, load the corresponding equipment
course; tell the operators about the equipment name being operated. When users
give out the next orders, systems load the auxiliary operating information of
corresponding steps (Fig. 19.3).

The testing results show that system can correctly respond to the users’ voice
command and correctly recognize the marker and display the auxiliary information
to be loaded on optical see-through helmet display correctly. Under the virtual
auxiliary information guidance, users can quickly enter the working status and
complete the testing equipment operational task as per the requirement. The
example procedure records the time differences from users giving commands to
helmet displaying virtual auxiliary information, average as 0.13 s, not affecting the
user’ operating timeliness.
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Fig. 19.2 A user is practicing the AR system

Fig. 19.3 Augmented information is superimposed on real world
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19.4 Conclusions

This paper applies AR technology to realize the auxiliary supporting system of
astronauts operation, explore the feasibility of system, design systemic framework
and testing platform, and create technological conditions for following compre-
hensive research. The practicability and stability of system are expected to be
verified by tests further. Ideal AR system can reach the recognition on objectives
under the conditions of no auxiliary markers. The present technological devel-
opment is difficult for perfect realization. Adopting the recognition algorithm with
markers is beneficial to improve the objective recognizing efficiency and increase
the usability of the system. ESA’s testing system also uses bar code equipment
identifying system, which can determine the task’s targets more quickly, improve
the recognizing efficiency. Furthermore, auxiliary using other registered posi-
tioning method, such as CAD model map adopting objective environment, may
realize more accurate positioning and improve the registered speed and accuracy
[6, 7]. The follow-up research direction mainly includes the portability and min-
iaturization of registry, display and calculating equipment, the improvement of
registry speed and accuracy, as well as the organization and management methods
of auxiliary information.
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Chapter 20
Manufacture Process Evaluation of IFOG
Using Multiple-Test Data Analysis

Lianjie Shan, Yingchun Liang and Haoting Liu

Abstract To control the product quality of interferometric fiber-optic gyroscope
(IFOG), an integrated evaluation method of manufacture process is proposed. First,
some key manufacture processes are selected: the winding and length control of
fiber-optic coil, the fiber splicing operation, and the light leakage detection of IFOG
light path. Second, the important test data of each key manufacture process are
collected as the evaluation indexes. The test data include the winding precision, the
length control precision, the splicing effect, and the light leakage intensity. Third,
the classic analytic hierarchy process (AHP) technique is utilized to evaluate the
manufacture process effect of IFOG. By using the proposed technique, the process
quality of IFOG can be controlled effectively. Many experiment results have proved
the correctness and effectiveness of our proposed method.

Keywords IFOG � Manufacture process � Test data analysis � AHP � Product
quality evaluation

20.1 Introduction

As a kind of precise instruments, the design and manufacture of interferometric
fiber-optic gyroscope (IFOG) [1] relate to optoelectronics, thermal science,
mechanics, materials science, etc. Its assembly processes also include numerous of
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serial and parallel operations which are large than thirty steps. Thus, it is very
difficult to evaluate and control the manufacture quality of such a complex
industrial product [2]. In this paper, to conquer that problem to some extent, a
manufacture process evaluation method of a kind of IFOG is proposed.
Figure 20.1 shows us the working principle diagram of that IFOG. From Fig. 20.1,
we can see the IFOG include at least 6 parts: the light source, the coupler, the
integrated optical chip, the fiber-optic coil, the detector, and the digital circuit
system. Each element of IFOG has its own optical or electronic characters; in
addition, its assembly process will also create lots of control parameters; therefore,
it is necessary to develop an integrated quality evaluation method for the manu-
facture process of IFOG.

When evaluating the manufacture process quality of complex product, many
corresponding techniques have been developed. In [3], the authors have proposed
to use the statistical decision theory and the multiple hypothesis aspect of rule set
to evaluate the manufacturing quality of an automotive industry. In [4], the authors
have developed a parameterized expression of the assembly tolerance to improve
the reliability of multi-support axis systems. The SVM is utilized to decrease the
number of simulations. These techniques above are effective to solve their own
problems; however, as for the IFOG, the multidisciplinary barrier and various
kinds of manufacturing parameters make it is impossible to use some special
models or methods to build the quality evaluation issue of such a complex device.

In this paper, an integrated quality evaluation technique is developed for the
IFOG. First, some key steps are selected from the whole manufacture processes:
the winding and length control of fiber-optic coil, the fiber splicing operation, and
the light leakage detection of IFOG light path. Second, the important test data of
each key manufacture process are collected as the evaluation indexes of the IFOG
manufacture quality: the winding and the length control precisions of fiber-optic
coil, the splicing effect parameters (the splice loss and extinction ratio), and the
light leakage intensity, etc. Third, the analytic hierarchy process (AHP) technique
[5] is used to evaluate the manufacture process effect of IFOG. The main con-
tributions of this paper include: First, the AHP is used to evaluate the manufacture

Fig. 20.1 The working principle diagram of a kind of IFOG
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process of IFOG and second, the multiple test data are defined as the evaluation
indexes of IFOG process quality firstly in our research work.

In the following sections, first the manufacture process technique of IFOG is
presented. Second the AHP-based evaluation method of manufacture process is
introduced. Finally, an application case is shown and discussed.

20.2 Manufacture Process Techniques of IFOG

Figure 20.2 shows us the key manufacture process techniques of IFOG: the
winding and length control of fiber-optic coil, the light leakage detection of IFOG
light path, and the fiber splicing operation. As a measurement device of Sagnac
effect [1], the fiber-optic coil is the heart of IFOG. Thus, the process quality
requirements of fiber-optic coil manufacture include the abnormity monitor of
fiber-optic coil winding and the accurate length control of it. The winding and the
length control precisions of fiber-optic coil [6] will be recorded during that pro-
cess. The light leakage detection of IFOG light path is to use the infrared camera to
implement a complete traversal of each fiber body in IFOG so that the surface
defect of light path should be found and avoided. The light leakage intensity can
be regarded as a test data index of that processing step. The fiber splicing operation
[7] is to utilize the fiber splicer to connect the separated fiber together. The splicing
process is carried out by heating and connecting fibers by consequent electricity.
The splicing effect parameters, such as the splice loss and the extinction ratio, are
all collected as the test data indexes.

Fig. 20.2 The key manufacture processes of IFOG
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20.3 Evaluation Method of Manufacture Process

In this paper, we propose to use the AHP to evaluate the manufacture process
quality of IFOG. The AHP is a multiple layer decision computation technique
which uses both the qualitative and the quantitative methods to find the importance
rank of evaluation factors. When implementing AHP, first, the multiple basic
judgement matrixes should be estimated by the opinions of experts. Then, those
basic judgement matrixes will be combined to build an integrated evaluation
matrix. After that the prototype test will be carried out. Finally, the maximum
eigenvalue and its corresponding eigenvector will be calculated. Thus, the
importance rank can be gotten according to the weight values of that eigenvector.
Many applications are developed to use AHP for quality evaluation of industrial
products or operations. In [5], the authors have proposed to use a fuzzy AHP to
build their multiple quality characteristics decision model. In [8], the authors have
also employed AHP and grey relative analysis process (GRAP) to evaluate and
select their suppliers. In this paper, we use the classic AHP to evaluate the
manufacture process [9] of IFOG because of the variety of its quality evaluation
factors.

Figure 20.3 shows us the manufacture process evaluation hierarchy of a kind of
IFOG. From Fig. 20.3, we can see that for each manufacture process, we can
choose three factors to evaluate their final process quality: as for the winding and
length control of fiber-optic coil, the winding precision, the abnormity type (the
overlap type and the vacancy type), and the length control precision are recorded;
as for the light leakage detection of IFOG light path, the light leakage intensity, the
light leakage type (the point type, the wedge type, and the surface type), and the
light leakage size are considered; as for the fiber splicing operation, the splicing

Fig. 20.3 Manufacture process evaluation hierarchy of a kind of IFOG
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defect (the bubble defect type, the wrinkle defect type, and the dislocation defect
type), the extinction ratio, and the splicing loss are utilized. Then, we can query the
opinion of experts to get the judgement matrixes of each factor above. The
important weights of 1–9 are considered in our matrixes. Finally, the classic AHP
method can be used to assess the importance rank of each factor. The larger the
final weight is, the higher the importance rank of this process factor should be.

20.4 Experiments and Discussions

In this paper, to illustrate the effectiveness of our proposed technique, first an
application case is shown; then, we make a discussion about the application of
AHP on the quality evaluation of complex aerospace electronic device.

20.4.1 Simulation Experiments

Tables 20.1 and 20.2 present the judgement matrix samples of the IFOG manu-
facture process evaluation issue in Fig. 20.3. All these comparison weights are
advised by experts. For example, the value of C1–C2 (vertical to horizontal
directions) equal to 6.0 means the factor of light leakage intensity (C1) is
important than the factor of light leakage type (C2). Similarly, the value of C9–C8
equal to 2.0 means the factor of splicing loss (C9) only has small importance than
the factor of extinction ratio (C8). From Table 20.2, we can see that according to
the opinion of expert, the manufacture process of light leakage detection is far
more important than that of the winding and length control of fiber-optic coil. And
it also has some importance advantages than the fiber splicing operation. This is

Table 20.1 The judgment matrix samples of the second and third layers of the IFOG
manufacture process evaluation problem in Fig. 20.3

– C1 C2 C3 – C4 C5 C6 – C7 C8 C9

C1 1.0 6.0 8.0 C4 1.0 9.0 5.0 C7 1.0 8.0 7.0

C2 0.1667 1.0 3.0 C5 0.1111 1.0 0.5 C8 0.125 1.0 0.5

C3 0.125 0.333 1.0 C6 0.2 2.0 1.0 C9 0.1429 2.0 1.0

Table 20.2 The judgment
matrix samples of the
first and second layers of the
IFOG manufacture process
evaluation problem
in Fig. 20.3

– B1 B2 B3

B1 1.0 7.0 3.0

B2 0.1429 1.0 0.25

B3 0.3333 4.0 1.0
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because the IFOG is a fiber-based device, if the light is leaked, the measurement
precision of IFOG will decrease dramatically. As a result, other quality defects
should be less important than the manufacture process of fiber-optic coil.

Table 20.3 shows us the final weight computational results of Tables 20.1 and
20.2. In Table 20.3, we can see that the largest weight is the light leakage intensity
(C1), the second largest weight is the splicing defect (C7), and the smallest weight
is the winding abnormity type (C5). That means the light leakage intensity is the
most important factor which will affect the final manufacture process quality of
IFOG. This result looks different than our common sense. However, the compu-
tation result of AHP is objective. As we know, as a Sagnac effect measurement
device, in our mind the manufacture process quality of fiber-optic coil is the most
important factor of IFOG; however, as for the illustrated IFOG product in
Tables 20.1 and 20.2, the manufacture defects are the main reason of quality
problem; thus, the experts bid the weight according to that fact justly. As a result,
the AHP will mine that conclusion correctly. When the multiple factors coexist, it
is very difficult to make a fair judgment of the final evaluation target. In that
situation, some subjective conclusions may lead us to get a wrong judgment. That
is why we use the AHP to evaluate the manufacture process quality of complex
IFOG device.

20.4.2 Result Discussions

The manufacture process evaluation of complex electronic product is a difficult
issue for all the aerospace industry. Because of the multidisciplinary cross of
complex processes [10], the quality defect almost cannot be avoided. The AHP
method can be used to solve problem which is influenced by multiple factors: if
those factors have a hierarchy relationship and an apparent division type; and the
final evaluation factor cannot be assessed by them easily. As for the discussed
manufacture process evaluation of IFOG, its product quality is affected by the
winding of fiber-optic coil, the splicing of fiber, and the assembly of light path
component. If we only regard the process of fiber-optic coil as the most important
affect factor without any analyses, this conclusion may lead to a wrong judgement.
During that manufacture process, many manufacture parameters will be created.
Some of them look important; however, because the manufacture stability of those
parameters is good, they will not influence the final product quality. On the
contrary, other factors seem unimportant; but they will lead to serious quality
problem because of the limited manufacture precisions or defects. What’s more, as
for the industrial department, what they concern is which parameter is the most

Table 20.3 The final weight computational results of Tables 20.1 and 20.2

C1 C2 C3 C4 C5 C6 C7 C8 C9

0.5013 0.1095 0.0478 0.0598 0.0064 0.0124 0.2059 0.0214 0.0355
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important factor related to the final quality of IFOG product. To answer that
question, we propose to employ the AHP to search an importance order of those
manufacture process parameters (i.e., the test data), to give a guidance of complex
product manufacture.

20.5 Conclusion

Currently, the industrial department does not have any integrated technique to
evaluation the manufacture process quality of IFOG. A multiple test data analysis-
based manufacture process evaluation method of IFOG is proposed in this paper.
First, some important processes are selected from the whole manufacture proce-
dures. They include the winding and length control of fiber-optic coil, the splicing
operation of fiber, and the light leakage detection of IFOG light path. Second, the
important test data of these manufacture process are collected and were used to
build the judgment matrix. Third, the classic AHP method is employed to evaluate
the integrated manufacture process quality of IFOG. In future, other mathematical
tool, such as the fuzzy AHP method, can be utilized to improve the computational
effect of our proposed method.
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Chapter 21
Design of a New Electrohydraulic Control
System for Segment Rotational Motion

Xu Yang, Guofang Gong, Weiqiang Wu and Yunyi Rao

Abstract In order to achieve high-speed and high-precision rotation positioning
of segment, a new electrohydraulic control system is designed. Thorough mech-
anism analysis is firstly carried out to provide guidance for the design of elec-
trohydraulic system. Then the designed system is analyzed by system modeling,
based on which a suitable control strategy is proposed. Finally, both the electro-
hydraulic system and its control strategy are tested under simulated load in
AMEsim platform. The results show that new electrohydraulic control system can
achieve good performance in both speed control and position control. Therefore,
this new electrohydraulic control system is useful and practical.

Keywords Rotation positioning � Electrohydraulic system � Control strategy �
AMEsim platform

21.1 Introduction

Shield tunnel boring machine (Shield TBM) is a large engineering machinery,
which has been widely used in urban tunnel due to its minimal ground movement
[1–4]. It can achieve continuous tunnel excavation and support through four
subsystems such as cutterhead system, propulsion system, screw conveyor system,
and segment assembling system. Among them, the segment assembling system is
located in the tail of Shield TBM, responsible for supporting the tunnel through
pipe installation. Yet the accuracy of pipe installation will directly affect the
support strength and sealing performance of tunnel wall [5, 6]. Besides, faster
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installation will be beneficial to reduce the construction cycle. Thus, an accurate
and efficient segment assembling system is desperately needed.

Generally, the segment assembling system is a 6-DOF platform, which could
complete segment position control and segment attitude adjustment. As part of the
segment position control, the rotary position control which is usually driven by an
electrohydraulic system is one of the most difficult issues for segment assembling
system due to its large load and long journey. Consequently, the rotary electro-
hydraulic control system is one of the key technologies to achieve accurate and
efficient segment assembling.

In this paper, a new rotary electrohydraulic system is introduced to drive the
segment rotary motion. Based on this electrohydraulic system, a real-time speed
control strategy is also proposed to control the rotary velocity and rotary position
of segment. Finally, a speed control simulation of the electrohydraulic control
system demonstrates the applicability of this system.

21.2 Mechanism Analyses

Segment assembling system is an electrohydraulic control-based serial robot,
which mainly includes swing mechanism, lifting mechanism, horizontal mecha-
nism, and attitude mechanism, as is shown in Fig. 21.1. Loaded with the segment
and other three mechanisms, the swing mechanism is mainly responsible for
segment circular rotation. Thus, the key technology of designing a segment rotary
driving system is to solve the problem of inaccurate positioning caused by large
inertia load and long journey.

21.3 Design and Modeling of the Electrohydraulic Control
System

21.3.1 System Design

Based on previous mechanism analysis, a new electrohydraulic control system
(which controls the rotary motion by adjusting the load flow) is introduced, as is
shown in Fig. 21.2.

The constant pressure oil source is provided by a fixed displacement pump and
a relief valve, which could be discharged by a solenoid directional valve. The
directional valve could also control the oil flow direction by changing spool
position. Actuated by the pressure oil from one direction, the hydraulic motor
drives the swing mechanism at a specific speed (which can be adjusted by the
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proportional throttle valve). The actual torque and speed could be measured by a
torque and speed sensor. Besides, two hydro-control check valves are used to keep
the swing mechanism from moving caused by leakage.

Swing
Mechanism

Lifting 
Mechanism

Horizontal 
Mechanism

Attitude
Mechanism

Fig. 21.1 U3 m segment assembling system
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Fig. 21.2 New electrohydraulic control system for segment rotational motion
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21.3.2 System Modeling

The torque balance equation of hydraulic motor can be expressed as follows:

ðp1 � p2Þ �
Dm

2 � p ¼ J � d
2h

dt2
þ Bm �

dh
dt
þ TL ð21:1Þ

where p1 is the active pressure of hydraulic motor, p2 is the passive pressure of
hydraulic motor, Dm is the hydraulic motor displacement, J is the equivalent rotary
inertia of swing mechanism, h is the rotation angle of hydraulic motor, Bm is the
viscous damping coefficient of hydraulic motor, and TL is the equivalent external
load of swing mechanism.

The flow output of proportional throttle valve can be expressed as follows:

Q ¼ Cv � xv �
ffiffiffiffiffi
p2
p ð21:2Þ

where Cv is the flow gain of proportional throttle valve, xv is the opening size of
proportional throttle valve.

The flow continuity equation in the passive pressure vessel of hydraulic motor
can be expressed as follows:

Dm

2 � p �
dh
dt
þ Ci � ðp1 � p2Þ ¼ Qþ Co � p2 þ

V

be

� dp2

dt
ð21:3Þ

where Ci is the internal leakage coefficient of hydraulic motor, Co is the external
leakage coefficient of passive pressure vessel, V is the total volume of passive
pressure vessel, and be is the oil elastic modulus.

21.3.3 Controller Design

Based on the hydraulic system model, a controller is designed which can be
expressed as follows:

O1 ¼

0 if(PID [ 0Þ

�PID if(� 1\PID\0Þ

1 if(PID\� 1Þ

8
>><

>>:

O2 ¼

1 if(PID [ 1Þ

PID if(0\PID\1Þ

0 if(PID\0Þ

8
>><

>>:

O3 ¼
1 if(PID [ 0Þ

0 else

(

O4 ¼
1 if(PID\0Þ

0 else

(

ð21:4Þ
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PID ¼ Kp � eþ Ki �
Z

edt þ Kd �
de

dt
ð21:5Þ

where O1 and O2 are analog outputs for two proportional throttle valve, O3 and O4

are digital outputs for the solenoid directional valve, e is the speed error of
hydraulic motor, Kp is the proportion coefficient, Ki is the integral coefficient, and
Kd is the differential coefficient.

21.4 Simulations and Discussion

To demonstrate the effectiveness of the electrohydraulic control system, a simu-
lation model is constructed in AMEsim platform, as is shown in Fig. 21.3. The
inertia load and friction load are different between up and down, so two rotary
loads are used to simulate the loads. And two different functions are applied to
simulating the gravity load along the journey. Besides, for simplifying simulation
model, two hydro-control check valves which have little impact on dynamic
performance are omitted. Finally, the designed control strategy is added to the
electrohydraulic system.

Fig. 21.3 Simplified simulation model of rotational electrohydraulic control system
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Based on the simulation model, a rotatory motion test is carried out. The speed
tracking performance can be seen in Fig. 21.4. The position tracking performance
can be seen in Fig. 21.5.

21.5 Conclusions

A prior mechanism analysis provides scientific guidance for the design of rotary
electrohydraulic system. And the model of the system points out that the new
electrohydraulic system can not only keep the actuating pressure stable but also
effectively control the rotation speed of hydraulic motor. Besides, the model-based
control strategy can help to achieve high-speed and high-precision rotation posi-
tioning of segment, which is demonstrated by AMEsim simulation. In the end, the
energy efficiency of the system needs to be further improved.
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Chapter 22
Ergonomics Research of EVA Handhold
Cross-Sectional Dimensions

Yulin Xu, Changhua Jiang, Zheng Wang, Li Wang, Suying Yao
and Chunhui Wang

Abstract Handhold is one of the important manual mobility aids in extravehicular
activity (EVA). This paper is about the method and result of theoretical analysis
and experimental tests of handhold cross-sectional dimensions. Ergonomics design
indexes and their influential factors were put forward through theoretical analysis.
The feasible range of width, thickness, perimeter, and ratio of width and thickness
of handhold cross section were obtained through the griping tests in pressed
extravehicular mobility unit (EMU). Combining the results of theoretical analysis
and experimental tests, the design-referenced value of handhold cross-sectional
dimensions for engineering development was put forward finally.

Keywords Handhold � Cross section � Ergonomics

22.1 Introduction

Astronaut extravehicular activities are important ways to complete construction,
maintenance, and various scientific experiments of the space stations. In the
extravehicular activities, after the astronauts enter the outer space from the airlock
door, they move to specified job sites by handholds laid on the bulkhead
(Fig. 22.1). After completing the extravehicular operations, the astronauts need to
take off foot restraints and stabilize the body posture by handholds around the
operation places. Therefore, the design of the extravehicular handholds is very
important for astronauts to complete extravehicular activities [1].

Ergonomics studies should be conducted to handholds for optimizing human–
machine interface (HMI) of the handholds. According to the practical experience
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of handholds in the International Space Station and analysis of design data of
American handholds, ergonomic designs of the handholds should include the
handholds’ length, spacing, distance between handholds and bulkheads, hand-
holds’ cross-sectional shape and size, etc. Thereinto, the cross-sectional dimen-
sions of the handhold directly determine whether astronauts can effectively and
comfortably grip handholds. This paper carried out ergonomics researches to the
cross-sectional dimensions of the handholds by adopting theoretical analysis and
experimental research methods.

22.2 Theoretical Analyses

22.2.1 Universal Ergonomic Design Principles
of the Product HMI

From the ergonomic view, the product HMI design should follow the following
general principles [2]:

1. The product must effectively achieve the intended functions. Each structure
or design point of products has its own meaning of existence, but the
foremost goal is to achieve its functions.

2. Products should be in proper proportion with the user’s body, so that the
user can maximize efficiency.

3. Designs should be made according to the user’s ability. Factors should be
considered here including gender, age, anthropometric parameters,

Fig. 22.1 EVA astronaut moving on the surface of ESA cabin holding handhold
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kinematics and kinetics characteristics, familiarity to the product and
product’s use conditions, etc. The designers should determine specific
design considerations according to products’ use targets and environment,
the target population, and use conditions.

4. Too much fatigue cannot be caused, and try to avoid static force.

22.2.2 Ergonomic Design Analysis of Handhold
Cross-Sectional Dimensions

HMI between the product with the user includes the corresponding body parts’
participation in product function and communication between the corresponding
body parts and product forms. Therefore, the ergonomic design of the extrave-
hicular handhold cross section can be summarized as astronaut hands’ (wearing
EVA gloves) participation in the griping function of extravehicular activity (EVA)
handhold and communication between hands and handhold cross section.

From the function analysis of EVA handholds, the operation of astronauts to the
EVA handholds belongs to force grip, including griping and releasing of hand-
holds. EVA handholds should be easy and comfortable for astronauts’ griping and
releasing wearing pressurized extravehicular mobility unit (EMU) and be unlikely
to cause fatigue with long-time holding or continuous griping and releasing.

According to the design data of EVA handhold published in NASA-STD-3001
(Fig. 22.2) that the cross-sectional width of the EVA handhold is 35 mm, the
thickness is 16 mm. But these data are only for analysis and reference because of
the differences between the USA EMU and Chinese EMU in the structure, pressure
system and gloves flexibility. At present, most researches on the handholds at
home focus in the civilian areas [3–5], which have bigger difference with operating
conditions during extravehicular activities. Hence, only their research methods can
be learned, and their data cannot be used directly.

The design data of Fig. 22.2 show that basic design factors of EVA handhold
cross section include cross-sectional width and thickness dimensions. They are
related with the dimensions of astronauts’ hands (after the EVA gloves being
pressurized) griping objects. The griping styles can be diverse when the astronauts
actually grip the handhold, palm facing the surface (handhold surface) of handhold
width and the surface of handhold thickness (handhold side). Therefore, the width
and thickness of the handholds are required within the appropriate ranges.

Meanwhile, because of the high risk of EVA, the astronaut should put their
security in the first place. According to the astronauts’ flight experience, they need
to firmly grip the handhold deliberately to feel whether they have gripped if the
handhold is too thin (small perimeter). On the contrary, the astronaut’s thumb
cannot form a closed loop with their index and middle fingers if the handhold is
too thick (large perimeter), so that they cannot feel griping the handholds;
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moreover, they need to open their palms forcibly while they want to move to the
next place. Therefore, the astronaut hopes that his thumb can form a closed loop
with the index and middle fingers while holding the handholds. When the astro-
naut’s thumb forms a closed loop with his middle and index fingers wearing
pressured EMU gloves, perimeter of the closed loop is in a certain range. It can be
used to determine the cross-sectional perimeter of the handhold.

Moreover, to increase the comfort of griping and the function of keeping body
stabilization, the width and thickness of the handhold cannot have much differ-
ence. If there are too much difference between the width and the thickness, the
handhold cross section is close to the form of sheet, which induces the handhold
being uneasy for griping and with poor comfort. On the contrary, if they are too
close, together with the chamfers conducted for security, cross section of the
handhold is close to the circular, prone to rotate when griping with poor body
positioning performance. Therefore, when defining width and thickness of the
handhold cross section, width-to-thickness ratio of the handhold cross section must
be limited (i.e., width/thickness).

Combing with the above analysis, the ergonomic design specifications of EVA
handhold cross section include the following: width, thickness, and perimeter and
width–thickness ratio.

22.3 Researches on the EVA Handhold Cross-Sectional
Dimension Experiment

22.3.1 Experimental Programme

The cross-sectional dimension griping tests of EVA handhold are conducted in two
rounds.

In the first round of tests, the upper, middle, and lower limits are set to the width
and thickness of the handhold cross section, respectively, combining the foregoing
analysis, size parameters of the hands of astronaut crowd, and handhold data being

Fig. 22.2 Shuttle EVA handhold dimensions
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preliminarily verified in the SZ-7 mission. Handholds in nine sizes have been
made, as shown in Tables 22.1, where W represents the width of the handhold
cross section, H represents the thickness, while the subscripts S, M, and L represent
the lower, middle, and upper limits, respectively. Appropriate size ranges for
handhold cross-sectional width, thickness, and width–thickness ratio have been
chosen through the first round of tests.

According to the results of the first round of tests (analysis procedures, see
Sect. 22.3), handhold sizes for the second round of tests have been designed as
shown in Table 22.2. According to the results of the second round of tests, detailed
cross-sectional dimensions of the handholds were obtained, which can be directly
applied to engineering development.

The test subjects were nine men. Because the tests involve only sizes of the
hands, subjects with hand sizes within those of astronaut crowd can be chosen.

Before the test, the testers explain the different griping style and testing pre-
cautions to the test objects in detail. During the tests, the testers hand out hand-
holds with number sequentially to subjects, who do right-hand griping, left-hand
griping, and both hands’ griping for each handhold in turn. After handholds in the
test have been completely gripped, handholds are ranked according to their griping
comfort. During the sorting process, supplement grip experience can be made
according to the subjects’ requirements. After the test was completed, subjective
feelings on grip were collected and recorded.

Subjects wear Fei–Tian EMU pressurized to 40 kPa during the test. Because the
test subjects only need to move their wrists and fingers, there are no special

Table 22.1 Cross-sectional dimensions of EVA handholds used in the first griping test (mm)

No. Width (W) Thickness (H) Perimeter

1 Ws Hs 2 9 (Ws + Hs)

2 Ws HM 2 9 (Ws + HM)

3 Ws HL 2 9 (Ws + HL)

4 WM Hs 2 9 (WM + Hs)

5 WM HM 2 9 (WM + HM)

6 WM HL 2 9 (WM + HL)

7 WL Hs 2 9 (WL + Hs)

8 WL HM 2 9 (WL + HM)

9 WL HL 2 9 (WL + HL)

Table 22.2 Cross-sectional dimensions of EVA handholds used in the second griping test (mm)

No. Width (W) Thickness (H) Perimeter

5 WM HM 2 9 (WM + HM)

6 WM HL 2 9 (WM + HL)

10 (WM + HL) - [(HM + HL)/2] (HM + HL)/2 2 9 (WM + HL)

8 WL HM 2 9 (WL + HM)
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requirements on activity scope of rest of the body. Therefore, the EMU was placed
in a special bracket dedicated for EMU during the test.

22.3.2 Experimental Result

In the first round of tests, the handhold with the top-ranked score was recorded as 9
points; the handhold ranked second being recorded as 8 points, and so on. Nine
subjects’ sorting results are counted according to this scoring method; the results
of the first round of tests were in Table 22.3; the top three handholds were
numbered 8, 5, and 6, respectively.

In the second round of tests, because there are only 4 sizes of handholds being
sorted, the handhold ranked first was recorded as 4 points, the handhold ranked
second being recorded as 3 points, and so on. The results of the second round of
tests were shown in Table 22.4; the top two handholds were numbered 10 and 6,
respectively.

Table 22.3 Results of the first EVA handhold griping test

No. Width (W) Thickness (H) Width–thickness ratio Score Rank

1 Ws Hs 2 1.67 8

2 Ws HM 1.33 2.44 7

3 Ws HL 1 4.78 6

4 WM Hs 3 5.11 4

5 WM HM 2 6.89 2

6 WM HL 1.5 6.89 2

7 WL Hs 4 4.89 5

8 WL HM 2.7 7 1

9 WL HL 2 5.33 3

Table 22.4 Results of the second EVA handhold griping test

No. Width (W) Thickness
(H)

Width–thickness
ratio

Score Rank

5 WM HM 2 2.43 3

6 WM HL 1.5 3.00 2

10 (WM + HL) - [(HM + HL)/2] (HM + HL)/2 &2 3.14 1

8 WL HM 2.7 1.43 4
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22.3.3 Results Analysis and Discussion

22.3.3.1 Analysis of Data from the First Round of Tests

As can be seen from Table 22.3, the first three handholds with highest compre-
hensive sorting scores are numbered 8, 5, and 6, respectively. These handholds’
widths are between WM and WL, thickness between HM and HL, perimeter between
2 9 (WM + HM) and 2 9 (WL + HM), and width–thickness ratio in the range of
1.5–2.7.

According to the observation of tester and subjective feeling descriptions of
subjects, handholds’ width changes abruptly between WM and WL, so an inter-
mediate value between WM and WL should be set to test; an intermediate value for
thickness should also be set between HM and HL. After analysis by combing the
ranges of handholds’ cross-sectional perimeter and width–thickness ratio, a new
handhold (No. 10) was designed whose cross-sectional width is (WM + HL) -

[(HM + HL)/2], thickness being (HM + HL)/2, width–thickness ratio being 2, and
handholds’ perimeter being 2 9 (WM + HL). The No. 10 handhold plus the
handholds ranked the top three in the first round of tests (numbered 5, 6, and 8);
totally, four handholds were used in the second round of tests.

22.3.3.2 Analysis of Data from the Second Round of Tests

According to results of the second round of tests given in Table 22.4, the top two
handholds are numbered 6 and 10 with very close scoring, respectively, 3.14 and
3.00. The handhold ranked third is numbered 5 with scoring 2.43.

The top two handholds have cross-sectional perimeter 2 9 (WM + HL), with
width range between WM and {(WM + HL) - [(HM + HL)/2]}, thickness range
between [(HM + HL)/2] and HL, AND width–thickness ratio between 1.5 and 2.0.

To the handhold ranked third, the cross-sectional perimeter is 2 9 (WM + HM),
width being WM, thickness being HM, and the width–thickness ratio being 1.5.

22.3.3.3 Analysis Result

Through analysis of two rounds of test results, based on the technical state of
domestic Fei–Tian EMU, the design reference values of EVA handhold cross-
sectional dimensions were finally determined as follows: Perimeter is
2 9 (WM + HL), the width range is between WM and {(WM + HL) - [(HM + HL)/
2]}, the thickness range being [(HM + HL)/2] - HL, and width–thickness ratio
being 1.5–2.0.
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22.4 Conclusions

Handholds are important auxiliary devices for astronauts to finish spacewalk and
stabilizing their body postures in the EVAs. Therefore, scientific and rational
designs for handholds will help astronauts to complete EVA tasks efficiently and
conveniently.

This paper analyzes ergonomic design specifications and its influencing factors
for the EVA handholds’ cross-sectional dimensions, with the combination of
foreign application experience and from the EVA handholds’ use environment and
work conditions plus of HMI with astronauts. According to astronaut crowd’s hand
sizes and the pretask data, and referring to foreign EVA handhold design data,
handhold models with different cross-sectional dimensions have been made; two
rounds of test researches have been carried out. Through the analysis of test data,
the cross-sectional dimensional data of handholds have been obtained, which can
be applied in the engineering development.
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Chapter 23
Analysis on the Oxygen Flow Index
of Special Vehicle Oxygen Generator

Yuping Luo, Yaofeng He, Guansheng Huang and Yajuan Bai

Abstract At high altitudes, in special vehicles equipped with oxygen-generating
device, the fighting capacity of the crew can significantly improve. In the process
of oxygen-making device development, whether oxygen flow meets the passenger
demand has nagged the designer. The index is not only affect the oxygen plant
energy consumption, volume and weight, the ways of oxygen inhalation, and
directly affect the feasibility of oxygen generator column mounted. This paper
combination of plateau environment has carried on the oxygen flow index from the
high-altitude physiology angle. On the basis of respiratory physiology demand of
personnel, it decided the pulmonary ventilation as oxygen flow design basis;
according to the special vehicle measurement, defined the pulmonary ventilation
of crew; according to the characteristics of special vehicles, with the physiological
protection requirement of crew and engineering possibility, defined the oxygen
supply strategy suitable; and the oxygen flow index was estimated, which meet the
crew sea level, 1,500, 2,500 m altitude respiratory protection level of crew, pro-
viding reference for the further research on the performance index of the oxygen
plant.

Keywords Pulmonary ventilation � Oxygen flow rate � Oxygen generator

23.1 Introduction

Nowadays, the development work for special vehicles plateau onboard oxygen
generator has made some progress, to solve the problems whether there is oxygen
supply equipment, but there are no indexes for reference to check whether the
oxygen generator’s performance indexes meet needs of the special vehicle
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occupants. Studies on the influence degree of different oxygen flow to the occu-
pants’ physiological parameters and operating performance are still blank; the
basic researches are relatively weak. This paper combines the plateau environment
and characteristics of special vehicles, discusses indexes for oxygen supply flow of
the onboard oxygen generator from the plateau physiological angle, and provides
the best strategies for the onboard oxygen generator.

23.2 Basis of Respiratory Physiological
Requirements [1, 2]

Crews’ demands for the oxygen is the basis and foundation for the development of
the oxygen generator; research and analysis of the respiratory needs of special
vehicle occupants in the plateau conditions are the basis for engineering design.

Processes between humans and the environment and within the human body are
called respiration. Whole respiratory process consists of three interrelated links,
including (a) external respiration, which means gas exchange between blood and
the external environment in the lungs, including lung ventilation and pulmonary
ventilation (gas exchange between alveolar and blood); (b) gas transport in the
blood; and (c) internal respiration, referring to gas exchange between blood or
tissue fluid and tissue cells.

Pulmonary ventilation is the process for gas exchange between the lung and the
outside, namely outside fresh air enters into the lungs and exhaust gas in lungs is
discharged to the outside.

1. Lung capacity

Lung capacity is gas capacity accommodated in the lung. Lung capacity is
changed along with amount of gas in and out of the lungs during the breathing
movement. Measuring lung capacity helps to know conditions of the lung venti-
lation. Lung capacity is divided into the following components.

(a) Tidal volume (VT)
Inhaled or exhaled gas during each quiet breathing is called VT. VT of
normal adults is about 400–500 ml.

(b) Vital capacity (VC)
VC is the gas, which can be exhaled after the maximum inspiratory breath
and then trying to exhale. For normal adults, the lung capacity mean of men is
3.47 L and that of women is 2.44 L.

(c) Residual gas volume
The gas volume remaining in the lungs at the end of expiration is called the
residual gas volume. Healthy adult male has an average residual gas volume
of 1.53 L.

(d) Total lung capacity
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The largest volume of gas which can be accommodated in the lung is called
total lung capacity, namely the sum of VC and residual gas volume. Healthy
adult male has total lung capacity of 3.61–9.41 L.

2. Pulmonary ventilation

Pulmonary ventilation refers to amount of gas, which is breathed into and out of
the lungs. Compared with the lung volume, pulmonary ventilation can better
reflect the pulmonary ventilation functions.

The total amount of gas breathed into or out of the lungs per minute is called
ventilation per minute, and the value equals to VT multiplied by the respiratory
frequency. The average breathing frequency of human when they are in quiet state
varies with age; normal adults’ breathing frequency is about 12–18 b/min.
Respiratory frequency and VT are changed along with the body’s metabolic rate,
both of which are increased while metabolism is increased. When adults’ venti-
lation per minute in quiet state is about 6–8 L, while engaged in heavy labor or
strenuous exercise, it rises up to 70 L above.

Pulmonary ventilation can change by adapting to the needs of a variety of
physiological changes, such as mental stress, increase of physical strength, and
increasing altitude. Generally, when a healthy young adult does strenuous exercise,
VT can be increased from 500 to 2,000 ml, respiratory frequency can be increased
from 12 to 18 to 50 b/min, and the pulmonary ventilation is enlarged several
tenfold. Pulmonary ventilation demands of occupants is the design basis of oxygen
supply system installed in the special vehicle.

23.3 Determination of Pulmonary Ventilation of Special
Vehicle Occupant

The oxygen demand of the body refers the amount of oxygen required in the unit
time for metabolism, also called oxygen consumption. Because there are different
functional status of the body and metabolism, oxygen consumption is also different.

Large numbers of studies show that the human bodies’ oxygen consumption is
proportional to and labor intensity, larger the labor intensity, greater the oxygen
consumption.

When occupants carry out training tasks, they can be divided into in mild,
moderate, and heavy labor according to the labor intensity. Oxygen consumption
also varies correspondingly. Oxygen consumption of special vehicle occupants
was measured when they do water operations; the results show the occupants’
minimum oxygen consumption is 354.6 ml/min/person, and the peak value is
761.3 ml/min/person.

Based on GJB1336-92 ‘‘Strength Grading for Military Physical Labor’’ [3],
pulmonary ventilation can be calculated based on oxygen consumption. Pulmonary
ventilation calculated by the need to complete the job is 14–20 L/min/person.
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Oxygen consumption of the occupants has not been measured in the plateau
region. Occupants’ physical load increases along with increasing altitude; lung
ventilation needed to complete the job increases correspondingly.

23.4 Determination of Oxygen Flow of Onboard Oxygen
Generator

When determining oxygen flow indexes of the onboard oxygen generator, the
following factors should be considered:

1. Physiological protection level of occupants.

The human alveolar oxygen partial pressure drops along with increasing alti-
tude and decreasing atmospheric pressure. By supplementing high concentration of
oxygen, the reduced inhaled oxygen partial pressure can be compensated, which is
caused by the reduction of the atmospheric pressure. If human alveolar oxygen
partial pressure level is very close by supplying oxygen, when staying in two
different atmospheres, they can be considered equivalent if judging from their
effect of oxygen supply to the body. For example, when breathing oxygen in high
density at sea level altitude of 4,000 m, if human alveolar oxygen partial pressure
level is close to that of breathing in the sea level, it deems the body has physio-
logical protection degree at sea level.

Professor Jia Siguang determined the boundary heights of six kinds of physi-
ological protection, based on the influence of different degrees of acute hypoxia on
the human body (without hypoxic acclimatization) [4].

(a) Best value: sea level.
(b) Security value for night flight: 1,500 m, which is physiological limit value to

ensure normal vision during night flight.
(c) Value to guarantee efficiency: 2,500 m, which is physical boundaries to

ensure the effectiveness of daytime flight crew is not being reduced.
(d) Efficacy allowance values: 4,000 m, mild hypoxia response is allowed, but

physiological limit values are not significantly influenced on the efficacy.
(e) Hypoxia tolerance limits: 5,000 m, hypoxia response is obvious, the initial

physiological limit values difficult to withstand.
(f) Hypoxia limits: 7,500 m, the physiological limit value causing consciousness.

Whether the amount of oxygen respiration meets breathe protection can be
judged according to the need of vehicle tactical technology; the level is 1,500 or
2,500 m.

2. Possibility of engineering implementation.

Special vehicle’s interior space is small, oxygen generator with large oxygen
flow is bound to take up too much space, so it is not realistic to use oxygen
generator in the special vehicles, and the feasibility should be considered properly.
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Oxygen flow indicators cannot be put forward fully in accordance with the ideal
physiological requirements.

It is suggested to increase the oxygen-mixing tank at the oxygen output ter-
minal; the high-concentration oxygen gas generated by oxygen devices is mixed
with the environmental gas by mixing means, so that the oxygen concentration
reaches the level of protection to meet the occupants’ physiological needs and save
partial oxygen.

Moreover, oxygen supply can be divided into persistent and intermittent oxygen
supplies according to the oxygen supply demands. Continuing oxygen supply is
the oxygen supply for a long time, generally in conditions that the oxygen source is
enough or serious personal hypoxia, medical oxygen supply often adopts this
means. The intermittent oxygen is adopted for insufficient oxygen source supply;
occupants take oxygen in turn; its performance to improve the body is also obvious
[5].

The author did rough estimation to the oxygen flow needed by every person;
when using molecular sieve oxygen generator (oxygen generation concentration is
56.6 %) at an altitude of 4,000 m, crew pulmonary ventilation is 20 L/min/person;
gas mixing tank is required to be equipped at the oxygen output end of the oxygen
generator. Oxygen is output by the oxygen regulator, adopting oxygen persistent
supply means, and the required oxygen flow per person is as follows:

To meet the crew’s physiological protection level at sea level, oxygen plant flow is
10.4 L/min/person;
To meet the crew’s physiological protection level in the height 1,500 m, oxygen
plant flow is 7.6 L/min/person.
To meet the crew’s physiological protection level in the height 2,500 m, oxygen
plant flow is 6 L/min/person.

Considering constraints in the special vehicle interior space and energy, oxygen
generators to meet the above indexes are not easy to achieve; it is suggested to take
a intermittent oxygen supply mode; occupants take oxygen in turn; the total
oxygen amount can be halved or reduced to 1/4.
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Chapter 24
Technology of Waste Disposal
in Long-Term Manned Spacecraft

Lantao Zhang, Chuanfeng Wei, Wencheng Luo and Fanlu Bai

Abstract During the manned spaceflight, large amount of waste will be produced
due to the daily activities of astronauts. The waste is usually collected and then
brought back to the ground in the short-term spaceflight. In the future missions of
long-term manned spacecraft, the astronauts will spend much longer time in the
spacecraft, in which much more waste will generate. If the waste is not properly
handled, the quality of astronauts’ life and space missions will be seriously
affected. Therefore, the waste disposal technology is a new challenge for the space
station in the future. In this paper, the waste disposal technology in the long-term
manned spacecraft is analyzed in detail. According to the source of the wastes, in
the end, some suggestions are proposed on waste disposal techniques for the
Chinese space station.

Keywords Long-term manned spacecraft � Waste disposal

24.1 Introduction

During the long-term manned spaceflight, large amount of waste will be produced.
If these wastes simply discharged into outer space, which will become space junk
on high speed near the spacecraft orbit, then, the spacecraft will face a serious
security threat. Therefore, these wastes need to be processed in the cabin. How-
ever, the room of the cabin is so limited, and how to effectively complete the
disposal of waste in the cabin has become an important and urgent problem.

L. Zhang (&) � C. Wei � W. Luo � F. Bai
Institute of Manned Space System Engineering, CAST, Beijing 100094, China
e-mail: zlt840208@163.com.cn

� Springer-Verlag Berlin Heidelberg 2015
S. Long and B.S. Dhillon (eds.), Proceedings of the 14th International
Conference on Man–Machine–Environment System Engineering,
Lecture Notes in Electrical Engineering 318, DOI 10.1007/978-3-662-44067-4_24

191



24.2 Source of Waste

The wastes generated during the flight can be broadly divided into three categories,
which are daily activities, repair and maintenances, and the experiments. Specific
types of waste are shown as below, respectively [1] (Fig. 24.1).

The waste of daily activities mainly includes food, clothes, personal hygiene,
exercise, medical monitoring, etc., according to NASA space center experiences
from the International Space Station (ISS), of the volume of all the wastes, food
containers accounted for 85 % and food scraps and personal hygiene products
accounted for 7 and 3 %, respectively. From the data above, the volume of the
waste of daily activities accounted for the major part of all the solid waste [1].

In order to keep much longer time in the spacecraft, the wastes generated from
the experiments, including experimental units, discarded gas, and liquid, which
involve biology, chemistry, and physics, need to be harmlessly disposed.

As the spacecraft operates for a long time in flight, it needs repair and main-
tenances for hardware, which includes external and internal devices, so that the
replacements of the hardware become a major source of wastes, especially in the
latter phase of the spacecraft operation, and the proportion will increase gradually.

24.3 Classification of Waste

According to demanding of astronauts in the long-term manned spacecraft, the
types of wastes are similar to those on the ground. The following classifications are
on the basis of characteristics of the wastes, and the hazard levels are proposed
(Table 24.1).

24.4 Analysis of Disposal Technology

According to the hazard levels of wastes, the disposal methods and difficulties are
relatively different. The wastes on high hazard level should consider in prior both
in terms of disposal and destruction. The technology of waste disposal is analyzed
in the following part according to hazard levels.

24.4.1 Hazard Level 4

The hazard level 4 means the harm is intolerable; the wastes can cause serious
harm to the body tissue, which mainly involve the wet wastes, radiation, sharp
objects, and so on.
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The wet wastes, such as food scraps and stool, contain large amounts of water
and nutrients, which are so beneficial to the growth of bacteria. If not disposed
properly, these wastes would not only bring the smelly odor inside the spacecraft,
but also diseases to astronauts, so that these require adding preservative to prevent

Fig. 24.1 The sources of wastes in long-term manned spacecraft

Table 24.1 Characteristics and hazard level of wastes

Types of wastes Characteristics of wastes Hazard
level

Battery Batteries (such as nickel–chromium, lithium, alkaline batteries,
etc.,)

2

Biology,
medicine

Medical monitoring samples (such as blood, saliva, urine, etc.,),
easy to breed bacteria

4

Sharp objects (Broken glass and plastic products, scalpels), easy to damage
the skin

4

Chemical
hazards

Spilled chemical reagents, easy to react with each other 3

Radioactive
materials

(c radiation etc.,). Inducing human tumors 4

Repair and
maintenance

Various shapes without biohazard 0

Daily activities Dry categories: free of water (such as paper, package, plastics,
etc)

1

Wet categories: rich in water and nutrients, easy to breed
microorganisms (such as metabolites, food scraps, etc)

4

: Hazard level 0. No harm

1. Critical hazard

2. Severe physical harmful exposure

3. Tolerable and serious harm to the body tissues

4. Intolerable and serious harm or contact with body tissue
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the growth of bacteria and using the vacuum technology to keep the packages
entirely sealed. For low temperature can inhibit the growth of bacteria, the
packages can be stored in the low-temperature regions as far as possible.

Due to the microgravity environment, the sharp waste, such as needles, broken
glasses, and others, would be floating in the cabin if not collected, these can make
astronauts get hurt [2], so that a hard shell case would be used.

The radiation waste, such as c source radiation, would bring long-term radiation
in the cabin if not treated, which can cause the body cancer and other chronic
diseases. In order to against the severe damage, radioactive waste should be col-
lected in the radiation-proof containers, such as lead box. For the storage, the
wastes should be placed in areas seldom visited [2].

On account of the severe effects on human health, the astronauts should dispose
the wastes of this hazard level with cautions and destruct them in high priority.

24.4.2 Hazard Level 3

The waste of hazard level 3, which mainly relates to chemicals and biomedicals,
etc., can be tolerated or can cause serious harm to the body tissues.

Chemical wastes are produced on the processes of experiments in the cabin,
such as benzene, CO, and other harmful chemical substances. These chemicals can
react with each other and produce new unpredictable gases. Therefore, this type of
wastes should be stored each in different sealed cans to prevent the secondary
chemical reactions and then mark the information on the label of the cans [3].
However, the wastes, which are compatible with others, can also be stored in the
same sealed container. On the other hand, it is good for economizing the resources
of spacecraft.

Another type of wastes of hazard level 3 mainly generates from the astronauts’
medical care in flight, such as blood, sputum, urine samples, etc., which can
provide nutrients for the microorganisms to make astronauts get cross-contami-
nated. With an environmental difference from ground, we cannot use the auto-
claving method in the space and the amount of such wastes is small, so that these
wastes can be collected by double-sealed bags with moisture-proof design, which
are added disinfectants and antibacterial agents before use, then the wastes should
be kept in the low-temperature areas [3, 4].

24.4.3 Hazard Level 2

Hazard level 2 means the wastes can cause severe physical harmful exposure.
These wastes mainly involve various types of discarded batteries. If these wastes
were generated, the astronauts need to check the integrity of the batteries first in
case of the electrolyte leakage, because the leaked liquid would be floating in
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microgravity environment, which can cause skin allergy if the astronauts con-
tacted, even get into the eyes, which would cause blindness. Thus, the batteries
should be wrapped with plastic film covering to prevent leakage. Then, put the
same type of batteries in a zipper bag [4], so that the collision between different
types of batteries can be avoided, if the batteries were short circuited.

24.4.4 Hazard Level 1

Hazard level 1 means the wastes can cause critical damages. Generally, this type
of wastes is harmless, and only under some circumstances, they can turn to a minor
hazard. These wastes mainly include spare parts for repair and maintenance.
Though they have various shapes and contaminated surface, these wastes have no
biomedical hazard, so this type can be directly put into the new spare parts
package without sealing. As the spacecraft repair and maintenance mainly occurs
in the late operation of long-term spacecrafts, therefore, we should put emphasis
on the storage of these wastes in the late period.

24.4.5 Hazard Level 0

Hazard level 0 means harmless. This type of wastes include dry wastes that are
little moisture, such as paper, package, plastics, etc., these wastes are characterized
by large quantities in the daily life, and the volume after use is significantly higher
than before. For the limited space of the spacecraft, the volume compression
method should be considered to dispose such type of wastes.

24.5 Conclusions

In conclusion, the source and characteristics of the waste are discussed in the
long-term manned spacecraft. According to the hazard level to astronauts and
spacecrafts, the disposal technology of different types of wastes is analyzed, and
corresponding suggestions, such as sealed, compressed, and special containers, are
proposed in the article, which can be considered in the design of Chinese space
station in the future.
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Chapter 25
Analysis of the Mold Resistance
of the Non-metal Materials on Space
Station and Suggestions of Improvement
Measures

Fanlu Bai, Chuanfeng Wei and Lantao Zhang

Abstract The space station and other long-term manned spacecrafts will expe-
rience the risk of microbial corrosion, especially mold, which will be harmful to
the platform system and astronauts. This paper tests the mold resistance level of
several frequently used non-metal materials in the pressured cabins of the space
station. The results show that the mold resistance level of most materials is 0–1,
which satisfies the anti-mildew requirements, but the mold resistance level of some
materials is 2–4, which indicates the surfaces of such materials are overgrown with
fungi, which may cause disruptions of equipment and even failure of missions. We
discuss the reason why some materials does not meet the mold resistance level and
propose the anti-mildew methods of these materials, including adding inorganic,
composite, and natural anti-mildew components to process materials, and more-
over utilize nanotechnologies on the surface treatment of several materials.

Keywords Mold resistance � Non-metal materials � Anti-mildew methods �
Space station

25.1 Introduction

We have already successfully launched several manned Shenzhou spacecrafts and
Tiangong-1 spacecraft and completed short- and mid-term manned spaceflights. In
order to support onboard residence, it is necessary to produce a hospitable envi-
ronment for human in the pressured volume, but it is also a good environment for
the in-orbit microbes to grow, which brings potential safety hazards to the astro-
nauts [1]. Tiangong-1 and the manned spacecrafts have only processed short- and
mid-term manned spaceflights, and the growth of the microbes did not cause
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serious problems. However, for the long-term manned spaceflights, such as the
space station whose lifetime is more than 10 years, the impact of microbe con-
tamination cannot be ignored. The microbial problem is a new challenge for the
space station’s long-term operation.

According to the manned space experience of Russia and USA, the mass
propagation of microbes in the Mir Space Station, the International Space Station
(ISS), and other long-term spacecrafts has brought many problems.

Mir had been operating in orbit for 15 years, and 58 kinds of bacteria and 36
kinds of fungi were found in the pressured cabin, which caused problems to the
equipment and spacecraft structure [2]. ISS is the biggest manned spacecraft ever
since, and it has been operating for 15 years in orbit. Until now, 82 kinds of
microbes are found in the ISS, including 18 genera—48 species of bacteria and 12
genera—34 species of fungi [3].

In addition, according to the research of State Scientific Center of Russian
Federation, the aggressiveness of the in-orbit microbes to the materials is much
stronger than it of the homologous microbes on the ground. From the Fig. 25.1
below, it can be seen that the growth speed of fungi in the ISS is much quicker than
it on the ground, which means the biodegrading activity of the fungi to the
materials will become larger in orbit.

After successfully completing the Shenzhou spacecrafts, the Tiangong-1
spacecraft, and other short- and mid-term manned spaceflights, we are conducting
the research and development of China’s space station, which will operate in orbit
for long term. In order to prevent the harms of the in-orbit microbes and decrease
the secondary pollution of the disinfectant to the pressured volume, it is necessary
to evaluate the mold resistance level of the materials, select those not favorable for
microbial growth, and use antimicrobial materials in the preflight period.
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Fig. 25.1 Comparison of the fungi’s growth on construction materials in the ISS and on the
ground. [2]
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This paper introduces the mold resistance tests of the frequently used non-metal
materials, analyzes the results of the anti-mildew level, and proposes the sug-
gestion for the anti-mildew methods of the materials according to the character-
istics of the materials in the space station.

25.2 Test Methods of Material Mold Resistance

25.2.1 Test Materials

The frequently used materials in the space station are divided into carbon fiber,
glass fiber composites, fabric, decorative materials, thermal insulation material,
anodized surfaces, cable connector, and other categories. According to the above
classification, this experiment chooses 46 kinds non-metal materials to conduct the
mold resistance tests on the ground.

25.2.2 Test Strains

According to the dominant molds separated from the pressured volume, this paper
studies 5 kinds of molds with high corrodibility as the test stain to conduct the
mold resistance test on the ground (Table 25.1).

25.2.3 Test Procedure

• From this experiment, we eluted purified fungal spores with tween 80 and put
spore suspension in the thermostatic shaker to oscillate and separate. Then, we
used high-speed centrifuge to precipitate and separate spores and diluted the
solution with inorganic salt. Then, we adjusted the concentration of the spore
suspension to 1.0 9 106 ± 2.0 9 105 per milliliter through optical microscope
(CX41 produced by Olympus).

Table 25.1 Test strain in the mold resistance test

Code Strain name Strain number

1 Aspergillus niger AS3.3928

2 Aspergillus flavus AS3.3950

3 Aspergillus versicolor AS3.3885

4 Penicillium funiculosum AS3.3875

5 Ball chaetomium AS3.4254
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• In order to check the activity of spore, we took quantitative single spore sus-
pension onto the Potato Dextrose Agar (PDA) panel to cultivate at the tem-
perature of 29 �C for 7 days.

• We pretreated the tested materials and control samples under the temperature
of 30 �C and relative humidity of 95 % for 4 h with MJ-160BS-III mold
incubator produced by BOXUN Company. We made the target spore suspen-
sion by blending all sorts of single suspension together at the same volume and
then sprayed the suspension onto the surface of tested materials and control
sample. Make sure that composite spores have full contact with the materials.

• The temperature of the test chamber (incubator) was around 30 ± 1 �C, the
relative humidity was around 90 ± 5 %, and the materials were exposed for
28 days [4].

Other requirements in the process of experiment should refer to the National
Military Standard.

25.3 Test Results and Analysis

According to the National Military Standard (GJB150.10A-2009), the anti-mold
levels of the tested materials are determined, as listed in the following table
(Table 25.2).

The table above shows that most of test materials are given the level of 0–1,
which means they can meet the anti-mildew requirement. We can also see that
sealing rubber, decorative material, plastic, and resin and textile fiber do not meet
the anti-mildew requirement. Among them, both sealing rubber and textile fiber
are found to be extremely susceptible to fungal colonization, which can lead to
microbial contamination on the surface of material more easily.

All of these materials belong to organic macromolecular compounds, which
have hygroscopic moisture, sensitive chemical group, low crystallinity, low molar
mass, high linear degree of molecular chain, and larger surface area. The rich
nutrients inside the material contribute the growth and reproduction of microor-
ganisms [5], for the following reasons:

Table 25.2 Mold resistance level of the 46 kinds of test materials

Code Material Level

1 Sealing rubber (1 kind) 4

2 Decorative material (2 kinds) 2

3 Plastic and resin (1 kind) 1–2

4 Fiber material (1 kind) 4

5 Other materials (41 kinds) 0–1
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• It contains amounts of additive made of small molecules, which contributes to
the growth of microorganisms.

• It contains rich carbon skeleton structure. Microorganisms can degrade poly-
mers by breaking chemical bonds through enzymatic hydrolysis to obtain
nutrition.

• Textile fiber could be highly absorbent due to its porous structure that can
contribute to active growth and reproduction of microorganisms.

25.4 Suggestions on Anti-mildew Methods

From the results above, several materials cannot meet the mold resistance
requirement in the pressured cabins of the space station. However, the utilization
of these materials is inevitable in the space station for a long time. Therefore, in
order to ensure the safety of the equipment and astronauts in orbit, mold resistance
methods should be taken on the ground.

In the present, most of the anti-bacteria and anti-mildew materials are made by
adding antimicrobial additives, which include inorganic, organic, and natural
agents. The major mechanisms of controlling the microbes are protein denatu-
ralization and genetic interference [6]. For the special environment characteristics
of the space station, some suggestions are proposed on the material surface
treatment methods.

• For the materials in the close contact area, inorganic antimicrobial additives
can be used to achieve the microbial control through active oxygen and slow
release of metal ions. These inorganic additives are divided into the three
categories: metal ions additives (Ag+, Zn2+, and Cu2+), active oxide additive
(ZnO, MgO, and CaO), and photocatalytic additive (TiO2) [7]. They have
board spectrum, high safety, and long effectiveness, but they may not be so
effective for the mold with strong survival abilities.

• For the materials used in the regions that are inconvenient to clean, some
organic components, such as quaternary ammonium salt, are considered to be
added in addition to the inorganic additives to improve the anti-mildew ability
and avoid mass propagation of microbes [8].

• For the regions that are hard to reach, antimicrobial nanotechnology is con-
sidered to be used. Inorganic antimicrobial additives are produced in the
nanosize and coated on the surface of the material through vacuum coating to
increase the surface area and reactivity and eventually increase the antimi-
crobial ability. Based on the characteristics of long effectiveness, high resis-
tance, and high stability, this method can decrease the effect to the electrical
and optical properties of base material surface since the material thickness is at
nanolevel. Astronauts should avoid direct contact with these nanomaterials that
can be easily absorbed by human.
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• For the fabric materials, we can use some natural antimicrobial agents
(chitosan) to compose with, which is antimicrobial, wear resisting, high
intensity, and anti-corrosion, to achieve the composition of two materials and
meet the requirements of the space station.

25.5 Conclusion

In this paper, the process of anti-mildew test of non-metal materials is described.
We analyze the reasons and mechanisms of microbial growth, mainly for those
weak antifungal polymers, such as sealing rubber, decorative material, plastic,
resin and textile fiber, and also propose the schemes used for antimicrobial
treatment of materials.

In addition, from the analysis of physiological and biochemical characteristics
of microorganisms found in ISS, we have learned that the corrosion ability and
environmental adaptability of the microbes have generally increased. Therefore,
we should set higher requirements for the anti-mildew ability to the materials in
the space station and propose more effective anti-mildew methods for the
materials.
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Chapter 26
A Model Construction Based on Research
Capability of Laboratory Environmental
Worthiness

Zhibing Pang, Hualiang Xu, Zaochen Liu, Hongyan Ou, Chenhui Li
and Cheng Jin

Abstract The essay develops model construction and introduces fuzzy compre-
hensive evaluation methods directing at the characteristics that there exist a lot of
fuzzy and uncertain factors in the evaluation of laboratory environmental wor-
thiness. The evaluation index system on research capability of laboratory envi-
ronmental worthiness is set up, comprehensive evaluation model is constructed,
methods and steps of comprehensive evaluation are introduced, and the feasibility
and rationality of methods are verified through the practical cases. The essay has
played an important guidance for developing equipment purchase of environ-
mental worthiness research and doing quantitative experiments.

Keywords Laboratory � Environmental worthiness � Research capability �Model
construction

26.1 Introduction

The US military standard MIL-STD-810F Environmental Engineering Consider-
ation and Laboratory Experiment was issued in 2000. Firstly, it defined the concept
of environmental worthiness. It is described that equipments, subsystem, or parts
realize the full predesigned function under the prospective environment [1].

In China, general requirements for environmental engineering of equipments
(GJB4239) have also given a clear definition on environmental worthiness. It is
described that equipments (products) are estimated to realize their all predesigned
function and performance and/or undamaged ability under the possible facing
interaction of all the environments within their life expectancy and are one of the
main qualities and characteristics [2]. The experts describe the environmental
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worthiness at four levels, that is: environment, function, performance, and
undamaged ability.

Researching environmental worthiness of equipment has an important signifi-
cance for promoting technological performance of equipments operations and
improving generation and progress of combat effectiveness. The laboratory is an
important place for researching environmental worthiness; in laboratory, it is
beneficial to summing up the experience, finding and overcoming the weak points,
improving the research capability of environmental worthiness, and promoting the
full development of laboratory to evaluate the research capability of environmental
worthiness [3].

There exist a lot of fuzzy and uncertain factors in the evaluation of research
capability of laboratory environmental worthiness. Firstly, research capability is a
fuzzy concept; we cannot describe it in accurate mathematic methods. Secondly,
the descriptions of evaluation index status are uncertain. Fuzzy comprehensive
judgment is a kind of evaluation method that is based on fuzzy mathematics and
quantifying some ambiguous and unclear factors in accordance with principles on
synthesis of fuzzy relation. Comprehensive evaluation applying comprehensive
fuzzy judgment for research capability of laboratory environmental worthiness
may improve objectivity and impartiality of evaluation result.

26.2 Comprehensive Evaluation Models of Research
Capability

26.2.1 The Factor Sets

On the basis of consulting a lot of information and extensively asking for the
experts’ advice, the evaluation index system of research capability of laboratory
environmental worthiness is confirmed (Fig. 26.1).The system includes three
levels: target level, the criterion level, and the subcriterion level; they are classified
first-level index, second-level index, and third-level index, respectively. The factor
set of first-level index is {U}, the factor set of second-level index is

U1;U2;U3;U4f g, and the factor set of third-level index is:

U11;U12;U13;U14; U21;U22;U23; U31;U32;U33; U41;U42;U43f g:

26.2.2 The Weight Sets

In the comprehensive evaluation, the weight sets are crucial. It reflects the position
that each factor has dominated or the role that each factor has played during the
comprehensive evaluation and directly influences the result of comprehensive
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evaluation. In general, each index in one level has different importance. Important
indexes must be issued more weights. In the present evaluation methods, there are
two classifications for the confirmation methods of weights: One is subjective
weighting approach, in other words, index weight is determined by experts
according to experience and subjective judgment, e.g., analytical hierarchy process
(AHP) and the least square method. Another is objective weighting approach;
weight is confirmed according to the relations among original data, e.g., the
entropy method and correlation method [4]. As for index system from Fig. 26.1,
the weight set is described as follows:

Second-level index weight: A ¼ a1; a2; a3; a4f g
Third-level index weight: Ai ¼ ai1; ai2; . . .; aikf g

aik is the weight of the number j factor of the third-level index under the number
i factor of the second-level index. Obviously, if i = 1, 2, 3, 4, then j = 1, 2, …, 4,

and
P j

k¼1 aik ¼ 1.

Research Capability of Laboratory 
Environmental Worthiness (U)

Environmental Inspection 

Equipments (U1)

Experiment Staff (U2)

Experiment Benefit (U3)

Research 
Achievements(U4)

The Number of Environmental 

Inspection Equipments (U11)

All Types (U12)

The Number of Expensive Precise 

Equipments with the Larger Size(U13)

Investment (U14)

Educational Background and 
Academic Title (U21)

Check and Evaluation of the 

Staff (U22)

Staff  Training ((U23)

Experiment Object of Environmental 

Worthiness (U32)

The Issued Essays and Thesis (U41)

The Number of Scientific Research 

Program (U42)

Participation Degree of Academic 

Exchange (U43)

Experiment Design of Environmental 

Worthiness (U31)

Experiment numbers(U33)

Fig. 26.1 Evaluation index system of research capability of laboratory environmental worthiness
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26.2.3 The Remark Sets

The remark sets are concluded by the experts according to practical need. Nor-
mally, the remark sets are composed of four levels; they are excellent, good, fair,
and poor in 4-level semantic scale: H ¼ h1; h2; h3; h4f g. In combination with the
experts’ advice, quantitative standards of evaluation are as follows (Table 26.1).

26.3 Steps of Fuzzy Comprehensive Evaluation
of Research Capability

26.3.1 Confirmation of Fuzzy Evaluation Sets

The evaluation panel being composed of n leaders, and experts assesses the third-
level index and confirms the fuzzy evaluation sets by means of fuzzy statistic
methods. The judging methods are flexible, different test methods may be adopted
to acquire reliable data, and relatively scientifically, comprehensively and accu-
rately evaluate every index, e.g., the interview, questionnaire survey, the practical
operation method, etc., suppose the evaluation panel considers the number of the
people with the remark excellent, good, fair, and poor under the certain factor of
third-level index as P1, P2, P3, P4, respectively, then fuzzy evaluation sets that
confirm the factor are:

Rij ¼
p1

n
;
p2

n
;
p3

n
;
p4

n
;

n o
¼ rij1; rij2; rij3; rij4
� �

ð26:1Þ

Then, fuzzy evaluation sets of the second-level index are [5]:

Ri ¼

ri11 ri12 ri13 ri14

ri21 ri22 ri23 ri24

� � � � � � � � � � � �
rij1 rij2 rij3 rij4

2
664

3
775 ð26:2Þ

In formula (26.2), the definition of i and j is the same as 2.2.

Table 26.1 Quantitative standard of evaluation

Evaluation value 0:75\H� 1:00 0:50\H� 0:75 0:25\H� 0:50 0:00\H� 0:25

Remark Excellent Good Fair Poor
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26.3.2 First-Level Fuzzy Evaluation

First-level evaluation is the exact assessment toward each factor of third-level
index that considers the assessment result (formula 26.2) as fuzzy matrix of cor-
responding second-level index factors and multiply the weight of each factor of the
third-level index in accordance with matrix mode. Then, obtain membership
matrix whose assessment result belongs to h1, h2, h3, and h4. Membership matrix
of first-level evaluation result is:

Bi ¼ bi1; bi2; bi3; bi4f g ¼ Ai � Ri ð26:3Þ

In formula (26.3), bi1, bi2, bi3, and bi4, respectively, show membership ði ¼
1; 2; 3; 4Þ of third-level index i whose assessment result belongs to of h1, h2, h3

and h4.

26.3.3 Second-Level Fuzzy Evaluation

We make the first-level evaluation result (formula 26.3) by multiplying the weight
of each factor of second-level index according to matrix mode and then obtain
membership matrix whose evaluation result belongs to h1, h2, h3 and h4. Mem-
bership matrix of second-level evaluation result is:

B ¼ b1; b2; b3; b4f g ¼ A � Bi ð26:4Þ

In formula (26.4), b1, b2, b3, and b4, respectively, show the membership in
which research capability of laboratory environmental worthiness belongs to h1,
h2, h3, and h4.

26.3.4 Comprehensive Fuzzy Evaluations

We make the second-level evaluation result (formula 26.3) by multiplying eval-
uation set vector and obtain the final quantitative evaluation result on research
capability of laboratory environmental worthiness. The formula is:

Z ¼ B � H ð26:5Þ
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26.4 Application Cases

To evaluate the research capability of environmental worthiness at certain labo-
ratory, the index weight is confirmed [6]:

A ¼ 0:3; 0:3; 0:15; 0:25f g; A1 ¼ 0:2; 0:3; 0:3; 0:2f g;
A2 ¼ 0:4; 0:4; 0:2f g; A3 ¼ 0:4; 0:4; 0:2f g;
A4 ¼ 0:3; 0:4; 0:3f g

The evaluation panel being composed of 10 experts, respectively, assess third-
level index on research capability of laboratory environmental worthiness, the
votes that each index obtains are as follows (Table 26.2).

After calculation, second-level fuzzy evaluation result is : B ¼
0:38; 0:418; 0:193; 0:009f g; fuzzy comprehensive evaluation result is: Z ¼ 0:7923.

The research capability of laboratory environmental worthiness is evaluated as
excellent in contrast to quantitative evaluation standard.

26.5 Conclusions

Cultivating consciousness and quality of man–machine-environment system
engineering and realizing that it plays active role in developing arms and equip-
ments and experiments will have an important significance for improving

Table 26.2 Judgment result

Evaluation index Vote for each evaluation hierarchy

Excellent Good Fair Poor

U11 1 5 4 0

U12 2 6 2 0

U13 0 6 3 1

U14 1 4 5 0

U21 3 5 2 0

U22 4 3 3 0

U23 5 4 1 0

U31 8 2 0 0

U33 6 4 0 0

U32 4 5 1 0

U41 7 2 1 0

U42 2 7 1 0

U43 9 0 1 0
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environmental worthiness of equipments [7]. The practical cases have shown that
making use of fuzzy comprehensive evaluation method is simple and easy to judge
the research capability of laboratory environmental worthiness and can overcome
the error that some uncertain factors bring during the process of evaluation and
achieve relatively objective, scientific, correct, and comprehensive evaluation
result. It can not only comprehensively evaluate the research capability of labo-
ratory environmental worthiness, but also quantitatively reflect the exact situation
of each subordinate factor; it provides the principal evidence for the laboratory to
find the difference and make up for difference and then make the final decision. It
may forcefully make rapid progress for research capability of environmental
worthiness and push the full construction of laboratory.

References

1. MIL-STD-810F military standard Environmental Engineering Consideration and Laboratory
Experiment (2000)

2. GJB 4239—2001, General requirements for environmental engineering of equipments
3. Tang C (2012) Research on environmental worthiness of HQ-7B Launching control vehicle in

the Southeastern Coast. Air Defense Forces Command Academy, pp 14–16
4. Xin H (2010) Application of comprehensive fuzzy evaluation in the judgment of ability.

J Sichuan Arms 7
5. Xie J, Liu C (1999) Fuzzy mathematic methods and its application. Science Press, Wuhan
6. Wen C (2006) Evaluation index of teaching laboratory and comprehensive judgment. High

Archit Educ 12
7. Pang Z (1999) Air defense forces man-machine-environment system engineering. Air Defense

Forces Academy, Zhengzhou, pp 136–141

26 A Model Construction Based on Research Capability… 209



Part IV
Research on the Man–Machine

Relationship



Chapter 27
Study on Impact Analysis of Eye
Movement Data to the Bottom-Up
Significant Area Calculation Model

Yajuan Bai, Meng Yang, Yaofeng He, Yuping Luo
and Guansheng Huang

Abstract In view of the eye movement data to improve the bottom-up area cal-
culation model, the modified artificial calculation model for calculation of psy-
chological experiments before and after pictures of a significant area, psychology
experiment and computer model calculation results by comparison and analysis of
the eye movement data of significant influence and the reasons of the area cal-
culation model, for the eye movement data significantly improved computer area
calculation model and provides the interpretation of the psychology. The results
showed that the eye movement data improved significantly the area calculation
model more in line with the human visual system characteristics. Significant area
calculation model of recognition effect is improved obviously.

Keywords Eye movement � Bottom-up � Significant area � Selective attention

27.1 Introduction

Visual significant recognizing area can be used for object exploring, predicting
human eye fixation points, video compression, picture quality assessment, etc. In
the recent years, it has become the hot issue of research. Generally, picture sig-
nificance area can be concerned more, which embodies the selective attention of
human visual system. The calculation model of computer significant area adopts
mathematics model to imitate the visual characteristics. It is divided into two
aspects: bottom-up model driven by feature and top-bottom model driven by task.
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Top-bottom model driven by task depends on the specific task. It is very dif-
ficult to establish generalized top-down calculating model of significant area.
Thus, it develops very slowly. Bottom-up model driven by feature, due to its only
application to bottom-level feature, is beneficial to establish generalized calcu-
lating model of significant area. Iitt’s feature integrated model [1] utilizes the local
physical features of photographs (colour, orientation and luminance), simulates
human eyes’ horizon’s centre, periphery features, forms the significant figure of all
physical features, then makes linear integration on all significant figure and adopts
the competitive strategies of the winner, taking it all to determine the final sig-
nificant area and watching sequence. Although Iitt’s feature integrated model can
realize good recognizing effect under some conditions, due to its only utilizing
local features and low-level physical features, the data consistency of eye move-
ment of the model and when people watch photographs is not very good. On this
basis, many people propose many different significant analyzing methods, as
shown in Figure GBVS [2].

The frequency spectrum residual calculation model [3] appeared by utilizing
the overall feature of photographs. Due to the increase in the application of overall
physical features of photographs, the recognizing overall integrated model on the
significance area is improved. However, due to its establishment on low-level
physical features basis, the recognizing ratio of complex photographs at signifi-
cance area is not significantly improved.

The eye movement data of people’s watching photographs, directly reflecting
people’s recognition on the significant area of photographs. Adopting eye move-
ment data to improve the calculating model based on frequency spectrum residual
error and making calculating model learn the human’s visual feature through
training are the effective methods to improve the calculating model.

The improvement effect on calculating model by using eye movement data is
verified by true photographs in the past. However, the calculating results of sig-
nificance area of the true photographs are the comprehensive effect of variant
factors. It is difficult to differentiate the influence of model on single physical
feature; thus, it is unbeneficial to the objective comment on the improved effect of
calculated model.

Thus, this paper proposes the manual photograph of psychological test to verify
on the improved effect of eye movement data to the calculated model, adopts the
three factors’ selective attention psychological test results to contract with the
calculating model before and after improvement, and analyses the improved fea-
tures and reasons of calculating models of eye movement data. It provides the
psychological explanation and subsequent research direction for the improved
bottom-top calculating model of adopting eye movement data.
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27.2 Psychological Verification Test of Selective Attention

In the psychological field, selective attention has the following three features. The
first kind is stimulus-driven capture view [4]; this view holds that when people
focus on feedfoward visual working, the attention on stimulus mainly depends on
feature significance, and the significance of bottom-down feature determines the
sequence of selective attention. The second kind is the conditional contingent
capture hypothesis [5]; this view holds that only when unique feature factor has the
feature related to tasks can be paid attention to. The choice to stimulus is always
affected by implicitly hiding or explicitly clear task objectives, that is, top-down
affect. The third kind is dimension-weighting account [6]; this view holds that
people’s attention to unique feature factor is affected by top-down model and
down-top model.

This research selects an experimental pattern supporting bottom-top opinions—
extra singleton searching model [7] (Additional singleton search task). The stim-
ulus materials in test include colour significance, shape significance and semantic
significance. The classic test of singleton is added with meaningful photographs
and meaningless photographs to explore the semantic significance. The testing
results show that, when stimulating materials are meaningless objects, the results
support the bottom-down opinions; then, the stimulus materials are meaningful
objects, and it supports the results.

The top-down opinion is that whether the feature (shape) related to tasks can
beat the more significant feature (colour) in physical stimulus is adjusted by
meaningful stimulus or not; this condition is affected by the fact whether features
are matchable.

27.3 Contrast and Analysis of Calculating Results Between
Psychological Test and Computer Model

27.3.1 Contrast of Calculating Results Between
Psychological Test and Computer Model

(1) Meaningless photographs (Fig. 27.1)

The recognition of the significance of difference in original model is incorrect. The
improved model embodies good shape-recognizing capacity, shape difference
sensibility, and comprehensive identifying ability. The identified results of com-
puter after improvement are basically consistency of psychological experimental
results.

Original model cannot distinguish colour difference. The significance recog-
nition of shape difference is incorrect. The improved model embodies the good
simple shape-identifying ability, simple shape difference-sensitive colour differ-
ence sensibility, and comprehensive identifying ability. The identified results of
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computer after improvement are basically consistency of psychological experi-
mental results (Fig. 27.2).

(2) Meaningful photographs (Fig. 27.3)

The identification feature is satisfactory of the original model complex figures.
The identification of shape difference significance is correct. The improved models
do not embody the significant improvement of complex shape-identifying ability,
low difference sensibility of complex shapes and unclear comprehensive identi-
fying capacity. The identified results of computer before and after improvement
are basically inconsistency of psychological experimental results (Fig. 27.4).

Pay attention to the sequence before psychological testing results, green
flowers, red leaves and green flowers. It embodies the influence on front attention
sequence of semantic features. The original model embodies the significance of
shape difference and does not indicate the significance of colour difference and
semantic features. The improved model embodies the significance of colour

The results of 

improved model 

The results of

original model

Psychology stimulus 

material one

Fig. 27.1 Contrast figure of experiment one

Psychology stimulus 

material two

The results of

improved model

The results of

Original model

Fig. 27.2 Contrast figure of experiment two
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difference, but does not indicate shape difference significance and the influence of
semantic features on significance. The identified results of computer before and
after improvement are basically inconsistency of psychological experimental
results (Fig. 27.5).

Pay attention to the sequence before psychological testing results, green leaves
and green flowers. The significance identification of shape difference of original
model is incorrect. The original model has low sensitivity to shape difference. The
improved model embodies the significance of shape difference and has lower
shape sensitivity. The identified results of computer after improvement are basi-
cally consistency of psychological experimental results (Fig. 27.6).

Pay attention to the sequence before psychological testing results, red flowers,
green leaves and green flowers. The significance identification of shape difference
of original model is incorrect. And the significance identification of shape dif-
ference is incorrect. The improved model embodies the significance of colour

The results of

improved model

The results of

original model

Psychology stimulus 

material three

Fig. 27.3 Contrast figure of experiment three

The results of

improved model

The results of

original model
Psychology stimulus 

material four

Fig. 27.4 Contrast figure of experiment four
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difference and does not indicate shape difference significance. The identified
results of computer after improvement are basically consistency of psychological
experimental results.

27.3.2 Feature and Reasons Analysis of the Improved
Models

(1) Improved mode embodies the colour difference, shape difference and com-
prehensive difference identifying capacity better than the original models.

Analysis of reasons: seen from using the method of eye movement data, it
amounts to focussing the significance area scope according to the eye movement
data, eliminating the large unreeled significant area apart from calculation and
intensifying the significance and identification of local shape.

The results of
improved model

The results of
original model

Psychology stimulus 
material five

Fig. 27.5 Contrast figure of experiment five

The results of

improved model

The results of

Original model

Psychology stimulus 

material six

Fig. 27.6 Contrast figure of experiment six
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Human eyes’ perceptual ability to colour difference reflects in the eye move-
ment data. Thus, after training, the colour difference-perceiving ability of the
improved model is improved slightly.

Human eye movement data result from the perception signification compre-
hensive identification of shape, colour, orientation and luminance. Thus, after
adopting eye movement data training, the improved data indicate the improvement
of comprehensive identifying ability.

(2) The improved model illustrates high sensitivity to colour difference, low
sensitivity to shape difference and no identifying capacity to semantic
significance.

Possible reasons: Due to the roughly same meaningful area as the meaningless
area in eye movement training samples, the meaningless area quantity is slightly
improved and does not have conscious semantic significance training on calcu-
lating model. Thus, models cannot embody the improvement of semantic signif-
icance capacity.

27.4 Discussion and Conclusion

(1) Adopting eye movement data can improve the bottom-top visual significance
area calculating model to some extent.

(2) Adopting classic psychological experimental artificial photographs and
experimental results can effectively verify the improved effect of calculating
models of visual significance area.

(3) Adopting eye movement data to improve the calculating model of bottom-
down visual significance are. The selection of eye movement data sample is
very important.
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Chapter 28
Integrated Evaluation of Pilot Situational
Awareness in Man–Machine Interaction

Binchun Liu and Wanqing Li

Abstract Scientific and reasonable evaluation of pilot situational awareness play
an important role in pilot scenario cognitive skills training quantification, targeted
to develop training programs and improving the flight technical level, and ensuring
flight safety. At present, national rating situational awareness is mainly based on a
comprehensive evaluation of operating efficiency measurements, this method is
objective, non-interference and easy to use, the problem is it may not truly reflect
situational awareness levels of the operator. This paper evaluates pilot situational
awareness by using method integrated by frozen measurement techniques which
best meet the Endsley definition of situational awareness, gray clustering synthetic
evaluation, and fuzzy synthetic evaluation.

Keywords Pilot � Situation awareness � Gray clustering synthetic evaluation �
Fuzzy synthetic evaluation

28.1 Introduction

The most widely introduced definition by situation awareness (SA) is proposed by
Endsley [1]. He thought that SA perceives, understands the component parts
within the environment of certain time and space, and predicts the following
changing conditions of these parts. The difference between the research orientation
of SA and research field would cause different SA measuring methods and dif-
ference of the evaluation methods. Currently, the most representative measurement
and evaluation on China domestic aviators’ SA mainly adopt the fuzzy synthetic
evaluation method of working performance measurement [2]. This method utilizes
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the task to express the assessment operators’ SA level, with the advantages of
objectives, no interference, and easy for use. The research shows that high SA may
be the necessary conditions with good performance, but not the sufficient
conditions.

Therefore, the maximum issue of working performance measurement may not
really represent the SA level of the operators.

SA of the flying cadets, in this research, adopts freezing measurement tech-
nology, gray clustering comprehensive judgment, and fuzzy synthetic evaluation
method for assessment. Freezing measurement technology belongs to the memory
exploring technological category. This measurement method fits Endsley’s defi-
nition on SA.

This paper deals with the data collection, analysis, and evaluation of traffic
pattern on the tested flying cadets (flying about 15 h) on the preliminary training
flight simulator. The action sequence and collecting points of traffic pattern refer to
Fig. 28.1.

28.2 Situation Awareness Comprehensive Judgment
Hierarchical Division of Flying Cadets Based
on ‘‘Three-Hierarchical Model’’

28.2.1 Situation Awareness Comprehensive Judgment
Hierarchical Division of Flying Cadets

‘‘Three-Hierarchical Model’’ theory [3] means that SA can be divided into three
phases: the first phase, perception to the current context components; the second
phase, comprehensive situation understanding; the third phase, prediction and
planning for the following situation.

Based on the above-mentioned theory, according to the simulated flight of
traffic pattern of flying cadets, establish the comprehensive judgment hierarchical
figure of SA, referring to Fig. 28.2.

28.2.2 Experimental Method

This experiment uses freezing measurement technology and proposes questions to
the testees at the interval of simulated flight. Simulation task stops at several key
timing points. All the information related to the tasks is eliminated. During the
freezing period, the testees answer the issues related to the SA. The mastering
principles of testing include, firstly, the reasonable structure of the measured point
indicator system; secondly, the time control of the testees answering questions.
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28.3 Comprehensive Judgment Hierarchy of Situation
Awareness

28.3.1 Judgment Model of Hierarchies of Situation
Awareness

In view that the flying cadets take subjective assessment as the primary objects and
some limitation and fuzziness exist in their cognition, the first-level comprehen-
sive assessment selects and uses clustered comprehensive evaluation method and
the second-level comprehensive evaluation selects fuzzy comprehensive evalua-
tion method.

Fig. 28.1 Action sequence of takeoff and landing flights

Fig. 28.2 Two-degree synthetic evaluation hierarchy chart of situational awareness
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28.3.1.1 The Mathematical Model of White Functions in Gray
Clustering Analysis

Considering that the single value and multivaluedness of classic white function,
upper limit measurement white function and lower limit measurement white
function meet the humans’ thought features and non-uniqueness of subjective
assessment solution, select them as the gray analysis function of SA [4].

Classic white functions are recorded as f k
j xk

j ð1Þ;xk
j ð2Þ;xk

j ð3Þ;xk
j ð4Þ

j k
; upper limit

measurement white functions are recorded as f k
j xk

j ð1Þ;xk
j ð2Þ;� ;�

j k
; and the lower

limit measurement white functions are recorded as f k
j �;� ;xk

j ð3Þ;xk
j ð4Þ

j k
. Among

them, xk
j ð1Þ; xk

j ð2Þ; xk
j ð3Þ and xk

j ð4Þ are the turning points of f k
j ð�Þ.

Adopt five categories of {Excellent, Fairly good, Medium level, Poor level, and
Very poor level} as the information overlaying of subjective assessment of indi-
cators on flying cadets’ SA [5]. Take the turning points of white function of each
category as follows:

Excellent: f 1 87; 93;�;�½ �
Fairly good: f 2 77; 83; 87; 93½ �
Medium level: f 3 67; 73; 77; 83½ �
Poor level: f 4 57; 63; 67; 73½ �
Very poor level: f 5 �;�; 57; 63½ �

Substitute the turning points of all categories into the corresponding upper limit
measurement white functions, typical white functions and the lower limit mea-
surement white functions. Then, the mathematical models of white functions of all
categories can be obtained.

f 1ðxÞ ¼
0 x\87

x�87
6 x 2 ½87; 93�
1 x� 93

8
<

: ð28:1Þ

f 2ðxÞ ¼

0 x 62 ½77; 93�
x�77

6 x 2 ½77; 83�
1 x 2 ½83; 87�

93�x
6 x 2 ½87; 93�

8
>><

>>:
ð28:2Þ

f 3ðxÞ ¼

0 x 62 ½67; 83�
x�67

6 x 2 ½67; 73�
1 x 2 ½73; 77�

83�x
6 x 2 ½77; 83�

8
>><

>>:
ð28:3Þ
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f 4ðxÞ ¼

0 x 62 ½57; 73�
x�57

6 x 2 ½57; 63�
1 x 2 ½63; 67�

73�x
6 x 2 ½67; 73�

8
>><

>>:
ð28:4Þ

f 5ðxÞ ¼
0 x 62 ½0; 63�
1 x 2 ½0; 57�

63�x
6 x 2 ½57; 63�

8
<

: ð28:5Þ

28.3.1.2 Fuzzy Synthetic Evaluation Model

Fuzzy synthetic evaluation scale selects evaluation set V and the affecting factors
set U of evaluation objects

V ¼ fv1; v2; . . .; vmg

U ¼ fu1; u2; . . .; ung

In the above formula, m is the evaluation scale number; n is the number of
affecting factors.

All affecting factors have different importance degree to the evaluated matters
of property. Fuzzy subset A may be used to express.

A ¼ a1; a1; . . .; anð Þ

In the formula, ai is the degree of membership of ui to A. As weight coefficient,Pm
i¼1 ai ¼ 1:
Thus, conduct synthetic judgment through fuzzy change.

P ¼ Ao R ¼ ðp1; p2; . . .; pmÞ ð28:6Þ

All factors pj in P is the operation results derived from the generalized fuzzy
compositional operation. Considering the weight average type Mð�;�Þ, not only
considering all the affecting factors, but also reserving the judgment information of
single factor, the second-level judgment of this research adopts this mode.

28.3.2 The Confirmation of Flying Cadets Situation
Awareness on Hierarchy Weight Coefficient

The first layer clusters clustering weight coefficient, and the second layer of
importance degree shall be obtained by analytic hierarchy process (AHP) [6].
Aiming at some flying cadet A, measure his weight values of indicator clusters
groups referring to Tables 28.1, 28.2, 28.3, 28.4, 28.5 and 28.6.
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In the same way, experts can obtain the level two synthetic judgment weight
value as follows based on the task difficulties of six key points.

A0 ¼ ð0:1; 0:13; 0:16; 0:16; 0:2; 0:25Þ

Table 28.1 Evaluation index
gj and evaluation value in A
point

Evaluation index The clustering
weights gj

Evaluation
value

1. Sense to pitch 0.28 95

2. Sense to navigate 0.25 90

3. Sense to velocity 0.16 87

4. Comprehend and predicting
the current situation

0.31 88

Table 28.2 Evaluation index
gj and evaluation value in B
point

Evaluation index The clustering
weights gj

Evaluation
value

1. Sense to pitch 0.20 90

2. Sense to slope 0.18 90

3. Sense to altitude 0.13 92

4. Sense to velocity 0.13 80

5. Sense to navigate 0.06 85

6. Comprehend and predicting
the current situation

0.30 86

Table 28.3 Evaluation index
gj and evaluation value in C
point

Evaluation index The clustering
weights gj

Evaluation
value

1. Sense to pitch 0.13 85

2. Sense to slope 0.14 90

3. Sense to altitude 0.18 90

4. Sense to velocity 0.08 80

5. Sense to navigate 0.17 88

6. Comprehend and predicting
the current situation

0.30 86
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Table 28.4 Evaluation index
gj and evaluation value in D
point

Evaluation index The clustering
weights gj

Evaluation
value

1. Sense to pitch 0.11 86

2. Sense to slope 0.10 86

3. Sense to altitude 0.16 90

4. Sense to velocity 0.07 70

5. Sense to navigate 0.09 73

6. Sense to location 0.17 92

7. Comprehend and predicting
the current situation

0.30 83

Table 28.5 Evaluation index
gj and evaluation value in E
point

Evaluation index The clustering
weights gj

Evaluation
value

1. Sense to pitch 0.11 85

2. Sense to lifting speed/
falling speed

0.11 80

3.Sense to in-air pressure 0.08 70

4. Sense to velocity 0.08 70

5. Sense to navigate 0.17 92

6. Sense to location 0.15 90

7. Comprehend and predicting
the current situation

0.30 82

Table 28.6 Evaluation index
gj and evaluation value in F
point

Evaluation index The clustering
weights gj

Evaluation
value

1. Sense to lifting speed/
falling speed

0.16 75

2. Sense to in-air pressure 0.09 63

3. Sense to velocity 0.11 80

4. Sense to altitude 0.16 90

5. Sense to location 0.18 92

6. Comprehend and predicting
the current situation

0.30 83
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28.3.3 Variant Synthetic Judgment of Situation Awareness
of Flying Cadet

28.3.3.1 Grade One Synthetic Judgment

According to the synthetic evaluating standard of all indicators, obtain the average
synthetic evaluating score of all indicators (Tables 28.1, 28.2, 28.3, 28.4, 28.5, and
28.6) aiming at some flying cadet A. Substitute the formula rk

i ¼
Pm

j¼1 f k
j ðxijÞ � gj

with formula (28.1)–(28.5) and data in Tables 28.1, 28.2, 28.3, 28.4, 28.5, and
28.6. Then, the gray clustering at six key points can be obtained for some flying
cadet A.

rk
A ¼ ðr1

A; r
2
A; . . .; r5

AÞ ¼ ð0:456; 0:543; 0; 0; 0Þ
rk

B ¼ ðr1
B; r

2
B; . . .; r5

BÞ ¼ ð0:298; 0:636; 0:065; 0; 0Þ
rk

C ¼ ðr1
C; r

2
C; . . .; r5

CÞ ¼ ð0:188; 0:771; 0:051; 0; 0Þ
rk

D ¼ ðr1
D; r

2
D; . . .; r5

DÞ ¼ ð0:221; 0:618; 0:125; 0:035; 0Þ
rk

E ¼ ðr1
E; r

2
E; . . .; r5

EÞ ¼ ð0:216; 0:518; 0:185; 0:08; 0Þ
rk

F ¼ ðr1
F; r

2
F; . . .; r5

FÞ ¼ ð0:23; 0:465; 0:215; 0:09; 0Þ

28.3.3.2 Level 2 Comprehensive Judgment

Take the key points of A, B, C, D, E, and F as the six single factors. According to
level two synthetic judgment weight value A0 and formula (28.6) make the second-
level judgment on some flying cadet A

P ¼ A0 � R

¼ ð0:1; 0:13; 0:16; 0:16; 0:2; 0:25Þ

0:456 0:543 0 0 0

0:298 0:636 0:065 0 0

0:188 0:771 0:051 0 0

0:221 0:618 0:125 0:035 0

0:216 0:518 0:185 0:08 0

0:231 0:465 0:215 0:090 0

2
666666664

3
777777775

¼ ð0:254; 0:578; 0:460; 0:044; 0Þ

Note: The flying cadet belongs to Excellent level by 0.254 membership degree,
Fairly good level by 0.578 membership degree, Medium level by 0.460 mem-
bership degree, and low level by 0.044 membership degree.
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28.4 Conclusion

1. In view that SA of flying cadet is dominated by subjective assessment and has
limitation and vagueness to the recognition, the first-level synthetic judgment is
suitable for adopting the gray clustering analysis method for subjective
assessment; in order to keep applying the first-level information better, the
second-level judgment adopts fuzzy synthetic assessment analysis method,
applicable to the overall assessment of the SA of flying cadet. It is practicable
and feasible.

2. Compare the assessment of SA of flying cadet and the assessment based on
working performance SA. It is feasible to measure the flying cadets’ attention
distributing status, memory level, professional knowledge level, action
response, correctness of action coordination, so as to formulate the training
plan with pertinent purpose.
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Chapter 29
On the Eye Movement Technique-Based
HMI Work Efficiency Evaluation System

Chenhui Li, Zhibing Pang, Zengjun Ji, Honglei Li, Haitao Zhao
and He Wei

Abstract HMI is the interaction window between the equipment and the operator.
It realizes the transformation of the equipment information from the internal to that
can be accepted by the operator. It is a very important component in the overall
design of equipment, which may affect the operation and combat efficiency. The
paper aims to evaluate and optimize the HMI of equipment. First, the authors
elaborate the basic functions of the experimental system for HMI evaluation; then,
they analyze the hardware and software composition of the system; finally, they
foresee the application of the system in industrial design, basic instruction, and
operation training. At the same time, the paper may guide the design and con-
struction of the experimental platform for the general-purpose HMI evaluation and
optimization.

Keywords Human–machine interaction (HMI) � Interface evaluation � Eye
movement technique � Work efficiency evaluation

29.1 Introduction

As the interaction window between the equipment and the operator, the human–
machine interaction (HMI) realizes the transformation of the equipment infor-
mation from the internal to that can be accepted by the operator. It is a vital
component in the overall design of equipment, which may affect the play of the
operation and combat efficiency [1, 2]. Traditionally, HMI evaluation, usually
conducted by simulation test, user observation, or questionnaire, is not accurate in
data and not reliable in objectivity due to lack of scientific basis. The eye
movement technique may be employed in the human–machine interaction, by
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observing the movement parameters of eyeballs, to evaluate the human–machine
interface and thus provide an objective basis for optimizing the human–machine
interface. In the recently developed expert-novice paradigm, the experimented
personnel is divided into two groups: experts and novices. The eye movement data
of the these two groups are collected and the difference is compared as far as the
time of gaze, number of gaze point, and scanning trace are concerned in order to
find out the experts’ effective and practical scanning pattern and the novices’
scanning drawback. The result is of great significance for directing the novices’
skill training [3]. When the equipment HMI operation training, the direction of the
eye movement pattern can be help the novice learn the experienced operators’
effective eye movement distribution trace and foster a correct scanning habit,
which may increase the training efficiency, shorten the training period, and help to
adjust the equipment training contents.

29.2 Eye Movement Technique and Its Application

The human eye movement is the fast hopping movement between a series of
staying points on the observed targets, which is usually categorized as three types:
gazing, eye hopping, and eye tracking [5]. The eye movement technique is to track
the eyeball movement and record its time/spatial data by detecting the relative
movement of the position of the eyeball gazing point, such as the gazing time,
number of gaze, incubation period of the eye hop, number of gaze back, size of
pupil, and distance of eye hop. The analysis of the eye movement data can obtain
the selection mode and the cognition feature of an operator’s visually processed
information and thus helps to learn the operator’s distribution of attention and
status of workload during the equipment manipulation [6]. As far as the human–
machine interface and work efficiency are concerned, the eye movement technique
may be applied in the following four aspects:

(1) The Design of the Human–Machine Interface

The eye movement technique may be used to study the advantage and disadvan-
tage of the HMI layout of the equipment and analyze its effect on the work
efficiency of the equipment. The eye movement facilities may be used to measure
the operator’s eye movement during operation. Then, according to the eye
movement data, the effect of the interface layout on the operator’s cognition may
be analyzed to provide a scientific basis for optimizing the human–machine
interface.

(2) The Operator’s Achievement/Efficiency Test

When the operator’s eye movement pattern is studied, the eye movement mode
may be used to diagnose the operation drawback and evaluate the operation
achievement/efficiency. Additionally, the comparison between the expert’s and the

232 C. Li et al.



novice’s eye movement modes during operation can not only provide reference for
evaluating the operation achievement/efficiency, but also provide basis for for-
mulating the operator’s training program.

(3) The Operator’s Fatigue Test

During operation, an operator needs to concentrate his/her energy on monitoring
all sorts of instruments for a long time, which may cause the fatigue of the physical
functions of the brain and eye and result in the misoperation of the equipment and
thus affect directly the combat training of the force. The eye movement technique
may be used to evaluate and analyze the human–machine interface, deducing the
degree of visual fatigue and the degree of cognition drop and thus quantifying
objectively the corresponding workload and degree of fatigue.

(4) The Operator’s Distraction Test

During operation, an operator may be distracted due to the noise of alarm, artificial
factors, and non-artificial factors, which may decrease the operation achievement/
efficiency and increase the probability of error when serious. The eye movement
technique may used to measure and analyze quantitatively the distraction of the
operator, so that the distraction may be detected as early as possible.

29.3 Eye Movement Technique-Based HMI Work
Efficiency Evaluation System

29.3.1 Functions Realized by the System

During evaluating and optimizing the human–machine interface, there are two
major issues: first, ‘‘adapt the machine to the human,’’ which is addressed at the
stage of the equipment research and design in the closed loop ‘‘design–simulation–
test–correct,’’ where the data statistics and experience analysis is conducted, and
thus consumes a lot of manpower and material; second, ‘‘adapt the human to the
machine,’’ which is addressed at the stage of the equipment finalization and field,
where the variable room of the equipment is reduced, the human’s plasticity must
be brought to the full play to limit and train the operator so that the human may be
better adapted to the equipment and the combat efficiency of the equipment be
brought to the full play. At the same time, the design defects detected when the
equipment is used should be reported to the industrial department for further
optimizing the design and manufacture of the equipment.

The evaluation and optimization of the human–machine interface of the
equipment are in fact to analyze the matching degree between the operator and
such HMI elements as information display and widget layout. Different operators
have different levels of understanding of the equipment internal structure and
operation skills, which may directly affect the operators’ ability to obtain
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information from the human–machine interface and thus affect their ability to react
during interaction. Due to the principle that the visual sense comes first, the
operator must have an effective visual method to collect information. This will
decide the quality of the subsequent information processing and the effect of the
subsequent behavioral reaction, which is the basis for the match between the
human and the machine. The visual search is a complex process of cognition and
highly purpose oriented.

The eye movement technique may be introduced into the evaluation of the
human–machine interface and the optimization of the operational procedure, and
the visual search is brought to full play to the evaluation and optimization of the
human–machine interface; thus, a corresponding evaluation experimental system
may be developed. The system is based on the HMI ergonomics design standard
and principle. It applies the eye movement technique to analyze the quantitative
relationship between the amount of information provided by the human–machine
interface and the visual-cognition reaction time; then, by combining the collected
experiment data with the test of the HMI model, it evaluates the field of vision,
visible area, tangible area, widget layout, etc., of the human–machine interface. At
the same time, according to the result of the quantitative analysis, the system
studies the HMI design defects and problems with the operational procedure and
suggests the optimization or improvement scenario. The system may provide the
following two major functions:

(1) It solves effectively the issue that the human–machine interface is objectively
evaluated.

The key to the evaluation of the human–machine interface is able to ensure the
coordination and synchronization between the visual reaction and the operation
feedback, so that the operator can learn rapidly and accurately all the status
parameters of the equipment and the battlefield environment information from the
human–machine interface and thus accomplish the combat mission with high
efficiency. Therefore, the measurement and analysis of the operator’s eye move-
ment may collect such information as the position change and staying time of the
gazing point on the human–machine interface; the recording of the movement
sequence and the description of the trace may measure the effectiveness and
reasonability of the HMI layout; as a result, the displayed density of visual sense
may be decreased and the visual sense of balance may be increased as far as
possible. The hot gazing point collected reflects directly the spatial distribution of
the operator’s eye movement trace and marks the length of the gazing time in the
area concerned. The pulse of the eye movement trace may be used to analyze the
affecting factors concerned and avoid the inconsistence of the interface layout.

(2) It solves effectively the issue that the operational procedure is scientifically
optimized.

When optimizing the operational procedure, the key issues to be addressed are
rapid input, precise manipulation, clear information, and standard diagram. The
operator’s eye movement may be analyzed, especially the interval and sequence of
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the gaze and hop, to optimize the operational structure and procedure by com-
paring and analyzing the operational procedure. The average number and average
time of the gazing point may be calculated to indicate the reasonability of the HMI
layout and the difficulty in displaying the information. As the rapid input, the
operator’s input actions should be so reduced to increase his/her work efficiency
and probability of error. As for the precise manipulation, the manipulation to be
easily mistaken and confused should not be interrelated and interweaved in order
for the operator to prevent from committing errors and optimize the operational
steps. As for the clear information and standard diagram, a corresponding
improvement scenario should be suggested on the basis of the HMI evaluation and
the system should be used to conduct a simulation test for the scenario in order to
evaluate the effect of the interface improvement on the optimization of the
operational procedure.

29.3.2 Structural Composition of the System

The system adopts the advanced eye movement technique to collect and replay the
operator’s eye movement status. By combining the dynamic display of HMI
simulation model, the system analyzes the design defect and optimizes the oper-
ational procedure, constructs a corresponding HMI evaluation index, suggests the
improvement scenario, and may replay the test. The overall structural composition
of the system is as indicated in Fig. 29.1.

The system applies the eye movement technique and the CAD modeling
technique. On the basis of the study of ergonomics, artificial intelligence, and data
knowledge and in accordance with the operator’s personal characteristics, opera-
tional capability, and behavioral features such as visual search and cognition
capability, the system is to study the evaluation method and optimization principle
of the equipment HMI layout. The Mobile Eye series eye tracker is used to collect
and replay the data with the field of vision, hand manipulation, and eye tracking
process during the operator’s manipulation of the equipment HMI or the simulated
HMI. The system controller and the data service are used to sort and analyze the
collected data, and evaluate and optimize the HMI layout and operational proce-
dure according to the operator’s eye movement trace and related parameters.

(1) Hardware Components

The hardware of the system consists of the eye movement facility, multi-touch
display, and computer. The eye movement facility is mainly used to collect the
operator’s eye movement trace. The display is mainly used for the dynamic display
of the HMI simulation model in order to evaluate the HMI and optimize the
operational procedure. The system controller and the data service are used to
process the collected eye movement data and analyze corresponding gaze, hop,
servo trace, and time, and size and distribution of the hot spot area and interference
area.
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(2) Software Components

The software of the system consists of the control software (self-contained software)
of the eye movement facility and the HMI evaluation and optimization analytical
software (self-developed software), as indicated in the block diagram shown in
Fig. 29.2. The CAD modeling technique is employed to shrink or amplify the
equipment HMI in proportion; construct the simulation model and the simulation
operational environment of the equipment HMI together with the relative affecting
factors such as light, weather, and noise; and expand the application function of the
evaluation experiment.

29.3.3 Prospect of the System Application

The system may be used to enhance effectively the capability to study the
equipment HMI, transforming from the traditional empirical statistics to the
combination of qualitative and quantitative studies.

(1) May serve the industrial department for research and demonstration

With the increasing digitalization and automation, the weapon and equipment are
more and more dependant on the human–machine interface. The human–machine
interface of the early weapon and equipment is designed by its research and
development personnel, who often understand the manipulation of the equipment
from other perspective than the operator with the troops. This may bring difficulty
for the manipulation of the equipment, restricting seriously the full play of the
combat efficiency of the equipment. To solve such problems, the industrial

multi touch display

system controller

eye movement facility

cabin equipment

data service

data collection

data collection and replay data reception

data processing

evaluation and optimization

Fig. 29.1 Overall structure of the system
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department dispatches its representative to the troops to learn and guide the
manipulation of the equipment, but this cannot solve the problem absolutely. The
eye movement technique embeds the HMI evaluation index system into software,
evaluates the HMI automatically, and produces a corresponding evaluation report
after quantitative and qualitative analysis, which may enhance the pertinence of
the industrial department in designing the equipment HMI.

(2) May serve the military institutions for standardizing teaching and learning

In the training of the cabin equipment, the military institutions carry out the
manipulation standard strictly adopting the normalized guidance as the major
mode, which restricts the cadets’ initiative. In the equipment practical training, the
cadets may master the basic operational procedure, but the manipulation steps are
rather rigid and cannot match the HMI well, which affect seriously the play of the
human–machine adaptability. The eye movement technique may be used to
monitor the operational procedure; by way of exchange and discussion, the degree
of match between the individual cadet and the cabin HMI may be analyzed;
according to the personal situation, the corresponding operational procedure may
be optimized to enhance the efficiency of the equipment; the individualized
equipment training may thus be realized.
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Fig. 29.2 Software structure
of the experimental system
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(3) May serve the field troops for scientific training

In order to generate the combat power as soon as possible, the industrial depart-
ment usually dispatches its representatives to the troops to guide the training on the
site after the cabin equipment is fielded. At present, the operators in the troops are
mainly non-commissioned officers. Due to the difference in knowledge and skill,
they have a great different understanding of the equipment HMI and operational
procedure with the assumption of the industrial department. Therefore, the system
can evaluate and analyze the standard operational procedure of the equipment and
result in an optimized standard operational procedure. Then, the system may
compare with the operators and analyze the individual difference to suggest an
optimized scenario. Finally, the system may join the operators’ guidance and
analysis loop in the troops’ cabin equipment training, so that the troops may be
equipped with the capability to optimize the HMI design and operational proce-
dure; thus, the troops may feed the quantitatively analyzed improvement scenario
back to the industrial department for enhancing the pertinence to update and
modify the equipment.

29.4 Conclusions

Based on the human–machine interface, the research and development of the
system is to employ the eye movement technique to construct scientifically a cabin
HMI model and further study the interrelationship between the factors ‘‘human,
machine, and environment,’’ so that the equipment design is more humanized and
scientific, and the operator can be more comfortable and rapid to acquire the
concerned information satisfying the requirement of the human–machine adapt-
ability. The research and development of the HMI interactive work efficiency
evaluation system based on the eye movement technique can provide a scientific
guidance for the optimization of the HMI design and operational procedure of the
equipment for the future war.
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Chapter 30
Ergonomics Evaluation Methods
of Cockpit Lighting in Aircrafts

Duanqin Xiong, Xiaochao Guo, Wang Hong, Chunmei Gui,
Guowei Shi, Bai Yu and Du Jian

Abstract This article summaries the ergonomics evaluation methods of cockpit
lighting in aircrafts, aiming to reflect the general status in this domain. As for the
evaluation methods, it is mostly that in the different design and development
phases, basing on some standards, specifications, and technological files, the
evaluation primes to lighting devices such as displays and lights, some instruments
are applied to measure and test the luminance, illuminance, chromaticity, and
NVIS radiance. Contact evaluation is of small proportion. Only in China, pilots’
objective integrated evaluation is applied to the cockpit lighting with civil
aircrafts. Due to the task particularity of civil aircrafts, only safety and comfor-
tability are evaluated.

Keywords Cockpit lighting � Ergonomics � Evaluation methods � Aircrafts

30.1 Overview

Light environment in the cockpit can be divided into two categories: ambient light
outside the cockpit and artificial light in the cabin. Ambient light mainly refers to
the sunshine during the day, while laser and signal light, etc., light sources used on
the ground at night. Artificial lights mainly refer to lights generated by dome
lighting, flood lighting, integrated panel lighting, alarm lighting, push button
switch lighting, and multi-function lighting. In the static and dark modes, the
artificial lights mainly refer to those generated by the guide light board illumi-
nation and instrument illumination [1].
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Cockpit light environment affects the flight safety. By changing glare, cabin
lighting color, contrast ratio, brightness, and its uniformity, these factors generate
impacts on the pilots’ visual observation.

The purpose of the ergonomics design of cockpit lighting is to minimize or
avoid various effects on the pilots caused by the adverse light environment. It helps
pilots to quickly adapt darkness, accurately display information as well as locate
the positions and height of the aircraft, improve the efficiency in observation and
manipulation, ensure the furthest flight safety through various measures, such as
preventing glare, increasing dimmable light in the cockpit, choosing lighting with
the right color temperature, etc. To the designed and developed cockpit lighting
system, ergonomics evaluation should be made for the cockpit lighting about the
lighting effect, compliance to the pilots’ needs, and improvement of use efficiency.
This paper reviews domestic and foreign lighting methods used in the aircraft
cockpits to reflect general situations in this field.

30.2 Foreign Assessment Methods

From the search results of the literature, there are several foreign standards,
specifications, and documentation, which regulate the detection and evaluation of
lighting effects in the aircraft cockpit.

30.2.1 Test and Evaluation on the Aircraft Lighting
in MIL-STD-3009 [2]

The US Military Standard MIL-STD-3009 (2001) Lighting, Aircraft, Night Vision
Imaging System (NVIS) Compatible, give methods for detailed test and evaluation
whether the aircraft lighting system meets the design requirements. Its main
contents include: system-level test, inspection conditions and order, lighting
conditions, check before starting the test, testing, inspection methods, and pro-
cedures. In the inspection methods and the procedure, specific methods are reg-
ulated, respectively, including visual inspection, night vision imaging test,
brightness uniformity, cockpit reflection, visual test, operation, brightness and
luminance measurement, chroma measurement, luminance measurement assisted
by spectrum, light leakage inspection, etc.

Although there is some visual evaluation, test and evaluation methods for the
night vision lighting compatibility regulated by the standard mainly focus on the
objective tests. Standardized tests and evaluations have been done aiming at all
lighting systems, subsystems, and lighting components and equipment, based on
the compatibility evaluations of the NVIS.
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30.2.2 Validation and Evaluation of Aircraft Lighting
in JSSG-2010-5 (1998) [3]

JSSG-2010-5 (1998) Crew Systems Aircraft Lighting Handbook stipulates veri-
fication requirements for aircraft lighting systems, they are suitable for all systems,
subsystems, components, equipment, and hardware, which provide lighting envi-
ronment for the aircraft cabin. Validation (check/analysis/demo/test) mentioned
here should demonstrate the ability for internal and external lighting equipment to
meet requirements. All verifications should be responsible for the contractors, and
the government is entitled to witness or carry out all verifications.

There are four kinds of verification types: analysis, demonstration, inspection,
and testing. In the verification process, there is process control.

In the development of aircraft lighting systems, checks for each stage mainly
include: system requirements, system function, preliminary design, critical design,
first flight inspection, functional configuration, and system verification.

A variety of ground tests should be carried out in four stages, including concept
demonstration and validation, engineering and manufacturing development, pro-
duction and scheduling, operation and protection, etc. Flight tests should be
conducted at the end of each stage.

This specification is primarily used in all stages of the aircraft design and
development, analysis, check, demonstration, and test. Verification works have
been done on the illumination system and equipment and then let the final cockpit
lighting meet the design requirements.

30.2.3 Compatibility Evaluation Method of the Night Vision
Imaging System Illumination [4]

There are several special means to interfere with the normal operation of NVIS in
the cockpit lighting. In each of the interference mechanism, effects on the imaging
of night vision are reduction in light levels or contrast ratio of useful images. Such
reduction can be proved by decreased visual acuity and/or loss in contrast degree
or brightness. Nowadays, there are several methods in the world, which can
evaluate compatibility between the cockpit lighting and night vision goggles.

30.2.3.1 Measurement Methods of Photometric and Radiation
Standards

More than 30 years has passed since the US Air Force, Army, and Navy use NVG
in the flight. One of the important issues is the compatibility of the cockpit lighting
and NVG. Finally, the military formulated performance standards, which are
relatively easy to perform but with very high cost, so as to evaluate whether the
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cockpit lighting is compatible with NVIS. The most basic assumption for this
standard is under certain lighting levels, the brightness of any light source shown
in the NVG cannot be greater than the brightness of natural starlight. A variety of
cockpit lighting sources’ photometric and radiometric criterion is generated on this
basis. NVIS radiance is the displayed emissivity regulated by the NVG’ spectral
response curves.

30.2.3.2 Visual Acuity Method

The second evaluation method is visual acuity method. Trained evaluators sit in
the cockpit in this method, while the aircraft is parked in the dark shed with
controlled lights. The visual acuity meter is placed 20 ft away from NVG, illu-
minating until the NVG radiation is 1.7 9 10-10 W/cm2 sr. Cockpit illumination
level is adjusted to the operational level, so as to be convenient for evaluators to
observe. Evaluators then measure visual acuity with the turning on and off of the
cockpit lighting system. If there is any reduction in visual acuity between the on
and off conditions, the lighting system is considered to not meet the requirements.
Equipment or tools required by the visual acuity method include: visual acuity
meter, illumination measuring device, radiation measurement method of the visual
acuity meter, as well as test method to judge whether darkness in the test envi-
ronment meets the test requirements.

30.2.3.3 NVG Light Output Method

The third method is directly measuring amount of the interference light caused by
the cockpit lighting and display, which is called NVG light output method or NLO
method (NVG light output). That is when measuring cockpit lighting and under
both conditions to displace ‘‘on’’ and ‘‘off,’’ amount of incensement in the NVG
light output. The excessive light output will cause interference in NVG, and
therefore, it is related with the decrease in NVG image quality. Cost of the
luminance meter used in this method is not high, and usage of the luminance meter
is divided into two forms of absolute and relative light levels standards.

30.2.3.4 NVG Objective Lens Irradiance Method

The fourth method to evaluate the NVIS illumination compatibility is NVG
objective lens irradiance method. The irradiance meter used in this method is the
absolute light level standard, but the NVG objective lens is covered with a piece of
diffusing plastic material. The objective lens is adjusted to the minimum focal
length. In the case of all lighting in the cockpit is switched off, write down basic
values of the NVG/photometer, and then turn on all cockpit lighting, write down
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the second value. If the results got by subtracting operation of the two values, and
if the result is equal to or less than the value specified, it is considered that cockpit
lighting has compatibility.

30.3 Domestic Assessment Methods

30.3.1 Military Aircraft

More than ten national military and industry standards have been drawn up, aiming
at requirements and test methods for the military aircraft cockpit lighting at home.

Some standards [5] specify the basic technical requirements, test methods, and
items for the cockpit lighting, aiming at the basic technical requirements of
brightness and chroma in the cockpit illumination, which takes incandescent and
electroluminescent as light source. These standards involve individual instrument
and single-light guide plate, including visual inspection and objective test. The
objective test mainly tests cockpit’s illumination, lighting uniformity, diffuse
reflectance coefficient of the markers and background surface, contrast between the
mark and background, scattering light of the instrument lighting, etc., indicators.

Some standards [6] specify requirements of the overall layout, performance,
and inspection of the aircraft’s lighting. These standards also specify the validation
to the interior and exterior lighting subsystems, respectively. By adopting objec-
tive measuring means, these validations test the lamination chroma, brightness,
NVIS radiance brightness, contrast, etc. Visual inspections are also included to
some index, such as reflective glare, etc., and subsystem verification provisions
made, the objective is to take these tests to verify the main means of lighting color,
and other indicators for testing, but also includes some indicators check visually.

There are industrial standards at home, which specify the measuring methods
specialized in the red and white light illumination. These standards are basically
same as above several military standards.

30.3.2 Civil Aircraft

In our country, the designers have taken subjective assessments to some extent as
the model for sample analysis, assessed the cockpit lighting effects, and drew fruits
in safety and comfort of design in the cockpit lighting [7]. Concrete practices
include:

1. Determine the assessment factors, mainly including assessment objects and
personnel, test environment, assessment procedures, and compliance criterion.

2. Determine the assessment objects, mainly including the cockpit overall lighting
effect, glare, light guide plate lighting, and display systems lighting.
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3. Determine the assessment personnel. The evaluators mainly include profes-
sional pilots, flight engineers, and lighting ergonomics experts.

4. Requirements for test environment. Tests must be done during two environ-
mental conditions, namely day and night, and carry out in the real cockpit, with
the controlled environmental brightness, extreme conditions can be simulated
by external sources.

5. Evaluation process. It mainly includes creating environment in the cockpit,
assessing all contents, etc.

6. Compliance criteria. Assessment results should be analyzed and processed
from the safety and comfort.

30.4 Summary

Viewed from foreign and domestic ergonomics assessment practice for aircraft
cockpit lighting, the method mainly focuses on different stages in lighting design
and development, based on certain standards, specifications, and technical docu-
ments, focusing on various lighting equipment. Use the luminance meter, color-
imeter, and illuminometer, etc., to do objective measurement of brightness, color,
auxiliary brightness, and illumination, etc. Visual evaluation only accounts for a
very small proportion. But only in China, pilots’ subjective evaluations are mainly
adopted for civil aircraft cockpit lighting.
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Chapter 31
The Analysis and Research on the Design
Concept of the Agile Pilot Clothing System

Guangjun Feng, Feng Qiu, Yubin Zhu and Haibo Zhang

Abstract The Agile pilot flight equipment (PFE) garment which is developed by
the RFD Beaufort is the most advanced personal protective equipment for the
pilot. It can be used in complement with the advanced aircraft such as Joint Strike
Fighter (JSF), F-16, or F-18. Each function item of traditional PFE garment has
been modularized and integrated in accordance with the mission profiles of the
pilot to meet the requirements of the combat mission. This paper details the Agile
PFE garment and takes example for interfacing with the JSF (hereinafter referred
to JFS). The configuration characteristics, operational performance, and design
concept of each module and their complement have been analyzed systemically,
which shows the applied design concepts about the Occident PFE and provides
references for our country on the technical integration and product development of
various JFS PFE in future.

Keywords Agile � Clothing system � Design concept

31.1 Brief Introduction to Agile Pilot Clothing System

The Agile pilot clothing system which is researched and developed by RFD
Beaufort Company and the Mark-Ark underwater escaping and lifesaving system
are honored as two innovations with revolutionary significance in the industry. It is
the most advanced individual protection clothing system for pilot, and it has been
provided to aircrafts such as JSF, F-16, and F-18 to use successfully.

The protective features of the Agile pilot clothing system include the func-
tions such as overload protection, altitude protection, thermal protection, fire
protection, biochemistry (CB) protection, ejection from aircraft in high speed,
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lifesaving on sea, and lifesaving on land. It has good comfortability and
excellent maneuverability.

The modular design and the interchangeability design of each component of the
Agile pilot clothing system can meet the requirements of different flight missions
and operations. Take the Agile pilot clothing system matched for JSF as the
example, see Table 31.1 for the matched components.

The Agile pilot clothing system has comprehensive protective properties and
good comfortability, while strengthening the overall performance of the pilot, it
can provide the optimized protections which mainly include the following:

1. Reduce the pilot fatigue;
2. Improve the situational awareness of the pilot;
3. Low maintenance cost;
4. The protection module can be cut out to meet requirements for different

missions.

31.2 Analysis on Features of Agile Pilot Clothing System

31.2.1 Design Concept

From the underwear to the outerwear, the Agile pilot clothing system has com-
prehensively and systematically provided the garments for pilot (see Table 31.1);
the garment combinations are divided for four main flight mission protection,
namely for summer (on land/on sea), for summer CB, for winter on sea, and for
winter on sea CB, and it reflects the design concept of ‘‘modular design, selective
combination, and targeted protection.’’

31.2.2 Chest Compensatory

In a general way, to provide counterpressure for chest under PBA and PBG to
reduce the deposition of blood in trunks to prevent lung injury because of
breathing under high pressure, providing a chest compensatory airbag is
undoubtedly right from the physiological angle. The Agile pilot clothing system
for JSF is provided with a chest compensatory airbag as the initial design; how-
ever, the chest compensatory airbag is removed later, and the reasons are as
follows:

William Albery and others in the US Air Force Test Laboratory have resear-
ched the anti-overload effect of removing the chest compensatory airbag in
COMBANT EDGE and the research shows the following:
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1. The anti-overload effects of PBG in COMBAT EDGE with and without the
chest compensatory airbag are almost the same [1];

2. There is obvious thermal load when there is a chest compensatory airbag, and it
is easier to fatigue [1].

In addition, considering the effect to altitude protection, the physiological effect
analysis of PBA without chest compensatory airbag to human body:

1. In European’s opinion, the warplanes usually fly in low altitude in present air
war; for the warplane whose altitude limit is 18,000 m (for example, the alti-
tude limit for JSF is 18,288 m), the provided individual equipment can only
guarantee the safety of lifesaving in 15,000 m. The probability for cabin
decompression in high altitude is low, and it is only about 1/100,000. This is
the main basis;

2. With regard to provide counterpressure on body surface, adding pressure to
anti-G suit in PBA is also a good compensatory way which can increase the
returned blood volume and the cardiac output while enhancing the effective
circulating blood volume in body.

Table 31.1 The standard accessory products of the pilot clothing system of the JSF

Garments Summer
(land/sea)

Summer
CB

Winter
sea

Winter
sea CB

Socks H H H H
Underwear lower H H H H
Underwear upper H H H H
Cooling garment (worn in place of
underwear upper)

Optional Optional Optional Optional

Thermal protection layer – – H H
Lightweight coverall (ARS) H – – –

Cold water immersion garment/socks – – H H
Flight use Chem. Bio. protective layer – H – H
Lower G garment (option to use skeletal or
full coverage garments)

H H H H

Sleeved flight jacket/LPU/ARS – H H H
Sleeveless flight jacket/LPU H – – –

Breathing gas hose assembly H H H H
Boots H H H H
Summer gloves (worn for all flying
operations)

H H H H

Winter/sea gloves (stowed in the SSK and
donned post-ejection)

– – H H

Transit use Chem. Bio. protective layer – As
required

– As
required

HMD transit bag Optional Optional Optional Optional
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3. The Europe and America initiate simplified oxygen supply device to reduce the
physiological load. When the cabin blasts in high altitude, it can provide
protection for lifesaving in a short time to ‘‘let you fall’’ to exert the perfor-
mance characteristic of aircraft to maximum.

31.2.3 Anti-G Suit

The anti-G suit matched to the Agile pilot clothing system for JSF can be a five-
bag-type anti-G suit and a fully covered anti-G suit. The RFD Beaufort Company
has reported the anti-G effect of the Agile pilot clothing system as shown in
Fig. 31.1

NP-no protection; C5BAG-5-bag-type anti-G suit; FAGT-fully covered anti-G suit;
C5BAG&PBG-5-bag-type anti-G suit + positive pressure breath; FAGT&PBG fully
covered anti-G suit + positive pressure breath.

As shown in Fig. 31.1, when there is no protection and the basic anti-G effect of
human is 3.5 G, the comprehensive anti-G effect of FAGT&PBG is 8.5 G, and the
comprehensive anti-G effect of C5BAG&PBG is only 6.3 G. From this aspect,
FAGT is better than C5BAG.

Then, why doesn’t the Agile pilot clothing system use FAGT directly while
adding an option for C5BAG? The thermal load of FAGT is the biggest defect.
FAGT covers the lower body totally (the covered acreage of the lower body
exceeds 90 %), the airtight anti-G caplets prevent the heat dissipation of legs, and
it brings serious thermal load for human body. Sowood and other people in United
States Air Force have researched the heat stress of pilots equipped with different
anti-G suites to fly under warm climate. They have compared the thermal loads of
C5BAG and FAGT with chest compensatory bag, and the results indicate that
when the WBGT in the cabin is less than 25 �C, even decreasing to 15 �C, the
average skin temperature of pilot equipped with FAGT with chest compensatory
bag is increased obviously and it exceeds the upper limit for comfortability
(35 �C). Obviously, under the warm climate, the heat stress of FAGT is more
obvious than that of C5BAG. The heat stress may cause many problems for pilot
such as fatigue, failure to concentration, decrease of overload resistance endur-
ance, and dehydration. In hot summer, when the pilot is preparing, sliding, and
flying in low, it is difficult for the environment control system of aircraft to
guarantee the comfortability of human body in FAGT. However, the crotch and the
knee are exposed out when equipping with C5BAG and the acreage of covered
lower body is about 30 %, so the thermal load is obviously smaller compared with
FAGT. Thus, the C5BAG is the option of anti-G suit when the climate is warm and
the craft flies in low.
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31.2.4 Anti-Exposure and Cold-Protective Clothing

The anti-exposure and cold-protective clothing matched with the Agile pilot
clothing system are divided into anti-exposure suit and cold-protective clothing. Its
mating and structural features mainly are as follows:

1. The anti-exposure suit is designed as single-layer structure, and it is arranged in
the inner layer of the anti-G suit.

2. The cold-protective clothing is very light, and the inner layer of the cold-
protective clothing is only provided with cotton knitwear for summer

The cold-protective clothing is divided into 21 types, and the anti-exposure suit
is divided into 19 types. The cold-protective layer is designed very light, and it is
comfortable to wear; it is as thin as single cloth after stressing, so it can decrease
the big wrinkles in the anti-G suit and prevent pressing pain caused by wrinkles
when pressing the anti-G suit. It almost does not affect the decompression value
and the decompression speed of anti-G suit.

The design for the anti-exposure and cold-protective clothing for pilot shall
consider not only the suitability for comparatively hot ground but also the life-
saving when falling into cold water. Usually, it can guarantee the common healthy
mature male to stay in the cold water in 0 �C for 6 h when being provided with
0.75 clo thermal insulation cloth in cold winter. The research report of Mustang
lifesaving company shows that the thermal insulation effect of 0.75 clo of the anti-
exposure and cold-protective clothing in cold water equals to the thermal insula-
tion effect of 1.6–2.0 clo in quiet cold air; the anti-exposure and cold-protective
clothing for European and America pilots usually provides thermal insulation of
2.0 clo in quiet air [2].

Obviously, a set of anti-exposure and cold-protective clothing which can pro-
vide thermal insulation of 2.0 clo in quiet air can guarantee common pilot stays in

Fig. 31.1 The comparison chart of the anti-G effects of the different pilot clothing
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cold water of 0 �C for 6 h. While the pilot is ejected out, the signals for helping is
also sent out. Then, the maritime search and rescue can be finished in 3 h [3].

That is why the anti-exposure and cold-protective clothing for the Agile pilot
clothing system is designed so light.

31.2.5 Cooling Garment

The cooling garment of Agile pilot clothing system takes the waistcoat with liquid
cooling (optional) instead of ventilated waistcoat matched for F-22 fighter; the
reasons are as follows:

The cooling efficiency of water cooling is higher than that of air cooling
because the thermal conductivity of water is 24 times of that of air. The American
Nunneley indicates that the cooling effect good enough can be reached when
covering the partial body with the brief water-cooling garment in cabin. The head
and the trunk of body are usually regarded as the best parts for water cooling. The
liquid-cooling waistcoat is mainly used to cool the trunk of body, and the truck
takes more than 30 % of the body surface area where there are the most radiant
heat. From the physiological point of views, it is a suit for heat exchange.

In addition, when wearing the matched anti-exposure suit, the liquid cooling is
more ration than air cooling. The air cooling adjusts the temperature by the air
whose temperature is adjusted blows to the skin through many holes faced to the
skin on the ventilation tree (vent lines arranged near the body). The vent flow
usually is 200–400 L/min. The anti-exposure suit is a garment that covers the
whole body, and the gas permeability of the cloth is only 0.09 L/m2 min, so it is
almost airtight. If the ventilation garment is worn in the anti-exposure suit, the air
blown to the skin is deposited in the garment and cannot be discharged out. To
discharge the air in the garment, it is must to provide a vent valve in the anti-
exposure suit; however, it has great disadvantage to arrange a vent valve on the
anti-exposure suit wear inside; meanwhile, the air in the garment shall affect the
mobility of the pilot. It can be imagined that compared with the air cooling, the
water inlet and the water outlet of liquid-cooling waistcoat are closed and circu-
latory, so there is no similar venting problem.

31.2.6 ASR Design

Under the condition of ejection in high speed, the blast of strong airflow shall have
a strong dynamic pressure on the human body. For example, when the airflow of
1,000 km/h is blasting on the seal level, there shall be lift force of 2,100 N and
resistance of 1,580 N working on the arms to force the arms moving to the
opposite direction from the original ‘‘string’’ position. Thus, to prevent injures due
to falling down, when ejecting in high speed, it is must to take measures to limit
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the outward movement of two arms. The Agile pilot clothing system is provided
with arm string ring (ASR) which is arranged on the light garment for air duty and
the lift vest, and it is suitable to use in summer and winter. When the pilot starts
the central pull ring in the ejection seat, the personal movement limit system on the
seat is started immediately and the two arms are ‘‘dragged’’ tightly to limit them
move outward. Compared with the way of Russia to use arm-limit device, one is to
‘‘drag’’ initiatively and the other is to ‘‘block’’ passively. The structural design of
‘‘drag’’ is easier, it is limited actively, and it works before the airflow, so it is better
for protection.

31.2.7 Life Vest

The life vest in the Agile pilot clothing system is provided with LPU unit, attached
lifesaving bag, and all guidelines and attached hanging points for pipeline.

1. LPU Unit
To meet the requirements of many flying environments, LPU and the main
body of life vest take the detachable design, namely install it when flying on
sea and detach it when flying on land to reduce the load of personnel
effectively.
The back neck of LPU is provided with a fixing band which is connected on the
string band on the waist to prevent contacting with the helmet system. The LPU
airbag is provided with a reinforcing cloth to improve the stress structure and
increase the reliability to prevent the blasting of air bag in high altitude [4].

2. Attached Lifesaving Bag
The left and the right parts on the front chest of the life vest in the Agile pilot
clothing system are provided with series of hanging band which can be used to
hang all kinds of lifesaving bags to guarantee the pilot can escape smoothly
without any other additional actions when leaving the aircraft under emergency
to save the escape time for pilot under emergency effectively. The water
attached on the life vest is provided with a sucker to allow the pilot to suck at
any time while considering the requirements of the pilot for water when flying
for long time.

31.2.8 Oxygen Supply Pipeline Subassembly

The oxygen supply pipeline subassembly is used to connect the oxygen mask and
the oxygen source. The oxygen supply pipeline subassembly of Agile pilot
clothing system is attached on the life vest as an individual unit.
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When the cabin exploded and decompressed in high altitude, the gas in lung of
human should be discharged quickly to reduce the decompression peak value of
lung and shorten the detention time of decompression peak value to decrease the
lung injury of human. The decompression valve is arranged to ‘‘provide’’ area to
discharge pressure at the moment of explosive decompression when the gas in the
chest bag fails to enter the oxygen pipeline.

31.2.9 Chemical Protective Clothing

The chemical protective clothing of Agile pilot clothing system is divided into
chemical protective flight clothing and chemical protective and isolating layer for
boarding on ground/deplaning. The chemical protective flight clothing is used to
wear when flying across biochemical-contaminated area, and the chemical pro-
tective and isolating layer for boarding on ground/deplaning is used to wear when
walking, boarding/deplaning on the biochemical-contaminated area to separate the
human body with the biochemical contaminant.

To help the pilot boarding to fight and deplaning under heavy biochemical
pollution on ground, the chemical protective and isolating layer for boarding on
ground/deplaning is made of totally airtight plastic film, so it is suitable for
walking on ground in short time, and the practicability is emphasized.

31.2.10 Experimental Verification

The main qualification tests for the Agile pilot clothing system include 600 KCAS
(1,100 km/h)speed ejection and airflow blast, explosive decompression, dynamic
human and chair separation, parachute hanging, water diving and landing drag-
ging, environment and laboratory test, pool test, burning test, falling water/landing
thermal protection test, cooling test, NBC test, rescue exit, cabin adaptation,
normal deplaning on ground, deplaning under emergency, human and aircraft
analysis, centrifuge test, and hypobaric chamber test.

It can be seen that RFD Beaufort Company has carried out fully experimental
verifications for the Agile pilot clothing system, including the protective properties
in cabin, the protective properties for deplaning, and the lifesaving properties for
water diving/landing. The Europe and America have comprehensively considered
and systematically verified the protection and the lifesaving stages for pilots. The
projects such as water diving and landing dragging test, the burning test for the
system and normal deplaning on ground/deplaning under emergency are not taken
into consideration when verifying the pilot clothing system in early time in our
country, and it is worth learning.
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31.3 Conclusions

This paper has introduced the Agile pilot clothing system which is regarded as the
most advanced international pilot protective clothing system by the industry and
has analyzed its design. We summarize the design concepts and the features of the
European and American pilot protective clothing through the analysis as follows:

1. Stick to the training and the real environmental situation for actual combat and
consider the protection and the lifesaving systematically;

2. Modular design, combine according to the mission profiles, and the protective
pertinence is strong;

3. Give up the protection in small probability, simplify the equipment, and pay
attention to the comfortability and the mobility;

4. Fully verify the protection and the lifesaving in each stage such as boarding, in
cabin, deplaning, water diving/landing, and the practicability is strong.

These analysis and conclusions can provide references for the technology
integration and product development of protective clothing for pilots driving all
kinds of fighters in our country to some extent. It is worth mentioning that although
we have briefly been analyzing the Agile pilot clothing system through collecting
all kinds of materials and learning and clearing up these materials, we still are
unfamiliar with the design for details, the test methods, and the performance
assessment criteria of Agile pilot clothing system. So we suggest the domestic
units with related business carry out the technological cooperation with the RFD
Beaufort Company in the UK through all kinds of channels to learn the design
essence of advanced clothing system truly to inject power for the development of
individual protective equipment for the pilot of our country.
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Chapter 32
Effects of Color Rendering Index of Light
Source on Color Task of Comparison
and Fast Identification

Jie Li, Weihao Yang and Sugang Wang

Abstract Objective Color rending property of light source will have effect on the
color showing of the irradiated object, affecting the task of color identification.
The experiment was developed to supply reference gist for illuminance ergo-
nomics design. Methods Four light sources with different color rending index
(CRI) were chosen. The color tasks of comparison and fast identification were
designed. The data of right ratio and error degree were analyzed. Results When
light source’s CRI is above 70, it will not have evident effect on color tasks of
identification and comparison. Conclusion Light source’s CRI should be above 70.
Special CRI should be taken into account besides the average CRI.

Keywords Color rendering index � Color comparison � Fast identification of
color � Error degree

32.1 Introduction

Along with the continuous escalating of manned space mission, the astronauts will
take part in a growing number of scientific experiments and work, which raises
higher requirements for the light source lighting design of the aircraft. Lighting
design and evaluation have developed from the past, which takes illumination
level as the main indicator, to the present composite indicators taking comfort as
the basis. Among them, the color quality of the light source is one of the main
indicators to determine lighting effects, and color rendering of the light source is
an important indicator to evaluate the color quality of light source. Color rendering
of the light source refers to the degree to which objects show color rendering
consistency in the measuring and reference light source; the spectral distribution of
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the light source determines color rendering of the light source. During the past few
decades, color rendering index (CRI) developed by the International Commission
on Illumination (CIE) is a commonly used color quality evaluation index [1–3].

In fact, there are limitations to use a single CRI to analyze quantitatively color
rendering of light source; color quality of light source is determined by the visual
experience of people when they complete specific tasks [4, 5]. Color rendering of
the light source has different impact on the tasks with different nature of the task.
In general, the visual color tasks include color distinguishing and recognition; the
former mainly tests the human eye’s capabilities to perceiving, distinguishing, and
comparison of color, while the latter studies memory and recognition capabilities
of people to the color. This paper firstly studies the influence of light source with
different CRI on the ability of the human eye to observe color. Secondly, the
influence of light sources with different CRI to the color was studied; aiming at in
an emergency or malfunction conditions, astronauts often need to complete the
color recognition task in space missions.

From the current point of view, the color identification ability and the color
adaptability identifying are more considered [2], but there are few researches on
the color rapid identification. That is, color identification can be divided into color
identification in long-term and short-term memory, according to the memory
source of control tone. Color identification under long-term memory is based on
persons’ cognitive characteristics and capabilities to color formed for a long time,
while the identification of short-term memory is the color cognition characteristics
and ability formed in a short period of time. Both reflect persons’ memory and
recognition of color from different angles. At present, there are more researches on
color identification under long-term memory [2]; this paper mainly considers color
rapid identification ability under short-term memory.

In summary, this paper studied the influence of light source with different CRI
on the human eyes’ color matching and the ability to quickly identify the color, so
as to guide manned space missions, as well as the design of color rendering of light
source in other emergency or malfunction conditions.

32.2 Method

32.2.1 Experimental Equipment

The experiment selected the two sets of light sources with 4 kinds of CRI (Ra); Ra
was 90, 80, 70, and 60, respectively, light source 90 is as the control source, and
light sources 80, 70, and 60 were used as those to be detected. The equipment also
includes the following: 2 sets of experimental color cards (conforming to Chinese
color spectrum sample booklet A26003-94 standard), visual function test instru-
ment, color blindness check manual, and illumination photometer. Two sets of
experimental color cards are exactly the same, including 40 kinds of hue/color
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lump, and hue selection is based on definition of tone, brightness, and chroma in
GB/T 15608/1995 ‘‘China color system.’’ See Fig. 32.1 tone ring for these 40
kinds of hues, taking 5 colors (red (R), yellow (Y), green (G), blue (B), and purple
(P)), as principal color. Those 5 colors between two adjacent main colors are
intermedium colors, including yellow and red (YR); green and yellow (GY); blue
and green (BG); purple and blue (PB); and red and purple (RP). The principal and
intermedium colors are composing 10 basic colors, while each basic color occu-
pies one section of the ten points of the tone ring. In a similar way, divide the
gamut between 10 kinds of basic and adjacent colors into four halves, which are
called the auxiliary colors. The grade difference between two adjacent tones is
defined as one grade, and if there is one grade between the tone location judged by
subjects and the actual color position, it is called as one error degree. Error degree
reflects the displacement of tone identified by subjects deviated from the correct
tone, and error ratio reflects error times of the subjects to the tone identification.

32.2.2 Experimental Condition

The experimental site is the darkroom for ‘‘lighting and display ergonomics testing
analysis laboratory,’’ no external stray light. Color work surface’s vertical illu-
minance level is controlled at about 500 lx; light irradiates uniformly in surface of
the color card operation and does not produce glare. In the experiment, the subjects
observe color cards directly through both eyes, and observation perspectives
coincide with normal line of operation planes of the color cards.

32.2.3 Subjects

There are 20 subjects, including 10 men and 10 women, who are between 20 and
40 years. Make two-way check through the visual function test instrument and the
color blindness check book on color vision function, with good color sensation and
sensitive to the color.

32.2.4 Experimental Project

32.2.4.1 Effect of Light Source Color Index on the Subjects of Color
Rapid Identification Ability

Subjects first observed one color block X of the experimental color card 1 under the
contract light source and then observed all color blocks of the experimental color
card 2 under the light source to be tested, and color block Y is chosen from them,
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which has same tone with color block X, namely finish fast identification of one tone
block; took rest for 1–2 min; and completed fast identifications for all 40 tone blocks
and then took rest for 15 min. Complete fast identification of 40 color blocks in turn
was performed, when Ra of the light source to be tested were 80, 70, and 60,
respectively. The tasks below are called 90–80 identification, 90–70 identification,
and 90–60 identification for short. Each subject had been tested for 3 times.

32.2.4.2 Influence of Light Source Color Rendering Index on Subjects’
Color Comparison Ability

Subjects made one-to-one comparison and matching between each color block in
the experimental color cards 1 and 2 and did the same comparison and matching
experiments in the light source to be detected (Ra were 80, 70, and 60, respec-
tively). Color matching task hereinafter is referred to as the 90, 80, 70, and 60
comparison. Each subject had been tested for 3 times.

32.3 Results and Discussion

32.3.1 Color Rending Index of Light Source Influence
on Subjects’ Color Comparison Ability

From Table 32.1, when Ra of the light sources are 90, 80, and 70, comparison
right ratio of three comparison tasks was similar and in the range of 94–95 %, and
the comparison right ratio corresponding to each tone is higher, and the difference
is not obvious; when Ra of the light source is 60, its comparison right ration is
slightly lower (91 %). In general, Ra of the light source has no obvious influence
on the right ratio of color matching operation. This is because light source has

Fig. 32.1 Structure of color
tone circle
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different render index, but the two experimental color cards are in the same light
source; color deviation produced is consistent objectively, leading to consistent
subjective deviation of human eyes on the tone.

Moreover, with the decline in Ra of the light source, error degree appeared in
the comparison task showed increasing trends, especially error frequency and error
grade of light source under Ra of 60 were significantly higher than those in other
states; this suggests that it might be related to some tone. When light source Ra is
60, some tons’ subjective bias will increase. Therefore, in order to improve the
accuracy of color matching and reduce the deviation as far as possible, it should
choose light source with Ra higher than 70.

32.3.2 Influence of Color Rendering Index of Light Source
on the Capacity for Color Rapid Identification

Table 32.2 shows right ratio, error times, and sum of error grade of the subjects to
fast color identification tasks. It can be found when color card 1 is in the com-
parison light source under Ra of 90, and color card 2 is in the light source to be
tested under Ra of 80, 70, and 60, average right ratio of color identification of
subjects all declined more than a half. It denotes that after people observe objects’
color in the contrast light source, if they observe objects with same color in the
light source to be tested again, they will quickly feel color difference, and it is easy
to judge different tones for same tones.

Analyzing its causes, first, the light source with different CRIes has more
obvious impacts on capacity for rapid color identification, which is consistent with
the excellent grade results (Ra being 75–100) of color rendering capacity, nor-
mally got by analyzing the identification capacity of color adaptation. Therefore,
in order to improve the correct rate for color identification and reduce displace-
ment of identification deviation, light source Ra should be higher than 70; sec-
ondly, it is discovered by further analysis on the experimental data that most the
color tones with identification error are in the positions of auxiliary colors of the
tone ring. It prompts us division of 40 tones may increase the difficulties of short-
term memory to color, causing obvious reduction in fast memory capacity of color
based on short-term color memory. Therefore, in the color memory and identifi-
cation task, it should avoid the existence of the auxiliary color between two

Table 32.1 Relation between CRI and right ratio and error degree in color comparison task

Task Right ratio (%) Error times Total of error degree

Color comparison under Ra of 90 95 2 4

Color comparison under Ra of 80 94 2.4 4.5

Color comparison under Ra of 70 94 2.4 4.7

Color comparison under Ra of 60 91 3.6 6.9
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adjacent basic tones at the same time, namely avoiding color memory and iden-
tification operations with slight difference.

32.3.3 Color Comparison Right Ratio and Tone
of the Subjects

Table 32.3 lists the color comparison correct rate corresponding to different tones
in the color comparison operation. View from light source under Ra of 90, 80, 70,
and 60, respectively, correct rate corresponding to YR, GY, B, and PB, four kinds
of tones, presents the concentrated and consistent tendency; they are all above
95 %; correct rates corresponding to Y, P, and RP three kinds of tone are between
87 and 100 %, while those corresponding to R, G, and BG are between 83 and
93 %. It is analyzed that the light source’s spectrum energy distribution is the main
factor to decide the light source rendering property. The experiment selects three
primary color fluorescent lamps, which have the continuous spectrum and the
banded spectrum; color rendering property of the continuous spectrum is better; it
is that light source has better rendering property to the partial tone, but poor to the
rendering property of certain color tones. Therefore, when selecting the light
source, special CRIs should be considered according to the concrete task demands.

Table 32.2 Relation between CRI and right ratio and error degree in color identification task

Task Right ratio
(%)

Error
times

Total of error
degree

Color identification under Ra of 90 and
80

45 22 51.3

Color identification under Ra of 90 and
70

47 21.2 50.4

Color identification under Ra of 90 and
60

38 24.8 62.7

Table 32.3 Color tone and right ratio of color identification under different Ra (%)

Task Color tone

R YR Y GY G BG B PB P RP

Color comparison under Ra of
90

90 100 98 100 91 84 98 96 94 95

Color comparison under Ra of
80

91 98 95 98 83 89 97 94 98 100

Color comparison under Ra of
70

91 96 92 100 90 93 97 93 96 91

Color comparison under Ra of
60

83 95 87 100 83 89 97 95 91 90
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32.4 Conclusion

This paper studied the influence of light source with different CRI on the color
comparison capability and color fast identification ability. Results indicate that,
when light source Ra is greater than 70, it has inconspicuous influence on the color
comparison and fast identification capacity, so the light source with CRI higher
than 70 should be chosen. To different color identification task, both general and
special CRIs of light source should be considered; thirdly, when arranging the
color memory and identification operations, it should avoid adopting the auxiliary
color between 2 basic tones; difference between tones should be improved.
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Chapter 33
Research on the Influence of Traffic
Conditions on the Psychology of Indirect
Vision Drivers Based on EEG Analysis

Zhiying Qiu, Zhicheng Wu, Jingjie Wu, Jie Bao and Jia Zhou

Abstract Numbers of studies have shown that electroencephalogram (EEG)
signals can objectively reflect the physiological and mental state of a human being.
In order to explore the influence of traffic conditions on the indirect vision drivers’
EEG, we asked the volunteer drivers to drive a car equipped with indirect vision
driving system around the test loop for 3 times and collected the drivers’ EEG
signals in real time. Meanwhile, a driving video recorder equipped on the wind-
shield was used to record the traffic conditions of every lap. Contrasting the videos
of traffic conditions, the changes of EEGs were analyzed. The result shows that the
average attentions of indirect vision the driver driving on the curve lanes and when
the vehicle starts to move or stops to run are higher than driving on the straight
section, and the transient attention of the indirect vision driver appears peaks when
meeting another vehicle, bike, and pedestrian. It means that complex traffic con-
ditions and operant tasks could make indirect vision driver’s psychology burden
heavier.

Keywords Experiment � Indirect vision driving � Different traffic conditions �
EEG � Changes

33.1 Introduction

Special vehicles have to be driven by indirect vision driving in some dangerous
environment. Since the visual environment displayed inside the car is quite dif-
ferent compared with the direct vision driving visual environment, drivers must
have maladjustment more or less and they need a gradual process of adaptation.
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What’s more, the level of adaptation, the length of adaptation period also varies
from person to person. So it is extremely important to research the man–machine–
environment system composed by drivers and the indirect vision driving system.
All these factors have very important practical significance for providing funda-
mental basis for the future feasibility analysis and a method of theoretical opti-
mization [1].

The process of driving is a process of exchanging information and control. The
conditions of car and environment are the sound basis information for drivers to
decide driving behaviors. The drivers’ sense organs accept information from
outside. After the process of sensory store, perception of decoding, memory and
decision making, implement and feedback, the drivers achieve the control of the
vehicle. In this stage, drivers’ nervous systems are high-strung. Thus, it can be
seen, the drivers’ psychological burden is very heavy. However, psychological
feelings are abstract, so we need an index to express their feelings [2].

Electroencephalogram (EEG) is an important reaction of brain activity and
drivers’ attention and meditation can be reflected by the brain atlas. The studies of
the drivers’ EEG at home and abroad are as follows: John Richardson used
physiological signals such as eye movement and EEG to research the regular
pattern of driving fatigue [3]; Japan already had reports on using EEG to research
the drivers’ fatigue [4]; Chung from South Korea had used EEG to discuss the
influence on the drivers when in different road conditions (such as straightway and
curved section in the same length). He also discuss the drivers’ nervous conditions
when they drive on different location of the entrance of the ramp [5]; In 1998,
Goebel Matthias and Springer Johannes from German measured the short com-
mute bus driver’s EEG and eye movement data. They made a conclusion that after
redesigning the chamber, the driver’s work load is significantly less than before
[6]; Wu Zhicheng in our country from Beijing Institute of Technology summarized
the development situation of indirect vision driving technology [7]; Wang binghao
from Zhejiang University used dynamic electroencephalograph named KT98-
2000A to record the dynamic EEG of the drivers who are physically and psy-
chologically healthy in order to research their drive fatigue; Lin yingzi from China
Agricultural University had analyzed and described the driver’s psychology states
and put forward a mental model of qualified driver. Then, he put forward several
indexes of the physical and mental reaction test and carried out the test related.
Finally, he got the changing rule of the physical and psychological conditions
when different drivers run in different speed and different routes [8].

EEG signals can objectively reflect the physiological and mental state [9]. Since
there are variety of EEG, waveform change sensitivity and the anti-interference
ability is poor, so the different road and driving conditions can be used as stim-
ulating source to induce EEG’s significant change.
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33.2 Experimental Methods

33.2.1 Apparatus

1. An off-road vehicle was used as the experimental platform.
2. The indirect vision driving system equipped on the test vehicle consisted of

three High Definition (HD) cameras, three 16:9 wide screen liquid-crystal
display (LCD) and the devices for video transmission. For acquiring more
visible area, a 23-inch-wide screen light-emitting diode (LED) backlit LCD
with resolution of 1,920 9 1,080 pixels has be used as main screen. Two 11.6-
inch LED backlit LCDs with resolution of 1,366 9 768 pixels are turned 90�
individually and seamlessly fixed on both side of main display as assistant
screens, as shown in Fig. 33.1.

The left and right assistant cameras were individually mounted on the frame-
works of side rearview mirrors. For mounting main camera, based on the sug-
gestion from majority voluntary drivers, the middle position on the center of
windshield bottom beam was finally selected, as shown in Fig. 33.2.

3. A travelled recorder was used to record the whole process of every lap. It can
record different traffic conditions at all mark points and emergency situations in
the process of driving. The video will be stored in a computer with the format
of mp4 which will be analyzed and processed later.

4. A pair of headset which is produced by NeuroSky was used to measure
brainwave signals. The headset can turn a computer into a brain activity
monitor for providing an algorithm to calculate the attention and meditation of
drivers according to the detected signal. So it can be successfully used for brain
wave test.

Fig. 33.1 Assembling
position of flat displays in
crew cab
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33.2.2 Test Course Loop

The voluntary drivers have driven the test vehicle on a test course loop which total
length is nearly 600 m delineated from our campus road including six straight
sections, five curves, and one roundabout lane. The schematic diagram of test
course loop is shown in Fig. 33.3.

33.2.3 Participants and Process

Six students aged from 22 to 30 participated in the experiment. These six people
are physically and mentally healthy and have similar driving experience. These
factors are very important to minimize differences between subjects variability.
Before the experiment, it should make sure that the subjects have adequate sleep

Fig. 33.2 Assembling position of cameras on the wheeled test vehicle

Fig. 33.3 Schematic
diagram of test course loop
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and normal state of mind. They are also forbidden to eat any alcoholic food or
drink any caffeine-containing beverages. What’s more, they must not eat anything
or do any intense exercise 1 h before the experiment. In addition, experimenters
must keep quiet during the process of the experiment.

The time required for one circle is divided into 15 marked points artificially.
The marked points numbered 1–15 represented starting stage, no. 1 straight sec-
tion, turn 1, no. 2 straight section, turn 2, no. 3 straight section, roundabout lane,
turn 3, no. 4 straight section, turn 4, no. 5 straight section, turn 5, no. 6 straight
section and parking stage. Since each driver’s speed is not the same, so we need to
find the periods of time corresponding to every marked point recording to the time
in the video recorded by the travelled recorder and the EEG’s time point. In this
paper, the averages of attention and meditation were counted with each driver’s
driving time. Then, we make a line chart. The average indexes of each driver’s
attention or meditation have been obtained as the ordinate axis and the 15 marked
points are used as abscissa. (Since every driver had do the experiment for three
times, we choose only one set of experimental results which had strong regularity).

33.3 Analysis and Discussion

33.3.1 Driving in Different Traffic Conditions

From the shapes of the line chart we can see, the drivers’ attention change obvi-
ously in different road conditions. Compared with the index at departure stage, the
drivers’ attention increases significantly when they are at marked points 4, 6, 8, 9,
11, and 13. It means the drivers’ spirit is more concentrated and they bear heavier
psychological burden in these conditions. What’s more, it illustrates the drivers’
driving adaptability is poor under the conditions of curves and roundabout lanes.
In contrast, at marked points 3, 5, 7, 10, 12, and 14, drivers’ attention decline
indicated that their stress-level drop and burdened with less emotional baggage.
So, the drivers’ driving adaptability is good at straight sections. There are two
peaks at marked point 2 and 15. It means complex operations activities can bring
heavier psychological burden to drivers (Fig. 33.4).

33.3.2 Meeting Other Vehicle, Bike, and Pedestrian

To study the changes of drivers’ brain wave under special conditions such as
meeting other vehicle, meeting bike, and pedestrian, we choose B.J.’s EEG to
make line charts which is the most representative (Fig. 33.5).

In the Fig. 33.6a, the driver entered the straight at 10:11:27. The attention index
was 43 when the driver had just seen the car came from the other side. The
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attention index peaked to 83 at 10:11:33 when two cars began to pass each other.
At 10:11:40, the driver had passed the car with the attention drop to 43. During this
period, the driver’s attention increased gradually before reached to the peak and
then declined to 43 at last. The range of variation of attention index was 40.
Figure 33.6b shows that the driver’s meditation was 48 at 10:11:27 which was at a
relatively high level. Then, it drop to 26 at 10:11:32 when the driver almost began
to meet another vehicle (Its a second before two cars began to pass each other).
The total variation is 22. The meditation drops to 14 in the final of the meeting
period).

After analysis, it can be found that the driver’s attention index increases
gradually and then decreases which has distinct regularity. At the start of meeting,
the driver’s meditation declines, but it does not rise after the driver has passed the
car. So there is no obvious regularity in meditation (Fig. 33.7).

In Fig. 33.8a, the driver’s attention index was 43 at first. When the vehicle met
bikes at 10:12:15, the attention immediately increased to 54. Then, it peaked to 67
at 10:12:17 and declined later. The attention dropped to 64 at 10:12:20 when the
vehicle had passed bikes totally. But it peaked again to 81 at 10:12:23 after the
vehicle met pedestrians at 10:12:21 then declined gradually to 27 when the vehicle
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had totally passed the pedestrians at 10:12:26. When the vehicle was running on
no. 5 straightway, although the number increased slightly, but it remained at a low
level. Figure 33.8b shows that the meditation index increased to 37 at 10:12:15
when the driver started to pass bikes and then went up to 60 at 10:12:20. During
this period, the range of variation is 23. At 10:12:21, the driver’s meditation index
decreased 13 for coming across pedestrians. At 10:12:26, it was 27 when the driver
had passed pedestrians. Afterward, the driver’s meditation kept at a relatively low
level and did not rise up when the driver kept on driving on the no. 5 straightaway.

Overall, drivers’ attention will increase significantly when meeting bikes or
pedestrians which means their spirit is highly concentrated at that moment and
they have heavier psychological burden. In contrast, their meditation will decrease.
After they have passed them, the attention will decrease. But the meditation index
would not increase after that.
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33.4 Conclusions

1. The average attentions of indirect vision driver driving on the curve lanes and
roundabout lanes are higher than driving on the straight section. So the change
of traffic conditions can cause significant difference in drivers’ attention.

2. When the vehicle starts to move or stops to run the driver’s average attentions
rose significantly which indicates operant tasks could make indirect vision
driver’s psychology burden heavier.

3. The transient attention of the indirect vision driver appears peaks when meeting
other vehicle, bike, and pedestrian. It means that complex operant activities
lead to the heavy psychological burden on the drivers directly. What’s more,
during the period of meeting another vehicle, the driver’s attention increases
gradually before reached to the peak and declined after. So in this period, the
driver’s attention has obvious regularity.

4. Compared with the driver’s attention which has obvious regularity, the medi-
tation decreases at the time of meeting other vehicle, bike, and pedestrian, but it
would not increase after the driver has passed by. So it has no regularity as a
whole.
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Chapter 34
Contrast Research on Ergonomics
of Vehicle Drivers in Indirect and Direct
Vision Environment

Jia Zhou, Zhicheng Wu, Jingjie Wu, Zhiying Qiu and Jie Bao

Abstract Flat displays will be used to provide a better view for drivers in some
future special vehicles, but the drivers have to observe the outside environment
only by the displays in cab. As there is a great difference between the two-
dimensional visual environment provided by onbroad displays and the visual
environment for the drivers who drive normal vehicle by direct vision, the psy-
chological and physiological responses of indirect vision drivers are quite different
from direct vision drivers. An indirect vision driving system was equipped on a
large sport-utility vehicle, and the contrast experiment between indirect vision
driving and direct vision driving was carried out. Psychological and physiological
index of drivers, such as EEG, pulse, blood oxygen saturation, and completing task
time, has been collected and processed using mathematical statistical methods.
The comparative analysis result shows that the physiological load of drivers in
indirect vision driving mode and direct vision driving mode is nearly the same, but
the psychological load in indirect vision driving mode is higher than that in direct
vision driving mode; thus, the total workload of indirect vision driver is higher.

Keywords Contrast experiment � Indirect vision driving � Direct vision driving �
Psychological and physiological index

34.1 Introduction

The indirect field is what the driver views indirectly by use of imaging devices
such as the inside mirrors, outside mirrors, or display screens showing camera
views or locations of objects detected by other sensors [1]. The new indirect vision
driving system is equipped with one or more HD cameras and panel displays for
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displaying the video images shot by the cameras. The new indirect vision driving
system can be used to replace the traditional periscopes and narrow windows on
some special vehicles and provide a better driving vision for drivers. In 1990s, the
US Army started to pay attention to a research on driving via indirect vision
driving system [2]. Computing Devices Canada Ltd has built and developed a
vehicle platform equipped with flat-panel display for the US military and con-
ducted the experiments in 2000 [3].

In recent years, the research emphasis has changed from the indirect vision
driving system hardware to the system of the Man–Machine–Environment which
concludes driver, the indirect vision driving system, and traffic environment. In
2002, Dutch scientist J.Van Erp started to pay attention to the disease problem by
using head-mounted camera system. The US Army Research Laboratory, M.D.
&Ph.D. C. C. Smyth made a research on task performance and workload of an
indirect vision driving with fixed flat-panel displays [4]. The domestic research on
vehicle indirect vision driving system is still in its infancy. Wu Zhicheng from
Beijing Institute of Technology summarized the development situation of indirect
vision driving technology [5]. In 2013, Bao Jie made a research on the effects of
image parameters on driving fatigue and task performance of the drivers in the
indirect vision driving system [6]. The two-dimensional visual environment pro-
vided by the screen of indirect driving vision system is quite different from the
direct driving vision environment for normal drivers, so it is necessary to carry on
a contrast experiment between the indirect vision and direct vision driving systems
and compare the drivers’ performance in the direct and indirect vision driving
modes.

34.2 Research Content

34.2.1 Indirect Vision Driving System

The new indirect vision driving system includes three parts: monitors, data
transmission, and image displays. The monitor consists of three high-definition
(HD) cameras and holders, among which the main cameras are Tongwei HD-SDI
1080 P. Deputy cameras are ordinary analog cameras. The image display includes
three 16:9 wide screens with liquid crystal display (LCD) and the devices for video
transmission. A 23-inc. wide-screen light-emitting diode (LED) backlit LCD with
resolution of 1,920 9 1,080 pixels has been used as main screen for a more visible
area. To obtain a better driving vision while turning, two 11.6-inc. LED backlit
LCDs with resolution of 1,366 9 768 pixels are turned 90� individually and
seamlessly fixed on both sides of main display as assistant screens as shown in
Fig. 34.1. Because the output is SDI which is not adopted by screens, the high-
speed converter from SDI to HDMI is chosen to ensure the quality of image
transmission and transmission speed.
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34.2.2 Experimental Data Collection

Ten voluntary drivers aged 20–45 years have been recruited for the outdoor
experiment. All of them are healthy and have driving licenses. They are from
Beijing Institute of Technology. Before the experiment, drivers maintain adequate
sleep and rest to ensure they are energetic and sober. The outdoor experiment was
carried out in weekend for avoiding interruptions of pedestrians and vehicles. The
voluntary drivers had to drive the test vehicle on a test course loop whose total
length was nearly 600 m delineated from our campus road. The schematic diagram
of test course loop is shown in Fig. 34.2. Every driver was required to try their best
to drive in direct and indirect vision environments according to the regulation
route for five laps, under the premise of ensuring safety. Experiment time was from
10:30a.m. to 4:00p.m., and the weather was fine. In the start and end point,
completion time, EEG (electroencephalogram), oxygen saturation, and pulse rate
were recorded.

Second is the unit for the time which is spent every lap. It is a comprehensive
index and is used to measure the driver’s degree of fitness and proficiency and
difficulty of the driving task. It is also a reference index for EEG, oxygen satu-
ration, and pulse rate.

The MindWave headset, a safe EEG measure device developed by NeuroSky, is
used to measure brain wave signals. Brain is a complex world, and people will
have different electrical response in different conditions. In order to study con-
veniently, EEG signal is roughly divided into the following four basic waveforms
according to the frequency and amplitude: alpha, beta, theta, and sigma waves. In
these basic waveforms, beta waves are directly related to degrees of excitement
when people are stimulated by environment, but it is difficult to analyze because
the brain wave is complex [7]. So the ‘‘attention’’ parameter provided by Mind-
Wave instrument is used to analyze the brain electrical signal. Attention reflects
the users’ current attention degree.

In the experiment, a wrist pulse oximeter whose type is Heal Force Prince-100G
is used to measure oxygen saturation and pulse rate. Its sampling cycle is 2 s.
Oxygen saturation is a percentage that indicates the saturation of the combination

Fig. 34.1 Indirect vision driving system components. The device includes three HD cameras on
the left side, the transmission line and the converter on the middle, and display screens in the cab
on the right side of figure
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of oxygen and hemoglobin, which will decline when mental workload increases
because the human bodies need certain amount of oxygen supply for extra
workload [8]. Pulse rate is generally consistent with heart rate. Heart rate is mostly
widely used in ergonomics research, which shows typical rise when the mental
workload exceeds the normal level [9].

34.3 Analysis and Discussion

In order to study the difference between the direct vision driving and indirect
vision driving modes, ten drivers’ psychological and physiological parameters
have been calculated and contrasted.

Because the EEG signal is nonlinear and has no obvious change law, it is very
difficult to analyze EEG signal directly. Volunteers’ five experimental conditions
are the same, so their attention can be averaged, as shown in Fig. 34.3.

Fig. 34.2 Schematic
diagram of test course loop.
Its total length is nearly
600 m

Fig. 34.3 Drivers’ attention
average in direct vision and
indirect vision driving modes
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Figure 34.3 shows that drivers’ attention average trend is relatively stable in
direct vision and indirect vision driving modes, and their average value is very
close. It means that both in direct vision mode and in indirect vision driving mode,
the drivers are very focused and there is little difference with their attention; that
is, the level of psychological load for the vehicle drivers in indirect vision driving
mode is similar to that in direct vision driving mode. Compared with direct vision
driving system, the indirect vision driving system does not increase drivers’
psychological load.

In Fig. 34.4a, the trend of oxygen saturation average in the direct vision and
indirect vision driving modes is nearly the same. Figure 34.4b shows that with
driving times increasing, pulse rate in indirect vision driving mode increases, but
pulse rate in direct vision driving mode remains almost unchanged. Comparing the
Fig. 34.4a and b, pulse rate average in indirect vision driving mode is higher than
that in direct vision driving mode, but the oxygen saturation is nearly the same. It
means that drivers’ oxygen consumption in indirect vision driving mode is higher
than that in direct vision driving mode, and with driving times increasing, oxygen
consumption in indirect vision driving increases. Compared with direct vision
driving system, the direct vision driving system increases drivers’ psychological
load.

Figure 34.5 shows the time which 10 volunteers have used to finish the each
task in direct vision and indirect vision driving. Everyone carries out experiments
for five laps. It can be seen that in the direct vision driving mode, drivers are able
to adapt to driving conditions quickly and the time for each lap is stable. While in
the indirect vision driving mode, because drivers are not familiar with the system,
the driving time is longer than that in the direct vision driving, especially at the
beginning of the experiment. With driving times increasing, drivers gradually
adapt to indirect vision driving system. After three laps, driving time has become
stabilized.

Fig. 34.4 Oxygen saturation average and pulse rate average in direct vision and indirect vision
driving modes. a is oxygen saturation average, and b is pulse rate average

34 Contrast Research on Ergonomics of Vehicle… 281



To compare the driving time more intuitively and clearly, the total time for 10
volunteers in each lap is averaged, respectively, in direct vision and indirect vision
driving modes, as shown in Fig. 34.6.

Figure 34.6 shows that the total driving time average in direct vision driving
mode is stable, and the time is about 130 s. The driving time curve in indirect
vision driving mode is monotonically decreasing. The slope of the first two laps is
higher and decreases linearly. It starts to remain unchanged in the third laps.
Comparing with the average driving time in direct vision and indirect vision
driving modes, the time in indirect vision driving is longer. But with the driving
times increasing the time in indirect vision driving becomes shorter, and its dif-
ference on the direct vision driving time gradually reduces.

Main reason is that road condition information in indirect vision driving mode
is provided by the image, which is quite different from visual field in direct vision

Fig. 34.5 Task completion time for 10 drivers in direct vision driving mode and in indirect
vision driving mode. a is in direct vision driving mode, and b is in indirect vision driving mode

Fig. 34.6 The task
completion time average in
direct vision and indirect
vision driving mode
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driving mode through the window. This will produce a certain pressure to the
driver’s psychology and then affect the driver’s driving speed in the direct driving
environment. But with the driving times increasing, the volunteers are more
familiar to indirect vision driving system. Their adaptability to the system has been
enhanced, so the driving time reduces.

The contrast analysis result shows that the physiological load for drivers in
indirect vision driving mode and direct vision driving mode is nearly the same, but
the psychological load in indirect vision driving mode is higher than that in direct
vision driving mode. Considering the task completion time, the time in the indirect
vision driving mode reduces significantly, but in the direct vision driving mode, it
reduces slowly with the driving time increasing.

34.4 Conclusions

1. The workload for the vehicle drivers in indirect vision mode is higher than that
in direct vision mode, but the difference of total workload between in indirect
and direct vision environments decreases with the driving time increasing.

2. With the driving time increasing, the workload for the vehicle drivers in
indirect vision mode decreases. It means that the drivers’ maladjustment in
indirect vision mode decreases with the increase of driving experience.

3. The task completion time in the indirect vision driving mode reduces with the
driving time increasing. It means that it can improve drivers’ maladjustment for
indirect vision environment by training.
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Chapter 35
Research on Environmental Suitability
of Operation Staffs at Frigid Plateau
Region

He Wei, Honglei Li, Zhibing Pang, Cheng Jin, Yuankang Sun
and Xingbin Zhu

Abstract This paper summarizes the effects on operation staffs casted by the
frigid plateau environment through analysis of the characteristics of geographical
environment and climatic characteristics of this kind. In order to explore ways to
improve job performance, the author begins with the operation staffs’ physical
ability, intelligence, and skills, takes the suitability to environment as a break-
through point, and proposes effective training methods to improve operation staffs’
environmental suitability from four aspects of psychological and physical quality,
professional skills, and logistics support. Therefore, it is a must to launch various
adaptive trainings with the psychological and behavioral training, hypobaric
hypoxia training, professional skills training, and equipment and logistics support
drill as highlights.

Keywords Frigid plateau region � Operation staffs � Environmental suitability

35.1 Introduction

Because of the high mountains and deep valleys at the Tibetan frigid plateau
region, environment conditions such as cold, hypoxia, large diurnal amplitude, and
strong ultraviolet radiation can be found there, seriously affecting the improvement
of job performance. More researches on how to improve operation staffs’ envi-
ronmental suitability under frigid plateau environment have a major significance
for the purpose of mastering the characteristics of this area to improve operation
staffs’ environmental suitability.
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35.2 Environmental Characteristics of Frigid Plateau
Region

Environments kinds of Tibetan frigid plateau region can be divided from geo-
graphical and climatic perspective. The following will analyze these two from the
view of their physiological and psychological impacts on human.

35.2.1 Characteristics of Geographical Environment

As being included in the high and cold mountainous, the Tibetan frigid plateau
region is such a typical region where the terrain is featured with towering peaks,
steep mountains, and basin alternating with ridges and peaks. It covers a vast area;
areas of more than 1,000 or 2,000 m above sea level occupy 58 % and more than
33 % of the national territory, respectively. The average altitude here is 4,500 m,
whereby the average altitude of ridgeline is 5,500 m. Mountains with a more than
5,000 m of height above sea level are covered with snow all year round.

35.2.2 Climatic Characteristics

The unique climate characteristics of the frigid plateau region are mainly as fol-
lows: low temperature, large temperature difference, hypobaric hypoxia, and
strong ultraviolet radiation.

35.2.2.1 Low Temperature

Temperature decreases with elevation at a rate of about 0.6 �C for 100 m. The
Tibet Plateau’s average elevation is more than 4,500 m, and its annual average
temperature is around -6 �C. The lowest temperature can reach -46 �C. Areas of
more than 5,000 m of height above sea level are covered with snow all year round.
The temperature here is below 0 �C, among which even existing are -30 �C low-
temperature areas. People have to wear winter dresses for the sake of living and
training.

35.2.2.2 Large Temperature Difference

Mountains at plateau areas have perennial snow on the top, dense forests at
mountainside, and evergreen pastoral at piedmont. Temperatures between moun-
tains and valley, sunny place and shady place differ a lot. In addition, the
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temperature difference between day and night is up to 15–30 �C due to the poor
atmospheric insulation caused by thin air.

35.2.2.3 Hypobaric Hypoxia

Atmospheric pressure decreases with elevation. At sea level, the atmospheric
pressure and atmospheric oxygen partial pressure are 101.2 and 21.2 kPa,
respectively. At an elevation of 3,000 m, the atmospheric pressure and atmo-
spheric oxygen partial pressure drop to 77.3 and 14.7 kPa, separately, accounting
for 70 % of atmospheric pressure at sea level. When rising to 4,500 m above sea
level, the atmospheric pressure will fall to around 60 % of the atmospheric
pressure at sea level.

35.2.2.4 Strong Ultraviolet Radiation

With ascending of elevation at the frigid plateau region, the air will become
thinner and the atmosphere will get weaker for trap so that the ground will receive
stronger sun rays and higher UV radiation. Generally, UV radiation increases with
elevation at a rate of about 1.3 % for 100 m. At an elevation of 4,000 m, the UV
radiation is 1.5–2.5 times stronger than that at sea level [1]. Moreover, snow
ground will further increase the killing effect of radiation.

35.3 Effects on Operation Staffs Casted by the Frigid
Plateau Environment

The operation staffs will show adverse effects under the unique environment of
frigid plateau, which will also impede the operation staffs to work normally by
affecting their psychological and physical quality and professional skills. The
following items are adverse effects:

35.3.1 High Psychological Pressure

Operation staffs at frigid plateau region see higher unhealthy psychological values
than that in inland in terms of fear, anxiety or depression, and so on, as one research
shows. The following three aspects are its main manifestation: First is fear. Because
of the harsh climate at frigid plateau region, the function of human body will
decrease significantly. Symptoms like anhelation, insomnia, irritability, and morbus
asthenicus are very common, making operation staffs fear in plateau environment
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more likely. The second is anxiety. The operation staffs’ over-anxieties will go
for self-security because of the experience of altitude sickness and high disease
incidence of frostbite, skin cancer, and cataract. Last is depression. As the frigid
plateau region is a remote place with complex social environment, and add up the
troop’s long-term closed management, the operation staffs are prone to be
depressed.

35.3.2 Slowness at Observing Response

Firstly, under hypoxic environment at plateau areas, the operation staffs are apt to
suffer altitude sickness such as anhelation and dizziness, leading their responding
ability to visual stimulation, observation capability decrease, and attention dis-
perses. Secondly, bright light and high UV radiation can harm visual organs,
especially working above the snow line. The ultraviolet radiation is very high on
snow ground, which can easily cause conjunctivitis, snow blindness, etc., so the
operation staffs’ observation capability will decrease, or even be deprived.

35.3.3 Slowness at Critical Thinking

Because the human brain stays in inhibitory condition for lack of sufficient oxygen
at plateau areas, its judgment capability to external stimulation will significantly
decline, casting a direct impact on operation staffs’ thinking agility and continuity
so that the operation staffs will show slowness at critical thinking. Moreover, as the
temperature changes greatly, the operation staffs will suffer from frequent fatigue,
poor reaction ability, and decline of memory, making the job efficiency reduce by
20–50 %. Comparing with peers working in the plains, their strength and energy
are inferior for 3–5 years [2].

35.3.4 Operation Constraint

Firstly, the hypobaric hypoxia environment restricts the operation staffs’ exercise
capacity. Human’s heart bearing capacity in plateau is just like carrying 20 kg in
weight in the plains. Strenuous exercise will cause headaches, chest distress, tin-
nitus, and other symptoms; secondly, low temperature and bright light are two main
factors that have adverse impacts on accuracy of the operation. Low temperature
may reduce the joint flexibility and accuracy of muscle movement, and the average
temperature there is around -6 �C. Long-term working in low-temperature envi-
ronment will make the operation staffs clumsy in operation or even make errors.
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Meanwhile, bright light and snow reflection are very likely to cause people visual
fatigue, making the operation staffs make misjudgment or false judgment on signals
and data during operation.

35.4 Countermeasures to Adapt to the Environment

The harsh climate is the primary factor restricting job performance as it calls for
much higher requirements of operation staffs’ mental fitness, physical skills, and
integrated support capabilities. Therefore, for the purpose of improving job per-
formance, we must explore innovative training methods so as to enhance the
operation staffs’ environmental suitability.

35.4.1 Psychological and Behavioral Training to Improve
Operation Staffs’ Mental Fitness

Psychological and behavioral training based on the environmental characteristics
in the frigid plateau region has important practical significance for prevention and
elimination of fear, anxiety, depression, and other negative psychologies, as well
as enhancement of operation staffs’ mental fitness.

One way is to launch limit training to overcome fear, helping operation staffs to
overcome psychological barrier, stimulate their mental potential, and eliminate
their fear to rigid plateau environment through limitation training such as hike,
rock, and rope climbing. Helping operation staffs to adapt to various battlefield
environments gradually by trainings like combat readiness and maneuver in
simulated battlefield environment so as to overcome their fear toward tense situ-
ation at frigid plateau region.

The second way is self-control training to relieve anxiety. In order to eliminate
anxiety, guide the operation staffs to use self-control method to regulate physio-
logical and psychological changes. There are two main ways: First is relaxation
training, meaning that relaxing the muscle consciously to adjust the tension of the
body so that the operation staffs’ physical and mental coordination and mental
balance can be maintained [3]. The second way is suggestive training. The
operation staffs can imply themselves with words ‘‘I’m great,’’ ‘‘People can,
I can,’’ etc. Positive verbal suggestion is helpful to eliminate anxiety and be
optimistic.

Third is outward development to eliminate psychological depression. It is
conducive for operation staffs to develop positive attitude and effectively reduce the
incidence of depression, mental illness through trust fall, force impact, and high-
altitude climbing, or some auxiliary trainings created based on the characteristics of
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their profession. All of these trainings are designed to develop operation staffs’
collaboration awareness and enterprising spirit and to further strengthen the col-
lective sense of honor and self-fulfillment.

35.4.2 Hypobaric Hypoxia Training to Enhance
Physiological Suitability to Frigid Plateau Region

Hypobaric hypoxia training may enhance the operation staffs’ physical fitness on
the one hand and reduce the adverse effects of the harsh climate and environment
on the other. According to the operation staffs’ physiological characteristics and
training rule, the hypobaric hypoxia training mainly includes three stages:

First is to strengthen basic trainings at low altitude. At low-altitude regions, pay
special attention to basic theoretical study and basic fitness training. The first step
is to learn about environmental characteristics of the frigid plateau region and
possible physiological responses under hypobaric hypoxia environment and master
countermeasures to cope with. Then, conduct the basic fitness training. The
training subjects include the following: long-distance running and cross-country
run with full equipment and so on. The training time shall not be less than 2 h
every day, and the training phase shall not be less than 4 weeks [4].

Second is stepwise adaptive training. This kind of training is mainly carried out
at an altitude of less than 3,000 m in accordance with the order: unarmed, lightly
armed, and burdened. It is designed to adjust the operation staffs’ heart–lung
functions so as to enhance their ability to adapt to hypoxia environment through
fitness and breathe control trainings.

The last way is to conduct high-altitude applied trainings. Applied training is
such a kind of comprehensive training for operation staffs to ensure the successful
completion of their tasks. This method shall highlight trainings like camping at
cold plateaus, field survival, and special skills for the sake of improvement of the
operation staffs’ technical and tactical ability. During the group training process, it
should also combine with breath control trainings, integrating hypobaric hypoxia
training, technical and tactical training, and mental and fitness training as one.

35.4.3 Professional Skills Training with Specific Aim
at Frigid Plateau Region

Under the frigid plateau environment, the operation staffs will be seriously affected
in terms of use of the equipment, resulting in increased rates of operational errors
and ineffective performance of equipment, which will reduce the job performance.
Therefore, professional skills training with special aims can effectively enhance
the staffs’ ability to operate equipments in harsh environments.
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Professional skills in harsh environments will improve job performance
significantly. One is cold outdoor training. It is used to enhance the staffs’ ability
to adapt to conditions at low temperatures; another is trainings at higher altitudes,
where the air is thin. The purpose of this training is to strengthen the staffs’
adaptability under anoxic conditions, and third is trainings on snow ground under
strong sunlight to enhance the staffs’ operational ability in bright light.

35.4.4 The Equipment and Logistics Support Shall be
Always Ready to Ensure Safe and Efficient Operation
in Harsh Environments

In order to ensure safe and efficient operations in frigid plateau region, it is a must
to carry out equipment and logistics support drill with the health service, quar-
termaster, and equipment support as a highlight, minimizing the adverse effects
caused by the harsh environment.

First is to strengthen health service support. The first way is to establish a health
record, organizing the staffs to do regular physical examination to learn their body
conditions in a timely manner; next is to maintain the staffs’ mental health. Issue
promotional materials on psychological adjustment, carry out extensive mental
health education, and invite psychiatrist regularly; then, keep sanitation and pre-
vent diseases. Put more efforts to prevent and control communicable diseases,
vaccinate the staffs intentionally, and prepare decoction of traditional Chinese
medicine. Finally, keep all medicine used at plateau in place. Distribute the first
aid packet to all staffs before the job, and tell them the time of taking medicine and
dosage clearly.

The second way is to have a scientific and reasonable diet. As the heat con-
sumption at plateau is 10–15 % higher than that in plain, the amount of energy
supply at plateau shall be about 10 % higher than that in plains [5]. The staple and
side food shall be cooked or hot food with high sugar, high protein, and low fat.
Fresh vegetables and fruits are recommended to be eaten more. For region lacing
of vegetables, various vitamins shall be provided [6]. Drinking hot water with a
small amount of salt to supplement energy consumed.

And the last way is to prepare the equipment fully furnished. Since the plateau
lacks oxygen, every staff shall be equipped with a portable oxygen bag, and every
group shall be equipped with small portable oxygen bottle, so that when the staffs
suffer hypoxia seriously, they can relieve symptoms timely; since there is abundant
intense sunlight and snow glacier, the staffs shall wear eye protection glasses to
prevent eyes from being burned, and since the ultraviolet radiation here is strong,
the staffs shall wear sunscreen for fear of solar dermatitis or other skin diseases.
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35.5 Conclusions

The Tibetan frigid plateau region has harsh climate and complex geographical
environment, which affect the operation staffs’ physiology, psychology, and
behaviors to a variable extent. Therefore, in order to improve the operation staffs
suitability under frigid plateau environment to ensure effective job performance, it
is a must to launch various adaptive trainings with the psychological and behav-
ioral training, hypobaric hypoxia training, professional skills training, and equip-
ment and logistics support drill as highlights.
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Chapter 36
Features of Selection Indicators for Alpine
Plateau Operator

Cheng Jin, Zhibing Pang, Honglei Li, Jiang Wu,
Hua Li and Quanliang Yin

Abstract In order to take better advantages of weaponry technical performance,
and improve martial effectiveness, the most important thing is the man–machine
combination, that is, the selection of weapons and equipment operators. Plateau
environment is one of the most important military combat environments in the
future. With the background, this thesis takes the selection of weapons and
equipment operators as the study object, to analysis how the environment influence
the operational capability and studies the characteristics of high altitude region
operator selection index system. It provides an essential basis to the selection of
the operators master in antiaircraft weapons equipment with the plateau environ-
ment to a scientific extent.

Keywords Altitude environment � Operator selection � Indicators features

36.1 Introduction

Modern war is the system–system against between the comprehensive effective-
ness of man–machine system, composed of personnel and weaponry, whether the
human–machine combination can be matched, and whether it is the key factor to
taking advantage of weaponry [1]. Operator selection is expected to elect com-
petent operator for specific weapons from the military population. It is for com-
position the characteristics of personnel and weaponry organically, making up
efficient human–machine systems, to increase the reliability of the system. Essence
of the selection is to find the best combination of weapons and people [2]. The
paper takes plateau environment as the background, typical Air Defense Forces
operator weaponry as the research object, based on the needs of my antiaircraft
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forces modernization study to explore the characteristics of the index operator
selection, operator selection and training of a certain degree of guidance.

36.2 High Altitude Environment [3]

36.2.1 Low Air Pressure, Low Oxygen Partial Pressure

The atmosphere surrounding the earth presents lower the air pressure regularly,
with the increase of the altitude. Generally speaking, altitude increases 100 m as
average, pressure decreases about 0.67 kPa (5 mmHg). However, the atmospheric
oxygen content as a percent of 20.93 % is maintained substantially constant. So, as
the altitude increases, the oxygen partial pressure with decreasing pressure also
showed reduced regularity.

36.2.2 Frozen, Windy, Low Temperature

The altitude increases as the temperature decreases, generally increasing by
100 m, the temperature dropping 0.6�, regardless of latitude. In addition, most
highland areas are less affected by the monsoon ocean, and are in continental
climate with low temperatures and large temperature between day and night
mostly. Moreover, with altitude increasing, speed of wind increases, resulting in
discomfort to the human body. Simultaneously with altitude increasing, the water
vapor content in the air reduces, and the absolute humidity of the air reducing, air
drying, cause thirst, dry skin normally.

36.2.3 Solar Radiation Intensity, Long Hours of Sunlight,
Strong Ultraviolet Radiation

As the altitude increasing and the atmosphere through the brightness increasing,
the transmittance of solar radiation increases, so does the solar radiation. Each
1,000 m the elevation increasing by 10 % of the solar radiation enhancement
occurs generally, snow will increase the intensity of solar radiation, so does the
intensity of the ultraviolet as the reflective thin air and snow at the same time. UV
intensity is 1.5–2.5 times of the plains at an altitude of 4,000 m in altitude.
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36.3 Impact of High Altitude Environment on Man’s
Capabilities

The old military saying ‘‘to occupy the commanding height’’ illustrates that
strategical highland has the advantage of observing, firing at areas nearby and
defense. However, highland has the problems and bumpiness, small population,
inconvenient transportation. At the same time, it is lacking in food, water resources
and fuel. Apart from geographical problems, there also comes the influence of
dreadful climate conditions. Bodies cannot take in enough oxygen because of the
high altitude of 3,000 m. Those will all affect people’s health and working ability,
which also leaves undesirable impacts on military work.

36.3.1 Impact on the Visual and Auditory Sense

In the plateau region, most operators’ vision will fall. One fifth among them will
have an obvious diminution. That is because vision is the most sensitive to
hypoxia. The vision acuity and the identity of color begin fall above 3,000 m. And
in the case of lacking in oxygen, the time to react will be prolonged. Simulta-
neously, the capability to adapt dark is declining. In turn, the weakened capability
of vision acuity could partly result in ability of operation’s reducing. However, it
makes no much difference to the hearing sensitivity.

36.3.2 Impact on Intelligence, Memory and Concentration

In the environment above 4,000 m, most operators appear to show the trend that
their abilities such as observation, temporary memory, concentration and reaction
become weakened. As far as intelligence is concerned, there is a conspicuous
relationship between the influence extent and the altitude as well as the speed of
rising. It is widely recognized though many intelligence abilities start to decline
over 3,000 m high, people can still complete the missions which have been known
well. Memory is sensitive to hypoxia as well. With the rising altitude, the growing
severity of hypoxia leads to different extents of memory damage. Being lack of
oxygen, a man’s concentration drops apparently. It becomes difficult for him to
concentrate, and, the shifting and distribution of attention is blocked.
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36.3.3 Impact on Emotional State

Exposure to high altitude environment probably results in enjoyment and a wrong
judgment. It shows that, by a test, after staying one to 4 h around altitude 4,000 m,
those be tested judged themselves as ‘‘not very friendly’’ but ‘‘having a clear
thinking,’’ feeling ‘‘tired’’ and ‘‘confusing’’ as well. These emotional performances
of high altitude have a conspicuous time process. And all the emotional changes
will return to normal after 48 h [4].

36.3.4 Impact on Personality

Impact on personality is proportional to altitude and time spent at high altitudes. In
3,000–4,000 m usually occurs neurasthenia, manifest as fatigue, lack of motiva-
tion, decreased sensitivity and other psychological symptoms. In 4,000–7,000 m, it
is easy to appear manic depression. Over 7,000 m, acute cerebral edema can cause
damage to the central nervous system structure and function [5].

36.3.5 Impact on Work Effect

Studies have shown that cognitive ability is more easily to suffer influence of
diminution than the movement capability. Complex assignments get earlier
influence than those simple. Those activities that need making a strategic decision
or making tactics are more easily to get affected than the auto-movement process.
Recently learned work operation is more likely to suffer influence than the adept
object operation. In the high altitude region, the visual input of shape, pattern and
outline is more easily to get affected compared with that of figures, characters and
characteristic. What is more, the lowest altitude to affect most work assignment is
around 3,050 m. Especially above 4,000 m, compared with the lower altitude, the
phenomenon of errors increasing and time prolonging occurs. Simultaneously,
they are more willing to reduce the rate of reaction so as to keep the error rate a
low level.

36.3.6 Impact on Labor Ability

In the plateau region, labor heart rate significantly increased, heart rate recovery
time prolonged and becomes more obvious as height above sea level increases.
Therefore, manipulator is relatively easier to feel fatigue, and the amount of work
compared with the plain region has a certain decline, extending their work time.
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Generally speaking, on the plateau at an altitude of 4,000 m, the ability to work
down a labor grade than on the plain, that is when engaged in moderate intensity of
labor in the 4,000 m plateau, the cardiac load is equivalent to that when engaged in
heavy labor intensity in the plains.

36.4 Operator Selection Index Test and Characteristics

36.4.1 Index Test [6]

A unit of 46 randomly selected operators in Tibet as test subjects, all male, were
tested at the age of 18–30 years, mean age was 22.7 years old, height 162–183 cm,
the average height of 171.29 cm.

36.4.1.1 Basic Test Case

The tests include: height, weight, resting heart rate, blood pressure and lung
capacity.

36.4.1.2 Operation Proficiency Test

Test content is in accordance with the assessment of military training syllabus
content relevant conduct military training.

36.4.1.3 Mental Ability Tests

The tests include: digital memory ability test, while the graphics and memory tests
and complex reaction test.

36.4.1.4 Test Cassette 16 Personality Factors

Test content is 16 kinds of human personality factors which include: warmth,
intelligence, stability, aggressiveness, excitement, persistence, boldness, sensitiv-
ity, doubt, fantasy, sophistication, anxiety, experimental, independence, self-dis-
cipline and tension.
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36.4.2 Characteristics

36.4.2.1 Basic Test Case

Plains and highlands operators in static spirometry showed significant differences.
This is because the low partial pressure of oxygen plateau environment, personnel
exhaled volume decreases, resulting in significantly smaller lung capacity, which
may cause the heart rate when the job growth is too fast, the recovery time after the
operation of the phenomenon, resulting plateau operator in strength, endurance and
resistance fatigue capabilities are relatively worse when the plains .

Therefore, in the selection of Air Defense Forces typical plateau operator,
operator must take full account of endurance and resistance to fatigue.

36.4.2.2 Operation Proficiency Test

Cognitive ability is more susceptible to hypoxia than psychomotor skills. Complex
tasks are affected earlier than the simple task; work operating a newly learned task
than the skilled operator vulnerable. At high altitudes, shapes, patterns and con-
tours visual input than numbers, text and features more susceptible to visual input.

36.4.2.3 Mental Ability Tests

Plateau operator subject to the environmental impact due to the year-round, in the
digital short-term memory capacity, pattern recognition and memory capabilities,
moving target search to locate and attention allocation, and response speed is
worse than the plains operator.

36.4.2.4 Cattell’s 16 Personality Factor Test

There is a large difference in the intelligence where people in plain areas have an
advantage. It states a fact that compared to operators in at high altitude, operators
in the plain areas not only have higher levels of education, culture and ability to
learn and understand, but also smarter and possess a stronger capacity to think
abstractly with bright brain.

There is a large difference in dominance where people in plain areas have an
advantage. It states a fact that compared to operators in at high altitude, operators
in the plain areas are feistier, more independent and could insist their perspectives
regardless of whatever the environments are. What is more, they have challenging
spirit, competitive and more aggressive and stubborn.

There is a large difference in excitability where people in plain areas have an
advantage. It states a fact that compared to operators in at high altitude, operators
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in the plain areas behave easily and little stiff, as a result of which, they are more
enthusiastic, lively and talkative meeting things.

There is a large dutifulness in excitability where people in plain areas have an
advantage. It states a fact that compared to operators in at high altitude, operators
in the plain areas do their bits and with a strong sense of responsibility, do not
complete matters in a perfunctory way.

There is a large anxiety in excitability where people in plain areas have an
disadvantage. It states a fact that compared to operators in at high altitude,
operators in the plain areas take calm actions, equipped with confidence and sense
of security and adapt to the environment with ease.

36.5 Conclusion

Complex geographical environment of high altitude alpine region and the impact
of adverse weather conditions combat weapons and people of very large, which we
should lay emphasis on. Through the research on the characteristics of the
selection of the operator, enhancing adaptability to complex environment and
improving mental and physical qualities of people in complex environments so
that people fully combine with weapons systems in combat, improving man–
machine combination efficiency, maximizing operational effectiveness of weapon
systems and providing strong support for fighting and winning under the condition
of information war.
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Chapter 37
Research on the Correlation Between
University Students’ Assessment of Sports
Environment and Their Physical
Exercises Behavior

Min Chen, Jing Sun, Jianjun Li, Shuai Mu, Xiang Gao, Yang Yang,
Tian Yang, Ming Kong and Miaofei Chen

Abstract In order to analyze the relation between the sports environment of
universities and university students’ physical exercises, the researchers, starting
from the analysis of the university students’ assessment of sports environment,
adopt various methods such as questionnaire and data statistics to study this
subject and find out: First, 76.1 % students do not have good habit on sports
exercises. Only 23.9 % students are qualified for the National Sports Population
Evaluation Criteria (Tan in J Guizhou Coll Nationalities Philos Soc Sci Ed 2,
2008) [1]. Second, students in different physical exercise behavior groups have
different assessments on their universities’ sports environment. Specifically, the
more actively a student involves in sports exercises, the higher assessments he will
give. Third, students’ physical exercise behavior and their assessment on sport
environment belong to low correlation, while the environment and students’
physical exercise behavior belong to positive correlation.

Keywords Sports environment � Physical exercises behavior � Correlation

37.1 Introduction

The students’ assessment on university sports environment refers to the evaluation
on sports environment carried out by students by adopting both their subjective and
relatively objective criteria, and reflects their points of views and attitudes on sports
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environment. According to the psychology, attitude can affect people’s behavior.
Therefore, starting from the analysis of the university students’ assessment of sports
environment, the researchers try to investigate the relation between students’
physical exercises behaviors and their views on universities’ sports environment so
as to offer theoretical foundation for the universities so that they could better sports
environment to make students participate more in physical exercises.

37.2 Research Object and Method

37.2.1 Research Object

Researchers handed out questionnaires to 1,400 students from Nanjing Institute of
Physical Education, Nanjing University of Science and Technology, Nanjing
Agricultural University, Nanjing Normal University, Nanjing University of Finance
and Economics, Nanjing University, and Nanjing University of Technology. A total
of 988 questionnaires were retrieved and the retrieving rate is 70.57 %.

37.2.2 Research Method

37.2.2.1 The Method of Questionnaire

The researchers consult various materials to design ‘‘The Questionnaire of Uni-
versity Students’ Assessment of Sports Environment and Their Physical Exercises
Behaviors.’’

37.2.2.2 The Method of Mathematical Statistics

The researchers use SPSS16.0 software to analyze the collected data.

37.3 Research Results and Analysis

37.3.1 The Present Situation of the Physical Exercise
Behavior of University Students in Nanjing

As an important indicator to measure the mass sports in a country or region, the
concept of ‘‘sports population’’ is mainly evaluate how many people participate in
physical exercises and how often they involve themselves in. In 1997, China
brought up the criteria of ‘‘sports population.’’ Each ‘‘sports population’’ must
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satisfy three basic conditions: to take part in physical exercises for at least three
times a week; the duration of each exercise should above 30 min; and the working
load or intensity must equal or above one’s physical fitness [2].

Based on the criteria of the ‘‘sports population,’’ we divide students into four
different groups, which can be seen in Chart 1.

The research statistics on students’ physical exercises behavior are counted and
clarified into Table 37.1.

Currently, ‘‘sports population’’ in China consists of two parts: one is called
‘‘definite sports population’’ which includes armed forces, students and people
who are sports profession; the other is called ‘‘possible sports population’’ which
refers to the adults above 70 years old who participate in sports exercises regularly
[3]. According to Table 37.1, only 23.90 % students are qualified for the criteria of
‘‘sports population,’’ which means students’ physical exercise behavior should be
concerned and improved.

37.3.2 The Present Situation of the Assessment on Sports
Environment Made by Students in Universities
in Nanjing

In order to get a better understanding of students’ assessment on their universities’
sports environment, researchers clarified the information which can be seen in
Table 37.2.

After T-testing the samples, researchers find there is a remarkable difference in
students’ assessment on universities’ physical education, sports activities and
competitions, and rules and management. P = 0.00. Differences also exist in the
assessment collecting from different groups. Group C gets the highest score, 3.04;
while group A gets the lowest score, 2.64. This shows that students in different
behavior groups have different evaluation on sports environment. The more active
they are, the higher score they give. Therefore, to improve students’ enthusiasm in
sports, universities should improve their sports environment so as to satisfy them
and make them more involved in sports activities.

Table 37.1 Physical exercise behavior groups

Type of physical exercises Criteria

Frequency/
week

Time Intensity

Group A 0 Above 30 min Equal/above physical fitness

Group B 1 Above 30 min Equal/above physical fitness

Group C 2 Above 30 min Equal/above physical fitness

Group D 3 Above 30 min Equal/above physical fitness
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37.3.3 The Relation Between University Students’
Assessment on Sports Environment and Their
Physical Exercise Behavior

In order to find the elements which affect the relation between university students’
assessment on sports environment and their physical exercise behavior, researchers
adopt Pearson’s analysis method in SPSS16.0 software [4].

37.3.3.1 The Analysis of the Relation Between University Students’
Assessment on Sports Environment and Their Physical
Exercise Behavior

According to Table 37.3, the relation between students’ assessment on sports
environment and their physical exercise behavior belongs to positive correlation.
P = 0.000 \ 0.01, which means students’ physical behavior is positively corre-
lated with other elements in Table 37.3. However, there is one exception that the
natural environment and students’ physical exercise behavior are not positively
related. Therefore, we should be aware that sports environment is an integrated
system rather than isolated parts.

Table 37.2 The assessment on sports environment made by students in different groups

Sports
environment
assessment
elements

Different physical exercise groups (M ± SD) P

Group A Group A Group C Group D

Natural
environment

3.67 + 0.502 3.84 + 0.567 3.88 + 0.576 3.91 + 0.539 0.467

infrastructure 3.125 + 0.44 3.253 + 0.53 3.454 + 0.94 3.502 + 0.43 0.083

Physical education 3.29 + 0.342 3.62 + 0.391 3.81 + 0.392 3.96 + 0.404 0

Sports associations 0.00 + 0.00 3.34 + 0.43 3.30 + 0.43 3.58 + 0.475 0.119

Sports activities
and competitions

3.16 + 0.256 3.32 + 0.407 3.41 + 0.41 3.59 + 0.385 0

Rules and
management

3.27 + 0.327 3.28 + 0.377 3.45 + 0.385 3.55 + 0.466 0.001

Sports information 2.64 + 0.465 2.86 + 0.611 3.04 + 0.599 2.95 + 0.603 0.046

Scores on sports
environment
assessment

200.75 + 18.86 213.55 + 19.81 227.71 + 22.88 233.53 + 25.58 0
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37.3.3.2 The Analysis of the Relation Between University Students’
Assessment on Sports Environment and Their Physical
Exercise Behavior

Table 37.4 is made according to the research of students of different genders.
The author concludes that the total score of boys and girls’ sports environment

assessment is significantly associated with their physical exercise behavior, and the
difference P = 0.000 \ 0.01. The boys’ physical exercise behavior is significantly
related to the sports teaching environment assessment, sports activities and com-
petition environment assessment, sports rules and regulations and management and
information assessment performance. Girls’ physical exercise behavior does not
have much bearing on the natural environment, sports infrastructure, sports
information as well as environmental assessment score. It can be found that stu-
dents’ physical exercise is greatly influenced by the environment of sports
teaching, sports competition as well as sports rules, regulations and management.

37.3.3.3 The Relativity Between Sports Environment Assessment
of College Students from Different Grades and Their Physical
Exercise Behavior

Having analyzed the relativity between sports environment assessment and stu-
dents’ physical exercise, the author has made Table 37.5 on the basis of the
statistics sorted out.

From the table, the author find a strong and positive correlation between sports
environment assessment of freshmen, sophomore and junior students and their
physical exercise, while for senior students the correlation is relatively weak. The
author also find that the sports exercise of students from different grades is sig-
nificantly correlated with their sports assessment while is least correlated with
natural environment assessment.

37.4 Conclusions and Suggestions

37.4.1 Conclusions

37.4.1.1 Students Should Account for the Small Part of ‘‘National
Sports Population’’

Considering the frequency, length and intensity of college students’ physical
exercise in universities in Nanjing, their prospect of physical exercise is not
optimistic with only 23.9 % reaching the relevant standards.
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37.4.1.2 The Better the Students’ Physical Exercise Behavior Is,
the Higher the Indexes of Sports Environment Assessment Are

Concluding the comments from students for the sports environment in their uni-
versities, the author found that the better the students’ physical exercise behavior
is, the higher the indexes of sports environment assessment are. Students with
positive attitudes toward physical exercises are usually not particular about the
sports environment in their universities, and therefore their consent with the
environment will improve.

37.4.1.3 Every Environmental Factor in Sports Environment Matters

The comments of the sports environment from students in universities is low
correlated with their physical exercises, while there is a positive correlation when
P = 0.01. The physical exercise behavior of different groups of students is sig-
nificantly related to the assessment of physical teaching environment and the
sports club organization environment as well as sports competition. Relatively
speaking, the correlation between physical exercises and the environment of sports
facility and sports information is not so significant while the correlation between
physical exercise behavior and natural environment is least significant.

37.4.2 Suggestion

37.4.2.1 Universities Should Deepen the Reform of Physical Education
and Cultivate Students’ Positive Attitude Toward Physical
Exercise

Universities should vigorously carry out the target of cultivating students’ habit of
doing physical exercises and help them to develop a positive and efficient way of
physical exercise. They should also raise students’ awareness and recognition of
physical exercise, enabling them to foster a positive value of physical exercise.

37.4.2.2 Universities Should Attach Importance to the Function
of Sports Environment in Fostering the Students’ Physical
Exercises

The fundamental steps to improve students’ consent for the sports environment in
their universalities should start from enhancing the construction of sports facility
on campus [5]. Universities should improve the infrastructure for the following
aspects.
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• Universities should provide better sports environment for students to do
exercises and open the sports halls regularly.

• PE teaching should stimulate students’ interests and cultivate their habits of
doing exercises. It should also set up various forms of exercises for students,
improving the entertainment while building their bodies.

• Regulating the standards for physical texts and improve the basic requirements
for students.

• Sports information environment is a weak link in sports environment, thus
more efforts should be made to improve the information environment. For
example, channels for sports events should be provided and guaranteed.

• Better convenience should be provided for students to make use of the Internet
resources to get information of sports events.

37.4.2.3 Families and Society Should Pay Attention to the Cultivation
of Students’ Physical Exercise [6]

Cognitive behavioral theory suggests that the sports environment in school, family
and society can influence students’ subjective efficacy and therefore their behavior.
Thus, the task of changing the habit of students’ physical exercise should not only
be achieved by universities but families and the society.
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Chapter 38
Friction Behaviour of Medical
Compression Stockings Against Various
Mechanical Skin Models

Wei Ke, Jiyong Hu and Xin Ding

Abstract To determine a promising skin model for exploring the friction
behaviour of medical compression stockings (MCS), the dynamic friction prop-
erties of MCS against with two kinds of mechanical skin models are investigated
in the current study. For further investigation, the difference on the friction of the
two models are analysed in detail with adhesion friction model and Hertz contact
theory. The coefficient of friction (COF) of MCS/Lorica is 0.34 ± 0.01, which is
closer to the COF of human skin/MCS (0.36 ± 0.04), while the COF of MCS/PUR
is 0.89 ± 0.01, with an increasing factor of 2.6, mainly due to the variation of
elastic modulus. It can be concluded that Lorica has similar dry friction behaviour
as the human skin, and elastic modulus could be the main reason to the difference
on the friction of two models.

Keywords Skin-textile friction � Medical compression stockings � Hertz contact
model � Adhesion friction mechanism

38.1 Introduction

Medical compression stockings (MCS) is a kind of medical textile products, which
has been widely used in compression therapy for reliving symptoms associated
with venous disorders in lower human limbs [1]. It can perfectly alleviate the
related limb diseases because of the defined pressure exerted on the limb skin, as
well as generate unavoidable friction simultaneously. It is generally acknowledged
that the friction from the inappropriate size of MCS (e.g. too tight) contact with
skin during long-time wearing will produce skin injuries such as pressure patterns,
blisters or ulcers [2]. Thus, the friction behaviour of MCS in contact with the skin
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is an important factor. However, a lot of studies have just paid attention on the
compression properties and therapeutic effect of MCS [3], with ignoring the
friction properties of MCS contact with human skin.

To investigate the friction properties of textiles/skin and also avoid the
uncontrolled factors from human skin, various objective devices using linear or
rotational relative movements have been developed in the past [4]. Instead of using
arbitrary materials such as steel [5] as the skin models in contact with textiles, the
use of soft materials such as a polymer finger or a polyurethane (PUR) film [6]
seems to be reasonable.

In previous study [7], in order to investigate the influence of surface topography
on the friction of MCS, we have chosen PUR sheet as the candidate skin model to
do the friction tests and theoretic work, for simplifying the contacts between MCS
and human skin, but it is not entirely according to the realistic state. Then, Lorica,
whose surface is similar to the forearm skin, was chosen as the skin model to
exploring the friction properties of MCS in this study, and for comparison, a PUR
sheet was used as a reference material throughout the study. For further investi-
gation, Hertz contact model was used to explore the differences in detail.

38.2 Experimental

38.2.1 Materials

38.2.1.1 Investigated Textiles

A typical commercial knitted elastic textile of MCS (compression class 1, Ccll for
short) was selected in this study. The material is composing of 52 % polyamide,
34 % spandex and 14 % cotton. The optical microscopic image and its surface
topography were given in Fig. 38.1.

It can be seen that the structure of MCS is quite different from the other traditional
socks, it includes two components: the inlaid or covered yarns and the knitted loops.
The inlaid yarn is a synthetic elastic yarn with textile filaments wrapped around it.
This component is inserted between the loops, which constitute the base structure of
the fabric and play a key role in forming the topography of stocking samples.

38.2.1.2 Mechanical Skin Models

Two kinds of materials which are widely used as the mechanical skin models were
selected in the experiment. One is a structured artificial leather, named Lorica
showed similar surface structure as human skin (See Fig. 38.2a, b) which consists
of a polyamide fleece with a PUR coating. The other one is a relatively smooth
sheet made of PUR (Fig. 38.2c). The specifications of the two skin models are
given in Table 38.1.
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38.2.2 Friction Measurements

A friction tester described in [9] was used to investigate the friction behaviour of
textiles. As Fig. 38.3 show it schematically. It includes an elevation arm whereby
friction test functionalities can be implemented by measuring and controlling
vertical load over an adjustable force range up to 20 N. The reciprocating motion
of the metallic support is generated by a stepper motor which is operated by a
programmable controller. Friction forces are measured using a highly sensitive
quartz load cell with a maximum resolution 5 mN connected to a charge amplifier.
Vertical forces are recorded using a strain-gauge force transducer with a maximum
resolution of 10 mN. The position of the manoeuvrable weight can be changed in
order to adjust the normal load. The weight is driven by a DC motor. The slider is
flat and circular with a diameter of 28.5 mm, which results the surface area of

Fig. 38.1 The optical image of MCS (right) and its topography image (left)

Fig. 38.2 The optical image of real forearm skin replica form the first author (a) and Lorica skin
model (b) and PUR skin model (c)

Table 38.1 Characteristics of materials investigated as skin models [8]

Material Thickness
(mm)

Roughness Ra
(lm)

Hardness shore
A

Elastic modulus
(MPa)

Lorica 0.9 14.93 ± 1.73 42.5 ± 1.8 24.4

PUR 1 0.21 ± 0.02 70.2 ± 0.4 10.8
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about 6.4 cm2. The MCS samples are attached to the slider by adhesive tapes and
rubbed against the reciprocating support covered with a layer of skin models film.

The friction measurements were carried out under dry conditions in a laboratory
with standard climate (20 ± 1 �C and 65 ± 2 % relative humidity). All the
samples were pre-conditioned for 24 h with the same condition before testing.
During the test, the MCS samples remained stationary while the skin model on its
metallic support base underwent 550 linear friction cycles with a stroke of 20 mm
and using an oscillation frequency of 1.25 Hz. The normal and the friction forces
were measured continuously and simultaneously, and, thus, one set of friction data
was determined for every 50 cycles.

To determine the load dependence of MCS surfaces, a series of applied normal
loads, increasing from 0.5 to 8 N, were investigated in this experiment. The sliding
direction is corresponding to the practical use of putting on the stockings which is
in warp direction, vertical to the orientation of inlaid yarns.

38.3 Results and Discussions

The coefficient of friction (COF) for MCS against with PUR and Lorica were
assessed by rubbing the samples over 550 friction cycles, one typical result of
friction coefficients is shown in Fig. 38.4a. Each data point represents the average
COF (friction of coefficient) with standard deviation obtained from every 50
cycles.

Figure 38.4b shows the range sliding friction coefficients of MCS with various
skin models. The friction coefficients measured from different skin models ranged
from 0.80 to 1.92 in MCS/PUR and from 0.30 to 0.77 in MCS/Lorica. The friction
coefficients have a significant difference on the two skin models. Compare to MCS
contacting with PUR, the range of friction coefficients under MCS/Lorica were
narrower and the value of friction coefficients are slower. These findings are in
good accordance with the results of previous studies [8].

A pronounced load dependence was observed for the both, the higher friction
coefficients were normally found with lower load. It is therefore unreasonable to

Fig. 38.3 Set-up for friction
measurements
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contribute the difference of MCS/PUR and MCS/Lorica to the variation of skin
model materials.

Thus, the influence of normal load on the COF of MCS contacting with various
skin models was illustrated in Fig. 38.5. The friction coefficients of both cases
investigated systematically decreased with the applied normal load during the
friction experiments. It was also showed that it was decreasing rapidly in the lower
load form 0.5 to 2 N, followed by relatively constant or stable frictional behaviour.

The results can be approximated by a function of the form lðNÞ ¼ aN�
1
3 þ b,

where l denotes the friction coefficient, N is the normal load and a, b the fitting
parameters. The fitting were plotted in Fig. 38.5 (solid line). Then the friction data
can be qualitatively explained by the classical two-term model of friction, corre-
sponding to the common view that the adhesive component of skin friction drops
with the normal load to the power of -1/3. Therefore, it can be assumed that the
adhesion friction were predominate mechanisms in both cases of MCS against
with PUR and Lorica.

A stable friction stage was observed for both cases in Fig. 38.5. It can be
assumed that the load dependence is not significant on the higher load (2–8 N).The
COF with the normal load of 4 N for MCS/PUR and Lorica were calculated as the
mean COF of MCS, which is no dependence on the normal force. In this case, the
COF of MCS/PUR and MCS/Lorica are 0.89 ± 0.01 and 0.34 ± 0.01, respec-
tively. It can be concluded that the COF of MCS/PUR is higher than MCS/Lorica,

Fig. 38.4 The coefficient of
friction (COF) as a function
of sliding cycles (a) and the
range of COF of MCS against
PUR and Lorica (b)
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with a factor of 2.6. And the COF of MCS/Lorica is quite close to the value of
MCS (0.36 ± 0.04) from in vivo tests in previous study [10], which indicates that
the friction coefficient of Lorica is closer to the real human skin.

Combined with Table 38.1, it reveals the trend that rougher materials have
lower friction coefficient from the first sight. Due to the rougher the surface, the
fewer the contact points, thus the smaller the real contact area. This finding is also
consistent with the work of Derler [8], who observed that the smoother skin model
surfaces showed higher friction coefficients as a result of an increased contact area.
However, there is no qualitatively explanation about the rate of increased real
contact area. Furthermore, the roughness of Lorica is around 71 times of PUR,
while the COF of PUR is 2.6 times higher, which is nonlinear relationship.

As for elasticity modulus, Lorica is higher than PUR, with a factor of around
2.4, which is in good accordance with the results of COF. Form Hertz contact

model and adhesion friction model, F ¼ sAr ! l ¼ F=N ¼ sAr=N ¼ sP a2�
N ¼

sP 3RN
4E�

� �4=3
.

N ! l / E��4=3. So it can be concluded that the difference on the

elastic modulus of MCS and PUR deduce the variation of COF under MCS/Lorica
and MCS/PUR.

38.4 Conclusions

Friction measurements of MCS against with various models in dry conditions have
been carried out in the laboratory, to check the differences on the skin models. The
skin model Lorica reveals a lower COF, while the COF of PUR is higher, with a
factor of 2.6 and Lorica is better to be mechanical skin model candidates for MCS
friction testing. The differences on COF between the two models can be attributing
to the variation of elastic modulus.

Fig. 38.5 COF as a function of normal load (dot) and non-linear fitting (solid line). Black line
(MCS/PUR): l ¼ 0:15þ 1:21 � N�1=3, Grey line (MCS/Lorica): l ¼ 0:02þ 0:51 � N�1=3
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Chapter 39
Study on Aircrew Survival Experiment
on Plateau

Xingwei Wang, Lue Deng, Hailiang Zhou, Qin Yao, Changlin Yang,
Lixiong Chen, Heqing Liu, Hong Xie and Yongchang Luo

Abstract Objective To research new technology of survival and verify the per-
formance of new survival articles on plateau. Methods The technology of com-
munications, orientation, life state surveillance, oxygen generator, and sleeping
bag were studied, and survival experiment was accomplished on the Tibet plateau
by 2 male volunteers. Results New technology of communications, orientation,
and life state surveillance were developed; the oxygen generator and sleeping bag
were improved; and the composing scheme of survival articles was adjusted. Two
male subjects accomplished survival experiment successfully which sustained 72 h
on the Tibet plateau at 4,742 and 5,237 m altitude. Conclusion The new survival
technology was effective for communication, orientation, life state surveillance,
jury oxygen supply, and cold resistance, and the new composing scheme of sur-
vival articles was competent for 72 h survival on plateau all the year except winter.

Keywords Aircrew � Survival � Plateau � Survival equipment

39.1 Introduction

Aviation lifesaving refers to the whole process when the aircraft is in danger or
unable to use, the aircrew escape from the aircraft and alight to the ground (or
water), sent out distress signals and survival by using their carried items and
ambient conditions until being rescued. Compared with plain, plateau has special
features of the geographical environment, such as hypoxia and coldness. There-
fore, the plateau aviation lifesaving technology must be suitable for special
characteristics of the plateau, so that flight crew can successfully and safely be
rescued when in plateau distress. Plateau aviation lifesaving was seldom resear-
ched since there were no plateau geographical features in advanced countries.
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Qinghai-Tibet Plateau is the world’s largest plateau with highest average elevation
[1], so that the plateau aviation lifesaving problems must be solved in China.
Plateau survival articles are included in present four series [2], but most of them
are same with the general survival except of individual items. Aiming at the
practical needs of the plateau survival, this paper researched new technology of
long-distance communication, location, life state surveillance, and prolonged
survival based on existing lifesaving articles and technologies. A total of 72 h
wilderness survival experiment had also been completed on Tibet plateau.

39.2 Subject and Method

39.2.1 Subject

Two healthy volunteers were chosen as subjects to simulate aircrews in distress on
plateau; they are aged 22 years and 26 years, respectively, 175 and 170 cm in
height, 63.4 and 66.1 kg in weight. Before entering the plateau, they took hypoxia
preadaptation exercises in low oxygen cabin with constant pressure 3 h per day for
consecutive 5 days. After entering the plateau and staying at the station with
3,700 m altitude for about 24 h, they came to the experimental sites.

39.2.2 Material

1. Garment: Both subjects wore unlined leather flight jackets, 2 pairs of unlined
leather flying boots, and uniform trousers (wearing underwear according to the
actual ambient temperature).

2. Plateau survival articles: survival articles that fit for plateau survival, composed
according to new scheme and based on the general survival articles, including
three categories 25 kinds of articles for emergency contact, emergency medical
care, and survival. The main difference is that the lifeboat is replaced with new
plateau sleeping bag, the emergency oxygen source is replaced with the new
plateau solid chemical oxygen generator, 280 g flight lifesaving food and no
drinking water were changed to 500 g new plateau flight survival food and
1,000 ml water, and the ultrashort wave (USW) survival radio station was
replaced by new satellite communicating handset.

3. Survival equipment: 2 JSS-X type parachutes used for both plain and plateau,
provided for the two subjects to simulate the actual survival state of the distress
aircrews on plateau.

39.2.3 Methods

1. Preparation: After stayed in the station for 24 h at an altitude about 3,700 m,
two subjects were transported to experiment preparation sites at an altitude of
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5,374 m by vehicles, and after a short break, they had lunch normally. Then,
electrodes and physiological signal detection devices were put on to the sub-
jects’ bodies, and the physiological parameters of the subjects were gauged and
recorded before the experiment.

2. Survival at the first altitude: After preparation, the experiment started and
timing began. Every subject carries plateau survival kit and parachute to trek
down, reducing the altitude. The first survival camp was selected above
5,000 m altitude, a simple tent was built before dark with the life-saving
parachute, by using tools within survival kits such as survival knives etc., and
by virtue of the surrounding terrain and environmental conditions. After dark,
subjects passed the night with the simple camping conditions by using the new
plateau sleeping bags and thermal insulation bags. During this process, they
took water as little as possible. If their hypoxia response is severe, the solid
chemical oxygen generator can used to supply oxygen.

3. Survival at the second altitude: After surviving to the next morning in the first
survival camp, the subjects packed up camping articles and had small amount of
food and water if necessary. Then they continued to reduce the altitude to about
4,700 m with their articles, and selected the second camp to survive. During this
process, they might use solid chemical oxygen generators for oxygen supply.
They survived there until to 72 h with survival articles and environmental
conditions and goods such as sleet, edible wild herbs and wild fruit, etc.

During the overall survival process, the two subjects survived separately and did
not help each other, and there was no help from other testing personnel. The
satellite communication functions of the handset were randomized tested in the
experiment. Testing personnel readily measured the environment parameters such
as altitude, barometric pressure, etc., and monitored and recorded the physiological
indicators of the two subjects regularly such as blood oxygen, blood pressure and
body temperature, etc., and watch over the subjects to observe their state of life.
Survival trial lasted for 72 h. If life failure signs of subjects appeared during the
press, the experiment should be terminated immediately, and the first aid must be
implemented while transporting the subjects to hospital in the fastest way.

39.3 Results

Two subjects accomplished 72 h plateau survival experiment consecutively. The
actual altitude of the first survival camp is 5,237 m, and the survival time is 18 h
from start to the next morning. The actual altitude of the second survival camp is
4,742 m, and the survival time was 54 h. At the end of the experiment, two
subjects were mainly normal. The major physiological indexes of subject A are
listed in Table 39.1:
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39.3.1 Long-Distance Communication, Location, and Life
State Surveillance Technology

Since the USW radio signal may be easily blocked and the communication dis-
tance is limited on plateau, new communication handset technology has been
developed. Using satellite communication, the distance or range of SMS and voice
call can reach the scope of the signal of satellite and its ground station. The life
feature indexes, and the latitude and longitude of the subjects which included in
SMS can be manually or automatically sent out. The life state surveillance of the
subjects was realized with the wearable physiological information acquisition
technology; the indexes of blood oxygen, pulse rate, and forehead temperature
were transmitting to the communicating handset through the Bluetooth technol-
ogy, and then they were sent to rescue control center through the satellite.

During the experiment, the new communication handset accurately completed
the locating in 1 min at the second survival camp where there was no mobile
phone signal.

Table 39.1 The main physiological indexes of subject A

Date Time Body
temperature
(�C)

Blood pressure
(mm Hg)

Blood
oxygen
(%)

Pulse rate
(times/min)

Altitude

Day
1

12:06 36.4 118/84 86 83 5,328

18:32 36.9 123/92 85 83 5,237

Day
2

6:40 37.1 135/100 79 82 5,237

9:15 – – 83 82 During
the fall

12:25 36.9 115/81 83 124 4,742

18:00 37.0 133/95 80 106 4,742

Day
3

7:40 36.5 119/88 82 96 4,742

12:51 36.6 115/84 89 102 4,742

21:30 36.7 128/93 82 103 4,742

Day
4

0:15 36.6 – 84 89 4,742

7:00 36.7 – 79 104 4,742

9:20 36.4 129/101 85 99 4,742

21:10 36.5 109/79 91 99 3,860
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39.3.2 Techniques of Prolonging Survival Time

39.3.2.1 New Plateau Survival Food

Considering the metabolic characteristics of aircrews in distress and stress under
hypoxic and hydropenic condition, a new kind of plateau survival food was
developed. Its main content includes:

1. The proportioning of protein, fat, and carbohydrate was adjusted, with protein
reduced and the other two increased, in order to reduce the oxygen con-
sumption of food metabolizing.

2. Adding rhodioloside and lycium barbarum polysaccharide extracted from
plants, and spirulina and L—carnitine, in order to alleviate the symptoms of
hypoxia.

3. Adding trace elements zinc and vitamins to meet the necessary of body under
stress.

The new plateau survival food was packed in compress form, with 4 blocks
(250 g) in 1 package. It had advantages of security, long-quality guarantee period,
long keeping, small volume, high energy, space saving, etc. The actual con-
sumption of 2 subjects in the 72 h experiment is listed in Table 39.2.

39.3.2.2 New Solid Chemical Oxygen Generator

To meet the emergency oxygen demand of the aircrew in distress on plateau to
drop altitude and survival, a new solid chemical oxygen generator was developed.
The component of the oxygen gas from the new oxygen generator is listed in
Table 39.3.

During the experiment, the 2 subjects dropped altitude on foot from 5,328 to
4,939 m with survival supplies, then sat down statically, and shared 1 oxygen
generator to supply them oxygen. The effect of emergency oxygen supply is shown
in Table 39.4.

Results showed that 2 subjects used emergency oxygen supply for 13 and
28 min, respectively, and their oxygen saturations of blood oxygen were all above
90 %, which had been raised 8.4 and 43.5 %, respectively. They were equal to the
level of the rest station. After using emergency oxygen supply, the 2 subjects
continue to drop to the second survival camp at 4,742 m, and the oxygen left in
two air bags was 30 L approximately. Experiment results indicated that 1 solid
chemical oxygen generator could supply for 2 people simultaneously and was
effective in improving hypoxia.
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39.3.2.3 New Plateau Sleeping Bag

A new kind of plateau sleeping bag was developed by using carbon fiber of coffee
beans as filler material, instead of the seven holes cotton. The warm performance of
the new sleeping bag increased significantly. The inspection result of State Quality
Supervision and Inspection Center of Special Protective Clothing showed that the
warm value of new sleeping bag with winter flight suits reached 7.23 clo. The
sample piece of the new sleeping bag and experiment scene was shown in Fig. 39.1.

During the experiment, 2 subjects could normally sleep by using the new
plateau sleeping bag (with the original cooler bag) in the environment of 3 �C and
4,742 m. They did not feel cold except feet cool.

Table 39.2 The food
consumption of 2 subjects
in 72 h (g)

Volunteer 24th hour 45th hour Gross amount

A 30 30 60

B 30 64 94

Table 39.3 Component of
oxygen gas from new oxygen
generator

Component O2

(%)
CO2

(ppm)
CO
(ppm)

Cl2
(ppm)

Fiber size
(lm)

Content 99.8 400 12 \0.1 U40 9

60 lm

Table 39.4 The effect of
emergency oxygen supply (%)

Subject 3,860 m 4,742 m 4,939 m Using
time
(min)

Before After

A 90 83 83 90 13

B 89.5 81 69 93 28

Fig. 39.1 The new sleeping
bag and the experiment scene
on plateau
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39.3.2.4 New Composing Scheme of Survival Articles

According to the real need of plateau survival, new composing scheme of survival
articles was researched and determined with limits of size, volume, and weight. In
addition to the changes of radio, oxygen generator, and sleeping bag, the main
adjustments were as follows:

Abandoning unnecessary or less important articles in plateau survival: The
‘‘shark repellent’’ and ‘‘desalter’’ were abandoned since there is no sea in Tibet.
Increasing indispensable articles: A total of 500 g new plateau flight survival food
was allocated instead of 280 g flight survival food, and 1,000 ml drinking water
was provided. The plateau survival experiment showed the new composing
scheme of survival articles could better meet the needs of plateau survival.

39.4 Discussion

39.4.1 Long-Distance Communication, Location, and Life
State Surveillance Technology Research

The plateau is vast, sparsely populated; persons in distress are hard to find. The
communication distance of the survival radio now is 1.8 km; its beacon distance is
100 km while voice communication distance is 70 km at the height of 3 km [1].
As FM signal can easily be blocked by mountain terrain, the effective commu-
nication range of radio is very limited on the plateau. Though an improved radio
had GPS positioning function, problems of confidentiality and control existed.

The new communication handset located by the Beidou satellite sent SMS and
voice calls using our satellite. The communication distance and range were that of
the satellite and ground station. The life state parameters and location information
of subjects were transmitted via satellite, so the information of subjects could be
remote monitor. Because of the coordination problem, some features were not
verified in the plateau experiment, but they were normal in the inland experiment
base, and would be better on plateau. This technology will effectively solve the
problem of long-distance communication, location, and life state monitoring of
aircrews in distress on plateau.

39.4.2 Survival Time Prolonging Technology Research

The main factors affecting the aviation survival on plateau were hypoxia and rescue
difficulty [1]. There was a professional flying rescue team in our country [3], and
rescue aircraft and ship in Air Forces and Navy [4]. But the rescue activities of
vehicles and helicopters were usually affected by the mountain and gully terrain and
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the bad weather on plateau. Above the snow line, rescue would become much dif-
ficult [5]. These factors make the plateau rescue time much prolonged. Data showed
the probability of survivability of wounded aircrews would reduce 80 % after 24 h
and that of the aircrews without the injury reduced significantly after 3 days [6].
Persons in distress faced a serious threat in the harsh plateau environment at any
moment. Therefore, measures must be taken to prolong the survival time.

39.4.2.1 Research on New Survival Food

Relevant data show that the reserved energy in a 70 kg person body is about
237,000 kJ, it can supply people to survive 19 days [1]. Therefore, food lack does
not constitute a serious threat to life in a short period. But the aircrews in distress
on plateau would consume much more energy since the wind, large range of
temperature, stress state, and altitude reducing activities. Hunger feeling and fear
caused no food will seriously affect the people’s will to survive. In this paper, a
new kind of plateau survival food was developed, the energy ratio of three kinds of
major nutrition was adjusted, and anti-stress function of micronutrients and
nutrients was added. It is more suitable for plateau survival needs.

In this experiment, 2 subjects survival for 72 h with only a part of the food and
water, which showed that the distribution of food was to meet the demand of 72 h
plateau survival.

39.4.2.2 New Solid Chemical Oxygen Generator Technology Research

The primary factors affecting the plateau survival are plateau reaction induced by
hypoxia. The pressure of oxygen at 5,000 m is about half of sea level. One might
have a headache, cyanosis, be short of breath, and other symptoms if take physical
activities 1. Distress personnel should drop altitude as possible, it will increase the
oxygen consumption, and the oxygen reaction will be more serious. Therefore,
emergency oxygen supply is necessary to save on plateau survival.

The main principle of the new solid chemical oxygen generator was that pro-
ducing oxygen by the thermal decomposition reaction of rich oxygen chlorate. By
improving the start drug formulation, composing the boundary oxidation agent,
reducing temperature sensitivity, and improving thermal insulation measures, the
oxygen producing rate was better controlled, and the production of oxygen was
increased. This was very important to successful survival on plateau.

In the survival experiment, 1 oxygen generator supplied 2 subjects to drop
500 m vertical altitude on foot, and after that there was certain amount oxygen
remained. Thus, 1 oxygen generator will certainly supply 1 people to survival in
actual distress.
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39.4.2.3 New Sleeping Bag Technology Research

Since the larger temperature difference between day and night, cold proof is essential
for the survival on plateau except hypoxia. The cold-proof articles were mainly
clothing, sleeping bag, and umbrella, of which only sleeping bag can be possibly
improved. There exist certain linear relation between the comfortable temperature
and thermal value of sleeping bag [7]. The thermal value of present sleeping bag is
only about 1.5 clo [8], which is difficult to meet the demand of the plateau survival.

There are limits in packaging, volume, weight, and storage for sleeping bag.
Usually, the high performance alpine sleeping bag is filled with eiderdown; its
comfortable temperature can reach -32 �C. But its warm performance will be
greatly reduced once wet, and it can be used only when dry again [9]. At present, it
has not been reported that the alpine sleeping bag can meet the requirement of
survival articles storage temperature +70 �C [10].

In this study, seven holes cotton material currently used was instead with
carbon fiber of coffee beans. This kind of material is pure natural, comfortable,
easy drying and has high warm value. The experiment results showed that the
warm value of the new sleeping bag was increased by using the new filling
material. The new sleeping bag can better meet the needs of plateau survival.

39.4.2.4 New Composing Scheme of Survival Articles Research

The principle of survival articles composing is life insurance prior and commu-
nication chief [1]. The present plateau survival articles are almost the same with
the general survival articles, except ‘‘Gaoyuankang’’ drug added, lifeboat replaced
by sleeping bag, and some equipped with old solid chemical oxygen generator.

Plateau is windy and drought, water consumption is large in distress. Usually,
one person at least lose about 1,500 ml water per day, water loss will be more in
plateau environment. When the water loss reached 20 % of body weight, it can
cause death. If the dehydration speeds, 15 % can be a fatal [12]. So, the drinking
water must be included in survival articles. In this paper, composing scheme of
survival articles was adjusted, especially increased 1,000 ml drinking water. The
experiment results showed that 2 subjects drank 650 and 950 ml water, respec-
tively, and the amount of food consuming was less than 100 g. This showed the
importance of water in survival, also showed that the effect of survival food was
really only alleviating hunger so that increasing the survival confidence.

It was forced to instead lifeboat with sleeping bag since the strict limits of
package volume and weight. There are a lot of lakes on the plateau, for example,
the lake in Tibet Plateau reached more than 2,000 [13]. Aircrews can possibly fall
into lake, so the lifeboat is essential also. Therefore, to expand the chair basin
volume as far as possible, to integrate articles, and to decrease the volume and
weight, so that lifeboat and sleeping bags can also assembled, is an important
development direction of solving plateau rescue problem.
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Considering the danger in the harsh plateau survival environment, only 2
subjects were chosen. The selection of subjects is in accordance with the pilot
physical standard strictly, though their physical condition is not as good as the
pilot. They were born and grew in Hu-nan and Jiang-xi province, with no innate
hypoxia tolerance. Therefore, the experiment results are convincing.

39.5 Conclusions

Aiming at rescue needs in the special plateau environment, this paper developed
new technologies of satellite communications, life condition monitoring and
emergency oxygen source, and adjusted and determined the composing scheme of
survival articles. Two subjects successful completed 72 h of continuous wilderness
survival experiment at altitude above 4,700 m. The results showed that the new
technologies and solutions for the plateau rescue is suitable and effective.
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Chapter 40
The Influence of Transcranial
Micro-electric Current Physiological
Training on Cerebral Function Under
Altitude Hypoxia

Yongsheng Chen and Yongchang Luo

Abstract Objective To investigate the effects of transcranial micro-electric cur-
rent physiological training (TMCPT) on cerebral function (CF) in order to provide
technology and methods for maintaining and training CF under altitude hypoxia.
Methods Forty healthy volunteers served as subjects, who took flight to the alti-
tude and were trained by TMCPT in the condition of altitude hypoxia (3,700 m
above sea level). Current intensity of TMCPT was limited within safe physio-
logical range. Subjects were trained twice per day (one in the morning and the
other in the afternoon), each for 5 min. Neurobehavioral ability index was sepa-
rately observed in rush entry phase (first 10 days after entry) and in various res-
ident phases (resided in altitude for 1, 2, and 3 months). Self-evaluating
questionnaire and Pittsburgh Sleep Quality Index were used to evaluate sleep
quality in different phases. Results � In rush entry phase: digital scan, memory
scan, simple visual reaction time, complex visual reaction time, pursuit aiming and
consecutive performance were significantly increased at 10 days after TMCPT
training (t = 1.982–4.412, P \ 0.05) as compared with those at 1 day. ` Resident
phase: compared to neurobehavioral ability index at 1 month, only digital scan,
memory scan and simple visual reaction time were significantly increased at
3 months after TMCPT (t = 3.744–5.812, P \ 0.05) as compared with those at
1 month. ´ Sleep quality evaluation: sleep quality indexes had a significant
reduction after TMCPT as compared with those in rush entry phase
(t = 1.833–3.552, P \ 0.05). Conclusions TMCPT can improve CF and sleep
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quality under altitude hypoxia. The b-frequency brain-wave feedback training can
be used to promote CF, and a-frequency brain-wave feedback training can be
utilized to improve sleep quality.

Keywords Altitude � Hypoxia � Brain � Neurobehavioral manifestations

40.1 Introduction

Cerebral function (CF) can be impacted by hypoxia, and some symptoms would
appear, such as headache, insomnia, depression and low cognitive ability. Oxygen
inhalation or taking drugs for improving oxygen metabolism of brain cells can
resist these adverse effects, but these effects are indirect. Transcranial micro-
electric current physiological training (TMCPT) is to directly guide microcurrent
(strength: microampere; lV) into the brain through simulating brain wave with
surface electrode on the scalp. TMCPT physically intervenes and regulates central
nervous system. This kind of regulatory effect could lessen depression, improve
emotional state and elevate cognitive ability [1–13]. This study observed the
effects of TMCPT on CFs of persons receiving residential altitude training, and
provided technical methods for maintaining residential altitude training.

40.2 Subjects and Methods

40.2.1 Subjects

A total of 40 healthy, medical fitness volunteers aged 18–40 years with a mean age
of (28.5 ± 10.4) years were recruited. They did not have a history of nervous
system disease or psychiatric history or drug history. In normal time, daily
schedule of these volunteers was the same as the army’s. Their sleep was regular
and normal. They had not been resident in altitude. According to the time of
entering the altitude, they were divided into two parts: rush entry (first 10 days
after entry) and resident (resided in altitude for over 1 month). The resident phase
contained 1, 2 and 3 months.

40.2.2 Methods

40.2.2.1 A Device for Cognitive Function Training

A medical electric stimulator (Model BT701; Shanghai Huayi Medical Instru-
ments Co., Ltd., Shanghai, China) was used for TMCPT. This device outputs
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unsymmetrical dual-directional continuous pulse wave and simulates brain-wave
frequency, including four frequency bands: d frequency band 1–3.8 Hz, h fre-
quency band 4–7.8 Hz, a frequency band 8–12.8 Hz (slow a1 frequency band
8–9.8 Hz, fast a2 frequency band 10–12.8 Hz), b frequency band 14–30 Hz;
frequency range of stimulation was 0–40 Hz, continuously adjustable [14–16].

40.2.2.2 Evaluation of Cognitive Function

1. Neurobehavioral evaluation system [17]: in accordance with neurobehavioral
core test battery Chinese 3, six items that are strongly associated with flight
were selected, including digital scan, memory scan, simple visual reaction
time, complex visual reaction time, pursuit aiming and consecutive perfor-
mance. Neurobehavioral ability index is an evaluation index.

2. Self-assessment of training effect: subjective feeling of volunteers was tested
using an own scale, containing pain, tension, anxiety, fear, comfortableness and
happiness [5, 6].

3. Evaluation of sleep quality: Pittsburgh Sleep Quality Index was utilized to
assess sleep quality after rush entry training, including subjective sleep quality,
sleep latency, sleep duration, sleep efficiency, sleep difficulty, using of sleep
medicine and dysfunction in day. Each item contains 0, 1, 2 and 3 points; total
score ranges from 0 to 21 points. High score indicates poor sleep quality [1].

40.2.2.3 Training Methods

When the brain is in a state of alertness, b frequency band is predominant. When
the brain is in a sleeping state, a frequency band is predominant. According to
above-mentioned principle, we simulated b frequency band in day, and simulated
a frequency band at night [16]. Stimulus intensity of microcurrent was extremely
weak (\1 mA, in accordance with medical electrical equipment—general
requirements for safety [18]). TMCPT was performed in frontal region (Fp1, Fp2)
and occipital region (01, 02) with dual-channel electrodes (each channel contains a
positive electrode and a negative electrode). The training was carried out at 8:30
a.m. or 22:30 p.m. daily, each time for 5 min. Thus, neurobehavioral ability index
and cognitive function were evaluated every day after training. Sleep quality was
assessed once after rush entry training.

40.2.3 Statistical Treatment

The data were analyzed using SPSS 14.0 software and expressed as mean ±SD.
Analysis of variance was used for own control and repeated measure. t-test was
applied to compare the difference in different entry phases. A value of P \ 0.05
was considered statistically significant.
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40.3 Results

40.3.1 Rush Entry Phase

Neurobehavioral ability index increased with increased entry time in first 10 days
after entry in 40 volunteers (F = 16.50, P = 0.001). As displayed in Table 40.1,
compared with 1-day entry, digital scan was significantly higher at 3, 6 and
10 days after entry (t = 2.520–3.544, P \ 0.05); memory scan was significantly
higher at 10 days (t = 2.350, P \ 0.05); simple visual reaction time was signifi-
cantly higher at 4, 6 and 10 days (t = 4.142–4.412, P \ 0.05); complex visual
reaction time was significantly higher at 6 and 10 days (t = 2.923, 3.530,
P \ 0.05); pursuit aiming and consecutive performance were significantly higher
at 5, 6 and 10 days (t = 1.982–2.888, P \ 0.05).

40.3.2 Resident Phase

After TMCPT, significant differences in the six items of neurobehavioral ability
index were detectable in 40 volunteers (F = 20.10, P = 0.003). As exhibited in
Table 40.2, compared with 1-month residence, digital scan, memory scan and
simple visual reaction time were significantly higher at 3 months after residence
(t = 3.744–5.812, P \ 0.05); no significant difference in complex visual reaction
time, pursuit aiming and consecutive performance was detected (P [ 0.05).

40.3.3 Evaluation Results of Sleep Quality

During TMCPT, eight volunteers affected a sense of tension, but the remaining did
not have discomfortableness. As shown in Table 40.3, compared with rush entry
phase, subjective sleep quality, sleep latency, sleep duration, sleep efficiency, sleep
difficulty, using of sleep medicine and dysfunction in day, as well as the total score
of Pittsburgh Sleep Quality Index were significantly lower in volunteers receiving
TMCPT (t = 1.833–3.552, P \ 0.05).

40.4 Discussion

TMCPT is accorded with the principle of microcurrent stimulation technique,
imports the simulated brain wave into the brain, strengthens cognitive function,
promotes sleep and elevates cognitive ability. The device regulates CF status by
simulating brain wave of different frequencies. For example, frequency of brain
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wave was [13 Hz (b frequency band) during consciousness. Frequency of brain
wave was 8–9.8 Hz (spindle wave; slow a frequency band) or 4–7.8 Hz (h fre-
quency band) and 1–3.8 Hz (slow wave; d frequency band) during sleeping.
Electroencephalogram (EEG) bio-feedback training has been applied in the neu-
ropsychic and neuropsychological fields for over 30 years. EEG bio-feed-
back training is mainly employed to treat anxiety, tension and attention deficient
disorder, with a mature technique and affirmative outcomes [10–15]. However,
EEG bio-feedback technique has great limitations for the past many years. That is,
only one frequency range was focused, such as a frequency band (8–12.8 Hz),
because this frequency band is associated with psychological relaxation training.
The relaxation training aims to keep attention and to concentrate one’s energy, but
seldom focuses on elevating cognitive ability. The relaxation training through a
frequency band can elevate cognitive ability, but it is indirect. Because EEG a wave
power can be strengthened during relaxation (or amplitude increase), but a wave

Table 40.2 Effect of transcranial micro-electric current physiological training on neurobehav-
ioral ability index of 40 volunteers in altitude resident phase(x ± s, n = 40)

NAI Training time (month) F P

1-month resident 2-month resident 3-month resident

DS 5.48 ± 1.12 5.30 ± 1.35 8.15 ± 1.31# 9.50 0.012

MS 3.75 ± 1.85 2.59 ± 1.92 5.18 ± 1.87# 6.45 0.044

SVRT 15.64 ± 2.35 15.88 ± 2.40 20.45 ± 2.37# 23.35 0.001

CVRT 14.33 ± 3.85 14.15 ± 3.78 14.31 ± 3.81 5.75 0.078

PA 2.04 ± 0.36 1.89 ± 0.46 2.03 ± 0.37 1.89 0.098

CP 0.78 ± 0.15 0.75 ± 0.14 0.80 ± 0.12 1.65 0.101

Note as compared with the neurobehavioral ability index on 1-month residence
# t = 3.744–5.812, P \ 0.05

Table 40.3 Comparison on sleep quality of 40 volunteer between rush entry phase and resident
phase(x ± s, n = 40)

Pittsburgh sleep quality index item Stage t P

Rush entry phase Resident phase

Subjective sleep quality 1.57 ± 0.61 1.38 ± 0.58# 1.982 0.044

Sleep latency 1.62 ± 0.54 1.12 ± 0.57# 1.865 0.042

Sleep duration 1.48 ± 0.73 1.21 ± 0.51# 1.955 0.031

Sleep efficiency 0.91 ± 0.72 0.55 ± 0.22# 1.833 0.048

Sleep difficulty 1.57 ± 0.64 1.20 ± 0.42 # 2.012 0.045

Using of sleep medicine 0.56 ± 0.35 0.43 ± 0.07# 1.991 0.033

Disfunction in day 2.14 ± 0.63 0.84 ± 0.56 # 2.544 0.049

Total 9.85 ± 2.97 6.86 ± 1.96# 3.552 0.047

Note as compared with the score of Pittsburgh sleep quality in rush entry phase, # t = 1.833–3.552,
P\0.05
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will change into h wave or d wave during lassitude or hypnotism, i.e., from 8–12.8
to 4–7.8 Hz or 1–3.8 Hz. This was contrary to feedback training in the waking state
when b frequency band was utilized to elevate cognitive ability. B frequency band
(14–30 Hz), as a basis for the brain to keep alertness, is associated with cognitive
activity. A previous study suggested that when operation activity was performed,
cognitive activity in the projection areas of limbs (dominant hand), which was
associated with the operation activity, would increase. The more complicated the
operation activity, the more obvious the activity in the region related to cognitive
function was. EEG power spectrum analysis is characterized by an increase in b
frequency power [3–5, 12]. This study exactly simulated human brain-wave b
frequency, and performed regular stimulation training in a special region of the
brain using dual-directional alternating pulse current to elevate cognitive ability.
Compared with previous similar studies, the present study extended the range of
stimulation frequency, simulated b frequency band, besides a frequency band, and
utilized TMCPT to elevate or keep cognitive ability in altitude.

40.4.1 Feedback Training of Brainwave b Frequency Band

Rush entry phase training results demonstrated that the time course of training of
brainwave b frequency band was 5 min. In the initial stage, memory scan was not
apparently elevated, but 10-day regular training noticeably increased the six items
of cognitive ability related to flight performance. During the 10-day regular
training, cognitive ability did not elevate simultaneously. For example, digital scan
and simple visual reaction time elevated at 3 and 4 days, respectively, but pursuit
aiming and consecutive performance elevated at 5 days. At 3 days after training,
digital scan was elevated prior to pursuit aiming and consecutive performance,
which was possibly because frontal lobe was first influenced by electric pulse
stimulation. Numerous previous studies [1–14] confirmed that cerebral frontal lobe
was associated with calculation, retrieval and logical thinking. Regular electric
pulse stimulation on the frontal region could activate associated brain areas,
increase regional blood flow, enhance excitability of nervous tissues and intensify
neurological function related to above-described brain areas. Under regular
training program, continuous training for 1 week (on the 6th day) could show
evident training effect.

40.4.2 Promoting Effect of Feedback Training of Brainwave
a Frequency Band on Sleep

Sleep medicine study suggested that a wave frequency became slow, and gradually
became slow wave (h frequency band, 4–7.8 Hz) when people felt sleepy or in
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sleep state, and then entered more slow rhythm (d frequency band, 1–3.8 Hz) in a
state of deep sleep. This study simulated a frequency band in the training for 5 min
every day in healthy volunteers, adjusted the sleep center of the brain using
TMCPT, and improved sleep quality. Previous studies confirmed that low-fre-
quency alternating electric field acting on particular brain areas adjusted the
excitatory and inhibitory processes of cerebral cortex by affecting bioelectric
activity of nerve cells in the corresponding brain areas, and indirectly improved
cognitive function and sleep by affecting cerebral blood flow [12–14, 19].

At present, low-frequency alternating electric field probably widely acts on cell
membrane, affects ion permeability of cell membrane, alters cell microenvironment,
influences cell metabolic activity and induces an alternation in nerve cell excitability.
These results indicated that TMCPT had regulatory effects on sleep, and provided a
manner for studying the biological effects of TMCPT on cognitive function.

40.4.3 TMCPT and Maintenance of Cognitive Ability

Both in rush entry phase and resident phase, TMCPT results showed that the
maintenance or elevation of neurobehavioral ability index did not increase with
prolonged training time. A decrease or non-maintenance during training might be
associated with the plasticity of cognitive function. Nerve cells have memory
function and associate with ion channel protein on cell membrane. Regular
TMCPT possibly alters the structure of these memory proteins and cognitive
ability. However, this change is not stable. If the training is interrupted, proteins
will easily suffer from allosteric property, i.e., cognitive ability cannot maintain
original levels, and decreases [8–10, 16–20]. In this study, digital scan, memory
scan, simple visual reaction time, complex visual reaction time, pursuit aiming and
consecutive performance were significantly elevated after 10 days of rush entry
training. Nevertheless, complex visual reaction time, pursuit aiming and consec-
utive performance reduced during non-regular continuous training in resident
phase, suggesting that continuous training is very important.

40.4.4 Significance of Cognitive Training for Flight
in Altitude

Altitude hypoxia is a key reason for the decrease in cognitive function. Altitude
medicine study showed that mild cognitive dysfunction could be observed after
over half a year of living in altitude, such as short-time memory ability decrease,
bad response and wrong fine manipulation [1]. Flight is a high-load mental and
physical abilities which is characterized by high acceleration, high cognitive
loading and high angular acceleration. The ever-increasing battle plane’s
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performance and the occurrence of advanced complicated electrical cabin have
strict requirements for cognitive function of a pilot in altitude. Therefore, the
training for cognitive function of a pilot in altitude is necessary to ensure advanced
weapon to exert its maximum efficacy. Oxygen supply device is well provided for
a pilot, but 24-h oxygen supply is impractical. The reduction in cognitive function
under hypoxia cannot be avoided in altitude. Thus, cognitive function intervention
and training are effective and practical under current conditions.
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Chapter 41
Simulation of Flight Dynamics
for Helicopter Icing

Ruimin Zhang, Junbo Zhao and Jingang Dong

Abstract This allows unregistered users to read the abstract as a teaser for the
complete chapter. The formulas for calculating the variation of aerodynamic
coefficient of iced blade airfoil were introduced according to rotor icing test data
from NASA and the formulas for aerodynamic force and moment of rotor icing
were deduced. Further, the model of flight dynamics for helicopter icing was built.
Icing effect on trim characteristics and stability of certain single-rotor helicopter in
hover and forward speed was studied. The results show that whether in hover or
forward flight, when the helicopter iced, the amount of the collective control, the
longitudinal control, and the lateral control of the rotor, the tail rotor collective
control as well as the roll angle increases, while the pitch angle decreases; the
longitudinal long-period and short-period mode goes more stable, and the same as
the lateral helical mode, while the roll mode and Dutch roll mode go more
unstable.

Keywords Helicopter � Icing � Flight dynamics � Rotor � Trim � Stability

41.1 Introduction

A helicopter is a special vehicle that relies on a rotor to control the horizontal and
vertical motion. When flying at a certain height and through the clouds, it is likely
to encounter icing. Icing not only affects the aerodynamic performance of the
rotor, but also destroys the balance of the helicopter, which makes its flight quality
level decrease and also a serious threat to flight safety [1, 2].

Research work about helicopter icing began early in the 1980. A large number
of icing test data of blade airfoil were analyzed and summarized by Flemming
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et al. [3, 4]. Thus, the empirical formulas for calculating the aerodynamic coef-
ficient increment of the icing blade airfoil cross section were given. The ice molds
were attached to the radial position to simulate helicopter icing flight tests by
Korkan et al., and so the hovering and forward flight performance data were
obtained. A modular approach, trajectory tracking, and 3D imaging method were
used by Gasting et al. [5] to get rotor icing data of UH-1H helicopter hovering in
the artificial clouds. Numerical simulation of the helicopter icing was developed
by Baruzzi et al. [6], and the helicopter flight performance under icing conditions
was assessed. Helicopter icing and anti-icing tests were conducted by Didier et al.
[7] in ONERA wind tunnel. All these studies focused on the blade airfoil icing test,
rotor icing performance and numerical simulation, wind tunnel test and flight test,
etc., but not related to flight dynamics of helicopter icing. In recent years, as the
demand for the flight around the clock raises, the issue of helicopter icing was
taken more attention home and abroad. A lot of work about helicopter icing has
also been done by researchers in our country. Droplet impact characteristics about
a helicopter rotor were studied by He et al. [8]. Numerical simulation of helicopter
rotor blade icing and fight performance analysis and calculation of equilibrium
properties of tandem in icing conditions were carried out. According to NASA
wind tunnel test data of rotor icing, the formulas of aerodynamic coefficients about
rotor icing were deduced and the flight dynamics model of helicopter icing was
established. The trim and stability of a modern helicopter in hover and forward
state under icing conditions were studied.

41.2 Flight Dynamics Model of Helicopter Icing

41.2.1 Airfoil Aerodynamic Increment of Icing Blade

41.2.1.1 Lift Coefficient Variation

According to NRC wind tunnel data, the lift coefficient variation is the function of
modified inertia parameters, liquid water content, icing time, angle of attack, wing
chord length, airfoil thickness, and temperature [3, 4]. The formula is as follow:

DCl ¼ �0:01335K0
t

c
aþ 2þ KL10:00555 a� 6ð Þ2
� �

KL

h i

W
c

0:1524

� �0:2
sc

�
c

0:1524

� �1:2 ð41:1Þ

KL and KL1 are the function of static temperature Ts and the average angle of attack
a; K0 is the modified inertia parameter; t/c is the ratio of airfoil thickness to chord;
sC is the corrected icing time; W is liquid water content; c is airfoil chord.
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41.2.1.2 Drag Coefficient Variation

According to NRC wind tunnel test data, the drag coefficient variation is the
function about the local flow velocity, the density of ice, the collective rate, liquid
water content, ice time, angle of attack, wing chord length, thickness, roughness,
and temperature [3, 4]. The formula is as follow:

DCd ¼ 0:158 ln
k

c
þ 175

V

qIc
EWsc þ 1:70

� �

aþ 6
10

� �
� 1� 8DC0d

VHELO

278

� �
� DCdno ice

ð41:2Þ

k/c is the ratio of the roughness height to the chord length; V is the local flow
velocity; qI is density of ice; E is the total collection rate; As VHELO ¼ 0;DCd ¼
DC0d; VHELO is the fight speed in forward; and DCdno ice

is net airfoil drag.

41.2.2 Aerodynamic Forces and Moments of Icing Rotor

The formula of the variation of rotor thrust, lateral force, and torque coefficients
are deduced based on the theory of helicopter blade element, which are as follows:

DCT ¼ r=4p

Z2p

0

Z1

0

�u2
TDCLd�rdw ð41:3Þ

DCY ¼ �r=4p

Z2p

0

Z1

0

�u2
TDCD � �uT�uPDCL

� �
cos w� �u2

TDCLb sin w
� �

d�rdw ð41:4Þ

DCH ¼ r=4p

Z2p

0

Z1

0

�u2
TDCD � �uT�uPDCL

� �
sin w� �u2

TDCLb cos w
� �

d�rdw ð41:5Þ

DCQ ¼ r=4p

Z2p

0

Z1

0

�u2
TDCD � �uT�uPDCL

� �
�rd�rdw ð41:6Þ

�uT and �uP are the tangential and vertical dimensionless velocity of blade airfoil
plane; r is the rotor solidity; �r is the dimensionless radial position of the blade;
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w and b is azimuth and angle of the blade; DCL and DCD the lift and drag
coefficient variation of icing blade.

The pulling force, lateral force, and torque coefficients were as follows:

C0T ¼ CT þ DCT ð41:7Þ

C0Y ¼ CY þ DCY ð41:8Þ

C0H ¼ CH þ DCH ð41:9Þ

C0Q ¼ CQ þ DCQ ð41:10Þ

C0T ; C0Y ; C0H and C0Q are, respectively, the pulling force, lateral force, the aft-force,
and torque coefficients.

41.2.3 Aerodynamic Forces and Moments of Icing Rotor

The formulas (41.7–41.10) were induced into the class flight dynamic equations of
the helicopter [9, 10], so the flight dynamic model of helicopter icing was
established. The formulas are as follows:

ðDE � AsÞx ¼ BsU ð41:11Þ

and

x ¼ DVx;DVy;DVz;Dxx;Dxy;Dxz;Dcx;D/y;Dhz;
	 
T ð41:12Þ

E is 9 9 9 unit matrix; As, Bs is the coefficient matrix.

41.3 Calculation and Analysis

The effect of icing on trim and stability of a single-rotor helicopter in hover and
forward was studied. The icing conditions are shown in Table 41.1.

Table 41.1 The icing conditions

Icing parameter Temperature T/�C LWC L/g/m3 MWD D/lm Icing time S/s

Value -28 0.94E-03 30.0E-06 60
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41.3.1 Icing Effect on Helicopter Trim

The variation of helicopter trim parameter before and after icing is given in
Figs. 41.1, 41.2, 41.3, 41.4, 41.5, 41.6. As can be seen, the results in this paper are
very close to those from Ref. [11]. It shows that the flight dynamic model of
helicopter icing is reasonable and correct. Otherwise, whether in hover or forward,
the collective, the longitudinal and lateral cyclic of rotor, the collective of tail
rotor, and the roll angle all increase, while the pitch angle decreases.

41.3.2 Icing Effect on Helicopter Stability

The coupling stability roots before and after helicopter icing are given in
Table 41.2. As can be seen, icing has little effect on longitudinal model
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characteristics. Compared with the united helicopter, the time of long period and
short period both decrease, which means that the mode changes more stable but
less obvious; the spiral mode gets more stable, while both the roll and Dutch roll
mode change more unstable.
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Table 41.2 Stability roots
before and after icing

Results before icing Ref. [12]

l 0.2 0.2

Longitudinal 0.0097 + 0.2287i 0.01717 + 0.2127i

0.0097 - 0.2287i 0.01717 - 0.2127i

-0.5494 + 2.0955i -0.1292 + 2.03i

-0.5494 - 2.0955i -0.1292 - 2.03i

Lateral and yaw -0.3624 + 2.4645i -0.6042 + 2.49i

-0.3624 - 2.4645i -0.6042 - 2.49i

-0.1967 -0.3313

-1.0447 -0.7414

0 0

Results after icing

Longitudinal -0.0048 + 0.2403i

-0.0048 - 0.2403i

-0.5384 + 2.1390i

-0.5384 - 2.1390i

Lateral and yaw -0.3695 + 2.4476i

-0.3695 - 2.4476i

-0.2200

-0.9923

0
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41.4 Results

The formulas of rotor aerodynamic forces and moments after icing were deduced
based on NRC wind tunnel data. And the nonlinear dynamic equations of heli-
copter icing were established. Icing effect on the trim and stability a single-rotor
helicopter in hover and forward was studied. The results show that flight dynamic
model of helicopter icing in this paper is reasonable and correct, which makes a
solid basis for research on the handling and flying qualities of helicopter icing.
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Chapter 42
The Ergonomics Application Research
on Differences Between Adaptive Cruise
Control System and Drivers

Yuru Gao, Yang Cao and Sen Zhao

Abstract Adaptive cruise control (ACC) is an important part of intelligent
transportation systems (ITS), and the ergonomics between driver and vehicle is
changed. This article researches on the ergonomics between ACC and drivers. A
series of vehicle road test is organized in Chinese urban driving conditions. The
vehicle data, road data, and the drivers’ behavior data are analyzed during the
researches. Drivers are interviewed on their feelings when they are applying the
ACC system. At last, it shows the differences in behavior between the ACC system
and drivers under several working conditions.

Keywords Adaptive cruise control � Intelligent transportation � Differences

42.1 Introduction

Adaptive cruise control (ACC) is composed of variant vehicle sensors and con-
trollers. It can realize the accelerating and braking of automatic control, control the
vehicle speed and vehicle distance between vehicles and front cars, give full play
the roles of reducing the driving load, and improve the vehicle safety performance.
It is the important constituent part of intelligent transportation systems (ITS) [1, 2].
Considering that ACC masters the longitudinal control right of partial vehicles
while working, the longitudinal control right of vehicles is handed over between
ACC system and drivers. Thus, it is vital important to research the difference
between the systemic behavior and driving actions under the typical working
conditions.
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The current ACC development focuses on systemic control, but neglecting the
human–machine interacting functions of ACC system to the drivers, causing that
drivers recover artificial driving mode while quitting ACC system [3] in the case
that the difference exists between driver’s expectation and systemic action.
Larsson et al., from Lander University, Sydney, has made investigation on ACC
users. The conclusion obtained is that the longer the diver drivers the car, the more
acquainted the driver would become to the ACC system limitations. Among the
drivers driving some car for over 10 months, about 80 % of the drivers think that
ACC system has limitations [4]. Larsson’s investigation makes tentative explo-
ration for human–machine project application effect after ACC enters into the
market. Neville A. Stanton et al., from Brunel University, Britain, evaluated ACC
by contrasting the drivers’ driving ACC system work within the driving simulators
or vehicle information and drivers’ status of manual driving operation. Evaluating
ACC from the psychological perspective, the influence of ACC system on drivers
makes drivers absence of manipulation, reduction of sense of trust, and lowering of
vigilance, but the driving load and driving pressure of the drivers are lowered with
it [5].

Presently, China’s vehicle industry develops quickly. Numerous enterprises
equip ACC on the medium- and high-end vehicles. Drivers require to synthesize
environmental information of roads and the vehicle status under ACC and control
the vehicle acceleration, braking or route changing traveling intermittently [6, 7].
This paper would analyze the objective data of vehicles, environment, and oper-
ation action of drivers by organizing practical vehicle testing, investigate drivers
driving using feelings on ACC, and study the typical working conditions with
difference between ACC and drivers, and the time headway while braking quits the
system.

42.2 Testing Method

Testing environment information has significant influence on the human–machine
interactive features of ACC system and drivers. The related case study shows that
the testing conditions of vehicle application characteristics are classified as driving
simulator testing, scenario testing, and practical vehicle and road testing [8, 9].
This study adopts practical vehicle and road testing [10, 11] in order to get the
information of human–machine interactive features of ACC system and drivers.
The recruiting conditions of drivers are the drivers with over two-year driving
experience and driving a car once a week at least. The testing route design includes
the urban main road, urban expressway road, and intercity highway. According to
the application status that ACC system is more ’ highways in this testing routes
reaches 65 %, city expressway 25 %, and city main trunk 10 % (Fig. 42.1).

The research on the human–machine interaction performance between self-
adaptive cruise system and drivers needs to collect environmental information,
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vehicle information, and drivers’ operating information. This test erects the plat-
form of self-adaptive cruise system data, including the test car of self-adaptive
cruise system, image sensor, image capture card, and hard disk video. The rela-
tionship block diagram of sensor information collection refers to Fig. 42.2.

Fig. 42.1 Percentage of road type. The road type including arterial road, urban express road, and
inter-city highway

Fig. 42.2 System configuration for data acquisition platform. The platform consists of CAN data
and image data. The data can be synchronized by cameras A and G which record the same front
road image
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42.3 Testing Results and Analysis

With a view to studying the human–machine interaction performance between
cruise system and drivers, it is required to make analysis and comparison in variant
aspects of human, machine, and environment. This section analyzes the main
points of the working speed of ACC system, typical working conditions of drivers’
quitting system, and time headway of drivers’ quitting braking system.

42.3.1 Working Speed of Adaptive Cruise Control System

There are over 51 groups of tests. The drivers effectively use 589 adaptive cruise
systems. The system using time under all speed is illustrated in Fig. 42.3. The
systemic principle of ACC system can be stimulated at the speed of over 40 km/h.
The highest speed while cruising is 120 km/h. The speed distribution figure shows
that the systemic working time starts to increase from 50 km/h. When principally
using, the speed scope falls between 100 and 120 km/h. Thus, this system shall be
used for higher speed. By calculating the ACC system, the average speed of
vehicles is 97.8 km/h, demonstrating the conclusion. The drivers can improve the
car speed by accelerating the auxiliary accelerator pedal. Thus, the car speed
would be more than 120 km/h under the working conditions of overtaking.

42.3.2 The Typical Working Conditions While Drivers’
Braking Quits the System

The subjective investigation questionnaire aiming to the drivers shows that 74.5 %
of drivers are very satisfied or very satisfied on ACC system and 25.5 % of drivers
are very unsatisfied or very unsatisfied on the system. Research on the working
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conditions of ACC system, especially the working conditions of drivers’ braking
quitting, has very important meaning to the difference between the ACC system
and the behavior characteristics among drivers. There are four quitting ways of
ACC system: drivers’ quitting from human–machine interacting interface through
multi-functional steering wheel, drivers’ treading brake pedal, systemic automatic
quit when drivers tread the acceleration pedals and speed exceeds 0.25 g, and
quitting when speed lower than 32 km/h. According to the literary [8] and prac-
tical car testing data, when the vehicle operating trajectory, speed, and drivers’
psychological expectation of system control under complex working conditions
are different, the drivers would tread the braking pedal and quit ACC system.

According to the different testing data statistics, 499 times of drivers’ quitting
from system is caused by treading braking pedal, accounting for 84.7 % of the
total testing times. However, the highway of the testing road line is arranged with
the facilities like ramp and highway toll gates. The places of the above facilities
require the drivers reducing speed or parking. Thus, this type of conditions shall be
ruled out while analyzing the difference between the system and drivers’ behavior
characteristics. There are 58 times of vehicle entering into toll gate area in the
testing process; vehicles decelerate and quit by drivers’ treading petals. There are
30 times of vehicle entering into toll gate area in the testing process; vehicles
decelerate and quit by drivers’ treading petals. Through verification, the rest 411
times of experience are the working conditions of drivers’ quitting system caused
by system behavior characteristics and drivers’ behavior characteristics.

Considering that the difference between adaptive cruise system behavioral
characteristics and drivers’ behavioral characteristics is the key point during the
human–machine interacting process, this papers makes the synthetic analysis on
the specific reasons causing the drivers to quit the system. As shown in Fig. 42.4,
the most dominant reason drivers quit ACC by braking is that there are vehicles
driving at the place ahead, 264 times totally, accounting for 64.2 % of braking
quit. The drivers’ braking quit of ACC due to other vehicles switching into the
lanes amounts to 74 times, accounting for 18.0 %. The drivers’ braking quit of
ACC due to test car changing lines amounts to 36 times, accounting for 8.6 %.

Fig. 42.4 The working condition’s frequency number when drivers are braking and quitting the
adaptive cruise control system. The main cause is that there are other vehicles in front of lane
(64.2 %), and the second cause is that there are other vehicles entering the lane
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Other working conditions of quitting totals 37 times, accounting for 9.0 %,
including front car braking, ACC automatic accelerating, lateral lane vehicles,
front vehicles switching out of this lane, and front car accelerating.

42.3.3 The Time Headway While Drivers’ Braking Quits
the System

Time headway represents the time interval between the two vehicle head as the
important parameters of self-adaptive cruise system judging working status; the
distribution of time headway is not only the foundation of environmental adaptive
research of ACC [12], but also the foundation of environmental risk consciousness
research.

The difference between self-adaptive cruise system and drivers mainly mani-
fests as this current car going straightly under self-adaptive cruise system with
other vehicles in the front of the lane. Drivers initiatively tread braking pedal to
lower the car speed in order to avoid the bumping of testing car and front car rear-
end bumping under the self-adaptive cruise system control. Under these working
conditions, the time headway distributes from 0.6 to 2.6 s while drivers quit ACC,
median number of 1.5 s and average value 1.5 s. The maximum is 2.6 s of the
systemic exploring maximum value, the minimum value as 0.3 s (Fig. 42.5).
According to the driving habits of subjective questionnaires inquiry of drivers,
radical drivers tend to brake when cars run before them and dangerous conditions;
the time headway of this braking ranges from 0.3 to 1.5 s. While the conservative
drivers tend to brake vehicles when finding cars before them, the time headway of
this kind ranges from 0.6 to 2.6 s.

Fig. 42.5 The frequency number of time headway when the test vehicle goes straight and
approaches the front vehicle. The distribution of time headway between 0.3 and 2.6. The median
and average was 1.5 s

354 Y. Gao et al.



The difference between self-adaptive cruise system and drivers also manifests
that while other vehicle switches to this lane, drivers tread braking petal to
decelerate for avoiding other vehicles [4] so as to prevent test car bumping under
adaptive cruise system control [4]. Time headway ranges from 0.2 to 2.6 s when
drivers brake under this working condition. We can conclude for classifying
analysis about this difference. The first kind, when the time headway is 2.6 s, the
working condition of drivers’ braking is other vehicles open the steering lights, not
switching to or incompletely switching this lane; the second kind, when the time
headway is 0.2–2.2 s, the working condition of drivers’ braking is other vehicles
switching into this lane. Under the second working condition, the average value of
time headway is 0.8 s. Although the difference of this kind appears fewer times
during this testing process, the bumping risks are still higher than straight-running
vehicle working condition due to the shorter time headway (Fig. 42.6).

42.4 Conclusion

This paper develops the practical vehicle and road testing through erecting self-
adaptive cruise system testing platform, collects and analyzes the true and
objective environmental data, vehicles data, and driving action data, and concludes
that self-adaptive cruise system is mainly used for higher vehicle speed. 74.5 % of
the drivers are very satisfied with the self-adaptive cruise system; 25.5 % of the
drivers are not satisfied or not very satisfied with the system. The drivers would
quit self-braking cruise system by braking under some working conditions. The
time headway of quitting ranges from 0.2 to 2.6 s.

Through this research, this paper can provide basis for self-adaptive cruise
system of vehicle upgrading. Meanwhile, we will utilize the experimental data and
analyzing method and go into research to adaptive cruise system and drivers’
human–machine interacting features, so as to establish the self-adapting cruise
principle system meeting the drivers’ behavior characteristics.

Fig. 42.6 The frequency
number of time headway
when other vehicles enter the
lane. The time headway
between 0.2 and 2.6
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Chapter 43
Plateau Alpine Environment Impact
Study of a Certain Type of Air Defense
Missile

Zhibing Pang, Honglei Li, Qiang Gao, Cheng Jin, Xingbin Zhu
and Yuankang Sun

Abstract This chapter summarizes the environmental characteristics of plateau
cold area; a certain type of air defense missile is analyzed in the plateau cold area
that are faced with the natural environment, based on the temperature, pressure,
humidity, solar radiation, wind, and thunder factors such as the study of the impact
of a certain type of air defense missile; puts forward the corresponding measures of
protection for the improvement of a certain type of air defense missile plateau
alpine environment adaptability; and fighting capacity generation plays an
important role in promoting equipment, similar to other equipment, to carry out the
study has certain reference significance.

Keywords Plateau alpine the environment � Surface-to-air missile � Impact

43.1 Introduction

In order to deal with and win plateau cold area the possibility of local war, strengthen
the application a certain type of air defense missile environment adaptability
research is particularly important, on the basis of summarizing the characters of the
plateau cold area environment, analyzed the influence of the main environmental
factors on the weapons and equipment, and puts forward targeted measures, to
promote the performance of the performance of the technologies of equipment war
environment adaptability and fighting capacity, improve equipment and ascension is
of great significance. At the same time for troops to equipment scientific and rea-
sonable management, use, and maintenance to provide basis and reference.
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43.2 Plateau Cold Area Environmental Characteristics

The area of the plateau cold area in China is very wide, 1,000 m above sea level
more than 58 % of the total land area, 2,000 m above sea level of the region more
than 33 % of the total land area, and there are more than thousands of miles of
plateau and alpine boundary. The region has a low temperature, low pressure, high
altitude, low air humidity, wind, dust, typical plateau climate features such as
frequent thunder and lightning. These typical natural environment factors will
influence each other, and then induce other environmental factors.

43.2.1 Low Temperature

According to statistics, every rise 1,000 m above sea level, the same latitude area
atmospheric temperature is 6.5 �C. And if the higher altitudes, the low-tempera-
ture stage is longer, at an altitude of 4,000 m, is fixed cold area, the annual average
air temperature is below 4 �C, the cold phase is more than 5 months; If the
temperature difference between day and night, the greater the temperature dif-
ferences will be up to 30 �C, extreme minimum temperature of 27–45 �C.

43.2.2 Depression

In general, each rise 1,000 m above sea level, the atmospheric pressure fell by
9 %. If the elevation is high, the boiling point of level, the lower the height of
4,000 m, water boiling point has dropped to below 90 �C. Therefore different
altitude atmospheric pressure is the local per unit area is determined by the gravity
of the vertical column of air [1].

43.2.3 Low Humidity

The region climate is dry, less rainfall. Because of the plateau cold area particu-
larly strong solar radiation, rainfall is small, the surface is very dry, evaporation is
generally greater than that of precipitation around five times, and the annual
average relative humidity is less than 50–70 %.

43.2.4 The Sun’s Radiation

Because plateau cold area air transparency is better, so particularly strong sunshine
radiation, annual total radiation dose is higher than the loess plateau, the north
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China plain is 4.2–16.8 kJ/m2; radiation is strongest in May (7.1–10.5 kJ/m2),
every rising is 1,000 m above sea level of about 10 %; and more than 3,000 meters
area increased slowly.

43.2.5 The Wind

Every year has faced wind’s long period of time, wind speed, maximum 20–28 m/s,
the annual average wind speed of 3 m/s; wind pressure is small, each rise is
1,000 m above sea level; wind pressure fell 9 %, with less vegetation; soil and air
humidity is small, so the large amount of dust, dust quantity according to different
regions, is in low altitude, dusty air dust content density is of more than 5 times.

43.2.6 Thunder and Lightning

Thunder–lightning channel is rapidly expanding gas burst of sound. Burst pressure
can reach 50 atmospheric pressure, fast attenuation of sound waves. Lightning
energy focused primarily on 0.5–6 HF sound. Thunder propagation distance in
land is generally not more than 25 km. Lightning effects include the thunder
overpressure, vibration, lightning ionization, electric shock, the effect of strong
electric field, etc.; of all kinds of equipment that may affect and effect on the
missile system is obvious, communications, radar, search, missile launch, etc., will
be restricted by lightning weather.

43.3 The Influence of Environmental Factors on a Certain
Type of Surface-to-Air Missile and Protection

43.3.1 Low Temperature

43.3.1.1 For a Certain Type of Surface-to-Air Missile

(1) Made of rubber, plastic products harden, and easy to break and rupture, lead
to bad sealing;

(2) Makes grease viscosity increase and even freeze, which resulted in increased
friction transmission mechanism and the rotation difficulties.

43.3.1.2 Safeguards

(1) In addition to the daily maintenance work, should also pay attention to pri-
ority selection has good low-temperature properties and anti-aging perfor-
mance of seal;
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(2) The antenna-drive car, before the jump to manually turn the 2–3 laps, pre-
vents due to the lubricating oil viscosity, the rotational resistance is too large,
due to start-up and burn out power amplification motor or perform [2].

43.3.2 Low Pressure

43.3.2.1 Influence on a Certain Type of Air Defense Missile

(1) Effect on combustion

Depression affects lighting time, burning time, reduce the efficiency of ground
vehicles, thrust, reduce tension, engine starting work, and unstable;

(2) The influence of the structure

Gas or liquid easy leakage or leakage rate increases from the sealed container,
the seal requirements is of certain importance in electrical products, which will
also indirectly affect its electrical properties; likewise, in case of pressure con-
tainer, the pressure change caused easily leads to pressure vessel rupture [3].

43.3.2.2 Protective Measures

Depression mainly has bigger influence on the electronic equipment, so in terms of
electronic equipment has the following several kinds of protective measures:

(1) To ensure that the booth of electronic equipment used in plateau has enough
puncture-resistant ability, we must increase the clearance;

(2) Of the radar of all the equipment in the ac power cable plug, socket, and
insulated.

43.3.3 Low Humidity

43.3.3.1 Effects on a Certain Type of Air Defense Missile

Effects on a certain type of air defense missile reduce with sea dials average
relative humidity, absolute humidity falls, the decrease of strength of external
insulation, electrical and electronic equipment dry arc discharge voltage reduced.
Studies have shown that altitude, every 100-m increase in electrical equipment arc
of corona power frequency, dry, wet, shock discharge voltage are the conditions to
reduce 1 %, result in static charges and produce electrostatic deposition, resulting
in insulation breakdown, ozone, and dust accumulation [4].
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43.3.3.2 Rainfall Distribution on 10–12 Protective Measures

(1) Choose durable, not easily broken, such as organic material such as leather,
rubber, and fabric;

(2) In the corresponding components wax to prevent electrostatic, maintaining
the appropriate temperature, activated carbon is placed within the cabin way
to remove ozone, in a timely manner to wipe dust.

43.3.4 Solar Radiation

43.3.4.1 Track of the Influence of Surface-to-Air Missile

High solar radiation causes a certain type of air defense missile training in use
process; higher internal temperature of the electronic device of booth accelerates
the aging of organic insulating material; out the protective coating aging seriously,
which affects the service life. It is mainly manifested in two aspects:

(1) make the element damage, which leads to welding crack, solder joint release;
(2) strong solar radiation and temperature change are big combination to make

coating, faded and other protective layer cracking, blistering, peeling, and
encapsulating compound.

43.3.4.2 Protective Measures

(1) Improve the chariot, the surface of the radar antenna equipment, such as
coating material, improves the ability to resist ultraviolet ray;

(2) Hydraulic hose can consider adopting protective measures such as adding
protective sleeve or select better UV protection, and cold-resistant material,
to prolong service life and has good effect to prevent blowout [5].

43.3.5 The Wind

43.3.5.1 Track of the Influence of Surface-to-Air Missile

The wind for a certain type of surface-to-air missile main effects includes:

(1) Can affect the normal search radar antenna start and rotating speed;
(2) Wind shear stress much on the movement of vehicles car causes an accident.
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43.3.5.2 Protective Measures

(1) Regularly check equipment surrounding the aggradation, sundry, greening,
the training time to time, cover to cover the equipment; after the strong wind
to the equipment for inspection and maintenance;

(2) The cable connector, plug, and socket should bind tightly, use the old cloth
till they are exposed to mechanical oil bandage, and the air strainer mesh to
wash oil in time, all the above improves the ability to dust filtering;

43.3.6 The Thunder

43.3.6.1 Track on the Influence of Surface-to-Air Missile

Plateau cold area of thunderstorm weather, and the weather is dry, easy to produce
static, lightning and electrostatic effect of electronic products is relatively obvious,
lightning way has two kinds of lightning strike and indirect ray. Lightning damage
to the equipment is great, but under the lightning protection is rare; Indirect
lightning influentially harms the electronic equipment in three cases, respectively:
high voltage, static induction effect of lightning current, and electromagnetic field
effect may cause the product does not work, even burning equipment or
components.

43.3.6.2 Protective Measures

(1) For lightning protection, it is important to note that underground water level
is low in plateau in the dry season, the soil is relatively dry, attention should
be given to the grounding of the lightning rod effect;

(2) In view of the indirect ray protection, after lightning protection devices can
be added and used for the key parts in the form of system earthling and
protection.

43.4 Conclusion

Plateau cold area of bad natural environment of a certain type of air defense
missile equipment is add discussed seriously; the influence of practice has proved
that the protective measures can effectively reduce the natural environment of the
dangers of weapons and equipment, at the same time, the measures for other
weapons and equipment to carry out the significance of reference to the similar
research. Environmental adaptability is one of the important quality characteristics
of weapons and equipment; according to the characteristics of plateau cold area of
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complex terrain environment, data acquisition work become large and meticulous,
to a certain type of surface-to-air missile equipment quality and operational per-
formance and better play, and this requires us to put environmental adaptability in
strategic-level research [6], more targeted measures are put forward, and to reduce
the influence of environment on the equipment, to improve equipment of envi-
ronmental adaptability, to promote the rapid ascension of the equipment
effectiveness.
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Chapter 44
Core Sector Risk Assessment Model Based
on AHP of Confidentiality

Baohang Shao and Wei Liu

Abstract This paper analyses the composition of the elements of risk assessment,
keeping state secrets and optimize the allocation of resources for confidentiality.
To protect the confidentiality of the actual needs for vital sectors, we present a risk
assessment model for state secrets sector by using AHP, optimizing the allocation
of resources effectively to protect state secret sector. It offers a solution focusing
on core secret protection to improve the ability to keeping state secrets. This model
has been applied in research projects.

Keywords AHP � Confidentiality � Risk assessment � Model

Improving the efficiency investment and output of confidentiality and closely
hanging on to core secret are the inevitable selection of improving confidentiality
working efficiency. Confidentiality core sectors are the highly sensitive area of
producing, processing, and storing confidential information of units and the
gathering place of core secrets, which is the priority of priorities of unit confi-
dentiality safety prevention. Adopting effective protection on confidentiality core
sectors is closely connected with risk assessment [1]. Risk assessment is the basis
of configuring confidentiality resources reasonably and optimizing confidentiality
implementing scheme. Under the premise of drastic expanded information,
increasingly complex confidential environment, gradually diversified confidenti-
ality requirement and the limited confidentiality investment and resources utili-
zation difficult to meet the demand of confidentiality safety, adopting
confidentiality assessment is the effective means to conduct confidentiality tasks in
different levels, firmly get to the heart of core confidentiality protection, imple-
ment the precision management of manpower, materials resources and property,
improve the investment/production ratio of confidentiality work, lay solid
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foundation for improving working efficiency of confidentiality and purifying
confidential environment and the effective pushing factors of social stability [2].

The assessment on confidentiality risks is usually analyzed on models. This
paper utilizes the analytic hierarchy process (AHP) and proposes the risk assess-
ment model on confidentiality core sector on the basis of analyzing the confi-
dentiality risk assessment factors.

44.1 Factors Affecting Confidentiality Risks

There are many factors affecting risks. Generally, they mainly include the levels of
state secret of confidentiality units, quantity of different levels of state secret,
personnel scope (informed scope) contacting with the state secret at different
levels, and confidentiality period of confidential information at different levels [3].
Generally, the higher the confidential level of confidential information is, the
wider of the known scope and the longer the confidentiality period, then the higher
the confidentiality risk of confidential unit is.

With the purpose of assessing the confidentiality risks of confidential units, the
confidentiality risk value A may be used to quantify the confidentiality risks; the risk
level due to the different secret levels and quantities may be confirmed as B1; the risk
level due to the different known scopes may be confirmed as B2; the risk level due to
the different confidentiality scopes may be confirmed as B3. By this means, the
confidentiality risk value A is the functions of B1, B2 and B3, and A � (B1, B2, and B3).

44.2 The Establishment of Risk Assessment Model [4]

44.2.1 Risk Level B1 Confirmed by Different Secret Levels
and Quantities

According to the Law of the People’s Republic of China on Guarding State
Secrets, the state secrets shall fall into three categories: most confidential, clas-
sified, and confidential in accordance with the damage extent of harm to state
security and national interests. In a unit, the different levels of state secrets and the
quantity of state secrets at all levels would produce different risk levels. Risk levels
B1 may be used to assess them.

Provided that the quantities of involving confidential information in a year are
secret x11, most confidential pieces; secret12, classified pieces; and secret13, con-
fidential pieces and provided that c11, c12, and c13 represent three secret levels of
most confidential, classified, and confidential, with the weight of w11, w12, and w13.

If B01¼
D P3

j¼1
w1j x1j, then 0�B01 \þ1.
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The selectable risk level B1 is B1 ¼ 1� e�B01 . And we can know that 0�B1� 1.
According to the national laws and regulations, the authorities and departments

involving 1 most confidential or 3 classified or 10 confidential state secrets are
defined as the confidentiality core sectors. Thus, the D1 of comparison judgment
matrix of c11, c12, and c13 shall be as follows.

D1 ¼

c11 c12 c13

c11

c12

c13

1 1=3 1=10
3 1 3=10

10 10=3 1

2
4

3
5

According to comparison judgment matrix, calculate as per the sum method

w11 ¼ 0:0714
w12 ¼ 0:214
w13 ¼ 0:714

8
<

:

44.2.2 Risk Level B1 Confirmed by Different Known Scopes

According to the working posts, political quality, style quality, business quality,
and psychological quality of the personnel involved in confidentiality, the per-
sonnel involved in confidentiality of the core sectors can be classified as general
secret-related personnel, important secret-related personnel, and core secret-rela-
ted personnel. As for the confidentiality core-related department of a unit, the
quantity of three kinds of secret-related personnel reflects the different levels of
secrets and specific state secret and known scope, influencing the key core sectors
and risk levels of state secret.

Provided that the key department of a unit has general secret-related personnel
x21, important secret-related personnel x22, and key secret-related personnel x23,

then their weights are w21, w22, and w23, respectively.

Provided that B02¼
D P3

j¼1
w2j x2j, it can be known that 0�B02\þ1.

The risk level to be selected is, B2 ¼ 1� e�B02 , it can be easily known that
0�B2� 1.

Take c21, c22, and c23 to illustrate the categories of general secret-related per-
sonnel, important secret-related personnel, and key secret-related personnel.
According to the secret-involved extent of different levels, it can be known that the
comparison judgment matrix D2 can be listed as

D2 ¼

c21 c22 c23

c21

c22

c23

1 1=5 1=9
5 1 1=5
9 5 1

2
4

3
5
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According to comparison judgment matrix, calculate as per the sum

method
w21 ¼ 0:061
w22 ¼ 0:216
w23 ¼ 0:723

8
<

: :

44.2.3 Risk Level B3 Confirmed by Different Confidentiality
Scopes

After the state secret is produced, before disclosing, the confidentiality risk level
B3 is related to confidentiality load, expressed with confidentiality load function z.

Use t to indicate the passed time of the classified materials, Ti indicate the
confidentiality period required by the classified materials (if the disclosing period
is not delimited, then regulate 10 years for confidential, 20 years for secret, and
30 years for most confidential), and ai o indicate the grade coefficient of different
classified materials. The confidentiality load function z shall meet the following
requirements.

1. With the extension of a same classified material with the time, the confiden-
tiality load lowers. It is the maximum value when ‘‘t = 0’’; it becomes 0 when
t = Ti. The largest load of most confidential load shall be 1.

2. Under the circumstance of same confidentiality period, the classified materials
with different levels shall have large load for the high-level classified materials.

3. As for the confidentiality materials with the same level, the ones with longer
confidentiality shall have longer load.

4. The most confidential materials have the largest load for 30 years, set as 1.
5. The load is lowered to 0 when the confidential materials expire.
6. Load function is related to (t, Ti, and ai).

According to the above conditions, the confidentiality load function Z ¼
f ai; Ti; tð Þ is related to monotone decreasing on Ti and monotone increasing on ai.
The confidentiality load function shall be selected as.

z ¼ f ai; Ti; tð Þ ¼ 1� e�ai Tii�tð Þ

Of which, ai is the confidential level; Ti is the confidentiality period,

i ¼
1 Confidential
2 Classified
3 Most confidentiality;

8
<

: t is the past time after the state secret.

ai ¼
1=3 i ¼ 3
1=20 i ¼ 2
1=30 i ¼ 1

8
<

: ; Ti ¼
� 30 i ¼ 3
� 20 i ¼ 2
� 10 i ¼ 1

8
<

:
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As for the state secret of the confidential level, according to the related national
regulations, if there is no special regulations, the highest confidentiality period of
confidential-level state secret is 10 years; that of the secret level is 20 years; and
that of most confidential level is 30 years. Thus, the number of state secret of the

rest ‘‘n’’ year of confidentiality period is kð1Þn ; the confidentiality load f ð1Þn (n is
1,2,3…10). The number of state secret of rest ‘‘n’’ year of confidentiality period is

kð2Þn , and the confidentiality load is f ð2Þn (n is 1, 2, 3 … 20). The number of state

secret of rest ‘‘n’’ year of confidentiality period is kð3Þn , and the confidentiality load

is f ð3Þn (n is 1, 2, 3 … 30).

The confidentiality load confirmed by kð1Þn (n is 1, 2, 3 … 10) confidential state

secret is F31; the confidentiality load confirmed by kð2Þn (n is 1, 2, 3…10) classified

state secret is F32; the confidentiality load confirmed by kð3Þn (n is 1, 2, 3 … 10) is
F33. Then, the total load of j (j ¼ 1; 2; 3) of the classified materials is

F3j ¼
Xnj

i¼1

f ðjÞi k
ðjÞ
i

Then, the risk value of confidentiality period shall be written as B3 ¼ 1� e�B03 .
Set c31, c32, and c33, respectively, representing confidential, secret, and most

confidential. The comparison judgment matrix of c31, c32 and c33 shall be D3.

D3 ¼

c31 c32 c33

c31

c32

c33

1 1=3 1=10
3 1 3=10

10 10=3 1

2

4

3

5

Calculate the comparison judgment matrix, getting
w31 ¼ 0:0714
w32 ¼ 0:214
w33 ¼ 0:714

8
<

:

44.2.4 Risk Assessment Model of Confidentiality
Core Sector [5]

With a view to assessing the risk of core department sectors, the factors of B1, B2, and B3

shall be comprehensively considered. Set up the weight of B1, B2, and B3 as w1, w2, and
w3. Then, the overall risk value of confidentiality risk assessment shall be as follows.

FwB j
j

j 3

3

1
33 ∑

=

Δ
= .
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A ¼ w1 B1þw2 B2þw3 B3

Establish the comparison judgment matrix

D ¼
B1 B2 B3

B1

B2

B3

1 3 3
1=3 1 1
1=3 1 1

2
4

3
5

Calculate the comparison judgment matrix, getting
w1 ¼ 0:6
w2 ¼ 0:2
w3 ¼ 0:2

8
<

: .

44.3 The Effect Verifying and Application of the Risk
Assessing Model of Confidentiality Key Departments

Select the state secret of different secret levels, quantities, known scopes, and
confidentiality periods as the parameters of confidentiality key departments.
Calculate the overall risk value A and utilize the above-mentioned conclusion as
the verification to produce Table 44.1.

The Table 44.1 shows that total risk value A can reflect the risk change of state
secret grade, quantity, the known range, and change of time meets the working
actuality of confidentiality. This model can be utilized to assess the risk extent of
confidentiality key departments.

Table 44.1 Relationships among total risk value, state secret grade, quantity, the range of
allowed knowing, and deadlining

Deadline State secret grade and quantity The range of allowed
to know

Total
risk
valueConfidential Classified Most

confidential
General Important Core

1 year 10 0 0 10 0 0 0.46

2 years 0 0 1 0 0 4 0.60

5 years 0 3 0 0 3 0 0.47

15 years 0 3 0 0 3 0 0.44

20 years 10 3 1 10 7 4 0.82

25 years 10 3 1 10 7 4 0.81

30 years 10 3 1 10 7 4 0.72
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44.4 Conclusion

Utilizing risk assessment method to optimize confidentiality implementing scheme
and reasonably allocate the confidentiality resources is the effective means to
effectively utilize the confidentiality resources and improve the confidentiality
working efficiency. These means can improve the precise management level
during the implementing process of confidentiality and improve the input/output
ratio of confidentiality. Presently, the risk assessment model has been used in some
confidentiality scientific research subject.
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Chapter 45
The Study on Increasing Vehicle Passing
Rate at Intersection Based on Ergonomics

Jianwei Wang and Beihai Wang

Abstract The paper is mainly concerned with the traffic jams caused by traffic
lights at intersections. Based on ergonomic principles, we comprehensively ana-
lyze the causes, establish a man–vehicle-environment comprehensive model by the
analysis of behavior of drivers waiting at the traffic lights, vehicle and environment
factor, find out the influence of the rate factors, and build a mathematical model.
Through the numerical analysis put forward, an approach to keep a safe vehicle
waiting distance at traffic lights with the consideration of the psychology and the
behavior characteristics of the drivers was developed, which thereby can increase
the vehicle passing rate at the traffic light junctions. And by setting the scene
model, the feasibility of this method is verified.

Keywords Vehicle distance � Ergonomics � Passing rate � Traffic lights

With an increasing number of private cars of urban residents, traffic jam in urban
area is getting worse and worse, especially various intersections and crossroads,
which have became the bottleneck of the traffic. To get out of that situation, the
government has successively put forward series of approaches, like optimized
traffic light duration and left-turn waiting zone [1, 2], to increase the vehicle
passing rate at intersections. Based on ergonomic principles and approaches, the
paper comprehensively analyzes the man–vehicle-environment system, in order to
explore a new approach to increase the vehicle passing rate at intersections.
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45.1 Analysis of the Man–Vehicle-Environment System
at Traffic Lights

45.1.1 Analysis on Drivers

45.1.1.1 Psychological Analysis of Drivers Waiting at Traffic Lights

Vehicle passing rate can be affected by age group, sexual difference, and queue-
jumping. Therefore, we make our analysis of the psychology of the drivers under
these three situations.

(1) Psychological analysis of the drivers of different age groups when waiting
at traffic lights.

The ‘‘research on vehicle driver’s attention level and its related factors’’ reveals that
the attention level of drivers of 30–49 is obviously higher than that of those above 50
and those under 29, which explains that this group of people have a higher respond
sensitivity [3]. Besides, drivers of 30–49 often drive and have clearer judgment on
road condition. Owe to their calmness and high respond sensitivity, drivers of this
age group can cross the junctions in a relatively short time.

(2) Analysis of drivers of different gender when waiting at traffic lights.

Generally speaking, females are characterized by timidity, sensibility, softness,
humility, cautiousness, and patience. Therefore, when waiting at a traffic light,
they will tend to keep a safe vehicle distance intentionally and concentrate their
mind with great patience in most of the cases [4]. Compared with females, males
are more independent, aggressive, bossy, and initiative, which as a result, they are
inclined to get close to the car in the front as much as they can, and they are often
lack of attention and patience [4].

(3) Psychological analysis of queue-jumping.

People are anxious to cross the junction when waiting at traffic lights, and when
they find that the distance between the cars in the front is relatively broad, they
will probably jump the queue immediately. In that case when the driver in the front
notices that the car behind is trying to jump in, he will decide to shorten the
distance to avoid queue-jumping out of psychological imbalance, which results in
the fight between queue-jumping and anti-queue-jumping. And finally, it will lead
to the narrowing down of the vehicle distance and hinder the starting of the
vehicles.

Moreover, if the duration of the traffic lights is too much long, it will cause
mental fatigue and the down of attention of drivers. The lowering of the alertness
may lead to mis-operation and misjudgment on the road condition, which will
easily cause accidents [5]. According to the ‘‘research on the optimization of the
traffic lights’’ from Beijing youth scientific and technical innovation contest, the
most acceptable traffic light duration ranges from 30 to 60 s.
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45.1.1.2 Behavior Analysis of Drivers Waiting at Traffic Lights

In crossing the traffic light junction, the lightening of the green light will be firstly
seen by the driver’s sense organs (eyes), and then the nervous system will analyze
the information, then direct the motor system to control the vehicle to cross the
junction [6, 7]. From the lightening of the green light to the starting of the vehicle,
driver’s respond time is different. We know that the behavior of the driver is
mainly decided by his training and experience. For driver, his respond time is
affected by his age and driving skill. Meanwhile, the behavior of a skillful driver
does not need the individual to encode the display information. It is his subcon-
sciousness that reacts to the information. Taking into consideration a driver’s age
and his skill and experience, his respond time is around 1–4 s [8].

45.1.2 Analysis of Vehicle Factor

Driving involves the behavior of sitting. If the seat of the car is not complete and
comfortable enough, it will easily cause fatigue, which will have impact on the
diver’s reaction and affect the passing rate. Apart from that, different starting speed
and length of different vehicles also have influence on the passing rate.

45.1.3 Analysis of Environmental Factor

Ergonomics is the study of the inter-coordination of man, machine, and environ-
ment to realize its optimization. Environment has a significant influence on men
and machines. In our project, environmental factors involve road condition, light
and color, vehicle noise, and microclimate [6, 7]. We make our analysis based on
normal road condition (no obstacle on the road) and natural light condition
(employ in-car temperature, 24 �C). Other factors, like noise and amplitude are at
physically comfortable levels.

45.2 Establishment of the Passing Rate Model

45.2.1 Factors and Their Definitions

According to the above comprehensive analysis, we employ the following factors
parameters:

(1) duration of the traffic lights T; (2) length of the vehicle L; (3) accelerated speed
of the vehicle a; (4) starting delay time t; (5) vehicle distance when waiting at the
traffic lights d; (6) road width as D; and (7) width of the zebra crossing l.
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45.2.2 Establishment of the Model

Based on the assumptions above, we establish the following model (Fig. 45.1): X-
axis represents the road of the driving vehicle; 0 on the number axis is the location
of the traffic lights; the positive direction of the x-axis is the driving direction of
the vehicle. The vehicle starts the moment when the green light is on [9]. The first
vehicle is on the left side of 0, which is 27 m far away (the width of the road plus
the width of 2 zebra crossings) and the rest are d (vehicle distance) apart from each
other. If the vehicle starts with constant acceleration, then to the first vehicle, we
have: sðtÞ ¼ 1

2 at2 (in which s(t) is the position of the vehicle on the x-axis at time t,
a is the accelerated speed of the starting). Therefore, to the nth vehicle, its distance
from 0 is: sn ¼ �½ðn� 1ÞðLþ dÞ þ 27�:

And the starting time of the nth vehicle is tn ¼ ðn� 1Þt; hence, the distance of

the nth vehicle at tn time is snðtÞ ¼ snð0Þ þ 1
2 aðT � tnÞ2

However, on urban roads, the speed will be limited to V (m/s). Assume that
after the lightening of the green light, a vehicle starts and keeps accelerating until
it reaches its limited speed and then keep driving at that speed. Thus, the accel-
eration time of the vehicle is V/a. And the driving trend of the vehicle after the
lightening of the green light is:

sðtÞ ¼ 1
2

at2

snð0Þ ¼ � ðn� 1ÞðLþ dÞ þ Dþ 2l½ �

snðtÞ ¼ snð0Þ þ
1
2

aðT � tnÞ2

snðtÞ ¼ snð0Þ þ
1
2

a
V

a

� �2

þV T � V

a
� tn

� �

The mathematical model above reveals that when snðtÞ� 0, it shows that the
vehicle has already crossed the traffic lights. And we can have the numerical value
of D when n reach its biggest number during time T. Hence, if we paint segment
lines at the junctions based on the numerical value of d to ensure the distance
between vehicles, we can assure that the most vehicles can cross the intersections
during time T, which can help to reduce traffic jams.

Fig. 45.1 The car axis model
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45.3 Verification and Application of the Passing Rate
Model

45.3.1 Scene Setting

(1) Road setting: According to the Road traffic signs and markings, we chose a
certain intersection of a second-tier city. Suppose that it has 4 lanes (no
isolation strip in the middle) and two 1.5-m-wide drainage ditches on both
sides, which the total width is 15 m. Based on the average pedestrian volume
in second-tier cities, we can estimate that the width of the zero crossing is
6 m (Fig. 45.2).

(2) All vehicles go straight and cross the junction, and only vehicles on the very
side of the road are taken into account.

(3) Starting delay time of all vehicles is equal.
(4) Length of the vehicles is the same and all vehicles start from standstill with

constant acceleration.
(5) The first car is on the side of the zero crossing when waiting at the traffic

lights. And the rest share the same vehicle distance.

45.3.2 Specific Parameters

According to the above comprehensive analysis of man, vehicle, and environment,
we employ the following parameters:

(1) Green light duration: T = 40 s. (2) Length of vehicle: L = 4.5 m.
(3) Accelerated speed: a ¼ 2 m/s2. (4) Starting delay time: t = 2 s. (5) Vehicle
distance when waiting at traffic lights: d. (6) Width of the road: D = 15 m. (7)
Width of the zero crossing: l ¼ 6 m

Fig. 45.2 The passing scene
model
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Suppose that the speed on urban road is limited to V = 60 km/h, that is
V = 16.7 m/s. The time to reach that speed is: V/a = 8.35 s, which requires the
vehicle to completely cross the zero crossing at the other end during that period of
time. After calculation, we know that when d = 1–2.9 m, n = 15. It explains that
when the vehicle distance ranges from 1 to 2.9 m, 15 vehicles can cross the
junction at a time at most. From that, we know that we can ignore the length of the
vehicle, and paint waiting lots to limit the waiting cars based on L + d. In another
word, we can paint waiting lots, 6 m in apart from each other.

45.4 Conclusion

With the help of ergonomic principles, we analyze the psychology and the
behavior of the drivers and establish a comprehensive model. Through scientific
approach, we find that we can increase vehicle passing rate by painting waiting
lines. It theoretically proves that it helps to reduce traffic jams at intersections.
However, our theory has not been verified in reality. Due to that traffic flow varies
from city to city, the model has to be verified and revised based on reality before it
comes into practical use.
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Chapter 46
A Research on BDS-Based Air
Observation and Surveillance System

Zhibing Pang, Haitao Zhao, Hong He, Chenhui Li, Jiang Wu
and Hongyan Ou

Abstract The paper makes an analysis of the problems arising from PLA air
defense force (ADF)’s air observation post system as low accuracy in positioning
measurement, long delay in air information transmission, difficult identification of
aerial targets, limited range of disposition of observation posts, unsmooth trans-
mission of coordinated information, and low confidentiality in air information
transmission, and puts forward a systemic transformation of the visual observation
posts in respect of reconnaissance equipment, network structure, air information
transmission, etc., by use of Beidou navigation satellite system (BDS). It presents
an idea of making up an air defense observation and surveillance system composed
of observation subsystem, air information identification subsystem, information
processing subsystem, information transmission subsystem, and command and
control subsystem in order to enhance ADF-integrated reconnaissance and early-
warning capability in joint-operation conditions.

Keywords Reconnaissance and early warning � Beidou navigation � Satellite
system � Air information transmission � Air observation posts

The air strike and counter air strike operations initiate the modern warfare and go
through the whole process of it. To conduct discovery and strike earlier than the
enemy must require timely, accurate, and continuous air information support,
which is the important link of air defense operations [1]. At present, PLA air
observation depends on radar reconnaissance network, air observation post net-
work, and position (command post) observation network. The complicated bat-
tlefield electromagnetic environment and the strong adversary electronic jamming
make the air defense radars difficult in disposition, start-up and early warning,
being placed in a situation of threat and pressure. Moreover, because of different
geographical environment of operations, AD radars may have corresponding blind
zones. Therefore, the air observation posts should be disposed in whole area and
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combined in a comprehensive network to achieve a united coordination, distant
and close cooperation, and optical and electrical integration. It is imperative to
make an all-direction, multi-layer, and multi-dimension BDS-based air defense
force (ADF) air observation and surveillance system.

46.1 Problems of ADF Air Observation Posts

In order to ensure the timely and accurate display of the early-warning capability
of air defense radars and enhance the efficiency of air observation and surveillance,
it is necessary to make a rational disposition and employment of air observation
posts. In the complex electromagnetic environment, the air observation posts are
the important means to make up the early-warning deficiency of AD radars and
obtain the low and very low altitude penetration information. But, the recon-
naissance instruments attached to ADF observation posts are of poor quality and
low tactical and technical performances as limited reconnaissance range and
accuracy, backward air information reporting means, and low efficiency of
information transmission. Moreover, restricted by reconnaissance instruments and
close disposition range, it is difficult to make up a large-scale network of air
observation posts. These problems cause limited reconnaissance and surveillance
space, close-tracking and early-warning range, slow reaction of operations, and
delay in air information transmission for PLA ADF. The air observation posts are
difficult to satisfy the need of multi-direction, large-zone, high-intensity, and high-
speed air information support of joint air defense operations in conditions of
informationization.

46.1.1 Low Accuracy in Positioning Measurement

At present, ADF air observation posts still employ the traditional method of map-
plus-compass. It is of low positioning accuracy, which cannot meet the require-
ments of the joint air defense operations. The air observation posts lack the
advanced photoelectric reconnaissance instruments and air information transmis-
sion instruments. Mainly depending on the optical instruments, they are incapable
of accurately measuring aerial target bearing, elevation and range, and can only
report the coarse air information. Furthermore, each observation post may cause
different coordinates in time and space, and delay transmission due to manual
operations. Therefore, it is difficult for the command post to master the accurate
information of the aerial targets. Recently, ADF made a modification and had
developed an air information reconnaissance, surveillance, and transmission sys-
tem for the observation posts.
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46.1.2 Long Delay in Air Information Transmission

When the operators in the observation posts carry out air reconnaissance and
surveillance, they mainly use the optical instruments that are incapable of trans-
mitting the information. These optical instruments should be connected with the
wire and wireless communication system to transmit the information to the
command post. This transmission mode is easily affected by the tactical and
technical performance of the instruments, operating level of the operators, mete-
orological and terrain conditions, and electromagnetic environment, which cannot
achieve the real-time and reliable transmission of the information. Furthermore,
the discrepancy in operating skills results in a long delay in air information
transmission, which makes difficulty for the command post in air information
integration and target judgment.

46.1.3 Difficult Identification of Aerial Targets

ADF observation post is greatly affected by the natural conditions due to lack of
laser, infrared, and glow reconnaissance instruments. The aerial targets are mainly
identified visually by the operators. Such judgment is influenced by the personnel’s
quality and subjective capability. The observers usually cannot accurately and
promptly judge the type of the aircraft, etc., according to some information of the
aerial target. It is a matter of urgency to develop an image-oriented aerial target
auxiliary identification system.

46.1.4 Limited Range of Disposition of Observation Posts

The wire and wireless communication instruments currently employed by the
observation posts usually belong to tactical level with limited performances. In
particular, in the complicated battlefield and electromagnetic environment, the
effective communication only reaches such a close range that it cannot meet the
disposition range of the observation posts. This situation confines its disposition
range of the posts and shortens the discovery range of the aerial targets, which
exerts a direct influence on ADF reconnaissance and early-warning efficiency.

46.1.5 Unsmooth Transmission of Coordinated Information

ADF observation posts are disposed in star-shaped structure so that each obser-
vation post is directly connected with the command post. The obvious communi-
cation flow easily exposes the location of the command post. Moreover, the
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command post has to integrate all the air information that affects its command and
auxiliary decision making and hinders the realization of integration of reconnais-
sance and strike. Therefore, a star-plus-circle structure should be put into consid-
eration so that each observation post can be connected with each other. Based on
unification of time and coordinates, the air information can be integrated to make up
a unified air observation and surveillance map, which is convenient for the com-
manding officers to conduct command, decision making, and fire power strike.

46.1.6 Low Confidentiality in Air Information Transmission

Restrained by the wire communication means, the distant observation posts usually
employ wireless tactical communication means. Though the wireless communi-
cation is encrypted, but the encryption grade is not very high resulting in low
confidentiality. Moreover, the various instruments are mainly operated manually,
and the difference in operators’ skill will affect the air information transmission.

Therefore, in order to realize the systemic construction of ADF air observation
and surveillance, make each observation post to be networked, and enhance its
tracking and information-unifying capability, no efforts should be spared to apply
new technology, new method, and new means in air defense observation posts.

46.2 Conception of Air Defense Observation
and Surveillance System

The traditional air observation posts mainly observe the air from the ground. With
the development of the aerospace technology, it needs to apply the aerospace
capability to the tactical level [2]. Beidou navigation satellite system (BDS) was
put into public service in Dec 28, 2012, which may also provide high-accuracy
positioning, navigation, timing, and communication for the army [3]. Beidou
navigation satellite system (BDS for short) may achieve positioning, orientation
and navigation, unify the military standard time of weapons and equipment, and
realize coded command in large area of operations.

On investigation, ADF units above battalion are currently equipped with var-
ious BDS user facilities. Some user facilities even go to the echelon of battery or
platoon. It makes it possible to make up a BDS-based air observation and sur-
veillance system. In order to meet ADF requirements of air information support for
multi-direction, large-area, high-intensity, and high-speed joint air defense oper-
ations in conditions of informationization, the superiority of BDS should be
brought into the modification of air defense observation posts. Thus, a BDS-based
ADF air observation and surveillance system should be made up by optimizing the
existing reconnaissance instruments and presenting the new model reconnaissance
instrument or system.
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46.2.1 Fundamental Design Ideas

Based on the research of BDS-based air observation and surveillance system,
guided by the important thought of ‘‘Troops training should be oriented to actual
combat, and military institutions’ education oriented to troops’’ and required by
ADF reconnaissance and early-warning development, BDS should be utilized for
the air observation and surveillance system to realize multi-layer, large-area, and
multi-dimensional network. Therefore, ADF integration of reconnaissance and
strike has a solid foundation to build on.

46.2.2 Composition and Function of the System

The present ADF observation posts is weak in networked level and air information
sharing, and slow in target information transmission with limited communication
support range, which is difficult to adapt to integrated joint air defense firepower
strike. The modularized modification by means of BDS will make air observation
posts networked and existing air information reconnaissance instruments con-
nected. An air observation and surveillance system will be constructed to achieve
distant air information reporting, dangerous zone early warning, firepower request,
and firepower designation and make multi-reconnaissance means synchronized,
and intelligence fused and shared.

46.2.2.1 Observation Subsystem

This subsystem is in charge of observation instrument self-positioning, target search
and discovery, coordinates measurement, and tracking and surveillance. Observation
instrument self-positioning means to transmit the positioning application command
to BDS satellite by use of BDS user facility and determine the accurate coordinates of
the observation instrument according to information given by the satellite. Target
search means to search in the aerial space covered by optical and night-vision
instruments and discover the target in time. Coordinates measurement is to measure
the bearing and elevation of target central point relative to the optical instrument
central point by means of optical instrument and to measure the distance from the
target central point to laser range finder by means of laser measurement technology,
which are then supplied to information processing subsystem.

46.2.2.2 Air Information Identification Subsystem

This subsystem serves to conduct target auxiliary identification after discovery of
the target. It may assist the observers to promptly and accurately judge the type of
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target. According to some target characteristics input by the observer, it shows all
the targets that accords with these characteristics and makes auxiliary judgment.

46.2.2.3 Information Processing Subsystem

This subsystem is to process the target information, determine the target position,
and encode the transmission information. According to the target information
obtained by observation subsystem, it calculates the target-moving parameters on
the basis of the positioning information of the employed instruments and encodes
the air information in accordance with air information encoding requirements.

46.2.2.4 Information Transmission Subsystem

This subsystem is to transmit the air information through BDS. After edition of the
information, the observer uses the handset of BDS to transmit the information
directly to the command post through BDS, which provides the auxiliary decision
making for the commanding officers.

46.2.2.5 Command and Control Subsystem

This subsystem is to make a corresponding function module in command and
control information system of the command post to assist the commanding officer
to conduct a series of activities as air information analysis, combat command, and
firepower strike. The subsystem mainly serves the function of information
reception, information fusion, threat assessment, and analysis and decision
making.

When it receives the information from the observation post, the command post
may display the position of the target. When several observation posts transmit the
target information at the same time, it may fuse the data of the target information.
In air defense operations, when a series of aerial coordinates have been acquired,
the moving course of the target can be predicted according to the various target
positions and the threat level of the target can be assessed, which helps the
commanding officers make analysis and decision making.

46.3 Key Technologies in Systemic Construction

The distinctive feature of this observation and surveillance system is to bring the
BDS into full play as conducting transmission and fusion of information. BDS is
China-developed navigation satellite system with independent property rights.
Though there exists a gap between BDS and other advanced global navigation
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satellite systems, it may fundamentally satisfy PLA operations and training, put an
end to the situation of PLA troops and equipment depending on other countries’
positioning system, and realize its regional disposition with its own technology.

46.3.1 Satellite Positioning and Communication Technology

BDS to date has 14 satellites in orbit. It may provide accurate positioning for users
with positioning accuracy of 10 m, velocity accuracy of 0.2 m/s, and timing
accuracy of 50 ns. Its service coverage now reaches as far as the south hemisphere
with China as its main service area. Thus, the observation and surveillance net-
work by means of BDS is no longer constrained by the range covered by the
traditional communication means. BDS may send 120 characters by use of its
satellite channel and will achieve as many as 1,000 characters in the future, which
may satisfy ADF air information transmission. At the same time, BDS adopts user
grading and encryption technology so that the reliability and confidentiality of air
information transmission are ensured [4].

46.3.2 Laser Ranging Technology

Compared with optical instruments equipped in ADF observation posts, laser
ranging technology is of high stability and accurate measurement. The combina-
tion of the laser ranging equipment with BDS may ensure the measuring accuracy
of the aerial targets, unify the coordinates in time and space, optimize the air
information data structure, and be convenient for fusion of air information.
Moreover, the laser ranging technology has come into maturity. It is necessary to
intensify its application in reconnaissance and early warning of air defense
operations to improve multi-technology and multi-means air surveillance function
and reconnaissance result.

46.3.3 Information Fusion Technology

The complexity of modern warfare intensifies increasingly. The multi-source
information systems of the complicated backgrounds come into being. It promotes
the development of information fusion technology. which is widely used in
command and control systems and various weapons [5]. As far as the observation
and surveillance system is concerned, the application of the information fusion is
divided into the following: Firstly, unified calculation of aerial target coordinates
from multi-sources by information fusion technology is more efficient than unified
analysis and calculation in manual mode. Secondly, the target information from

46 A Research on BDS-Based Air Observation… 387



the various air information data sources will be fused and processed to acquire the
key characteristics for aerial target auxiliary identification. Thirdly, match BDS
coordinates with the air observation posts to reduce the error of manual positioning
and timing operation and improve the consistency of the reference.

46.4 Conclusions

The design and building up of air observation and surveillance system based on
BDS, especially the development of its softwares and hardwares must facilitate the
observation and rapid transmission of the air information and preparation of
firepower units. The global navigation, positioning, and communication perfor-
mances of BDS may largely expand the disposition and surveillance range of air
observation posts. Thus, the ADF reconnaissance and early-warning capability will
be greatly enhanced in regional joint air defense.

References

1. Zou K, Pang Z (2002) An introduction to ADF reconnaissance theory. Zhengzhou Air Defense
Forces Academy, Zhengzhou

2. Tan S (2008) Development and thinking of Beidou navigation satellite system. J Astronaut
29(2):391–396

3. Li Y et al (2012) Navigation and positioning (the second edition)—the big dipper of
informationized warfare. National Defense Industry Press, Beijing

4. Fan B, Li Z, Liu T (2008) The application of BDS in Wenchuan earthquake and suggestions.
Spacecr Eng 17(4):6–13

5. Zou A et al (2010) The influence of navigation warfare on high-tech war and its enlightenment
on CPLA. Space Electron Technol 2010(4):26–29

388 Z. Pang et al.



Chapter 47
Design on Mobile Interactive Control
for a Space Flight Training Simulator

Shang Huan, Baozhi Wang and Wanhong Lin

Abstract Objective To optimize the resources and improve the autonomy of
space flight training. Methods The mobile interactive mode to simulator was
presented based on hand-held mobile terminal. Accessing the server by WiFi, the
terminal was able to control running simulation program and replace the
instructor’s desk of the simulator. Results It was shown that the terminal made the
interactive interface to simulator more simple and friendly with the complete
function. Comparing with the instructor’s desk, it has no difference in training
effect, so as to meet the autonomous demand. Conclusion Owe to mobile terminal,
the man–machine interactive mode is expanded, the training autonomy is
improved greatly and the training resource is saved at the same time.

Keywords Simulator � Mobile � Interactive control

47.1 Introduction

Space flight training-simulator (‘‘Simulator’’ for short) mainly deals with the space
flight task status. It is the training equipment for astronauts to perceive the task
environment, master the task know-how, and correctly troubleshoot faults, with the
features of safety, economy, and high efficiency [1].

The interactive control of simulators is realized through instructor’s desk by
which configures the flight simulation parameters, control flight simulation process,
and monitoring system status. Generally, the training process of simulated space

Subsidizing information: human factors engineering research topic SYFD130061803.

S. Huan (&) � B. Wang � W. Lin
China Astronaut Research and Training Center, Beijing, China
e-mail: huan_shang@126.com

� Springer-Verlag Berlin Heidelberg 2015
S. Long and B.S. Dhillon (eds.), Proceedings of the 14th International
Conference on Man–Machine–Environment System Engineering,
Lecture Notes in Electrical Engineering 318, DOI 10.1007/978-3-662-44067-4_47

389



flight is participated with three parties jointly, astronauts, instructors, and auxiliary
personnel. Astronauts are responsible for flight task operation; instructors and
auxiliary personnel guide and assist at the instructor’s desk. Simulating the ground
guidance, instructor is responsible for the course setting and judgment; auxiliary
personnel are responsible for monitoring the system status [1, 2]. Although on the
basis of the training control mode of instructor’s desk, the task status of simulated
space flight is finished, the process occupies too many labor forces, materials, and
resources. Thus, the training plan is limited by the factors such as time and per-
sonnel; it is not beneficial to the exertion of autonomy of astronauts. Especially
while intensive training phase with variant crews, variant subjects, and variant sites,
the resources bottleneck is prominent. There are two means to solve the above
issues. One means is to simplify simulator to the greatest extent, adopt integrated
and virtue technology to make simulators desktop-sized and miniaturization so that
the same cost may obtain the most quantity. This means is at the cost of task
environment and integral experience, only suitable to the professional skill training
of space flight, such as manned rendezvous and docking training. Another means is
to adopt advanced interactive control technology to make the core functions of the
instructor’s desk portable and realize the autonomous training of astronauts. This
paper mainly deals with the research of the secondary technological means and
expounds the designing and application conditions of hand-held control terminal.

47.2 Mobile Interactive Control Terminal Design

47.2.1 Analysis of Demand

The main objective of hand-held control terminal (hand-held terminal for short) is to
adopt mobile touch screen human–machine interaction way to meet the demand of
autonomous training of astronauts. Thus, hand-held terminals shall integrate and
optimize the teaching software and systemic monitoring software, cover training
course setting, training process control, training replay control, real-time parameter
display, systemic status monitor and wireless connection control, and other functions.

47.2.2 Structural Design

The application environment of hand-held terminal is illustrated as in Fig. 47.1.
Astronauts or testees start the hand-held terminal program in the cabin, and con-
nect the simulator server through WiFi wireless network connection, so as to
control the simulated program running of server. Lightly touching the touch screen
can complete the training course setting, training process control, real-time sys-
temic monitor, and training judgment, completely replacing the operation at the
instructor’s desk of the instructors and auxiliary personnel.
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Figure 47.2 is the technical framework of hand-held terminal. Hand-held ter-
minal is based on iPad platform development and gives full play the small and
exquisite shape of iPad. In order to obtain good network environment, the route of
WiFi is placed in the cabin. iPad control program accessing simulator database is
realized through the specialized interface software.

47.2.3 Interface Software

Interface software is running on the host of simulator system, responding to control
program order, accessing database, and transmitting data. It is the professional
channel of terminal that the control program accesses server. Interface software
makes the database transparent to hand-held terminal, so as to guarantee the safety
of database core data under the status of wireless communication. Interface soft-
ware adopts C++ programming and can run on Windows and Linux operation
system. Special design is made for wireless connection and interface protocol.
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Fig. 47.2 Technology structure of hand-held terminal
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47.2.3.1 Connection Limitation

Interface software establishes TCP server and adopts close control on network
connection, only allowing the connection of terminal designated MAC address, IP
address, and port number. The connection log is recorded, so as to guarantee the
data safety of the server.

47.2.3.2 Interface Protocol

In order to optimize the data operation, based on TCP packet, the interface data
protocol between the control program and interface software is defined. Transmit
data format adopts the form of datagram, including frame header and main body.
The frame header includes identifier, message type, message length, and reserved
bytes. The data format of main body is defined according to the message type.
Avoiding the potential risks of pointer offset operation, the datagram adopts struct
type and main body adopts union type to improve the readability and reliability of
interface data. The data structure is defined as follows.

struct Packet

{ int a; // identifier

char b; // message type

 unsigned short c; // message length

int d; // reserved bytes
union  // main body of data 

 { struct a_packet; 

struct b_packet;

struct c_packet;

…} 

} 

47.2.4 Control Program

Control program is running on IOS platform, programmed with Objective-C and
integrated the core functions of simulators such as instructor’s software and
monitoring software. It runs through the interface software operating and con-
trolling simulators. Control program also takes charge of the human–machine
interactive interface of hand-held terminal, including touch screen operation rec-
ognition, data input and display, etc. The program flow refers to Fig. 47.3.
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47.2.4.1 Interface Design

According to the human’s operating habits and visual characteristics, the design on
interactive interface mainly embodies the perceptual intuition and convenience,
avoiding frequent switching pages and increasing the using load. Thus, the control
program only provides the two switchable pages of instructors and monitoring.
Other elements are controlled within the page. Take the example of page designing
of hand-held terminal instructor of rendezvous and docking. The page is divided as
connection control area, course setting area, training process control area, training
replay control area, and real-time parameter display area from the above to bottom.
The buttons and choice boxes are gray while they are prohibited for using, with
preset prompt information. If leakage option is existent, then the program pops up
prompt information and effectively avoids misoperation and leak operation.
Connection control area is set up with default server IP and port number, beneficial
for quickly connecting the server (referring to Fig. 47.4).

47.2.4.2 Interactive Design

From the perspective of operating habit and efficiency, such as order trigger
of program start and pause, generally interaction operation is based on buttons.
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The selection items such as course and docking area shall be realized by selecting
the pull-down list. Although IOS developer kit does not directly provide pull-down
list controls, it can be solved through the self-definition function of Objective-C.
Combining with the features of UITextField and UITableView, sealed new
DropDown type realizes the function of pull-down list [3, 4]. Under the default
status, DropDown type hides UITableView. While UITextField captures
TouchEvents, UITableView pops up. After selecting cell, UITextField displays
cell content, and UITableView takes back. While considering the usability, con-
sider the interface beautification. Put CGRect type as initialization parameter,
DropDown is able to custom the position, size, and pull-down height.
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47.2.5 Realize the Key Technology

47.2.5.1 Object Correlation Technology

Control program has the correlation demand among several objects. The best
dealing ways of Objective-C is to adopt NSNotification means. Comparing with
delegate, NSNotificationCenter can realize the message delivery between different
classes and occupies fewer resources [5]. The control program are widely used
NSNotification to correlate objects, enrich the response mode of touch screen, and
increase the human–machine interactive experience. Such as, train course is a pull-
down list object used for selecting training course. While selecting course trigger
orders to inquiry course parameters to the server, interface synchronously responds
the corresponding course and parameters to assist the trainees to learn about the
difficulties of course. The correlation way is as follows.

First step: establish Notification Center 

NSNotificationCenter *center= [NSNotificationCenter defaultCenter];

Second step: register monitoring object
[center addObserver:self  //Registering monitors 

selector:@selector(courseChange:) //Calling methods 

name:UITableViewSelectionDidChangeNotification // Type of

notification

object:trainCourse.tableView]; // monitoring course list view

Third step: deal with notification

-(void) courseChange:(NSNotification *)notification

{ 

Send inquiry orders and display parameters.

} 

47.2.5.2 Network Group Package Technology

Based on byte stream reliability requirement, TCP communication is adopted
between the control program and interface software. It is related to the techno-
logical issues how network data group packages efficiently. Objective-C is the
superset of C++ language, possessing the strong data processing functions such as
[6, 7] variable array, variable character string, and variable dictionaries. Applying
NSMutableData to group TCP packet and abandoning direct pointer offset oper-
ation means to identify datastream become simple and efficient. That is illustrated
as follows.
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[netdata appendData:data]; //Add data to global variable netdata

tempLength+=[data length];    //Acquire received TCP packet length

while (1) 

{ 

if (tempLength>=7) {

[netdata getBytes:&packetLength range: NSMakeRange(5, 2)]

//Acquire the message length

} 

if (tempLength>=packetLength+11) 

{ packetFull=1; } // Received a complete message 

if (packetFull) 

{Message processing } 

packetFull=0;

if (tempLength==packetLength+11) //TCP packet equals to data message then

the netdata is reset to zero

{ [netdata resetBytesInRange: NSMakeRange(0, [netdata length])];

[netdata setlength:0];

tempLength=0; } 

if (tempLength>packetLength+11) // reset netdata and forward the rest data.

{tempLength-=(packetLength+11);

tempdata=[[NSMutableData alloc] initWithData:[netdata subdataWithRange:

NSMakeRange(packetLength+11, tempLength)] ];

[netdata resetBytesInRange: NSMakeRange(0, [netdata length])];

[netdata setlength:0];

[netdata appendData:tempdata];

[tempdata release];} 

} 

47.3 Verification Test

Replace instructor’s desk with hand-held terminal; enter into the training pattern of
manned rendezvous and docking; test the coverage and usability of hand-held
terminal.
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47.3.1 Testing Design

Testing environment: arrange auxiliary personnel, instructors, and astronauts for
test, respectively, at the training site of manned rendezvous and docking
simulators.

Testing example: randomly select 80 training courses with different difficulties
and different phases from database.

47.3.2 Testing Results

The testing results from the three groups of personnel, auxiliary personnel,
instructors, and astronauts indicate that hand-held terminal has possessed friendly
interactive interface, convenient operation, and complete functions. It is the same
as the instructor’s desk in terms of course selection (including self-definition of
parameters), process control, playback control, and real-time supervision of
parameters. The mobile interactive control mode of simulator uses flexibly, which
does not affect the training operation of astronauts and meet the autonomous
demand.

47.4 Conclusions and Prospect

Under the circumstance of not changing the internal cabin technological status,
hand-held terminal expands the human–machine interactive mode of simulators.
Without the assistance of instructors and auxiliaries, lightly touching the iPad
touch screen within the cabin can complete autonomous training. During the
training period, the course can be arranged autonomously. Voluntary judgment of
training effect improves the autonomy of training and saves the training guaran-
teeing resources. The hand-held terminal belongs to touch–control interaction.
Developing voice recognition, realizing voice control interaction, and further
lessening the using load are the trend of the next step development. The interactive
control mode can be popularized to other control field of large equipment.

References

1. Chao JG, Chen SG (2008) Study on technology of space flight training simulator and Its
engineering implementation. Space Med Med Eng 21(3):233–239

2. Huan S, Deng H (2011) Design and implementation of the interface system for a space flight
training-simulator based on CAN bus. Space Med Med Eng 24(5):361–365

3. Davidson JD (2008) Learning Cocoa with objective-C. China Electric Power Press, Beijing

47 Design on Mobile Interactive Control… 397



4. Mark D, Nutting J, LaMarche J (2012) Beginning IOS 5 development. Post& Telecom Press,
Beijing

5. Guan DS (2013) IOS developing insights: network and iCloud. Higher Education Press,
Beijing

6. Kochan SG (2011) Programming in objective-C2.0. China Machine Press, Beijing
7. Lee WM (2010) Beginning iPad application development. Wiley Publishing, Inc., Canada

398 S. Huan et al.



Chapter 48
Modeling and Simulation in Rendezvous
and Docking Spaceflight Training

Baozhi Wang

Abstract Purpose Setting Chinese ‘‘SHENZHOU’’ manned spacecraft and
‘‘TIANGONG’’ sky laboratory as the simulation objects, the study of modeling
and simulation of rendezvous and docking (RVD) spaceflight training is carried
on. In order to provide the training environment, the simulated training facilities of
spaceflight man–machine–environment (MME) were developed. Method the
training models were set up, which are based on the engineering models and the
training requirements and directed by simulation theory, such as similarity theory,
fidelity, and transfer of training. Results the simulation of data information and
their interaction of GNC, instruments, environment control, and other subsystems
have been accomplished, and the simulation of RVD TV imagine has been
accomplished. Conclusion The M&S of RVD spaceflight training is credible by
means of the RVD spaceflight validation. The outlooks of application of simula-
tion theory and new technologies in training simulator in the future were also
analyzed in this paper.

Keywords Rendezvous and docking � Spaceflight training � M&S � Spaceflight
training simulator

48.1 Introduction

To provide rendezvous and docking (RVD) spaceflight training simulator for the
astronaut, the study of modeling and simulation of RVD spaceflight training has
developed and the research result has been successfully applied in the RVD
spaceflight training of our country. The RVD spaceflight training simulator
(hereinafter refereed as to the simulator) of our country is the spaceflight training
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simulation system [1–4] for the astronaut which targets the manned spaceflights of
‘‘SHENZHOU’’ manned spacecraft and ‘‘TIANGONG’’ sky laboratory, etc. as the
simulation objects. The simulator herein refers to the manned spaceflight simulator
and complex training simulator researched and developed during the space RVD
task period of our country. The core problem to research and develop the simulator
is to establish the mathematical model of the spacecraft subsystem to output the
simulation data through model resolving for the data users (for the working
principle of the simulator and the processing procedure of the simulation data,
please refer to [2] and shall not be explained here) of simulator instrument dis-
playing, instructor monitoring, visual simulation and sound simulation, etc., so the
mathematical model shall reflect the simulation object working principle of the
spacecraft, namely the simulation data being kept consistent with the working
status information of the real equipment [1]. But, in accordance with transport
theory [5], as the training simulator, it is only required meeting the training
requirement, since certain of difference between the simulation model including
the mathematical model and real spacecraft shall not influence the training result
[6], so the mathematical modeling of the simulator can simplify the engineering
model in accordance with the principle of data equivalence and information pro-
cessing similarity. Based on the deep understanding and accurate grasp of sub-
system working discipline, with sufficient information reflected, the simplifying
can improve the model resolving efficiency, decrease the complexity of software
programming, and reduce the costs of system debugging and maintaining.
Therefore, the method has important significant to be researched, optimized and
refereed, as well as applied and promoted in the research and development of the
subsequent simulator of space station mission, etc., and it is the target of the paper
herein to summarize the modeling method of RVD training simulator.

48.2 Method and Result

48.2.1 GNC Modeling and Simulation

Take ‘‘SHENZHOU’’ manned spacecraft as the example, GNC data information
interactive model is established in accordance with GNC system constitution and
working principle [7] and through combining and simplifying the component of
constitution and abstraction of information input and output relations, please refer
to Fig. 48.1. Application module and dynamics simulation module are main parts
of GNC function, as the spacecraft simulation module as actualized the other
subsystem simulation of the spacecraft data management, etc., and the interface
control software is the data interface between the software of simulator simulation
software, instructor training control software, and bunker equipment collecting
information, etc.; the dynamics simulation module has established the mathe-
matical model of each measurement sensor of the spacecraft and mathematical
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model of the executing component which can actualize the targeted aircraft orbit
and attitude dynamics simulation, spacecraft orbit and attitude dynamics simula-
tion and complex attitude, and orbit dynamics simulation; the application module
has actualized spacecraft GNC computer GNCC and manual line MCE control
algorithms computation. GNC simulation data shall be sent to interface control
software after packed in accordance with communication protocol and then send to
network through UDP multicast for the simulator data user to use.

The orbit dynamics model includes the earth core inertial spacecraft orbit
dynamics equation and target aircraft orbit dynamics equation. The training
modeling shall only consider the non-spherical perturbation of the earth and the
dynamics equation of tracking aircraft, and target aircraft shall be the same, please
see formula (48.1). In the formula, X, Y, and Z refer to the spacecraft positions, VX,
VY, and VZ refer to the spacecraft speed, J refers to the main spherical harmonics of

the earth second order, r refers to
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
X2 þ Y2 þ Z2
p

, ae refers to the equatorial radius
of the earth, FX, FY, and VZ refer to the engine thrust (0 for no thrust imposed), and
M refers to the quality of single spacecraft (or complex). The attitude dynamics
module includes the manned spacecraft attitude dynamics equation and target
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aircraft attitude dynamics equation under the earth core inertial. The attitude
dynamics equations of the tracking aircraft and the target aircraft are the same,
please see formula (48.2). In the formula, Jx, Jy, and Jz refer to the triaxial rota-
tional inertial; xx, xy, and xz refer to the projection of the aircraft rotation angular
velocity on the aircraft coordinate system triaxial; Mx, My, and Mz refer to the
projection of the applied moment on the aircraft coordinate system triaxial.

_X ¼ Vx

_Y ¼ VY

_Z ¼ VZ

_VX ¼ �l X
r3 PðZ; rÞ þ Fx
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The relative orbit dynamics model in the tracker and target spacecraft orbit
coordinate system has not been established in the training simulator. The relative
positions information simulation of the tracker and target spacecraft shall be com-
puted through position phasor difference of the two aircrafts under inertial. The
attitude parameter simulation shall be, respectively, solved to the tracker and target
aircraft coordinate system attitude matrix A1 and A2 under inertial, and then to the
attitude angle of the two aircrafts. The relative attitude dynamics model in the tracker
and target aircraft orbit coordinate system has not been established in the training
simulator. The relative attitude parameter simulation of the tracker and target aircraft
shall be solved through dot product A of A1 and A2, and then the relative attitude angle
of the two aircrafts can be solved. The specific arithmetic is as followed: based on the
spacecraft coordinate system, the relative position is demonstrated under J2000

inertial as D~R
T
C ¼ ~RT �~RC; in the formula: ~RT refers to the position vector of the

target aircraft and ~RC refers to the position vector of the spacecraft. The relative

position of the spacecraft: D~RR ¼ R1 uTð ÞR2 hTð ÞR3 wTð ÞD~RT
C;Ri refers to the rotation

matrix. For the attitude matrix description about the relative matrix from the aircraft
coordinate system to the target coordinate system, please see formula (48.3), and the
solved relative attitude angles are Dw ¼ arctan A12=A11ð Þ; Dh ¼ arccos �A13ð Þ and
Du ¼ arctan A23=A33ð Þ.
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When the distance between the two aircrafts is within one hundred meters, the
gravitation difference of the earth imposed on the two spacecrafts, and the relative
motion equation can be simplified as formula (48.4). In the formula, q refers to the
sight distance, c refers to the sight rotation speed, and ax and ay refer to the
accelerated speed of each axis of the sight coordinate system.

48.2.2 Docking Component Model

The docking preparation is the mechanical motion process pushed by docking ring
and pulling back process if the inverse process. For the relations between the
distance from the docking ring current position to the supposed docking position
L1 and sensor voltage value D1 and the relations between L1 and docking ring
motion time t1, please see formula (48.5); for the relations between the docking
ring extreme position distance L2 and sensor voltage value D2 and L2 and docking
ring motion time t2, please see formula (48.6); for the relations between the
docking ring closure angle h and angular displacement sensor voltage measure-
ment value D3 and angular displacement time t3, please see formula (48.7).

L1 ¼
a1ðD1 � b1Þ

c1
; t1 ¼

L1

d1
ð48:5Þ

L2 ¼
a2ðD2 � b2Þ

c2
; t2 ¼

L2

d2
ð48:6Þ

h ¼ a3D3 � b3; t3 ¼
h� b4

d3
ð48:7Þ

48.2.3 Environment Control Model

In accordance with the principle of data equivalence and information processing
similarity, for the simulator, the manned spacecraft simulator and complex sim-
ulator environment control and life support subsystem training model has been
established and actualized the simulation [8] of total pressure of cabin air, oxygen
partial pressure, carbon dioxide partial pressure, temperature, and humidity. It
shall mention that the RVD simulator has established fine-grained individual

48 Modeling and Simulation in Rendezvous and Docking Spaceflight Training 403



equipment and subsystem model and improved the model resolution; it has
adopted object-oriented simulation design mode and improved the model reus-
ability; it has adopted the module laying design idea to divide the model as
independent model layer, internal relation layer, and control layer. Take the air
supply and pressure regulation subsystem as the example, for the model and
layering, please see Table 48.1.

48.2.4 Television Image Simulation

For RVD of aircraft with target through manually controlling, the astronaut shall
judge the relative motion state of the two aircrafts in accordance with the object
target image shoot by television camera. As the illumination variation on orbit and
object reflection influence, there are two typical cases may cause the image failing
to be identified: (1) As the light saturation, the target image is white space (see
Fig. 48.2); (2) As the light under-saturation, the image is dark. These two cases
shall disturb the astronaut’s judgement. Through the dimming function of camera,
ensure clear image. To actualize the light saturation, under-saturation and dim-
ming function simulation of the simulator television image simulation, the main
method is high-dynamic-range imaging, special effect rendering, brightness
adjustment, and tone mapping.

Table 48.1 Simulation models of gas supply and adjust subsystem

Layer of model Name of model

Individual model
layer

Cabin, cylinder, oxygen cylinder, high-pressure solenoid valve, pressure
relief valve, valve, gas supply unit, oxygen supply unit, gas exhaust, and
pressure control unit

Inner relationship
layer

Pipeline connection, cabin pressure varying relationship, cylinder pressure
varying relationship

Control layer Auto control mode, manual control mode, command control mode, cabin
pressure balance mode

Fig. 48.2 Target image in
saturation
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48.2.4.1 Image Light Saturation Result Simulation

The light saturation image simulation adopts the high-dynamic-range-imaging and
special effect rendering methods. To solve the typical problem of low rendering
brightness, create a light map in floating point format for each view in the scene,
and each pixel of the map represents the corresponding position light intensity of
the view. Apply Frame Buffer Object (FBO) of Open GL to render the bound
floating point light map view in the floating point texture of same size with the
screen to improve the pixel brightness contrast. Give consideration to the training
simulation simplifying and real-time performance and adopt floating point texture
of GL_RGBA16F mode to reach higher accuracy with larger range. The light
brightness of each pixel point shall be obtained [8, 9] through the formula (48.8).
Adopt high-pass filtering for the highlighted part in floating point texture, make
statistics of the brightness value of each pixel of the original image, reserve pixel
point of the brightness value LW higher than high-pass valve value, carry on
horizontal and longitudinal Gaussian mixture after the filtered image compressed
by ratio, and finally blend with the original image to form the saturation special
effect (see Fig. 48.3).

LW ¼ 0:299Rþ 0:587Gþ 0:114B ð48:8Þ

Ca ¼
�Lmin=�Lw; if �Lw [ �Lmax

1; if �Lmin� �Lw� �Lmax

�Lmax=�Lw; if �Lw\�Lmin

8
<

: ð48:9Þ

48.2.4.2 Image Dimming Result Simulation

Generally, the camera dimming strategy is to set average gray-level result is Lw.
When Lw gray-level value is within [Lmin, Lmax], it shows that the current lumi-
nance is suitable without requiring dimming; if Lw [ Lmax, adjust the electronic
shutter to adjust the average brightness to Lmin; if Lw \ Lmax, adjust the electronic
shutter to adjust the average brightness to Lw [ Lmax [8]. For television image

Fig. 48.3 Saturation image
simulation
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simulation, adopt the average brightness as reference and compare maximum
value �Lmax with minimum value �Lmin regulated through average brightness value
and dimming strategy to confirm the dimming coefficient Ca. For the dimming
simulation arithmetic, please see formula (48.9); for adjusting the saturation image
to normal image simulation effect, please see Fig. 48.4 [9].

48.3 Conclusion and Outlook

The RVD spaceflight training model and simulation actualization process intro-
duced herein is verified credible through the space flight operation of the astronaut
with RVD task, and the training result is effective. It now seems that the space
station task simulation training of our country in the future has broken the single
astronaut program and equipment caring operation training scope on individual
simulator and new demand of collaborative training has occurred among the
simulators on the basis of man–man collaboration and man–machine collabora-
tion, so, the granularity and interaction of several spacecraft models shall be
designed again, and it needs to innovate based on the modeling method of training
model, break data equivalence modeling, carry on refining model granularity, and
support new training projects; secondly, the collaborative training among the
simulators put new requirement forward to training control program, so, it needs to
innovate the simulation computation mode, research, and apply Web/cloud sim-
ulation technology and innovative simulator simulation software architecture
(SSA) to design development technology to meet the real-time and distribution
performance requirement at the same time; thirdly, to increase the training items
outboard in space station, it needs to research cabin microgravity conditions and
training simulation technology under space environment outboard and visual
reality (VR) simulation new technology of applied physics system simulation,
stereo display and natural phenomenon modeling and simulation, etc. to improve
fidelity and practicality of VR training simulator; last, research applied simulator
VVA theory, method, and tool to improve the simulator credibility of space
station.

Fig. 48.4 Light adjustment
simulation
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Chapter 49
The Research of Vehicle Dynamics
Modeling and Real-Time Simulation
Technique Based on Vortex

Fang Xie, Zhong Zheng, Sijuan Zheng, Zhongliang Wei
and Qun Wang

Abstract The Vehicle man–machine environment simulator is a professional
testing simulation system that specifically for man–machine environment engi-
neering’s research. The simulation platform mainly simulates the vehicle’s bumpy,
vibration and shock caused by driving and manipulation on the various typical
road surfaces, it provides a realistic motion environment for man-in-the-loop
simulation. Vortex dynamics simulation software is an important tool to complete
real-time dynamics calculation of the man–machine environmental simulator. The
paper first briefly introduces the multi-body dynamics simulation software Vortex
and then introduces the vehicle dynamics modeling approaches based on Vortex.
Vehicle dynamics real-time simulation experiments are completed by setting up
contact properties between vehicles and the ground. Results show that the Vortex
has higher accuracy and good real time in the dynamics calculation.

Keywords Vortex � Vehicle � Dynamics � Real-time simulation

49.1 Introduction

The vehicles’ man–machine environment simulator is specially engaged in the
man–machine environment system engineering research. The simulator research
analyzes and evaluates the general performance and crew work efficiency by
simulating the vehicles’ driving state of roads, the cabin, and vibration noise
environment, coordinates technical specifications of various subsystems, and
enables the vehicles’ overall performance to achieve the optimum condition. The
simulation experiment platform mainly aims at the simulation of jolt, impact, and
buffeting statuses, which are caused by vehicles driving and manipulating on
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various typical road face, providing the researchers with vivid movement envi-
ronment of persons in the loop.

The man–machine environment simulator mainly consists of the real-time
simulation computer system, the scenery system, simulation cabin, movement
system, sound simulation system, and control system. Among them, the real-time
simulation computer system is the core of the simulator system, which contains
many modules, such as the real-time management module, the vehicles’ dynamics
simulation module, the terrain matching module, the actual combat simulation
module as well as various subsystems simulation module. Real-time management
module realizes dispatch and data transmission among various subsystems,
receives manipulation variables from the simulation cabin, and sets information on
vehicles, road condition, terrain and battlefield environment, etc., from the
experimental control console. After real-time resolving, the real-time management
module outputs vehicles’ positions, posture and movement parameters, etc.,
information to the scenery system, instrument indicator of the simulation cabin,
movement system, sound simulation system, and experimental control console.

The important tool to carry on dynamics resolving in the real-time simulation
computer system is the Vortex dynamics simulation software. Vortex is specially
used in the exact dynamics modeling and real-time simulation for realistic physical
systems, such as ground vehicles, water surface or submarine aircraft, fixed wing
or rotorcraft, robot, sea detector, spatial manipulator, and large-scale mechanical
device. Compared with other multi-body dynamics software, such as ADAMS [1],
AMEsim, RecurDyn, etc. Its biggest advantages are the fast and stable collision
examination as well as dynamics resolving.

Vortex has used the open API function structure and may insert MATLAB/
SIMULINK procedure into the Vortex application procedure frame, as well as realize
real-time simulation of the complex mechanical and electrical control system.
MATLAB/SIMULINK control system may be added for the vehicles, thus realize
dynamics modeling and real-time simulation for electrical transmission-type vehicles.

49.2 Vehicles Dynamics Modeling

The vehicles models are divided into the physical models and the scenery models;
the former are used to make dynamics, and the latter mainly realize vivid feeling in
the visual sense. In this paper, the vehicles’ dynamics modeling refers to build
vehicles’ physical models.

The Vortex software has provided dynamics models for the vehicles’ all
modules, such as engine input and output model, power transmission model,
suspension model, wheel and ground coupling model, and so on. The entire
vehicles’ dynamics modeling is the procedure that first models for each module
and then integrates all of them.

The entire vehicles’ dynamics modeling may be divided into several different
types: physical modeling without scene models, physical modeling with scene
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models, and modeling of the entire vehicle control system. The first kind of types
include the engine, power transmission, and suspension spring damping system;
they can carry on dynamics resolving in the interior according to the established
parameters and output the correct responding results, and these are a kind of
physical models, which are not obvious to users. The second kind includes vehi-
cles’ chassis, wheels, and gun tube turret, which are physical models obvious to
the users. The third kind is integration of each module to build the entire vehicle
and adds control system.

Process of the vehicles’ dynamics modeling is shown in Fig. 49.1.

49.2.1 Create Vehicles Physical Model

The above-mentioned physical model is of the second kind, including vehicles
chassis, wheel, and turret parts. This process creates shape, material, and quality
for all parts.

• Vortex provides users with nine different types, so that the users can create
their needed shapes. Among them, the most simple mode to create vehicles
chassis is to use box (to create cuboid), and the chassis created like this is a
cuboid. It also may be created by using ConvexMesh (create complex geo-
metric solid which is composed by a series of points), the complex geometric
solid can be created by a series of points according to the chassis shape. The
wheel can be created by using cylinder (create circular cylinder); then, wheels
can be simplified as a circular cylinder. Tire models corresponding to the wheel
will be introduced in the following.

49.2.2 Create Vehicles’ Dynamics Properties

After creating the vehicles physical model, vehicles need to increase dynamics
properties, including vehicles’ engine, power transmission, and wheel suspension,
which is the first type described before.
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49.2.2.1 Engines and Power Transmission

The engine is the source of vehicles’ dynamics, and the power transmission system
distributes the engine speed to each wheel according to certain proportion, to
realize the vehicles’ movement.

In the Vortex’s VxVehicle module, it has provided some vehicles’ models,
including the simple vehicles, the wheeled vehicles, the rigid tracklaying vehicles,
and the flexible tracklaying vehicle model; users also may create their own
vehicles’ models.

Each kind of vehicles’ model has provided users with the default engine model,
the gear box model and the differential gear model, and its connection composition
is shown in Fig. 49.2.

Vortex provides a default relation among the engine torque, the throttle
opening, and the rotational speed, as shown in Fig. 49.3.

Control the throttle opening, Vortex can control the engine to output different
rotational speed and torque, which can be output by the gear box after choosing
different gear. Finally, speed is assigned to each wheel by the differential gear, and
drive wheels to move, and carry on dynamics simulation.

engine torque
converter

transmission 
gear

differential 
gear

Fig. 49.2 Engine and power train connection diagram

Rotating speed

Throttle opening (%)

Torque (N-m)

(r-min)

Fig. 49.3 Relation among torque, throttle opening, and rotating speed
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49.2.2.2 Wheel and Suspension

Vortex provides the users with tire and suspension models, and its structures are
shown in Fig. 49.4.

Where there are four kinds of tire models: (1) the magic formula tire model,
based on Pacejka theory; (2) the composite slip tire model, based on Szostak
theory; (3) The Fiala tire model, based on Fiala theory; (4) The soft terrain tire
model, based on Bekker and Wong theory. A lot of papers have published based on
the above theories [2–5], and users can choose specific models to create wheels
and do simulation.

In the suspension models, suspension stiffness and damping can be set based on
the spring-damper system model, and Vortex can fit nonlinear stiffness and
damping curve, so that simulation suspension dynamics is more realistic.

49.2.3 Create a Complete Vehicle

Through the above description, dynamic modeling of all vehicle parts, including
engine, transmission, wheel, suspension, and other parts, have been completed;
then, various parts have to be assembled together to form a complete vehicle with
dynamic properties.

Chassis is the core of a vehicle; all the parts are assembled in chassis according
to their locations, wheels are assembled in chassis through the suspension, turret
fixed in chassis through the hinges’ constraints, and finally, vehicle dynamics
simulation can be done by adding ground.

steering axis

suspension

rotating axis

Fig. 49.4 Models of wheels
and suspensions
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49.3 Set Touch Properties Between the Vehicle
and Ground Surface

As described on, vehicle dynamics models have been established, but if only
vehicle models are not enough, the vehicle must be placed on the terrain, to make a
real-time simulation of vehicle dynamics. When the vehicles drive in a different
terrain (such as cement, sand, and grass), they reflect different dynamics properties,
because vehicles have different contact properties with different ground materials.

So, in order to truly make dynamic simulation, contact properties must be set
for the vehicle and the ground, mainly including vehicles, terrain materials, and
their contact properties.

For vehicles, parts can be specified the needed material for vehicles created in
Sect. 1.1, such as wheels and body material. To terrain, specific areas can be
designated as required ground, such as cement, sand, and grass.

After specify the material, different contact properties can be set for vehicles
when they contact with different grounds, to simulate the dynamics of the vehicle
when they drive on different grounds. Because vehicle terra mechanics is certainly
very complex, setting the contact property is not enough, and some simplifications
are made here. Contact properties set here mainly include the following: (1)
contact surface friction type; (2) contact surface friction model; (3) contact surface
friction coefficient; (4) recovery coefficient, which denotes coefficient for impulse
converting into kinetic energy when contact; (5) soft degree of the contact sur-
faces, which has relations with damping; (6) damping, which has relations with
soft degrees of contact surface; and (7) contact surface steering coefficient, which
makes vehicles to steer, and it may cause excessive or insufficient steering.

49.4 Dynamic Real-Time Simulation

Before the dynamic simulation, we should use 3D modeling software to create
traffic scenarios models to obtain visual effects, and import these models into the
Vortex and link them with corresponding physical models, then calculate the
vehicle dynamics through the Vortex physics engine. It creates two roads
including one flat road and one sinusoidal road for vehicle dynamics simulation,
the sinusoidal road’s wavelength is 20 m and it’s amplitude is 1m. One of the road
is set as cement and the other is sand road, then do the simulation.

During the simulation, Vehicles are driving along the X direction. The cranks
are locked when the speed reaches 1,500 rpm, and then the simulation respectively
records the z coordinate of the vehicles’ mass center from 0 to 80 m section, the
vehicles’ linear speed and acceleration. Graphs are drawn through MATLAB,
vehicles’ linear speed curve drawings are shown in Figs. 49.5 and 49.6. The blue
curve denotes driving in the cement road, and the red one represents driving in
sandy road.
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Results of the simulation show that in the same experimental conditions, (1) the
dip of vehicles in the sandy road is larger than that of cement road; (2) linear speed
of vehicles in the sandy road is smaller than that of cement road; (3) in the
condition that rotating speed of cranks of the vehicle engine keep constant, when
vehicles drive in the flat road, the acceleration is zero; and (4) when the rotating
speed of the cranks of the vehicle engine keeps constant, vehicles drive more
difficult in the sandy road with a sinusoidal shape than in the cement road, its speed
being in the gradually decreasing trend, which is consistent with the real situation.

49.5 Conclusion

This paper introduces vehicle dynamics modeling based on Vortex software and
does real-time simulation. The results show that the Vortex’s vehicle dynamics
modeling can reflect the dynamics characteristics of the vehicle when driving,
with higher accuracy and strong real time. Therefore, Vortex will have a wide
application in vehicle dynamics simulation; Vortex will also provided the con-
ditions for subsequent researches through real-time vehicle position and attitude
solution, velocity, acceleration, and other data-driven platform with six degrees
of freedom.
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Chapter 50
Evidence-Based Ergonomics
and Application in Manned Space Flight

Hong Liang, Zhijun Xiao, Jianhui Li, Guohua Jiang, Hong Qi,
Yongjie Ma, Ping Liao and Yumei Zhang

Abstract This paper includes three chapters. Chapter 1 introduces the concept of
evidence-based ergonomics (EBE) and the relationship between evidence-based
medicine (EBM) and EBE. Chapter 2 shows the framework of EBE model com-
posed of six levels based on four requirements of human factors and ergonomics
science (HFES). Chapter 3 collects the application instances of EBE in manned
space flight, containing space human factors engineering (SHFE) project plan (JSC
29022 Rev A), Space human factors engineering gap analysis project final report
(NASA/TP-2007-213739), Human health and performance risks of space explo-
ration missions (NASA/SP-2009-3405), 2011 Space Human Factors Engineering
Standing Review Panel (SRP) Evidence Review Final Report, Evidence Report:
Risk of Inadequate Critical Task design (2013).

Keywords Evidence-based ergonomics (EBE) � Evidence-based medicine
(EBM) � Human factors and ergonomics science (HFES) � Space human factors
engineering (SHFE) � Standing review panel (SRP)

50.1 Introduction

The rise of evidence-based medicine (EBM) patient centered and medicine evi-
dence based in twentieth century 90s has got rapid development. Entered in
twenty-first century, evidence-based ergonomics (EBE) operator centered and
ergonomics evidence based has been created.
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The foundation of EBE is ergonomics, named human factors engineering. EBE
is a young discipline after the two World War and mainly studies human per-
formance and security in man–machine environment system. Founding of EBE is
the result of creative development that is the essence of evidence-based medicine
into the ergonomics. The practice of evidence-based ergonomics is obtaining
ergonomics data through the systematic collection, screening, using experimen-
tally measured, efficiency, system review. EBE services to enhance human work
ability and health level of security.

The common point of EBE and EBM is to solve their own problems based on the
same basic elements. Element one is clearly to define the question demanded for
answer, two is to collect evidences for answering questions, three is to identify the
evidences collected, four is to integrate evidences and the object of interest factors
so as to improve the decision, and five is to evaluate the whole process for future
improvement. Different point of EBE and EBM is who is concerned, the former is
the operator without disease and the latter concerned the patient with disease [1, 2].

50.2 System of EBE

50.2.1 Contents and Feature of EBE

Developing of EBE based on ergonomics, similar with ergonomics, mainly
includes three aspects that are evidence-based physical ergonomics and evidence-
based mental ergonomics and evidence-based organization ergonomics.

The basic characteristics of EBE based on ergonomics is a result of the four
basic requirements, and the efficiency of science is based on multidisciplinary
requirements (multidisciplinary), validity requirements (validity), degree of plas-
ticity requirement (flexibility), multi-purpose (research and application use), etc.
In other words, feature of EBE is to meet the needs of researchers, engineers, and
users, and to ensure and enhance the ability of the operator.

50.2.2 Core Framework of EBE

The core framework establishment of EBE is based on the four basic requirements
of human factors and ergonomics, which mainly includes six levels of content.
Level-1 meaning is derived from the actual condition of human factors and the
efficiency of ergonomics scientific data (HFES raw data); Level-2 connotation is
the discipline level because of the science and efficiency of data retrieval based on
content (ontology-based HFES data retrieval); Level-3 connotation is multi-per-
spective of the conceptual structure and systematic (divergent exploration); Level-
4 connotation is the metadata based on specific scenarios (context-based
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convergence); Level-5 connotation is the integration of human factors and ergo-
nomics scientific system (HFES concept structure and convergence); and Level-6
connotation is used for identifying and resolving ergonomic issues decision (HFE
problem setting and solution).

From Level 1 to Level 6, they are closely related. The lower the foundation is,
the higher the lower sublimation is. Finally, discard the dross and select the
essential guarantee efficiency, centralized meta-evidence-based ergonomics
system.

The main improvement of evidence-based ergonomics system will be affected
by five factors. First is technical level, involving the tools, equipment, facilities,
and so on. Second is the degree of automation, such as mechanical, computer, and
artificial intelligence. Third is the characteristics of the system and relates to
dimensions, attributes, variability, and so on. Fourth is human factors, including
physiological changes and behavioral changes. Fifth is the relationship between
technology and organization, involving diversity organization strategy and orga-
nization multiplicities.

50.3 Application of EBE in Manned Spaceflight

50.3.1 SHFE Project Plan (JSC 29022 Rev A)

Space human factors engineering (SHFE) Project Plan (JSC 29022 Rev A) was
published by Habitability and Human Factors, Habitability and Environmental
Factors Office of Space and Life Sciences directorate in Johnson Space Center of
NASA in November 2001. This document supersedes the Space Human Factors
Program Plan (December 1995) [3]. SHFE project implementation plans, which
are produced annually, complement this project plan by specifying details of how
objectives will be accomplished each year. NASA’s SHFE project focuses on
reducing human error and the potential disasters that can result. The purpose of the
SHFE project is to create and maintain a safe and productive environment for
humans in space. There are two major activity paths within the SHFE project:
allowing investigators to submit proposals annually for basic human factors
research, facilitating mid-level technology advancements, and addressing needed
critical research. These activity paths are the available mechanisms for accom-
plishing SHFE project goals, and there are three ways that include supporting
SHFE NASA research announcements (NRAs), managing SHFE technology
development projects, and enhancing collaboration with National space biomed-
ical research institute (NSBRI). JSC 29022 RevA and SHFE Project Implemen-
tation Plan FY2002-FY2003 (JSC29718) [4] published by JSC of NASA in March
2002 are regarded as the framework documents for forming SHFE database [5].
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50.3.2 Space Human Factors Engineering Gap Analysis
Project Final Report (NASA/TP-2007-213739)

Space Human Factors Engineering Gap Analysis Project Final Report (NASA/TP-
2007-213739) written by Cynthia Hudy and Barbara Woolford was published in
March 2007 [6]. The gap analysis included literature reviews, database searches,
interviews with NASA personnel, and, then, a survey of NASA program and project
managers as stakeholders. The project was divided into four parts: two phases for
data gathering and two for compiling and prioritizing results. Each phase along with
the deliverables accomplished during that phase is detailed in Table 50.1.

NASA/TP-2007-213739 finally told gap results a total of 33 items. Among
them, the top three items having high degree of concern are display information
content, display sizes, and displays and controls ergonomics. Another 30 items gap
arrangement results in moderate stakes with 24 items, and there are six items with
low stakes.

On the basis of the results of the analysis, in the conclusion section of the report,
the advice is given priority to implement the task and its relationship with NASA’s
human research project (NASA/TP-2007-213739) to determine the risk (see
Table 50.2), namely: list the project sequence priority to make up the shortfall.

50.3.3 Human Health and Performance Risks of Space
Exploration Missions (NASA/SP-2009-3405)

NASA/SP-2009-3405 Human health and performance risks of space exploration
missions edited by Jancy C. Mcphee and Jhon B. Charles was published in 2009
[7], which was the first evidence book reviewed by the NASA human research

Table 50.1 GAP phases and deliverables

Phases Deliverables

Human factors background review Space program literature review

Human factors document review

Human factors personnel interviews

Field user review Field user interviews

Gap evaluation Consolidation/duplication elimination

Decision analysis factor rating

Stakeholder ranking

Final prioritized gap results Prioritized evaluation based on:

1. Early CEV need in the areas of design and operation

2. Interview significance

3. Stakeholder ranking

4. ESAS recommendations
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program (HRP) and based on events during spaceflight and practice of manned
spaceflight in the world. The book is divided into 15 chapters, including SHFE a
total of eight chapters, accounting for more than 50 % that of Chap. 1 Risk of
behavioral and psychiatric conditions, appendix named as incidence of physical
and behavioral medical was showed in the end; Chap. 2 Risk of performance
errors due to poor team cohesion and performance, inadequate selection/team
composition, inadequate training, and poor psychosocial adaptation; Chap. 3 Risk
of performance errors due to sleep loss, circadian desynchronization, fatigue, and
work overload, two appendixes are affixed: international space station(ISS)
lighting and mathematical models of human circadian rhythms and performance;
Chap. 9 Risk of error due to inadequate information; Chap. 10 Risk of reduced
safety and efficiency due to inadequately designed vehicle, environment, tools, or
equipment; Chap. 11 Risk of error due to poor task design; Chap. 14 Risk of
compromised EVA performance and crew health due to inadequate EVA suit
systems, appendix named as gravity compensation and performance scale was
showed in the end; Chap. 15 Risk of operational impact of prolonged daily
required exercise.

50.3.4 SHFE Standing Review Panel (2011)

2011 SHFE standing review panel (SRP) Evidence Review Final Report was
published on 12 October 2011 [8]. The report is based on SHFE practice since
2001, puts forward two principles for the evaluation of SHFE evidence report.

The first principle for the evaluation of every evidence report on SHFE should
cover the ten aspects of content:

A. Does the SHFE Evidence Report provide sufficient evidence that the risk is
relevant to long-term space missions?

Table 50.2 Tasks and their relation to human research program identified risks

Task Risk

Cognitive
mismatch

Physical
mismatch

Multi-agent
tasking

Information presentation 3 3

Anthropometric verification tools 3

Behavioral health and performance
cognition

3

Acoustic requirements and models 3

Design and evaluation tools 3 3

Crew scheduling tools 3 3 3

Training 3 3 3

Function allocation tools and tech 3
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B. Is the risk properly stated in the HRP Program Requirements Document (PRD
Rev.E)?

C. Is the text of the short description of the risk provided in the HRP PRD REV. E
clear?

D. Does the evidence make the case for the knowledge gaps presented?
E. Are there any additional gaps in knowledge that should be considered for this

specific risk?
F. Does the SHFE Evidence Report address relevant interactions between this risk

and others in the HRP PRD REV. E/IRP Rev. C (Integrated Research Plan,
Rev. C)?

G. Is the expertise of the author(s) sufficient for the given risk?
H. Is there information from other disciplines that need to be included in the SHFE

Evidence Report?
I. Is the breadth of the cited literature sufficient?
J. What is the overall quality and readability?

The second evaluation principle is to provide comments on any important
issues that are not covered in principle 1.

According to the evaluation principles, five new SHFE risks were evaluated by
SHFE SRP. The five kinds of SHFE new risk include the following: 1. The
spacecraft cabin and cabin design are not harmonious (the risk of an incompatible
vehicle/habitat design, HAB); 2. people with computer interface design is not
appropriate (the risk of inadequate human–computer interaction, HCI); 3. people
with automation or robot integration design is not appropriate (the risk of inade-
quate design of the human and automation/robotic integration, HARI); 4. lack of
training error (the risk of performance errors due to training deficiencies, TRAIN);
and 5. critical poor design or inappropriate spaceflight mission (the risk of poor
critical task design, TASK).

2011 SHFE SRP (Standing Review Panel) Evidence Review Final Report list
shows the interactions between the five kinds of SHFE new risks and other HRP
(human research program) risks (see Table 50.3).

50.3.5 Evidence Report: Risk of Inadequate Critical Task
Design (2013)

Evidence report: Risk of inadequate critical task design (TASK evidence report,
2013) edited by Anikó Sándor, Susan V. Schuh, and Brian F. Gore from HRP and
SHFH was published in March 2013 [9]. Risk of inadequate critical task design,
for short TASK, is one of the five new risks identified by SHFE SRP of NASA [7].
TASK evidence report (2013) is divided into 12 parts. Part one to part nine are
belong to the body parts, part 10 is references, part 11 is head of the team list, and
part 12 is acronyms list of the report.
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TASK evidence report (2013) in the conclusion part points out that the TASK
risk exists between the crew and spaceflight mission, and robots or automation,
and ground controllers, etc. Workload is crew and system has to face an important
problem. The core of the key design of the task is the distribution of the workload
and integration.

TASK, therefore, the risk of confirmation and solution will be long-term space
exploration mission of one of the most important ergonomics guarantee.
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Table 50.3 Interactions between SHFE risks and other HRP risks

HAB HARI HCI TRAIN TASK

BHP-bmed 9 9 9 9 9

BHP-sleep 9 9 9 9 9

BHP-team 9 9 9 9

HHC-cardio 9

HHC-EVA 9 9 9 9 9

HHC-nutrition 9

HHC-occupant protection 9

HHC-sensorimotor 9 9 9 9

HHC-VIIP 9 9

SHFH-dust 9 9 9

Space radiation-
CNS

9
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Chapter 51
The Improvement on Space Human
Factor Engineering of NASA

Jing Qiang and Yuanyuan Zhang

Abstract Space human factor engineering, considered as one of the most
important ingredients of NASA human research program, provides the pivotal
technical assistant for NASA designing a new generation space station system. In
order to provide reference for the development of our nation’s manned spaceflight,
the paper states the latest progress of space human factor engineering project of
NASA, including the stroboscopic countermeasure, the effects of high suit pres-
sures on gloved performance, the unobtrusive measurement of workload, the
usability evaluation, the human–machine integration, and the improvement of
lighting.

Keywords Space human factor engineering � Human factor �Manned spaceflight

51.1 Introduction

As one of the important components of NASA human research program, space
human factor engineering project provides key technical support for NASA’s new
generation of space station system.

To guarantee the long-term and high-efficient operation of crew in the space,
space human factor engineering scientists and engineers have carried out a series of
researches,including tests in laboratory, in simulation environment and ultimately
in actual spaceflight. In recent years, substantial data have been collected to prove
the assistance of working environment, operating tools, and system operating
interface of crew to tasks [4]. In all fields, the work of space human factor engi-
neering project team was more closely related to experts’ design and space oper-
ation, which has solved the integration of humans and system suitably and timely.
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This paper mainly summarizes the updated research development of the project
in recent two years for China’s manned spaceflight researchers.

51.2 Main Research Progresses

51.2.1 Utilizing the Stroboscopic Countermeasure
to Improve the Human Vision Under Vibration

The vibration of a spacecraft causes the human’s head waggling, leads to dimness
of vision, affects the displayed information read by crew, and even damages
astronauts’ supervising capacity of and controlling capacity to a spacecraft. A
series of early experiments and centrifugal researches demonstrated that the whole
body’s vibration when launching would cause the lowering of the human visual
function.

On the basis of these researches, space human factor engineering researched
and verified the stroboscopic countermeasure, so as to ‘‘freeze’’ image moving and
eliminate the vagueness of statistic objects, while observing vibrantly. The cor-
responding visual interference is provided by quickly turning on the computer
display panel, switching ‘‘on’’ and synchronically monitoring the vibrating mode
of crew seats.

In the testing research of displaying readability, 11 subjects were tested under
chest-to-spine vibration at the maximum vibration rate to simulate the space
exploration, and then, the results were contrasted with zero vibration. By con-
struction, the effect of stroboscopic countermeasure was verified. During a strobe
duty cycle, the display was being switched ‘‘on’’ for 5 % of the time and ‘‘off’’ for
95 % of the time. Stroboscopic countermeasure can reduce the reading errors. The
data from the strobed and non-strobed conditions did not indicate the difference in
the statistics.

Apart from applying in manned spaceflight, this technology can also be used in
other high-rate vibration environment, for example, on flight, ground, and marine
delivery vehicles. NASA has applied patent for this invention (Fig. 51.1).

51.2.2 Research on the Effect of High Suit Pressures
on Gloved Performance

The future spaceflight task may deal with some emergencies. It requires the suit
pressure be higher than the normal level. Cooperating with extravehicular activity
(EVA) research team of Johnson Space Center, the researchers of human factor
engineering project develops a research on pressure gloves project, so as to
research the strength, moving ability of hand, and the ability to perform small
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control in pressure spacesuit. In this feasibility research, the glove performance
was measured under a scope of pressure [1].

Four subjects performed operation control, including a capacitor switch, a
pressure switch, a trackball operation, push buttons, power-on key, and a rotating
knob. All the control operating types represent the space human factor designing
elements of future space delivery vehicles. The capacitor switch, pressure switch,
and trackball operation were tested the fundamental cursor control technology by
using software.

The results showed that in terms of mobility, the increased pressure influenced
the mobility of thumb more than that of index finger and middle finger. Moreover,
the gripping force of hand while wearing gloves decreases by about 25 %. With
the increase of pressure, it reduces by only 15 %.

It is the balloon effect of gloves under high pressures, which would affect the
griping capability of participants. Using cursor control technology, the response
time of capacitors’ switching is lengthened with the increase of suit pressure,
whereas the response time of operating pressure switch is not affected. The influ-
ence of response time of the trackball operation was the most when increasing the
pressure. Most of the operation errors resulted from the operation of tracking ball.

It is well-known that it is the first time to conduct the exquisite operation under
such high pressure. It is planned to expand the research project to evaluate per-
formance with different hands and glove sizes. Meanwhile, while designing per-
formance and glove finger sizes, they would pay more attention to the flexibility
and tolerance (Fig. 51.2).

51.2.3 Common Test on the Workload for Long-Term Flight
Mission

Space human factor engineering conducted a common test and management
requirement research for the workload. When researchers designed the operating
interfaces, operating procedures, and schedules, the allowed workload was

Fig. 51.1 Reading error
rates for subjects exposed to
stroboscopic countermeasure
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maintained during the whole mission. The analysis of three crews’ reports was
beneficial to the required considering variables [1].

This research activity includes the overview of system operation and system
engineering processing procedures. The research of the two conceptual models
was related to long-term flight task operation so that these models are expected to
be used for providing suggestions for the future research. The new technology
measured the common workload in all designing phases, proving feedback of
measured workload to astronauts. Astronauts use the information to execute all
kinds of tasks in order to guarantee the success and safety of flight missions.

51.2.4 Taking Error Ratio as the Measurement Standard
While Researching Usability Requirement

Many standards can be chosen to make the operational evaluation of ‘‘usability,’’
for example, effectiveness, efficiency, and satisfaction degree. The three factors are
very important, and they are the key factors of human-centered design. The
evaluation on ‘‘usability’’ of system is beneficial to maintain crew health and
safety. Moreover, the improvement of usability can reduce error operations,
training time, and total life cycle cost, which is very necessary to guarantee crew
safety and task success.
When proposing the requirement of usability, the space human factor engineering
researchers focused on error ratio as the evaluating standard of options [1].
Measurement is objective and easily understandable and is related to all factors of
usability. All the spaceflight tasks must be implemented by formally formulated
procedures. Thus, the usability issues were determined by calculating error ratio of
each operating procedure and each participant, rather than calculating the total
error ratio. And the priority is focused on the error operation caused by the design.

Fig. 51.2 Subjects assessed
the operability of various
controls inside a pressurized
glove box
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While conducting the usability testing, the key points shall focus on detecting
the steps related to error operation. The determination of these steps indicates that
the usability issues exist. It is related to the design of hardware, software, and
operating instructions. It is the same important as detecting many error operations
caused by participants. The requirement of usability considers these factors. It
shall be taken as the standards while testing and simulating. The result guarantees
the minimization of error operations caused by design for each operating proce-
dure and each participant.

In a NASA document, it is an important achievement to propose usability
requirement because it is the first step to consider the full usability in the designing
period. NASA is pioneering in reforming the practice of usability by using the
objective methods to verify the usability and proposing a reasonable usability
requirement (Fig. 51.3).

51.2.5 The First Amendment Completing the Human
Integration Design Handbook

NASA establishes the formal human factor standards for spacecraft and living
places. These standards are listed into the two volumes of NASA-STD-3001 Space
Flight Human System Standard. The first volume deals with crew health standard,
and the second volume involves in the habitability and environmental standard.

Human-integrated designing handbook (HIDH) is a companion file to the
second volume, including the human–system integration data from former manned
spaceflight projects. Its purpose is to guide the design of vehicle and living place in
the second volume. For example, the guidance covers the required room of win-
dow and suitable handrail at the living places [5].

In 2012, NASA started the revision of HIDH once of 2 years. The purpose of
revision aimed to increase the acquired new findings and operating information
since the HIDH was formulated in 2010, providing updated materials and com-
ments. Meanwhile, a team of technical experts joined to guarantee the correctness
of the content and the top quality [2].

Fig. 51.3 The relationship among errors, usability issues, and the three main factors of usability
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The major modification included the increase of a chapter on vibration
involving the human health and performance, update of physical and cognitive
load information, acoustic noise control plan, the protection design of inhabitants,
protecting measures of exercise and the design of lighting and habitable capacity,
and crew interface design.

The handbook is revised completely in 2013 and can be inquired from the
following Web site [3].

http://www.nasa.gov/centers/johnson/slsd/about/divisions/hefd/standards/index.
html (Fig. 51.4).

51.2.6 Using Models to Evaluate the Help of Robotics
on Crew

The human–machine integration designing and analysis system function allocation
support tool (MIDAS-FAST) researched by space human factor engineering pro-
ject is one of the recognized tools by NASA [2]. This tool can help answer the
following issues. When conducting future space missions, how does the robotic
system help operators perform a task?

Fig. 51.4 The HIDH provides design and background information from research and operational
lessons learned
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This tool allows the researchers at NASA to compare different robotic system
according to the predicted influence on operators and system performance. After
acquiring the data of proposed robot system, MIDAS-FAST can determine how it
realizes the automation and its reliability. After that, this tool can evaluate the
performance of operators under special conditions, for example, focus of visual
attention, disorientation, the performance of operators due to poor view, and
control–response worsening. Then, it can give feedback on the predicted working
indicators of an operator, such as time, error rate, workload, and situation
awareness. The analysts can compare the robotic system by utilizing the results
and the prediction performance.

Presently, the model is used for evaluating and perfecting the data collected in
the human-in-the-loop research period, including time, errors, eye movements, and
watching time to complete tasks. By using MIDAS-FAST model, the experimental
data are compared to determine whether the model correctly predict the perfor-
mance of operators, which is beneficial for NASA researchers and designers to
evaluate the effect of future robotics in the manned spacecraft.

51.2.7 Adjusting the Space Station Lighting to Improve Crew
Performance

Most researches indicate that bright and suitable light can provide a safe,
reversible, and non-drug countermeasure to adjust the circadian rhythms of human
body and increase the alertness and improve performance. On the contrary, due to
the lack of proper lighting, the symptom will occur, such as insomnia and lowering
of health status and performance.

Since 2011, the representatives from human body research plan and space
human factor engineering project recommend replacing solid-state lighting
assemblies (SSLA) on the international space station. New fixed SSLA can be
adjusted in their light intensity and wavelength according to the requirement. This
lighting system can make crew control and use the lighting. For example, when
crews adjust their circadian rhyme to adapt to another time zone or conduct
operations at night, turn on the blue-white light.

It is suggested to replace the lighting assemblies at the No. 2 node cabin at the
international space station, including replacing the lighting assemblies of single
crew sleeping quarters, secondarily replacing the lighting assemblies countering
abrasion, meanwhile, suggesting using new fixed SSLA lighting to increase the
illumination for conducting operation. In order to reduce the time that crew take in
adjusting light and evaluate the lighting scheme and the effectiveness of coun-
termeasures, the implementing plan is ratified by the program board of the
international space station.
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Presently, both the crew health and performance project team and space human
factor engineering project team are soliciting for the research guidance and
rationality for using light as a countermeasure, so as to meet the minimization for
requirement of human body health.

51.3 Enlightens and Suggestions

1. The 50-year process of developing manned spaceflight shows that the success
of manned spaceflight program depends on the high efficiency, reliability, and
safe interacting ability of crew, vehicles, and environment. The development of
manned human factor project is the important guarantee for the manned
spaceflight to develop sustainably and healthily.

2. Long-term manned flight is the important direction to develop China’s manned
spaceflight technology. Timely developing the research on habitability can
guarantee the habitability issue of long-term manned spacecraft being suffi-
ciently solved and the project goal being achieved. The research shows that the
inhabitability within the cabin plays a very important role in improving perfor-
mance and extending stationed time. Thus, if the condition allows, the research
and formulation of human–system integration system should be started, with a
view to ensuring crew health both in physiology and psychology, confidence and
high performance in conducting flight task during the long-term flight.

3. Although the modern manned spacecraft has mostly been under automation,
human–machines system structure to achieve the task goal is an irresistible
trend. Therefore, the creation of balanced optimization structure must be
stressed, so as to unite crew, manned cabin system, flying control center, and
ground users as integration. If optimization is insufficient, the astronauts will
overload their work, and then, the performance would lower and make errors
when conducting task.

51.4 Conclusions

China’s future manned spaceflight missions in the future include the establishment
and running of space station, the future manned moon-base exploration, and deep
space exploration. It presents higher and harsher challenges to the development
ergonomics and brings forth more opportunities. Having based on it, we need to
orientate the actual conditions of project research and need of spaceflight tasks,
learn the experience obtained from foreign research on space human factors, and
improve the research methods and technical measures on orbit working ability of
China’s crew at higher and deeper degree, so as to make the research results of
space human factors to serve better the China’s manned spaceflight.
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Chapter 52
Man–Machine–Environment Systems
Engineering Research Based Mental
Workload Measurement Model of Using
Software

Baiqiao Huang and Yuanhui Qin

Abstract The traditional methods of mental workload measurement include the
main task metrics, subtask metrics, physiological measurements, and subjective
measurements. First, these evaluations are subjective, not considering the objec-
tive content of the task itself; second, these evaluations focus on the output of the
task and do not consider mental processes during task execution, and therefore, the
evaluation results are subjective and not overall. This paper takes the measurement
of mental workload of using software as the research object, from the man–
machine–environment systems engineering (MMESE) perspective, according to
the information input of the task itself, as well as the information processing and
decision-making process to build mental workload measurement model of soft-
ware operation. And two evaluation indexes are given from the objective and
subjective factors separately. Finally, this model is applied to evaluate the mental
workload of shipboard command software’s core function, and some design
suggestions have been given for reducing the mental workload.

Keywords MMESE � Mental workload � Decision-making modeling

52.1 Introduction

The workload is divided into two aspects as physiological workload and psy-
chological workload, and the psychological workload is usually called the mental
workload. With the development of technology, hardware function is gradually
replaced by software; similarly, the workload is gradually changing from physi-
ological workload into mental workload. Nowadays, the study of the mental
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workload has been paid more and more attention since exorbitant mental work
load of the project will not only affect the efficiency, but also affect the accuracy of
task completion and even cause serious security incidents.

The earliest study of mental workload was conducted by American psychologist
Miller [1]. Despite interest in the topic for so many years, there is no clearly
defined, universally accepted definition of mental workload. The original defini-
tion of mental workload is referred as the human psychological activity workload
in unit time, and it mainly results from monitoring, decision-making, and antici-
pation, without obvious physical work. In 1977, the participants in a special
academic session about ‘‘theory and measurement of mental load’’ which was
conducted by the North Atlantic Treaty Organization concluded that the mental
workload was a multidimensional concept, and it related to the working require-
ments, time pressures, and the ability of the operator effort, and many other factors
behavior, so it is difficult to define uniquely. Since then, scholars give various
definitions from different point of view. Young and Stanton [2] stated that ‘‘the
mental workload of a task represents the level of attention resources required to
meet both objective and subjective performance criteria, which may be mediated
by task demands, external support, and past experience.’’ Wichens and Hollands
[3] and Wichens et al. [4] defined the mental workload in the view of resource
capacity, and it is defined as the ratio between the work-occupied resources and
available resources. Chinese scholar Jianqiao and Wenbi [5] thinks that mental
workload is an indicator for the situation of the human information processing
system being used. Researchers have come to realize that mental workload is
thought to be multidimensional and multifaceted, and should not be too theoretical
understanding to pursue consistent definition, but should pay more attention to the
operational definition [6].

With the development of software technology, software has become an
important part of weaponry. In particular, for some control and decision support
system, software is the dominant. The operation process of this kind of system
mainly consumed mental resources, and the physical resource needed is very little,
and the configuration of the mental workload in one task will seriously affect the
efficiency and performance of the operator. So we take the measurement of mental
workload for the interaction of software operation as the object of our research in
this paper. The traditional method of mental workload evaluation mainly includes
primary task measures, secondary task measures, physiological measures, and
subjective rating scale measures [7]. According to the methods above, we can
conclude that first the measurement is conducted through the output or effect of
task execution and second the measurement is conducted through comprehensive
subjective evaluation. These measures are all subjective evaluation and do not
consider the objective content of the task itself. In consequence, the recommen-
dations for design improvement cannot be made.

From the man–machine–environment system engineering perspective, a com-
prehensive and systematical analysis for factors which affect the human mental
workload is stated in this paper. After analyzing the man–machine–environment
system model and decision-making process model of using software, the mental
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workload measurement model of using software is constructed, and two indexes
considered, each from objective and subjective aspects, are set up. The mental
workload measurement model proposed here has considered the objective content
of the task itself, and the conclusion can be used to estimate the design scheme
during design phase, and it is focused on the decision-making process of software
use. As a result, the shortcomings of traditional evaluation methods are made up
properly.

52.2 MMESE-Based Software Interaction Process
Modeling

52.2.1 MMESE Model of Software Interaction

The man–machine–environment system engineering (MMESE) is a science which
focuses on the relationship between man, machine, and the environment and
deeply studies the optimal combination of man, machine, and environment by
using the system science theory and system engineering approach [8]. Software
system is a typical man–machine–environment system; therefore, the MMESE
thought is naturally used to analyze the interaction process and the mental
workload measurement when using software. As a result, the factors which effect
the mental workload measurement should be explored systematically, and a
comprehensive measurement model has been constructed. This paper takes a
shipboard command software as an example, and the man–machine–environment
system of software use is as shown in Fig. 52.1. The operator receives the target
information and the device status from the software interface, makes decision, and
gives command orders to the target as an output. The operator is also influenced by
the microclimate environment factors in this process.

According to the analysis of the man–machine–environment system of software
use, we can make a conclusion that main factors influencing the mental workload
of software use include three aspects, namely the human factors, the machine
factors, or task factors, and the environment factors. For details on the three
factors, see Sect. 52.3.1.

52.2.2 Decision-Making Model of Software Use

The essence of software operation process is the decision-making process after the
operator receives information. Rasmussen [9] has distinguished the human
behavior performance into three categories: skill-based behavior, rule-based
behavior, and knowledge-based behavior, so does the decision-making process.
The knowledge-based decision-making appears when the operator is in lack of
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experience; after some accumulation of experience, the decision-making level
upgrades to the rule-based category, and when the operator becomes proficient in
it, he can perform a skill-based decision and finish the task rapidly. The assessment
of decision-making process during software use can refer to Rasmussen’s thinking,
and also be organized into three categories. The decision-making model of soft-
ware use is as shown in Fig. 52.2. As we all know, the operation of software
usually has a specific instruction, called user manual, and few new situation will
appear after the operators become familiar with the tasks. Therefore, in addition to
some simple logic operations become skill-based decision-making, most software
tasks belong to rule-based category, namely receive and recognize the input
information provided by the software interface, compare them with the rules stored
in the brain, and make decisions to take action. While the knowledge-based
decision-making appears when the software has fallen into abnormal situations, the
operators should carry on the analysis of the software exception information based
on his existing knowledge, and then, the decision-making process changes to a
rule-based one.

The model showed in Fig. 52.2 not only reveals the generation process of
mental workload when using software, but also reveals the factors affecting the
mental workload of the task itself. There are three main factors: First is the amount
of input information, the more information the input has, the more efforts of the
mental workload you should cost, which need to be spent on receiving and rec-
ognition. The second is the category of decision-making; skill-based decision-
making costs the least mental workload, then the rule-based one, and the most
efforts result from the knowledge-based decision-making. The last is the rules for
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Information processing
 and decision-making

Invironment
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Target info

Target info
Operation

Output
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Fig. 52.1 Man–machine–environment system of software use
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decision, namely the complexity of the decision logics, the more complex the
decision logics are, the more mental workload the operator should spend. The three
factors mentioned above can be recognized as the objective factors, since these
factors are independent of different operator.

52.3 Mental Workload Measurement of Software Use

52.3.1 Measurement Model of Mental Workload

In this paper, we conclude that there are three main factors which affect the mental
workload of software use, namely the human factor, the task factor, and the
environment factor. The human factor is a subjective one, and it is related to the
operating personnel, including personal mental level, skills and experience, sub-
jective will, as well as the support of physiological conditions. Task factor is an
objective factor, which means it is independent from personnel and is only asso-
ciated with the software design, including the amount of information input, the
type of decision-making, the complexity of decision-making logic, allocated task
time, continuous task time, and task scenarios. For military software, task sce-
narios are generally divided into two types: training scenarios and combat sce-
narios. Environment factor is the microenvironment in which the operator is
placed in.

It found that there is another important factor which affects the mental work-
load, when we analyze the software use process systematically, that is, the per-
formance of software task. According to the mental workload model developed by
D. W. Jahns [6], the mental workload is related to three main aspects such as the
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Fig. 52.2 Decision-making model of software use
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input workload, operator’s effort, and the performance, and the performance factor
will affect the effort factor. In fact, good performance will boost operator’s con-
fidence, while bad performance will enhance the operator’s mental pressure and
result in intense negative emotions. In conclusion, a comprehensive mental
workload measurement model is constructed and shown as in Fig. 52.3.

52.3.2 Measurement Indexes of Mental Workload

There are two principal reasons for measuring workload: One is reducing the
mental workload under the premise of meeting mission requirements, and the other
is reasonable allocation of mental workload during the software task, for
improving the operating performance. However, mental workload assessment is a
very complex problem. It involves mental workload generation mechanism, the
problem of mental workload effects of each factor inherent laws, as well as some
unknown aspects of psychology. It involves mental workload generation mecha-
nism, the problem of mental workload effects of each factor inherent laws, as well
as some unknown aspects of psychology. So, we cannot give a complete and
quantization measurement index system. In this paper, some localized indexes
from different point of view have been proposed and are used as a reference for the
allocating the task mental workload and the improvement of software design. Two
indexes are set up here, one is the mental workload prediction measurement index
which based on the objective factors, and the other is the task time occupation rate
index which based on the subjective factors.

1. Mental workload prediction measurement index: In the process of software
design, we not only need to compare the pros and cons between different
schemes, but also need to assess whether the selected design meets the mission
time performance. This comparison should be independent from the individual
factors of the operator and only related to software task itself, so we need to
consider the objective factors which affect the mental workload. If we put the
operator as a stable output machine, then the mental workload can be reflected
by the operation reaction time. From Fig. 52.2, we can conclude that the
workloads mainly result from information receiving and decision-making; we
can obtain the average reaction time of different information input and the
average reaction time of different type of decision-making and decision logic
through experiments and thus predict the average reaction time of the software
tasks. And this index can be used for the comparison of different design
schemes. The experiment of the average reaction time will be carried out in the
course of the study’s follow-up.

2. Task time occupation rate index: In the software testing phase, we need to
assess the operator’s ability adapt to the existing design and whether the
operator can comfortably complete the task within the stipulated task time.
Here comes the mental level of the operator, skills and experience, and time
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performance requirements of the task. We set up a comprehensive index: The
ratio of which the task real completion time share the task stipulated time. This
index is also known as ‘‘time pressure’’ index. Time pressure index represents
the degree of difficulty to complete the task within personal capabilities. We
can use it as a basis to select the appropriate operator.

52.4 Examples of Application

The model established in this paper has been used to assess the mental workload of
a shipboard command software as an example. One of the core functions of the
software is that according to the target information provided by the software
interface, ship’s own speed and heading information, and the sea state information,
the commander makes a comprehensive decision and gives the command for the
target instruction. At present, this software belongs to the design stage; in order to
reduce the mental workload of software task, we put forward the suggestions for
the improvement in two ways: one is reducing the number of information input,
and the other is optimizing the decision logic to reduce the complexity of decision-
making. The effectiveness of these improvement suggestions needs to be verified
in the follow-up experiments.
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mental level skills And 
experience subjective will
physiological conditions ,etc

Performance

Feedback

Environment factor
micro-environment

Task factor objective amount 
of information input Decision
making Type complexity of decision
making logic al located task time  
Continuous task time task
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Fig. 52.3 Mental workload measurement model of software use
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52.5 Conclusions and Prospect

An evaluation model of mental workload for software use based on man–machine–
environment system engineering is proposed in this paper. In this model, three
main aspects which affect the mental workload from the human factors, the task
factors, and environment factors are analyzed systematically, and the man–
machine–environment system model and decision-making model of software use
are established, and two indexes which reflect two aspects of objective and sub-
jective performance are set up. In the analysis of mental workload for a shipboard
command software, this evaluation model has been applied to analyze the core
functions of the software, and some suggestions with the purpose of reducing the
mental workload have been given out.

Certainly, the model established in this paper is only a framework for the
evaluation of mental workload; there is a lot of content needing further research in
this framework, such as the influence mechanism of various factors on the mental
workload, the average reaction time in the decision-making model, and these
should be the contents of this follow-up study. In a word, the mental workload
measurement of software use is a big topic, and this paper just plans a general
frame and is the first step for the follow-up deep study.
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