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Preface

In 1981, under the direction 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 a letter to Shengzhao Long, he pointed out, “You are creating this very
important modern science and technology in China!” on October 22, 1993.

In the congratulation letter to the commemoration meeting of the twentieth
anniversary of establishing the Man—Machine-Environment System Engineering,
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” on June 26, 2001.

October 22, which is the day the great scientist Xuesen Qian gave high praise to
MMESE, was determined to be the Foundation Commemoration Day of MMESE
by the second conference of the 5Sth MMESE Committee on October 22, 2010. On
this very special day, the great scientist Xuesen Qian pointed out in a letter to
Shengzhao Long, “You are creating this very important modern science and
technology in China!” and the conference also determined that the annual con-
ference on MMESE would be held from October 21-23 to cherish the memory
of the great contributions that the great scientist Xuesen Qian had made to the
MMESE!

The 15th International Conference on MMESE will be held in Hangzhou, China
on October 21-23 of this year; hence, we will dedicate Proceedings of the 15th
International Conference on Man—Machine—Environment System Engineering to
our readers.

Proceedings of the 15th International Conference on Man—Machine—
Environment System Engineering 1is the academic showcase of the 15th
International Conference on MMESE joint held by MMESE Committee of China
and Beijing KeCui Academe of MMESE in Guilin, China. The conference
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X Preface

proceedings consisted of 85 excellent papers selected from more than 400 papers.
Due to limitations of space, some excellent papers have been left out, and we feel
deeply sorry for that. Crudeness in contents and possible incorrectness are inevi-
table due to the somewhat pressing editing time and we hope you kindly point them
out promptly, and your valuable comments and suggestions are also welcome.

Proceedings of the 15th International Conference on Man—Machine—
Environment System Engineering will be published by Springer-Verlag, German.
Springer-Verlag is also responsible for the related matters on index of Index to EI,
so that the world can know the research quality and development trend of MMESE
theory and application. Therefore, the publication of Proceedings of the 15th
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 during the publishing process.

Beijing Prof. Shengzhao Long
July 2015
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Chapter 1
Experimental Study of Muscle Fatigue
in a Standing Work Posture

Hao Yu, Duming Wang, Liezhong Ge and Chuan Wang

Abstract Fatigue can directly affect a worker’s health. Using experimental anal-
ysis, we investigated whether a standing chair can reduce fatigue and how to
optimize the design of work conditions for standing staff. Ten college students were
selected to participate in fatigue comparative experiments. We scored the subjects’
feelings and evaluated the subjects’ muscle fatigue using a surface electromyogram
(EMG) of the subject’s leg muscles. There was significant difference in fatigue
between standing posture and sitting/leaning postures. There was no significant
difference between a sitting posture and leaning posture. Surface EMG showed that
a leaning posture had the lowest fatigue for the three postures. The appropriate
selection of an auxiliary chair can assist workers in effectively reducing muscle
fatigue, even more than an ordinary office chair.

Keywords Standing work - Auxiliary chair - Fatigue

Many jobs require workers to use a standing posture, such as sailors who must steer
and monitor conditions from the ship’s cockpit. Workers who must stand for long
periods of time often experience muscle fatigue. In addition, work productivity can
be greatly affected due to a dramatically increased physical load [1]. To reduce the
fatigue of personnel and ensure efficiency, a chair may be provided to reduce the
fatigue associated with a standing posture. However, in a sitting posture, the angles
of vision are different than in a standing posture, so the selection of an appropriate
seat can be a problem. For workers requiring a standing posture, a working aux-
iliary chair can be conveniently moved, folded, and stored as needed. The chair also
can be easily installed and used in the operation. However, the available studies
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4 H. Yu et al.

have not indicated whether this work auxiliary chair can alleviate fatigue or
improve efficiency.

In this study, we used experiment analysis to determine whether a standing-style
auxiliary work chair can reduce fatigue for personnel in standing operations. Our
study was designed to determine whether a ship could be equipped with a working
chair for special standing work posts.

1.1 Object and Methods

1.1.1 Test Subjects

Ten volunteers (graduate students at our university) were selected as test subjects.
All participants agreed to the research protocol, which was approved by the
Institutional Review Board of Zhejiang Sci-Tech University. The average age of the
subjects was 24.2 £+ 1.5 years. No subject reported being diagnosed with a mus-
culoskeletal disease.

1.1.2 Experimental Equipment and Materials

All fatigue tests were performed in the laboratory of the product usability testing
center of Zhejiang Sci-tech University. The applied instruments included a Finnish
Mega6000 with four-channel surface electromyography and a sampling frequency
of 1000 Hz. In the evaluation of local muscle fatigue, the most commonly used
indexes of surface electromyogram (SEMG) signals were the time-domain index
and area indexes. Three kinds of standing posture work auxiliary chairs (manu-
factured in Germany; Fig. 1.1) and an ordinary office chair (Fig. 1.2) were tested.
The Borg rate of perceived exertion (RPE) (CR-20) Scale is most commonly
used fatigue self-assessment scale in workload evaluations (Fig. 1.3). The RPE uses
a 15-point scale, with a minimum score of 6 and a maximum score of 20. The
reason for such a design is as follows: When G. Borg performed the research for
hoisting heavy loads, RPE values were found to have a strong relationship with
heart rate, such that heart rate = 10 x RPE. This scale has been widely verified for
validity with regard to the correlation of physiological workload to heart rate.

1.1.3 Experiment Design and Tasks

Our experiment used a single-factor tested inner design. The variables were divided
into three kinds of working conditions: work performed in a sitting posture in an
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Fig. 1.1 Three working auxiliary chairs for a standing posture (Styles A, B, and C, respectively)

Fig. 1.2 Ordinary office chair

ordinary office chair, work performed in a standing posture work, and work per-
formed in a leaning posture using a standing work auxiliary chair.

All participants underwent fatigue tests for the three working conditions, lasting
150 min for each condition.
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Fig. 1.3 Borg subjective 4
rated scale

H. Yu et al.
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1.1.4 Statistical Analysis

The electromyogram (EMG) data was saved to the computer. The statistical anal-
ysis was performed on EMG data using SPSS11.0 statistical analysis software.

1.2 Results and Discussion

1.2.1 Evaluation of Seat

The fatigue experiment lasted 150 min for each condition. Therefore, it was nec-
essary to select a suitable standing-system auxiliary working chair for the experi-
ment. The evaluation flow is as follows: Users first dismount according to the
requirements, then adjust the chair height and tilt angle according to their own
needs. We then conducted the sitting experience, and finally performed the
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Table 1.1 Seat evaluation

No. | Evaluation dimension Description Score
1 Structural simplicity Is the seat structure design simple and clean?
2 Ease of adjustment Is it convenient to adjust the seat to sit face
height, backrest tilt, etc.?
3 Seating comfort Is the seat comfortable when sitting (hips, lower
back, etc.)?
4 Easy storage capability Is it easy to store the seat after use (easy

storage, storage space)?

5 Materials’ skid resistance | What is the size of the coefficient of friction
material between the seat and clothing (whether
it is installed with anti-slip materials)?

6 Overall evaluation

evaluation and scoring according to Table 1.1. The evaluation used a seven-point
scale, with a score of 3 being the best, —3 being the worst, and the middle value
being score 0.

The subjective evaluation results for the three kinds of standing work auxiliary
chairs are shown in Fig. 1.4.

Style A chair scores were ranked the lowest for each evaluation dimension, for
which the average score was —0.8 in adjustment convenience (a negative

15 4
Chair
1.0 NA I
s ¥
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o . C X
o
“ 05
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=
00+
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Simplicity of Convenience of Comfort of sitting Fasy to Anti-slip  Overall evaluation
structure djustment and leaning di bl
and store
Evaluation Dimentions

Fig. 1.4 Subjective results for the three standing working auxiliary chairs
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evaluation). Style B chairs were ranked second for each dimension. Style C chair
scores were the best for each subjective evaluation dimension. Therefore, the style
C chair was chosen for the comparison between a standing-posture auxiliary work
chair and a general office chair.

1.2.2 Contrast Experiment

The EMG tested the muscles that are directly related with the standing posture on
one side of body. The electrode patches for measuring muscle were placed on the
left erector spinae, the left tibialis anterior, lateral gastrocnemius, and the left side of
the left femoral biceps. We aimed to eliminate the effects on experiment results that
were caused by different data collection conditions. Every other 15 min, the subject
took the standard standing posture for 1 min in order to collect EMG data. We used
the BORG subjective scale to conduct subjective fatigue scoring at the same time.
The self-assessed fatigue scores are shown in Fig. 1.5.

As shown in Fig. 1.5, there was no large difference in self-assessed fatigue
between the three work postures during the first half of the experiment. However, as
time progressed, a difference in the self-assessment for fatigue in the three kinds of
work posture is shown in the second half of the experiment. These differences are
mainly shown for fatigue in standing posture; the other two postures have little
difference.

The results show an obvious discrepancy for fatigue in the three kinds of work
postures (F(2,287) = 3.8, P < 0.05). Least-Significant Difference (LSD) analysis
shows that the discrepancy mainly exists between a standing posture and other two
postures. The sitting posture has no obvious difference from the leaning posture.

Figure 1.6 shows the original SEMG data for the three kinds of work postures.

16
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Fig. 1.5 Self-assessed working posture borg fatigue evaluation results
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Fig. 1.6 EMG data for the three work postures. a Sitting posture. b Standing posture. ¢ Leaning
posture

Because it can be affected by the size of individual muscle, subcutaneous fat
thickness, and other physiological and anatomical factors, SEMG signal amplitude
has large differences between individuals. To ensure data comparability and
accuracy and to eliminate the effect of individual differences, the SEMG data were
standardized. The last-minute data index was taken as the standard, and data from
each time point data were compared with the standard. This allowed us to obtain a
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Fig. 1.6 (continued)

relative standard value (AEMG). The larger the AEMG value is, the higher is the
degree of muscle fatigue (Fig. 1.7).

As it is seen from Fig. 1.7, the myoelectric signal AEMG index was lowest in the
standing posture for three muscles (not the biceps femoris) when using the Style C
standing-posture work auxiliary chair. The overall fatigue degree is also ranked
lowest. These results indicate that the type C standing posture work auxiliary chair
may be helpful in reducing the muscle fatigue of workers; its effect even exceeds
the sitting posture work effect in the ordinary office chair.

The variance analyses of measurement were repeatedly performed on each
muscle. The results show that the level of significance was not met for the differ-
ence between erector spinae and biceps femoris in the AEMG indicative posture
(F(2,198) = 0.88, P > 0.05;F(2,198) = 0.26, P > 0.05); F(2,198) = 0.26, P > 0.05).
The tibialis anterior muscle and gastrocnemius AEMG indicative posture differ-
ences were significant (F(2,198) = 5.53, P < 0.05; F(2,198) = 10.38, P < 0.05).

It is generally recognized that the integral electromyogram (IEMG) value is
positively associated with the degree of fatigue in the process of moderate-intensity
load-level muscle fatigue. The IEMG value would generally increase as the fatigue
intensifies. The maturation-promoting factor (MPF) value would decrease as the
fatigue intensifies (Fig. 1.8).

The variance analyses were performed with repeated measurements on each
muscle. The results show that differences between the erector spinae, biceps
femoris, and lateral gastrocnemius MPF indexes are not significant
(F(2,198) = 0.83, P > 0.05; F(2,198) = 0.98, P > 0.05; F(2,198) = 1.1, P > 0.05).
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1.3 Conclusion

The SEMG signal is a one-dimensional time signal of the neuromuscular system
recorded from the skin surface. It is the result of various physical and chemical
factors of the central nervous system’s control information and peripheral muscle
bioelectricity [2, 3]. Changes in the SEMG signal indicate chemical changes in the
process of muscular fatigue; thus, this approach has particular importance for
peripheral muscle fatigue [4].

A chair acts as an important part of the human—machine interface, and its design
can directly affect a worker’s health. For example, the incidence of tank driver’s
waist pain is up to 94.0 %, the main reason being an inappropriate human—machine
interface design [5]. Maintaining one posture for a long period of time can lead to
muscle and fascia tension for one side or both sides of the body, as well as fatigue
or lumbago. A comfortable chair can be an effective measure to solve this problem.
The existing studies are mostly focused on the comprehensive analysis and model
evaluation of the human—machine interface, with little verification of design by
experiment.

We evaluated the combined results of a subjective evaluation and objective
SEMG signals. We found that a leaning work posture using the Style C standing
work auxiliary chair resulted in higher surface muscle electric signals using an MPF
index than other postures on average. The overall fatigue was the lowest for this
condition [6, 7]. The experimental results show that the Style C chair is helpful in
reducing a worker’s muscle fatigue. Its effect is similar to or even partly exceeds
that of an ordinary office chair in a sitting posture.

According to our study’s findings, using a standing-posture auxiliary chair for
job positions requiring a standing posture can be useful in reducing a worker’s
fatigue. It is a feasible solution to ensure an operator’s effectiveness and continuous
work capacity. The standing posture auxiliary chair is also required in a human
engineering and application environment. It can be helpful to solve the problems
associated with fatigue in a standing work posture.

1.4 Compliance with Ethical Standards

The study was approved by the Logistics Department for Civilian Ethics Committee
of the Naval Medical Research Institute.

All subjects who participated in the experiment were provided with and signed
an informed consent form.

All relevant ethical safeguards have been met with regard to subject protection.
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Chapter 2

Customer Perceived Value as a Predictor
of On-line Clothes Loyalty in a Chinese
Sample

Xueyan Wei, Yahui Qi and Wenjie Liu

Abstract Research on the on-line shopping effects of positive on customer per-
ceived value is limited, especially regarding its relation to the young generation’s
loyalty. This study examined the effect of the on-line customer perceived value
(production perceived value, service perceived value, on-line shopping environ-
ment perceived value, and cost perceived value) on customer loyalty (attitude
loyalty and behavior loyalty) in a Chinese sample of 280 young generation (e.g.,
post-80s and post-90s). Results showed that customer perceived value was asso-
ciated with greater customer loyalty. Customer perceived value emerged as a sig-
nificant predictor of customer loyalty. The service perceived value and product
perceived value had the strongest relationship with loyal attitude. The product
perceived value, service perceived value, and cost perceived value were the alertest
predictors as customer behavior loyalty. Theoretical and practical implications for
customer perceived value on on-line shopping are also discussed.

Keywords Customer perceived value - Customer loyalty - China - Young
generation - On-line shopping
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2.1 Introduction

In recent years, more and more customers are willing to use the Internet as one of
main shopping channels, especially in developing country, such as China. Why do
customers make full use of the Internet as a retailing platform? Research shows that,
compared to traditional environments, e-shopping is considered to be both the more
convenient access [1] as well as the more time-efficient mode to realize a purchase
due to the minimal efforts. Gu [6] also found that e-product value, e-services value,
e-cost value, and on-line environment value are the key perceive value in Chinese
e-shopping process.

Value had been considered as important behavior predictors [4] and played an
absolutely necessary role in persuading consumers to utilize the firm’s offerings
[10]. Customer perceived value (CPV) is defined as “the difference between all of
the customer’s expected benefits and offerings and the perceived choices from
customer’s evaluations” [7]. Previous empirical studies indicated that perceived
value was an unidimensional and global structure of total customer value percep-
tions. Perceived value had been treated as multidimensional and could be measured
by perceived value using various getting (benefits) and giving (sacrifices) dimen-
sion too [4]. “Getting and giving” could be considered as the attributes of con-
ventional customer perceived value. According to Kotler [7], customer perceived
value (CPV) is viewed as the difference between total customer value and total
customer cost. Total customer value contains four factors: product value, services
value, personnel value, and image value.

Cheng et al. [3] found that the value contents described above obtained con-
siderable explanatory power. That explained the relevance of value is a decisive
factor of the intention to utilize the Internet as an e-shopping environment. The
study is endeavoring to identify e-customer perceived value, attempting to clarify
the dimension’ function and gain insight into the customer purchase process.

e Hypothesis 1: Product perceived value, service perceived value, cost perceived

value, and on-line shopping environment perceived value would be significantly
related to attitude loyalty and behavior loyalty.
More recent TAM research indicates that “perception of usefulness” and “ease
of use” of technology can be helpful to determine “intended usage” [9]. Chu and
Cheng [5] found that customer value is the structure and customer loyalty is the
implementation. The two coexist for a mutual goal of building a close rela-
tionship with customers. It is essential to identify culture-specific features or
behavioral responses to customer loyalty so as to provide relevant training to
employees in firms that operate in different cultures [2]. Chinese culture insists
on the practical and utilitarianism such as fast, easy, and time-efficient [6].

e Hypothesis 2: Product perceived value, service product value, and on-line
shopping environment value will positively predict attitude loyalty and behavior
loyalty.

e Hypothesis 3: Cost perceived value will negatively predict attitude loyalty and
behavior loyalty.
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2.2 Method

2.2.1 Participants

Research participants were 339 college students (post-80 and post-90) from
National University and Occupational University in mainland China. Data were
collected from some key university in Shanghai, Beijing, Wuxi and Suzhou. Valid
copies were recovered with an effective recovery rate of 82.6 %. For the sample,
36.8 % were male, with a mean age of 25.5 years of age. 70.8 % were college
graduates, undergraduates, and Doctors; 29.2 % were Vocational and technical
college students (3-year-course), and 81.8 % had 2-3 years of on-line shopping
experience as on-line practitioners.

2.2.2 Measures

Subjects rated all questionnaires (CPVQ and CLQ). All measures were developed
originally in English. Adapted Chinese version was examined and compared with
the original one for equivalence and agreement [2, 6].

Customer Perceived Value—was derived from the Customer Perceived Value
Questionnaire (CPVQ) and measured with the average of 25 items [7]. Each item
was on a 5 point scale from I(strongly disagree) to 5(strongly agree). High-internal
consistency is supported by alpha coefficients of 0.73-0.83. The internal consis-
tency reliability was 0.78 for all four subscales. Previous research has reported
reliability of
a = 0.80 [6].

Customer loyalty—Customer loyalty Questionnaire (CLQ)—derived from
Parasuraman et al. [8] research, includes two dimensions with the average 6 items:
attitude loyalty (3 items, a = 0.75; “I would like to acclaim this shop as the one of
the best on-line shops”) and behavior loyalty (3 items, o = 0.70; example item, “I
will buy clothes on this on-line shop even though the price increases slightly”). The
internal consistency reliability was 0.79 for all two subscales. Previous research has
reported reliability of o = 0.85 [2].

2.2.3 Procedure and Data Analysis

Data were analyzed using SPSS version 15.0. Descriptive statistics, Pearson cor-
relation, and hierarchical multiple regression analysis were used in the study.
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Table 2.1 Means, standard deviations, reliability estimates, and Pearson correlations (n = 280)

Variables M SD | Cronbach o | 1 2 3 4 5 6
Sex

Age education 255 |59

1. Product 18.59 |4.13 |0.73 1

perceived value

2. Service 26.63 |4.75 |0.78 0.41%%% |1

perceived value

3. Environment | 17.04 |3.84 |0.76 0.34%%% | 0.55%*%* | |

perceived value

4. Cost 18.85 |3.92 |0.84 =0.17#* | —=0.11 0.01 1

perceived value

5. Attitude 9.19 |232 |0.75 0.38%#% | 0.39%** | (0.30%** | —0.15% 1

loyalty

6. Behavior 836 |2.18 |0.70 0.29%#% | 0.28%** | 025%kk | —(,19%* | 0.52%** | ]
loyalty

*P < 0.05, ¥*P < 0.01, ***P < 0.001

2.3 Results

Correlations between scores on the four dimensions of customer perceived value
and two dimensions of customer loyalty were significant (see Table 2.1).

Hierarchical regression results showed that the control variables explained a
combined 6.9 % of variance for attitude loyalty and 7.3 % for behavior loyalty.
Product perceive value and service perceive value combined 20.6 % of variance
(F =36.05; p <0.001) for attitude loyalty. Product perceive value, service perceive
value, and cost perceived value explained a combined 13.2 % of variance
(F =26.29; p < 0.001) for behavior loyalty (see Table 2.2).

2.4 Discussion

The results indicated three dimensions of customer perceived value were positively
correlated with attitude loyalty and behavior loyalty. Consistent with previous
research [2, 3, 6], Chinese young generation specially focused on the perceived cost
value. If the customer found they do not need more energy and time, there will be
extra satisfaction on the on-line shop. The attitude loyalty and behavior loyalty will
be more obvious.

The robust linkage between product perceived value and behavior loyalty is well
established. Product perceived value is the strongest predictor of behavior loyalty.
Rational factors play an important role including product perceived value, service
perceived value, and cost perceived value. On the other hand, fraud product is also
unacceptable in China. Trust is the essential factor which builds reliable
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Table 2.2 Hierarchical regression analysis for prediction of customer loyalty (n = 280)

Variables Attitude loyalty Behavior loyalty
B p R’ AR® | B p R’ AR?
Stepl: Control variables
Sex 0.06 | <0.05 0.05 <0.05
Age 0.33 | 0.004 0.32 0.004
Education 0.00 |0.46 0.01 94
Control variables 6.9 73

Step2: Product perceived |0.279 | <0.001 |0.206 |0.057 |0.199 |<0.001 |0.086 |0.086
value

Step3: Service perceived | 0.262 | <0.001 |0.149 | 149 0.156 <0.001 |0.115 |0.029
value

Step4: Cost perceived - - - = —0.133 | <0.001 |0.132 |0.017
value

Step5: Environment value |- - - -

Full model
F 36.05 26.29
P <0.001 <0.001

*P < 0.05, ¥**P < 0.01, ***P < 0.01

relationship between C2B. Because consumers can easily compare information and
find other websites that provide similar products or services [11], once they found
the purchase is reliable, they prefer to trust that on-line shop. That is also cost
savings actually.

2.5 Compliance with Ethical Standards

The study had obtained approval from the Institute of psychology, Chinese
Academy of Sciences Ethics Committee.
All subjects participated in the experiment had signed the informed consent.
All relevant ethical safeguards had been met in relation to subject protection.
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Chapter 3
The Anthropometric Data of Chinese Male
Taikonaut Candidates with 175 cm Stature

Xiaochao Guo, Duangin Xiong and Yanyan Wang

Abstract All of Chinese male taikonaut candidates came from China Air Force
pilots aged 25-35 years. The stature is ranged from 160 to 172 cm in medical
selection while the upper limit may be shifted from 172 to 175 cm. The maximum
stature is becoming one of the main constraints on taikonaut product design. The
anthropometric data of Chinese male pilots with 175 cm stature was re-analyzed in
comparison with that of pilots with 172 cm stature in the present paper, based on the
databank of GJB4856-2003. The mean, stddev, and the 5th, 50th, 95th percentiles
for the subsample were reported in 67 fundamental items according to
GJB4856-2003 in statistics. The effects of bigger stature on production design were
discussed.

Keywords Anthropometry - Taikonaut candidates - Male pilots - Stature -
Product design

3.1 Introduction

The anthropometric data is fundamental to product design such as cockpit geo-
metrical layout, eject seat and exit, personal protective equipment for pilots, and
taikonaut. There may be different anthropometric characteristics with different user
population. For example, the required stature (height) for NASA astronauts is 160—
190 cm, but the stature should be 160—172 cm for Chinese male taikonaut candi-
dates [1]. It is said that the upper limit of the taikonaut stature may be shifted from
172 to 175 cm in medical selection [2], and product design for them will adapt to
change in the user population in the future.

In China, all of taikonaut candidates came from Air Force pilots aged 25 to 35
according to GJB4016-2000 [3]. The data of the latest anthropometric investigation
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in large scale for Chinese male pilots were presented in GJB4856-2003 [4], but the
anthropometric characteristics of user population with 175 cm stature were not
described. The anthropometric data of male taikonaut candidates of stature 175 cm
was re-analyzed in comparison with those of 172 cm in the present paper based on
the databank of GJIB4856-2003, and the influences of change in the user population
on production design were discussed.

3.2 Methods

3.2.1 Measurements

There were 67 fundamental items of anthropometry chosen from GJB4856. All data
were collected by direct measurement with instrument precision of 1.0 mm.

3.2.2 Samples

There were 106 male pilots in Group 1 aged 25-35 in years with 172 cm stature,
and 65 taikonaut candidates in Group 2 with 25-35 year-age but 175 cm stature
from GJB4856-2003 databank. The averages of weight (body mass) were
67.72 + 6.22 and 69.21 + 7.20 kg for the groups.

Group 3 had all 107 male pilots with 175 cm stature in GJB4856.

3.3 Results

The data of 67 fundamental items in GJB4856 are given in Table 3.1. The Mean (),
Std. deviation(s), and the 5th, 50th, 95th percentiles (Ps, Psg, Pos) are given.

3.4 Discussions

3.4.1 Two Samples with Different Stature

In GIB4856, the anthropometric items on head segment were coded in 1.1-1.53, the
items with standing posture were coded in 2.1-2.162, the measurements were taken
while subject sits were coded in 3.1-3.39, and the items on hand and foot segment
were coded in 4.1-4.50.
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Table 3.1 The data of 67 fundamental items for two groups of male taikonaut candidates (mm)

No | Code in Items Group 1 Group 2
GJB4856 % s % s Ps Ps, Pos

1 1.1 Maximum head length | 187.4 | 6.3 187.2 | 6.0 175.6 187.0 197.7

2 1.2 Maximum head breadth | 158.3 52 159.0 5.7 149.3 159.0 168.7

3 1.3 Total head height 232.9 10.5 |236.0 11.5 | 2133 236.0 |255.0

4 1.35 Bitragion breadth 146.0 |48 1462 | 4.7 140.0 145.0 154.0

5 1.40 Head circumference 572.9 129 | 5743 13.5 | 5533 575.0 | 597.1

6 1.44 Sagittal arc 342.9 13.8 | 3459 13.7 {3203 345.0 | 372.0

7 2.1 Stature 1719.8 |29 1749.1 |29 1745.0 | 1749.0 | 17540 | D

8 2.3 Eye height I 1604.0 | 9.6 1633.1 [10.5 |1615.3 |1633.0 | 1651.0 |D

9 24 Gnathion height 14869 |11.4 |1513.1 | 12.0 [1490.6 |1513.0 | 15367 | D

10 | 2.10 Crotch height 793.4 | 225 |807.3 18.7 | 773.1 805.0 8390 |®

11 | 2.11 Cervicale height 1468.9 |12.0 | 1494.1 | 9.6 1476.2 | 1495.0 | 15104 | D

12 | 215 Shoulder height 1398.7 | 14.4 | 14202 |13.9 |1397.3 |1421.0 | 14400 | D

13 222 Waist height 10429 |15.5 |1062.3 | 14.4 [1043.3 |1060.0 |1088.7 | (D

14 | 225 Iliospinale height 938.0 19.9 | 9579 |20.8 |919.1 9580 [987.0 |D

15 |226 Trochanter height 856.1 203 | 873.7 21.1 | 8333 873.0 9044 | D

16 |2.29 Radial height 1082.4 | 14.6 |1095.3 |16.9 [1066.2 |1092.0 |1124.8 | D

17 | 2.30 Radial stylion height 846.5 16.4 | 855.8 19.1 | 826.3 857.0 8922 |®@

18 | 234 Middle finger tip height | 664.1 17.6 | 670.8 202 | 637.0 |671.0 |708.5 ©)]
1

19 |235 Middle finger tip height | 2156.6 |28.8 [2193.8 |30.2 |2153.6 |2193.0 |22459 |®D
1I (over head)

20 | 2.39 Tibial height 440.0 12.5 | 4482 12.1 |423.5 447.0 | 468.1 @

21 | 243 Medial malleolus 72.6 5.5 73.8 55 64.3 74.0 84.1
height

22 |252 Shoulder breadth 392.6 14.7 | 396.2 12.0 | 3753 395.0 |419.1

23 | 2.61 Chest breadth 306.2 16.8 | 305.5 17.9 |279.3 303.0 |3345

24 | 2.65 Crista iliaca breadth 285.3 18.2 | 284.8 19.3 |256.3 282.0 |332.0

25 | 2.67 Hip breadth 326.9 13.5 | 329.6 147 |307.3 328.0 |359.8

26 | 2.77 Chest depth 225.4 142 | 226.2 155 |203.3 226.0 | 2552

27 |2.88 Length of upper 734.6 18.7 | 7494 |20.0 | 7164 |750.0 |782.1 [©)
extremity

28 290 Upperarm length 316.3 11.6 | 3249 156 [292.6 [323.0 |3464 | (D

29 2091 Forearm length 235.8 112 {2395 107 | 2220 |237.0 (2577 |®

30 | 293 Thigh length 498.0 16.6 | 509.7 19.0 | 474.1 511.0 | 5414 | @D

31 294 Leg length 367.4 129 | 3744 132 [352.6 [3740 |3984 |@

32 297 Crotch length 696.2 | 40.0 |701.9 |41.2 |6409 |700.0 |777.7

33 1299 Dorsal length 441.0 17.0 | 446.5 142 | 420.6 |449.0 |469.1 ©)]

34 |2.102 Acromion-neck root 138.8 104 | 139.7 10.7 | 1243 140.0 159.1
length

35 | 2.134 Neck root 450.1 21.3 | 4543 18.9 | 4253 |452.0 |489.0
circumference

36 | 2.135 Neck circumference 366.0 13.9 | 364.7 14.6 |3372 |363.0 |393.8

37 |2.139 Chest circumference [ 923.1 43.7 |923.6 49.2 | 845.1 917.0 1009.7

38 | 2.141 Waist point 792.3 652 | 7820 |60.6 |696.5 |777.0 |908.4
circumference

39 | 2.142 Waist circumference 807.2 62.0 | 798.0 |61.8 |715.8 |796.0 |921.4

(continued)
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Table 3.1 (continued)

No | Code in Items Group 1 Group 2
GJB4856 % s % s P Ps, Pos

40 | 2.144 Hip circumference 9327 389 [9382 |42.0 [880.6 |935.0 |1030.6

41 |2.148 Biceps circumference 286.8 19.3 | 289.1 223 |256.5 |285.0 |330.7

42 | 2.153 Forearm circumference | 264.9 132 | 2674 14.8 | 2453 265.0 290.7

43 | 2.155 Wrist circumference 166.0 6.0 167.0 7.3 157.0 166.0 178.7

44 | 2.157 Thigh circumference 5504 302 |554.0 |37.5 [500.0 |[557.0 |624.1

45 |2.161 Calf circumference 3744 200 |3743 19.7 3429 |372.0 |4132

46 |2.162 Ankle circumference 220.9 10.2 | 221.0 9.9 206.0 220.0 241.5

47 | 3.1 Sitting height 931.4 17.1 | 945.1 156 (9143 [947.0 |969.7 | (D

48 |33 Eye height II, sitting 815.6 17.5 |829.1 17.6 [798.3 |[831.0 |8527 |

49 |34 Shoulder height, sitting | 610.4 18.1 | 616.2 19.6 |579.4 |617.0 |645.1 ©)]

50 | 3.8 Elbow height, sitting 2624 | 224 [262.6 |226 [2215 263.0 |301.7

51 | 3.11 Thigh clearance height, | 154.7 12.2 | 153.7 12.8 | 1353 152.0 179.2
sitting

52 | 3.12 Knee height, sitting 506.8 122 | 5154 121 |497.0 |5140 |[5347 |®

53 | 3.13 Popliteal height, sitting | 421.7 11.8 |429.1 11.6 4093 4280 |[4494 |®

54 | 3.14 Acromial point-elbow 348.0 12.7 |353.6 140 |331.9 |[3540 (3750 |@
distance

55 | 322 Buttock-knee length, 569.4 13.6 | 578.8 13.2 | 557.6 578.0 601.7 [©)
sitting

56 | 3.23 Sitting depth 463.4 124 | 472.6 14.1 4463 [473.0 |4944 | D

57 |3.28 Elbow-elbow breadth, 4279 | 274 | 4279 266 |3829 |431.0 |479.7
sitting

58 |3.29 Hip breadth, sitting 343.9 152 | 347.1 15.6 |3253 |347.0 |379.7

59 | 4.1 Hand length 184.8 | 6.0 187.6 | 6.0 176.3 187.0 1970 | @

60 |45 FINGER 1I length 70.5 33 | 722 32 673 72.0 71.7 )

61 |[4.10 Hand breadth at 85.3 3.8 86.1 35 81.0 86.0 93.7
metacarpal

62 | 4.13 Proximal knuckle 1T 19.4 1.0 19.8 1.1 18.0 20.0 22.0
breadth

63 | 4.14 Distal knuckle IT 16.6 1.1 17.1 1.1 15.3 17.0 19.0 ©)
breadth

64 | 4.21 Hand depth 30.8 19 |[313 1.7 283 31.0 34.0

65 | 4.24 Hand girth 1 205.7 |85 [206.8 8.5 193.3 | 207.0 |222.1

66 | 4.39 Foot length 2536 |69 [257.9 |72 |2443 2580 |[267.7 |

67 | 443 Foot breadth 98.8 42 1989 4.1 92.3 99.0 106.7

D P<0.001, @ P<0.01, 3 P<0.05 in this paper

172 cm stature covered the range of 1715-1724 mm in Group 1 and 175 cm
stature ranged from 1745 to 1754 mm in Group 2 with reference to age stratification
method in Annex E of GB/T 22187-2008/ISO 15535:2003 [5].

The percentiles for stature group in 172 cm were 56.20-64.30 % and the per-
centiles for 175 cm stature group were 77.60-83.00 % in 1739 cases of GIB4856
databank. This means that user population will extend from 64.12 to 82.86 % of
total Chinese male pilot population in GJB4856-2003 when the upper limit of
stature shifts from 172 to 175 cm for taikonaut selection.
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3.4.2 The Anthropometric Characteristics of User
Population with 175 cm Stature Relative
to that of 172 cm Stature Group

3.4.2.1 Male Taikonaut Candidates with 175 cm and 172 cm Stature

For the measurements on head segment, no differences were found between Groups
2 and 1 in Table 3.1 for the six items in statistics.

For the measurements with standing posture, the differences were statistically
significant between Groups 2 and 1 in 20 of 41 items (see Table 3.1). The items in
height were larger in Group 2 with 175 cm stature than the same kind in Group 1
with 172 cm stature, except medial malleolus height coded as 2.43 in GJB4856.
This meant that product design in height should enlarge the height of gate or exit
may be adjusted from 172 to 175 cm approximately.

The greater the data of limb items is bigger in Table 3.1, the more the reachable
area of pilots is expansive in Group 2. It is suggested that personal protective and
life support equipment size may be different for male taikonaut candidates in Group
2 from that of Group 1 with the addition of dorsal length coded 2.99 according to
GJB20A [6].

Space workstation design should also accommodate to standing operations for
user population with 175 cm stature.

For measurements with sitting posture, there were 8 of 12 significantly different
items between Groups 2 and 1 in Table 3.1. The design eye position (DEP) is a key
point for workstation design such as aircraft with seated operations. If the upper
limit of taikonaut stature shifts from 172 to 175 cm in medical selection, the DEP in
sitting should be heightened approximately to 1.0 cm. Workspace and chair should
be redesigned for target user population because of parameter changes based on
anthropometric data such as (3.1) sitting height, (3.12) knee height, (3.23) sitting
depth, and (3.13) popliteal height [7].

For the measurements on hand and foot segments, there were 4 of 9 measure-
ments different between Group 2 and 1 in statistics. The differences may affect the
design of personal protective equipment as well as controls operated by hands or
feet.

3.4.2.2 Taikonaut Candidates to All Male Pilots with 175 Cm Stature

For the anthropometric data of all pilots of 175 cm stature, it seemed that only 2 of
67 items differed between Groups 3 and 2 in Table 3.2. The circumference items
coded as 2.141 and 2.142 in GJB4856 were more in Group 3 than in Group 2
(F =432 and 4.19, P < 0.05). It suggested that Group 3 had approximately the
same anthropometric characteristics as Group 2 on the one hand, and it was nec-
essary to pay attention to the overweight trends with age [8] on the other hand,
because there were more elder pilots (30.85 %) aged 36—53 in Group 3. The design
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Table 3.2 The data of 67 fundamental items for all pilots with 175 cm stature in GJB4856 (mm)

No | Code in Items Group 2 Group 3
GJB4856 % s % s Ps Ps, Pos
1 1.1 Maximum head length | 187.2 6.0 187.4 |59 177.0 187.0 197.6
2 1.2 Maximum head breadth | 159.0 5.7 158.7 52 149.4 159.0 167.0
3 1.3 Total head height 236.0 11.5 |235.1 109 |214.8 236.0 |254.0
4 1.35 Bitragion breadth 146.2 |47 146.5 | 4.7 139.4 146.0 155.2
5 1.40 Head circumference 574.3 135 | 5744 133 | 5524 575.0 | 595.0
6 1.44 Sagittal arc 345.9 13.7 | 3427 15.0 |320.0 |340.0 |371.2
7 2.1 Stature 1749.1 |29 1749.3 |29 1745.0 | 1749.0 | 1754.0
8 2.3 Eye height I 1633.1 | 10.5 | 16343 | 10.1 | 16164 |1634.0 | 1651.0
9 24 Gnathion height 1513.1 | 12.0 | 1514.1 | 11.5 | 14944 | 1513.0 | 1536.6
10 | 2.10 Crotch height 807.3 18.7 | 809.6 18.4 | 7784 | 808.0 |839.0
11 | 2.11 Cervicale height 1494.1 | 9.6 1497.1 | 10.7 | 1479.4 | 1497.0 | 15164
12 | 215 Shoulder height 1420.2 | 139 |1423.2 | 14.0 | 1399.6 | 1423.0 | 1445.0
13 222 Waist height 1062.3 | 144 | 1062.4 | 15.1 |1043.0 | 1061.0 | 1090.8
14 | 225 Iliospinale height 957.9 20.8 | 957.1 19.1 | 9248 |957.0 |987.0
15 |226 Trochanter height 873.7 21.1 | 874.7 202 | 837.6 |874.0 |905.6
16 |2.29 Radial height 1095.3 | 169 | 1098.5 | 16.8 |1069.8 | 1100.0 | 1126.0
17 | 2.30 Radial stylion height 855.8 19.1 | 859.1 19.2 | 827.0 |[859.0 |892.0
18 | 234 Middle finger tip height | 670.8 20.2 | 6734 19.8 | 641.6 |672.0 |710.6
1
19 |235 Middle finger tip height |2193.8 |30.2 |2195.8 |28.5 |2158.2 |2196.0 |2240.2
1I (over head)
20 |2.39 Tibial height 448.2 12.1 | 4494 11.9 [4274 |449.0 |469.6
21 | 243 Medial malleolus 73.8 5.5 74.8 53 65.4 75.0 83.2
height
22 | 252 Shoulder breadth 396.2 12.0 | 396.3 12.8 | 3754 [395.0 |419.6
23 | 2.61 Chest breadth 305.5 17.9 |307.8 18.8 | 2804 [309.0 |339.6
24 | 2.65 Crista iliaca breadth 284.8 19.3 | 289.7 214 | 2564 |287.0 |3326
25 | 2.67 Hip breadth 329.6 14.7 | 331.8 144 |3074 |331.0 |357.6
26 | 2.77 Chest depth 226.2 15.5 | 231.0 16.8 |204.0 |231.0 |264.6
27 |2.88 Length of upper 7494 | 20.0 | 749.9 18.8 | 717.8 | 750.0 |781.8
extremity
28 290 Upperarm length 324.9 15.6 |324.8 143 |301.8 326.0 | 346.2
29 291 Forearm length 239.5 10.7 {2394 10.6 2220 |239.0 |257.0
30 | 293 Thigh length 509.7 19.0 | 507.7 18.0 | 476.8 506.0 | 5382
31 | 294 Leg length 374.4 13.2 | 374.6 124 |3544 |3740 3954
32 |297 Crotch length 7019 |41.2 |708.8 |40.5 |647.6 |708.0 |776.2
33 1299 Dorsal length 446.5 142 | 4504 16.6 | 420.8 |450.0 |480.0
34 |2.102 Acromion-neck root 139.7 10.7 | 1389 10.7 | 1234 140.0 157.6
length
35 |2.134 Neck root 454.3 18.9 |456.6 |20.7 |425.0 |453.0 |493.0
circumference
36 | 2.135 Neck circumference 364.7 14.6 | 369.5 16.3 | 340.8 370.0 | 400.8
37 |2.139 Chest circumference I 923.6 49.2 |934.8 534 | 847.6 928.0 1034.0
38 | 2.141 Waist point 782.0 |60.6 |805.8 79.5 [697.0 [795.0 |9720 |
circumference
39 | 2.142 Waist circumference 798.0 |61.8 |821.5 78.9 [7164 |[815.0 |990.6 | Q@

(continued)
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No | Code in Items Group 2 Group 3
GIB4856 X P ¥ s Ps Ps, Pos
40 |2.144 Hip circumference 9382 |42.0 |945.8 |435 |881.4 |940.0 1029.8
41 | 2.148 Biceps circumference 289.1 223 2923 21.2 | 261.2 290.0 330.6
42 | 2.153 Forearm circumference | 267.4 14.8 | 269.0 13.8 | 2484 267.0 290.0
43 | 2.155 Wrist circumference 167.0 |73 1684 |73 158.0 167.0 180.6
44 | 2.157 Thigh circumference 5540 |37.5 |557.8 |363 |500.0 |560.0 |613.8
45 |2.161 Calf circumference 3743 19.7 | 376.1 20.0 3432 |377.0 |411.2
46 | 2.162 Ankle circumference 221.0 |99 |[2224 102 [206.0 |222.0 |241.8
47 |3.1 Sitting height 945.1 15.6 | 9445 153 9150 |945.0 |969.6
48 |33 Eye height II, sitting 829.1 17.6 | 8295 16.6 |801.4 |830.0 |852.6
49 |34 Shoulder height, sitting | 616.2 19.6 | 6185 17.7 | 5862 |619.0 |644.8
50 | 3.8 Elbow height, sitting 262.6 226 [2647 |21.2 [229.0 |264.0 |301.0
51 | 3.11 Thigh clearance height, | 153.7 12.8 | 1542 122 | 137.0 152.0 175.6
sitting
52 | 3.12 Knee height, sitting 5154 12.1 |5164 123 4964 |515.0 |534.0
53 |3.13 Popliteal height, sitting | 429.1 11.6 | 4293 11.6 | 4094 |429.0 |449.2
54 |3.14 Acromial point-elbow 353.6 14.0 | 353.8 134 |3322 |3540 |[375.0
distance
55 322 Buttock-knee length, 578.8 132 | 579.6 14.8 |5552 |579.0 |603.0
sitting
56 |3.23 Sitting depth 472.6 14.1 | 473.6 139 |4474 |473.0 |495.0
57 328 Elbow-elbow breadth, 4279 266 | 4349 289 |3832 |437.0 |490.0
sitting
58 329 Hip breadth, sitting 347.1 15.6 |350.5 153 |326.0 |[350.0 |3782
59 4.1 Hand length 187.6 | 6.0 187.4 |57 177.0 187.0 197.0
60 |45 Finger II length 72.2 32 | 722 33 |674 72.0 78.0
61 | 4.10 Hand breadth at 86.1 3.5 86.3 3.6 |81.0 86.0 93.0
metacarpal
62 | 4.13 Proximal knuckle IT 19.8 1.1 19.7 1.2 18.0 20.0 22.0
breadth
63 | 4.14 Distal knuckle II 17.1 1.1 17.0 1.1 15.0 17.0 19.0
breadth
64 | 4.21 Hand depth 31.3 1.7 |314 1.7 129.0 31.0 34.0
65 | 4.24 Hand girth I 206.8 |85 [2083 |92 1940 [208.0 |224.6
66 | 4.39 Foot length 2579 |72 |2577 |72 |2454 |258.0 |268.6
67 | 443 Foot breadth 98.9 4.1 99.1 42 1920 99.0 106.0
@ P<0.05

of personal protective and life support equipment should adapt to elder pilots or
taikonaut, especially in waist circumference if the designer is to take the elder user

population into account.

3.5 Conclusions

If the upper limit of the taikonaut stature shifts from 172 to 175 cm, product design
should adapt to changes in the anthropometric characteristics of target user popu-
lation on the basis of the 67 items presented in Table 3.1.
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Chapter 4

Selection of Basic Measurements on Head
Segment of Male Pilots for 3-D
Anthropometry

Xiaochao Guo, Lili Zhang, Duanqin Xiong, Linghua Ran
and Yanyan Wang

Abstract The 3D digital design and flexible manufacturing technology on head
protective products call for 3D anthropometric data from user population. ISO
20685:2010(E) recommended extracting the six measurements by head scanner
while all standards relative to male pilot products were based on one-dimensional
(1D) anthropometric databank with traditional measurement in China. The 35 basic
measurements were selected by designer survey and data analysis of 904 cases with
53 measurement items in GJB4856 databank to confirm the technological design
requirements for anthropometric data on head segment. And 40 landmarks on head
segment were identified for 3D anthropometry. The basic measurements covered
the main technological design usage for pilot products.

Keywords Basic measurements - Head - Male pilots - Anthropometry

4.1 Introduction

ISO 7250-1:2008(E) provides a description of anthropometric measurements which
can be used as a basis for comparison of population groups in which there were six
basic anthropometric measurements on head segment defined [1]. In order to use
data from 3D scanners in compatible internationally databases, ISO 20685:2010(E)
recommended extracting the six measurements by head scanner [2]. In fact, the
technological design requirements for anthropometric data may be different for
industries because of product and user population [3]. For example, GB/T2428
gave 41 head-face dimensions of adults, and there were totally 53 measurements on
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head segment listed in GJB4586 in China [4, 5]. So, the basic measurements on
head segment for 3D anthropometry were chosen here on the basis of designer
survey and analysis of user characteristic in GJB4856.

4.2 Methods

4.2.1 Designer Survey

The design requirements for anthropometric data were investigated in aviation
industries which included six product designers for pilot such as aircraft cockpit of
fighters, attackers, bombers, transports, helicopters, and trainers; and personal life
support and protective equipment as well as pilot product standards.

4.2.2 Analysis of User Characteristic in GJB4856

There were 30 fundamental items with 1739 male pilots measured, and 23 rec-
ommended items with sample size of 904 pilots in GJB4856. The factor analysis
and regression were therefore made for the 53 measurements on head segment in
data reduction with SPSS software based on data of 904 male pilots.

The sample of pilots aged 32.46 + 6.47 in years with stature (body height) of
(170.87 £ 4.35) cm and body mass (weight) of (69.11 + 8.62) kg.

4.3 Results

The main results of designer survey and analysis of pilot characteristic were in
Table 4.1. There were 13 principal components extracted after Varimax rotation
with Kaiser Normalization converged in 16 iterations and 70.57 % of total variance
explained.

4.4 Discussions

4.4.1 Requirements from Designer Survey

There were 33 items selected as basic measurements if they were:

(1) listed as basic human body measurements in ISO 7250-1:2008(E), or
(2) presented both in GB/T5703 and GB/T2428, or
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(3) desired by all the six aviation industries, or
(4) required by more than half the designers investigated and presented in either
GB/T5703 or GB/T2428 withal.

4.4.2 Factor Analysis Based on GJB4856 Databank

It was found that there were 4, 4, 3, 5, 1, 4, 2,3, 2, 3, 0, 1, and 1 items which were
selected as basic measurements distributed in long dozen rotated component matrix
in Table 4.1. The items coded 1.20 and 1.22 in GJB4586 were therefore picked
while taking the component c11 into account.

The set of basic measurements on head segment included totally 35 items in final
that are asterisked in Table 4.1.

4.4.3 The Basic Measurement as Predictor

The basic measurements could be used as predictors to calculate the values of other
items listed in Table 4.1. The regression equations of other measurements were
presented in Table 4.2 taking the 35 basic measurements as independents. All the
linear models were significant by ANOVA (P < 0.001).

4.4.4 Landmarks on Head Segment for 3-D Anthropometry

According to the definitions of the 35 basic measurements mentioned above in
Annex C of GJB4856, there were totally 40 landmarks on head segment for 3D
anthropometry which included glabella, pupilla (right and left), entocanthion (right
and left), ectocanthion (right and left), eye protuberance (right), orbitale (right and
left) with eyes; tragion (right and left), otobasion superius, otobasion inferius, retro-
aurale, anteaurale, supra-auricular point, and infero-auricular point with ears; sellion,
midpoint of nose, pronasale, subnasale, alare (right and left) with nose; cheil-angle
point (right and left) and stomion with mouth; and vertex, trichion, euryon (right and
left), frontotemporale (right and left), zygion (right and left), gonion (right and left),
gnathion, opisthocranion, and inion on the other parts of head.

4.4.5 The Usability of the Basic Measurements

The basic measurements on head segment were presented in Table 4.3 which was
cited by Chinese military standards in effect for technological design of pilot
products [6-10]. They all were subsets of the set of basic measurements on head
segment mentioned above.
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Table 4.3 The basic measurements cited by Chinese military standards
Codes in Items GJB20A | GIB35B | GIB36A | GIB6851.1 | GIB1471A
GJIB4586
1.1 Maximum head length |y y
1.2 Maximum head length |y y
1.3 Total head height y y
1.4 Auricular height y
1.5 Vertex-pupil height y
1.9 Morphological facial y
length
1.11 Least frontal breadth y
1.12 Bizygomatic breadth y
1.13 Biocular breadth y
1.16 Interpupillary distance y y
1.18 Nose length y
1.19 Nose breadth y
1.20 Median nose breadth y
1.21 Nose depth y
1.22 Median nose depth y
1.24 Midpoint-supramentale |y
distance
1.28 Mouth-gnathion y
distance
1.29 Mouth breadth y
1.32 Physiognomic ear y
length
1.33 Physiognomic ear y
breadth
1.34 Ear-ear breadth y
1.36 Bigonial breadth y
1.37 Occiput-pronasale y
distance
1.38 Occiput-tragion y
distance
1.39 Occiput-eye y y y y
protuberance distance
1.40 Head circumference y
1.41 Transversal y
circumference
1.44 Sagittal arc y
1.45 Transversal arc y
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4.5 Conclusions

The 35 basic measurements were selected by designer survey and data analysis
based on GJB4856 databank. They could produce the values of the other items in
GJB4856 and cover the main usage for technological design of pilot products.
There were 40 landmarks on head segment to be identified for 3D anthropometry.
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Chapter 5

Numerical Calculation and Analysis
of Influencing Factors on Waist Force
of Armored Vehicle Driver

Weiping Liu, Binhe Fu, Xixia Liu and Yi Jin

Abstract High morbidity of low back pain is a prominent problem for crews in
operating armored vehicles. The low back pain of drivers has a direct relationship
with the waist force under unreasonable postures. Based on the national military
standard (GJB) and national standard (GB), this paper built a biomechanical model
of armored vehicle driver’s waist aiming at operation characteristics of armored
vehicle driving. Influencing factors on waist force of armored vehicle driver were
figured out. Numerical calculation was conducted and the change laws of
influencing factors were analyzed, which gave out analysis conclusions. The results
obtained from this paper can provide reference for improving waist force of
armored vehicle drivers.

Keywords Waist force - Numerical calculation - Biomechanical model

5.1 Introduction

High morbidity of low back pain is a prominent problem for crews in operating
armored vehicles. The investigation result from Ref. [1] indicates that the morbidity
of low back pain of armored vehicle crews was 73.7 %. The morbidity of drivers, as
high as 94.0 %, is the highest among all the armored vehicle crews and is 56-68 %
higher than that of oversize vehicle drivers [2, 3]. The test data of typical operating
posture of armored vehicle drivers from Ref. [4] indicate that the operating posture
of armored vehicle driver was a form of compulsive position. The low back pain
increases because of the long-time and single-posture repetitive operation under bad
postures.
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The low back pain of drivers has direct relationship with the waist force under
unreasonable postures. It will provide helpful reference for relieving drivers’ low
back pain to analyze the influencing factors of waist force of armored vehicle
drivers and help to change the laws. For this reason, regarding the typical armored
vehicle driving cabin as the study object, this paper employed human biome-
chanical modeling and numerical calculation and analysis to analyze the influencing
factors of the waist force of armored vehicle drivers, which concluded helpful
results.

5.2 Mechanical Model of Driver’s Waist Force

By analyzing several types of typical armored vehicles, it is concluded that hand
control of armored vehicles are arranged in the same plane with driver’s shoulder
joint and motion track of hand operation. Therefore, this paper employs 2D
multi-rigid body biomechanical model, as is shown in Fig. 5.1, for better analysis.
Meanings of parameters are as follows:

Gy, ..., Gs are the mass of head, body, upper arm, forearm and hand separately.
F,,y, is the back strength, which refers to the force from erector spinae. F,, is the
reacting force at the L4/L5 against the top of sacrum and the bottom of lumbar
intervertebral disc, which is exerted by sacrum and exert a force upon spinae. The
component force of F,, in the direction of spinae is the vertical pressure at the L4/
L5, which is represented by F,,.. The component force of F), in the vertical
direction of spinae is the horizontal pressure at the L4/L5, which is represented by
F,y. F. is the operating force exerting on arms when driving. op is the angle
between F,, and vertical plane. ay is the upper arm angle, namely, the angle
between upper arm and vertical line. op is the forearm angle, namely, the angle
between forearm and horizontal line. o3 is the body angle.

Fig. 5.1 Driver’s
2-dimension biomechanical
model
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When body is in the state of balance, the sum of torque exerting on the L4/L5
lumbar vertebra is 0. Based on the torque equilibrium equation Y M =0, it is
defined as follows:

GX;—F.L
Py, = =X L

(5.1)
where X; is the length of perpendiculars of barycenters at L4/L5 separately, and X,
is the distance between erector spinae and spinae, which is 5 cm [5].

Relative mass of each link in human model and the parameters of barycenter
relative position of each link in human model refer to date in GB/T 17245-1998. It
is defined as follows:

H
F,, = 500 [G(0.87 sino; + 9.88 sin oz + 0.58 sinay + 0.2 cos ag) — F.(0.29 cos o3

—0.19cos oy + 0.14 sin ag)]
(5.2)

Based on equilibrium of forces, > F =0, ie., Y F, =0, > F, =0:

F,,sino; — F,

1gog = - 53
8%0 = 0.5644G + F cos a3 (5:3)

reacting force at L4/L5:

Fysinos — F

Fy = W (5.4)
vertical pressure:
Frye = Fyycos(asz — og) (5.3)
horizontal pressure:
Fyys = Fpysin(oz — 0p) (5.6)

5.3 Influencing Factors and Numerical Calculation

5.3.1 Main Influencing Factors Analyzing

According to Eq. 5.2, there are three factors influencing driver’s waist force. First is
the human parameter, which comes from the change of human geometric dimen-
sions after mass distribution parameters of each link have been defined. Second is
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the parameter of cabin. From geometric model of driver’s operating posture in Ref.
[6], the change in parameters of cabin would influence parameters of driver’s
operating posture such as upper arm angle and body angle. Third is the operating
force, which depends on performance of operating device.

5.3.2 Numerical Calculation

Based on geometric model of driver’s operating posture built in Ref. [6] and
driver’s biomechanical model in this paper, a numerical calculation diagram of
influencing factors in waist force of armored vehicle driver is presented shown as
Fig. 5.2. Human geometric dimensions refer to data of Table 2 from Ref. [6] which
regard the test data of armored vehicle crews’ human dimensions given from

Initial and constraint conditions

' 1
. 1
. 1
1 - '
!' | Human factors: Physical faFtQFS: . :
! Human percentile Cha.n-ge limits in | |
1 Constraint of link positions of seat !
| angle and periscope !
. 1

Influencing factors
Human dimensions
Cabin parameters
Operating pattern

|
AJ

Driving posture adjustment
Acquiring links angles

l Parameter adjustment

Waist force calculating

Other factors?

Result output

Fig. 5.2 Analyzing procedure in numerical calculation of influencing factors on driver’s waist
force
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GJB1835-1993 as basic accordance. According to data in GB8420-87, human
dimension of each link is revised by linear interpolation method.

To distinguish influence of each main factor, numerical calculation is conducted
in three conditions as follows:

(1) Aiming at driving cabin of certain tank, simulated calculations of waist force
in different percentile are conducted under conditions when windows are
opened and closed. When windows are opened, each angle of driver refers to
test data in Ref. [4];

(2) Taking 50th percentile human dimensions as study object, relationship
between changes of cabin arrangement parameters and waist force of drivers
by modifying positions of seats in driving cabin and periscopes within limits;

(3) Aiming at driving cabin of certain tank, operating force curve of sheering
operating device is taken as input to conduct numerical calculations of driver’s
waist force in different percentile under conditions when windows are closed.

5.4 Result Analysis

5.4.1 Influence of Height on Driver’s Waist Force

Figures 5.3 and 5.4 show analyses results of different percentile drivers under
conditions when windows are closed and opened. Figure 5.3 shows waist force of
different percentile drivers when windows are closed, while Fig. 5.4 shows waist
force of different percentile drivers when windows are opened.

It is concluded from Figs. 5.3 and 5.4:

(1) No matter windows are closed or opened, waist force of high percentile driver
is obviously bigger than that of low percentile driver. Take the window-closed
driving as an example, waist vertical pressures of 50th and 95th percentile
driver are separately 1.6 times and 2.4 times of 5th percentile driver, while
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Fig. 5.3 Contrast of different percentile drivers’ waist force during window-closed driving
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Fig. 5.4 Contrast of different percentile drivers’ waist force during window-opened driving

horizontal pressures are separately 2.07 times and 3.37 times, which waist
force of high percentile drivers are easy to feel fatigue. Therefore, armored
vehicle drivers have to be selected to avoid high percentile people.

(2) Driver’s waist force of window-opened driving is smaller than that of
window-closed driving. During window-opened driving, there is less external
observation constraint for drivers. Thus, there is more room for drivers to adjust
postures and the waist force decreases because of the decreasing body angle.

5.4.2 Influence of Cabin Arrangement Parameter Change
on Waist Force

Relationship between 50th percentile driver’s waist force and driving seat is shown
as Fig. 5.5, which shows influence of position change of driving seat in horizontal
direction on waist force. Relationship between 50th percentile driver’s waist force
and position of periscope is shown as Fig. 5.6, which shows influence of position
change of periscope in vertical direction on waist force.
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Fig. 5.5 Influence of position change of driving seat in horizontal direction on waist force
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Fig. 5.6 Influence of position change of periscope in vertical direction on waist force

(1) TItis concluded from Fig. 5.5 that driver’s waist force increases as the relative
position between seat and periscope increases. On the contrary, driver’s waist
force decreases as the relative position between seat and periscope decreases.
The increase of relative position between seat and periscope results in the
increase of body angle in sitting posture directly.

(2) TItis concluded from Fig. 5.6 that driver’s waist force decreases as the relative
position of periscope increases. It is good in decreasing driver’s waist force to
increase the height of periscope within limits.

5.4.3 Influence of Operating Force on Waist Force

The relation curve between steering force of certain tank and rotational angle of
joystick is shown as Fig. 5.7. Numerical calculation result of different percentile
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Fig. 5.7 Operating curve of operating joystick in certain armored vehicle
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Fig. 5.8 Relationship between different percentile people L4/L5 waist force and operating joystick
angle

driver’s waist force over the change of operating force is shown as Fig. 5.8 under
conditions when windows are closed.

As shown in Fig. 5.8, driver’s waist force varies with the rotation of operating
joystick during actual operation. The increasing external force makes obviously
increasing waist force.

It is indicated from the statistical result that more than 85 % operations of
operating joystick are in the limit ranging from 70° to 105°. It is indicated from
Fig. 5.8 that 5th, 50th and 95th percentile driver’s waist force maximum are 1850,
2450 and 3167 N respectively. The corresponding horizontal pressure is 322, 524,
and 710 N respectively. According to regulations from National Institute for
Occupational Safety and Health (NIOSH), L5/S1 lumbar vertebra pressure is sup-
posed to be 3400 N and horizontal pressure to be 508 N. Pressure limit of L4/L5 is
similar to that of L5/Sl. Obviously, 50 % horizontal pressure of L4/L5 driver’s
lumbar vertebra is out of the safe limit under this circumstance.

It is indicated from the result that operating force has significant influence on
driver’s waist force. Therefore, it is significant for relieving armored vehicle dri-
ver’s low back pain to improve operating performance and decreasing force.

5.5 Conclusions

(1) External observation device of armored vehicle cabin constrains driver’s
operating posture. Therefore, high percentile drivers are unsuitable for oper-
ating in cabin and crews need to be selected;

(2) To decrease the influence of unreasonable operating posture on driver’s waist
force, it is suggested to open the windows during armored vehicle driving.
Otherwise, it is supposed to adjust the seat position to decrease the relative
horizontal position between periscope and driving seat. When the operating
room is designed, the arrangement of periscope and driving seat are supposed
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to satisfy the purpose of comfortable driver’s body angle, and also increase the
horizontal and vertical adjustment amount appropriately of driving seat;

(3) Operating device is supposed to employ power-assisting device and hydraulic
device to decrease driver’s waist force during armored vehicle driving.
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Chapter 6
Peer Assessment Modeling and Design
in Military Training

Cheng Jin, Zhibing Pang, Xiaogao Wang, Zhaofeng Luo
and Quanliang Yin

Abstract Peer assessment software is useful as part of mutual assessment in
military training to enhance the overall training level. We conducted experiments to
obtain a scoring algorithm and the relevant weight on which the software should be
developed to score each trainee. The basic algorithm and software procedure
contribute to the final scoring of each trainee. By employing a large amount of
experimental data, the algorithm and software may provide an accurate method for
peer assessment in military training.

Keywords Peer assessment - Algorithm - Software

6.1 Introduction

In military training, peer assessment tends to be adopted in order to increase
training enthusiasm and improve the training effect. In line with the unit’s training
conditions, peer assessment is used to target the post requirement of trainees and
improve the trainees’ organizational capabilities. Thus, the trainees may swap roles
between trainee, organizer, and examiner. In traditional training, the organizer
assesses the trainees and scores the subjects, which does not encourage the sub-
jective initiative of the trainees. Lacking passion in training and study, trainees just
simply prepare for their own examinations. The trainees’ capability in different
roles cannot be developed in a comprehensive way.
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Mutual assessment makes trainees further involved in the military training. The
mutual assessment modeling may improve the evaluation system as well as the
trainees’ capability to learn and guide the training.

6.2 Peer Assessment

Assessment with scoring plays the role of the baton in the course of instruction. It is
the core of teaching quality management as well as the motivation for self-study [1].
From the instructor’s perspective, assessment with scoring clarifies the learner’s
condition, which can be taken as the basis to improve the instruction mode. From
the trainee’s perspective, assessment with scoring allows the trainees to know
themselves, which can be taken as the point of reference. Peer assessment is dif-
ferent from the traditional scoring mode, which is organized by trainers to score
every aspect of trainees. Mutual assessment gives initiative to the trainees, who
conduct regrouping and scoring. They have the ability to assess others and attain
their own results. It may not only increase the trainees’ enthusiasm but it can also
examine their level of assessment, which can be another improvement for them to
some degree [2]. Evaluation of scoring can give trainees a good command of their
learning conditions, allow them to consider it as a reference resource to change their
study methods.

6.3 Building the Model

After training and moving into the period of assessment (which also includes
companions’ evaluation of each other), we can divide every trainee’s score into two
parts: a teaching score and an evaluation score. These scores can then be combined
according to their weightings, giving a final result.

6.3.1 The Trainee’s Teaching Score

— er‘l:_ll Ni - Nmax - Nmin
n—73

b;

In the above calculation, b; is the jth trainee’s assessment score; Z?;ll N; represents
the total score for the trainee; Nyax represents for the trainee’s highest mark; Npin
represents the trainee’s lowest mark; and n represents the number of the evaluated
trainee.
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6.3.2 The Trainee’s Evaluation Score

1005 (1 — Lol 1
Zz_l( b; )+K4>< 020m

1
In the above calculation, n represents the number of the evaluated trainee; m rep-
resents the right number that the jth trainee gives to the other n — 1 trainees in score
order by comparison between any two means; a;; is the score that the jth trainee
gives to the ith trainee; b; is the ith trainee’s assessment score; ¢; is the jth trainee’s
score for scoring accuracy; K3 and K4 are weighting coefficients; and
K3+K4=1.

6.3.3 The Trainee’s Final Score

Z; = K1 X b; + K2 X ¢;

In the above calculation, ¢; is the jth trainee’s score for scoring accuracy; b; is the
jth trainee’s assessment score; K1 and K2 are the relevant weighting; and
K1 +K2=1.

6.4 Determine the Weighting

6.4.1 The Experiment Subjects

Thirty-nine trainees who took part in equipment operation training for a week were
the subjects of our experiment.

6.4.2 The Experiment Method

To formulate the corresponding weighted scoring table, each trainee was assigned
to four weights according to their knowledge. After calculating the average and
removing the outliers to take the average value, we compared the weighted scores
of ten experts to determine the scores of the four weights [3]. The statistical weights
after computing are shown in Table 6.1.

The value of K1 was consistent with the experts’ scores when the highest and
lowest scores were removed to get the average. K1 was determined to be 0.68. For
the same reason, we determined that K2 is 0.32, K3 is 0.62, and K4 is 0.38.
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Table 6.1 The statistical weight table

Weight K1 K2 K3 K4

Trainee | The average of weight after removing 5 highest |0.68 032 |0.62 |0.38

scores and 5 lowest scores
The average of weight 0.67 033 |0.62 |0.38

The organizer 0.68 032 |0.61 0.39

6.5 Design Software

Based on the algorithm formula [4], we used Matlab to read the data and design the
types of the software. There are three main parts of the software: data input module,
data processing module, and data display module.

6.5.1 Data Input Module

The data input module is as follows:

Open the file, the score table.xls. Input data in the sheet. The data input format is

matrix A, where A(i,j) represent for the score that the ith trainee give to the jth
trainee.

6.5.2 Data Processing Module [5]

Open the pingfen.exe to continue the data processing module.

Sk W=

There are 13 procedures for the data processing module:

Input the score matrix A

Input K1, K2, K3, K4

Input the number of the trainees Num

Input the number of the trainees that score the ith trainee lieo_num

Get the number of trainees that have the ith trainee score hango_num(i)

Get all the possible situations for which the number of the trainees by com-
parison between any two means that the ith score Cﬁango_num< )
Get the correct possible situation for which the number of the trainees by
comparison between any two means that the ith score m

The procedure to know m is as follows: get the ith score for the people’s scoring
matrix p{i}; get the ith score for the people’s scoring order matrix pz{i}; trans-
form the p{i} and pz{i} individually to order matrixs p1{i} #0 pz1{i} which can
compare between any two means, such as: p{1} =[2 5 3 4 1]. After
transformation, it will be:
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pH{l1} =

AW LW NN NN
—_— = N = RN W= B~ W W

Compare p1{i} and pz1{i} to get the number of correct rows p1{i},which also

is m.
Num
. L A(
8. Get the ith trainee’s assessment score b; = 12‘217“)
ieo_num(i)
9. The score that the jth trainee scores the ith trainee a; = A(i, /)
10. The correct scoring order score for the ith trainee px(i) = m—"—— x 100
hango __num(i)
Z]‘\Ium (1_ "zjb’h[|>
11. The scoring accuracy of the ith trainee df (i) = —t————2 x 100

lieo_num()
12. Get the scoring score for the ith trainee ¢; = K3 x df (i) + K4 x px(i)
13. Get the ith trainee’s final score z; = K1 x b; + K2 X ¢;

6.5.3 Data Display Module

Open the file for the score table.xls. The computing result is shown in the output
data table [6].

6.6 Conclusion

The requirements for the military are the real solider, real equipment, real space,
and real assessment. Every trainee should have a good command of knowledge and
practice, repeatedly examining equipment and people for certain training subjects.
Using peer assessment modeling, every trainee will interview and score other
trainees objectively, thus making the abstract problem more clear, making quali-
tative evaluation more quantitative, making tedious calculations more procedural,
improving the objectivity of evaluation, achieving rapid and accurate evaluation of
the practice effect, deepening the practice of the military training, and realizing the
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transformation of the operator and the interview. When combined with peer
assessment modeling, this modeling algorithm and outputting score via software
greatly improve the ability of the trainees. In their future military careers, it will
have vital significance by cultivating excellent professional supervisory talents.
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Chapter 7

An Analysis of Major Psychological
Misunderstandings in Military Academy
Course Design

Hua Li, Weixin Liu and Jie Xing

Abstract The significance and value of psychology in the military academy course
design is not fully acknowledged and accepted, and the divergences in its theo-
retical cognition and practical exploration exist. Thus there are many psychological
misunderstandings in course design. By wide research and theoretical demonstra-
tion, the article reveals the major psychological misunderstandings in the military
academy course design, which include the misunderstandings of thinking, value
orientation, emotion and attitude, and roles. Based on the analysis of these mis-
understandings, the article finds out that the most fundamental way to eliminate the
misunderstandings is to enhance the psychological quality of course designers. It is
expected to provide effective psychological aid to the military academy course
design.

Keywords Military academy - Course design - Psychological misunderstanding -
Analysis

7.1 Research Purpose

The research and practice of military academy course design has not formed a
complete system, and many differences still exist in the theoretical cognition and
practical exploration. Most of all, the psychology in the military academy course
design, as a new research perspective, has not been fully recognized and accepted
for its significance and value. All these are the important reasons for the psycho-
logical misunderstandings in the military academy course design. To analyze and
eliminate the psychological misunderstandings and to provide effective psycho-
logical aid to the military academy, course design is the basic expectation of this
article.
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7.2 Major Psychological Misunderstandings in Military
Academy Course Design

7.2.1 Misunderstandings of Thinking

The process of course design is a multi-objective decision-making, which is
essentially a thinking process of problem-solving [1]. Thinking activities in
problem-solving can be divided into four stages, which are characterizing the
problem, designing the scheme, implementing the scheme, and evaluating the
result. The extensity, profundity, creativity, and criticalness, flexibility and logi-
cality of course designers’ thought has a significant impact on the scientificity and
practicality of course design. Misunderstandings of thinking are mainly manifested
in two aspects.

The first is thinking-set. Thinking-set is a common failing generally existing in
current military academy course designers. Set is a psychological state of prepa-
ration which was formed in previous activities, will influence follow-up activities.
Thinking-set of course designer is used to manifest in solving the problem in a
conventional way. Thinking-set will prevent people to discover and solve new
problems. Take something for instance. The current structure of the military
academy has undergone major changes; the original teaching plan has been
developed for the teaching personnel cultivating program; the teaching syllabus has
been replaced by the course standard; and the personnel training objectives model
has been increased as a new structural levels [2]. Facing the new changes, the
military academy course designers cannot completely grasp the spiritual essence of
the teaching personnel cultivating program and the course standards, and cannot
fully appreciate a series of influences of the new changes on teaching, so that they
still design the personnel cultivating program and the course standard in the
thinking mode of designing the teaching plan and the teaching syllabus, and they
even “label” just the name on old syllabus and teaching plan.

The second is functional fixation. Functional fixation means that in solving
problems, the individual often only focusses on certain general functions of things,
but cannot have other latent functions in mind. For a long time, the military
academy course designers only see the role of knowledge carrying and transferring
of course programs, and overlook the potential role of shaping for values of
emotional attitude and the ideals and beliefs of the cadets. The functional fixation is
transferred to the course programs through course designers’ decisions, so that
attention will only be paid to the dominant part of the course other than the hidden
part, and the intellectual part of the dominant part other than the nonintellectual
part. These phenomena are not conducive to the cultivation of high-quality military
personnel of a new type.
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7.2.2 Misunderstanding of Value Orientation

The process of course design is also a process of value orientation. The value
concept through the course design directly determines the results of the course
design, and directly affects the confirmation of the goal of personnel cultivating, the
design of the course standards, and the setting of the course. The value orientation
of the military academy course design points to training qualified military personnel
prepared for the military construction and military struggle. Qualified military
personnel must comply with the “five phrases” requirements. They should have the
faith, courage, and ability of “winning the battle” and “never degenerating,” have
comprehensive knowledge structure and adaptable ability, and have high-strength
innovation spiritual, practical ability, profound scientific and humanistic attainment.
They should also have a sound personality and correct world outlook, outlook on
life and values, have patriotic spirit, moral qualities and aesthetic ability, and have
the needs of life-long learning and healthy spiritual life in the world, which is the
value orientation of the military academy course design. To accurately recognize
the value orientation, apply it in the course design as guideline, and embody it in the
design, is the primary factor of the military academy course design.

For a long time, the military academy course designers, driven by the motto of
“knowledge is power,” have been limited to think about how to teach cadets.
Knowledge standard has become the gist of course design. And the cadets also take
mastering abundant knowledge as their responsibility. This kind of value orienta-
tion makes the military academy course design pay overmuch focus on the con-
struction of knowledge structure, and the gap between academy education and
military training get wider and wider. Currently, the military academy course design
guideline has changed to note the importance of capacity-building. The course
concept of capacity-building proposes to effectively apply knowledge to solve
practical problems. To acquire knowledge is to build and improve abilities, and to
receive education is to be qualified for employment of the future. The course
concept is a big step compared to the knowledge base, and it is more in line with the
needs of social progress and personal growth. Ability standard has faced an
embarrassing situation all along about how to effectively put knowledge into
practical ability. Until now, teaching has not solved the problem. The ideology of
“quality education” has become the consensus of current education. It advocates the
integration of knowledge, ability, and quality, and its highest goal is to cultivate the
national quality, reshape the national culture, uphold the national spirit, and perfect
the personality. The personality-based value orientation thinks that the course
objective should include knowledge and skills, processes and methods, attitude and
values of these three areas. However, due to the deep-rooted sense of the knowledge
standard, the course objective is bounded in the knowledge and skills aspect. The
important teaching objective has been abandoned. The objectives should be to
cultivate learners’ ability to grasp the learning process and to master the science
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learning method, to create a good learning emotion, attitude and personality, and to
establish a correct world outlook, outlook on life and values by leaning

7.2.3 Misunderstanding of Emotion and Attitude

Emotion and attitude is a factor that is often overlooked in the study of course
design, while it has important effect. In the design process, course designers have
not only a definite mind and value orientation, but also more or less a certain
emotion and attitudes tendency.

Currently, the misunderstanding of emotion and attitude in the military academy
course design is as following. As for teaching management staff, they just focus on
the organization and planning of course design, and have no enthusiasm on specific
design processing. As for teachers, they only concern about the task of their own,
and always have a sense of completion of the task. Meanwhile, job burnout of
course designers makes them not connect course design with their interests and
values, so the course designers lack fiery passion and deepest wisdom. As for
cadets, they have been free from the course design activities for a long time, so
another problem is the serious lack of their initiative and enthusiasm of course
design. In addition, the main body of personnel lack necessary contacts and interact
with the cadets, therefore, it is difficult to take course design as a positive behavior.

7.2.4 Misunderstanding of Roles

The role is the product of human socialization. It is the unity of responsibility, right,
and interests of people in the practice of social life. It is embodied by a series of role
abilities of cognitive ability, role expectation, role attitude, and role playing [3].
How relevant personnel understand themselves and the status and role of others in
course design affects the duty confirmation of designers and emotion and wills in
course design. Two groups of course designer are the main personnel and partici-
pants, and there is a clear difference between them. The misunderstanding of roles,
such as role positioning is not accurate, or ignoring the role, frequently appears in
the process of course design.

Error positioning of the main part of course designers’ roles can be summed up
in two words: “maximize” and “minimize.” For a long time, the main military
academy course designers have a common notion with their own role and position,
and they think that they do not play any direct role in the course design. What they
mention often is that “we are the performers. We just perform what we are asked to.
Personal roles are not embodied in the course design.” So they fail to see the
importance of their roles as designers, and to be aware of their responsibility
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and mission, and they ignore the cadets’ role expectations about them. This is to
“minimize” the course designers’ own role consciousness. In the meantime, due to
the deep-rooted ideology of academic authority in the process of course design, as
well as the “official standard” of teaching management personnel, the course
designers carry their academic authority and administrative authority up to the
unquestionable degree in course design. This is to “maximize” the course designers’
own role. Inaccurate positioning of the course designers’ own role makes the course
design lack democracy, interaction, and development.

As course design participants, the cadets’ role and function has not been rec-
ognized since long. The military academy and teachers ignore the cadets’ role, and
the cadets themselves are unaware of their importance to course design. On the one
hand, the management hegemony of executive authority, the course hegemony of
academic authority, and teaching hegemony of teaching faculty has imprisoned the
minds of the military academy course designers, so that cadets have not been
included in the scope of participation of course design [4].

On the other hand, after enrollment, the cadets will follow the course program to
start learning. Learn. What to learn, learn to what extent, and even how to learn,
will not worry the cadets. What the cadets should do only is to attend class on time,
listen carefully, remember key points, and get a high score, which has become a
common way of all military academies to educate cadets. Cadets have become
accustomed to it. So in the way of learning, they are used to receiving ready-made
conclusions; in the management of understanding, they are accustomed not to
violate the rules and regulations; in the ideal pursuit, they are accustomed to let it
be; in the emotional tendency, they are accustomed to herd behavior. The subject
consciousness of cadets is not clear. They do not have the desire to express their
own wishes [5].

7.3 Conclusion

Knowing the misunderstanding and analyzing it aims to eliminate the misunder-
standings. The effective way to eliminate the understandings is to enhance the
psychological quality of the military academy course designers. Psychological
quality is the core of the military academy course designers overall quality. The
enhancement of psychological quality is beneficial to promoting the perfection of
their own personality, the maintaining of a good working attitude, and the devel-
opment of their potency, so that the quality of courses and the quality of education
in military academy can be ultimately improved, and the goal of developing
qualified military personnel of all-around development can be reached.
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Chapter 8
A Research on Operator Selection Criteria
of a Certain Type of Equipment

Zhaofeng Luo, Zhibing Pang, Jun Chen, Hongyan Ou, Yu Jin
and Cheng Jin

Abstract This paper is on purpose to increase the scientificity and reasonability of
the selection and improve the training effect through the research on selection
indices of certain equipment. It adopts the methods of consulting literature mate-
rials, expert marking, and practical testing to research the effects of physical and
psychological indices on the selection of operators. The specific model of weapon
has unique requirements on physiology and mental qualities of operating personnel.
The physical and psychological parameter indices of operator are presented through
data processing; the indices priority is determined and they are endowed with
weights. Some of the physical indices are necessary for the selection, and the left
physical and psychological indices have certain effect on the operator. The research
result of this paper will provide feasible selection criteria for the operator selection
which is of practical significance.

Keywords Operator - Selection - Selection criteria

8.1 Significance of Selection

The selection means choosing operators from serviceman group, who are qualified
to the operating of specific model of equipment. Seeking the best combination
between operator and equipment is the essence of selection [1]. This paper is
defined as the purposes which can operators to be capable of their posts, it discusses
the selection and evaluation through characteristics of equipment and person’s
operating. Thus, the working efficiency can be increased and best performance can
be fully displayed. There are mainly three significances:

First, with the development of informatization, military equipment develop
rapidly, military posts change from few to even more, division of labor become
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more detailed, and there exits great change of requirements to person. According to
the situation of our army now, the selection also has some shortcomings. For
example, there are more qualitative analysis and less quantitative analysis and the
selection lack of scientific issue. The shortages of the soft power may become a
bottleneck to the development of our army and become a “weak link” which should
be developed greatly (Table 8.1).

Second, according to the combat power, selecting the personnel who can adapt
to the demand of these posts better can shorten the cycle for equipment to be
combat-ready and accelerate the combat ability. At the same time, the selected
people have corresponding conditions and meet the basic quality of post demands.
Finally, the human errors can be reduced efficiently, the integrity of equipment can

Table 8.1 Index system of operator selection

First-class indices

Second-class indices

Third-class indices

Physiological
factors

Measurement of physical
condition

Height

Arm length

Visual sense

Eyesight

Visual directional search
capability

Auditory sense

Hearing

Hearing positioning ability

Response speed

Vision response speed

Hearing response speed

Physical strength

Arm power (pull)

Arm power (push)

Strength of right index finger

Physiological adaptability

Endurance

Anti-fatigue capability

Anti-vertigo ability

Overall coordination

Body balance capability

Instantaneous stability

Handedness

Close the left eye tight

Psychological
factors

Ability structure

Wisdom

Observational ability

Memory

Attention

Reaction time

Character Structure

Braveness

Self-discipline

Stability

Perseverance

Anxiety
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be ensured, the occurrence of accident can be prevented efficiently, and the non-
combat loss can be reduced.

Third, from the angle of the economics, if the distribution of post is reasonable,
people who meet the equipment post demands are selected to hold the post, the
allocation human resources rationally and effectively can be realized; training time
can be shortened and training costs will be decreased so that the whole economic
benefits of military training will be increased.

8.2 Research of Building of Selection Model

Operator selection means the testing and judging of physiology and mental qualities
[2] of candidates with the help of special testing device and application of scientific
theory achievement according to different requirements of equipment, choose
operators to be capable of their posts according to impersonal demands.

8.2.1 Build Index System of Selection

Building of a center type of equipment operator selection index system is a
groundbreaking work in the field of specific post staff selection. On the premise of
referring to plenty of domestic and international materials, this paper logically
analyzes and arranges the selection on the basis of small-scale questionnaires,
experimental study, expert consultation, and group discussions. From analysis and
arrangement, some obvious repetitive and in-terembracing selection indices are
eliminated preliminarily, each index is classified according to objective analysis
method in order to screen indices [3, 4]. The preliminary index system follows:

8.2.2 Determine Indices Priority

This decision is taken by votes of experts. The priority 1 indices are the indices
which are considered as necessary indices by more than 80 % of experts. There are
15 members in the experts group: 4 relevant experts from the academies, 3 main
responsible leaders and counterparts staff officers, 2 direct-level officer, and 6
experienced operators.

From the votes of experts, some psychological indices can meet the requirement
through corresponding training, while some physical indices are unable effectively
to meet the requirement after training which are defined as priority 1. The indices
which can be changed after training are defined as priority 2. The results are shown
in Tables 8.2 and 8.3.
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Table 8.2 Priority 1 indices

Z. Luo et al.

First-class indices

Second-class indices

Third-class indices

Physiological factors

Measurement of physical condition Height
Arm length
Visual sense Eyesight

Visual directional search

Auditory sense

Hearing

Hearing positioning ability

Response speed

Vision response speed

Hearing response speed

Overall coordination

Handedness

Close the left eye tight

Table 8.3 Priority 2 indices

First-class indices

Second-class indices

Third-class indices

Physiological factors
Uy

Physical strength (a;)

Arm power (pull) (a;;)

Arm power (push) (a;»)

Strength of right index finger
(ar3)

Physiological adaptability
(az)

Endurance (ay;)

Anti-fatigue capability (a;)

Anti-vertigo ability (a,3)

Overall coordination (a3)

Body balance capability (az;)

Instantaneous stability (as;)

Psychological factors
(U2)

Ability structure (ay)

Wisdom (a4)

Observational ability (ay;)

Memory (a43)

Attention (as4)

Reaction time (ass)

Character Structure (as)

Braveness (as;)

Self-discipline (as,)

Perseverance (as4)

Anxiety (ass)

8.2.3 Determine the Indices Weight

On the basis of selected evaluation indices, determining the weight of indices is the
key point. The determining of weight refers to the behavioral science which can not
be obtained directly from mathematical analysis method. After expert scoring,
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Table 8.4 Weight voting Experts num Factors Y
tables of experts
a1 a2 a3
0.333 0.333 0.334 1
2 0.25 0.25 0.5 1
15 0.2 0.45 0.35 1
Weight a;; i=1, 2, ...,) 0.29 0.338 0.372 1

opinions from experts will be centralized and corrected through practical test to
determine the weight [5, 6].

First, make and hand out the questionnaires, determine the weight of each index
through experts’ weight marking.

Take al as an example, assess the relative important degree of 3 factors of al;
the predetermined weight grade interval is 0.05; the distributive weight sum of the 3
factors is 1 when every expert vote (Table 8.4).

Second, calculate weight vector. Take a; as an example, calculate and process
the weight of 3 factors of al.

From the above table and weight calculation method, the weight of the first
factor al is:

1 15
AI:B;aU:(O.BO, 0.338, 0.372). (8.1)

Repeat this process, the weight of each index given by every expert can be
obtained. Here, we suppose the weights given by each expert are same, so the
average of the weight given by each expert is the final calculated weight of the
index system. Analogously, the weights of a2, ..., a5 can be obtained.

A, = (0.362, 0.316, 0.322)

As = (0222, 0222, 0267, 0.113,0.176)

The same procedure may be easily adapted to obtain the weights of the 5 factors of
A and 2 factors of U

A= (0266, 0.333, 0.401, 0.553, 0.447)
U= (0567, 0.433)

Third, determine the final weight. Summarizing the questionnaires, make use of the
above method to obtain the weight of priority 2 indices of a certain type of
equipment operator selection index system.



66 Z. Luo et al.

8.2.4 Measure and Assessment

According priority 1, weed out the candidates directly whose indices can not meet
the demand of priority 1. In accordance with the priority 2, measure the corre-
sponding indices of candidates, the score of each item of the three-level indices is
100, evaluation V is taken by the testing results or assessment, the desirable V
always is given by assessment experts. Usually V (V = {V;...V,}) is equal to 100,
80, 60, 40, 20, which represent excellent, good, medium, poor, and very poor. The
score formula of a candidate follows:

Fi=> v, (8.2)

Rank the candidates according to their scores to finish the operator selection.
This method can also be used to assess the skilled operators to modify some indices
and the weights (Table 8.5).

Table 8.5 Priority 2 indices

First-class indices Second-class indices Third-class indices
Physiological factors Physical strength (0.266) Arm power (pull) (0.290)
(0.567) Arm power (push) (0.338)
Strength of right index finger
(0.372)
Physiological adaptability Endurance (0.362)
(0.333) Anti-fatigue capability (0.316)

Anti-vertigo ability (0.322)
Overall coordination (0.401) Body balance capability (0.467)
Instantaneous stability (0.533)
Psychological factors Ability structure (0.553) Wisdom (0.206)

(0.433) Observational ability (0.293)
Memory (0.122)

Attention (0.193)

Reaction time (0.186)
Character structure (0.447) Braveness (0.222)
Self-discipline (0.222)
Stability (0.267)

Perseverance (0.113)

Anxiety (0.176)




8 A Research on Operator Selection Criteria ... 67

8.3 Conclusion

This paper presents an index assessment system with different priorities through the
building of operator selection system of certain equipment and opinions from
experts and operators. Weights of priority 2 indices are endowed in this research
which can provide some theoretical basis and concrete measures for the selection.
After direct assessment toward the skilled operators and assessment toward the
candidates, the testing data will not be opened, compare the testing data with actual
training results after training and correct some indices and the weights in the
system, so the reasonability of the selection system will be increased gradually. In
the above index system, most indices can be measured correctly with the deep
research on man machine environment system engineering. But there are no sci-
entific and easy ways and means for some key indices which we urgently need,
such as anti-vertigo ability, body balance capability, and instantaneous stability. We
should do further research into these three indices, sum up the rules, and seek for
the feasible and effective methods.
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Chapter 9

Operation Optimization of a Chariot
Operator Using Remote Measurement
of Heart Rate

Hongyan Ou, Honglei Li, Zhingbing Pang, Shuai Mu and Chenhui Li

Abstract In this study, remote measurement of heart rate was applied for quali-
tative and quantitative analysis, in order to optimize the process and improve the
effectiveness of a chariot’s operation. The methods used to investigate heart rate
burden and time depletion of the operator included reality-based experiments,
instrument measuring, comparison, and analysis. The heart-rate remote-measuring
system was used in reality-based experiments; the experiments collected heart
burden and time depletion before and after operation process optimization. After
operation optimization, the heart rate of the operator decreased, as did the required
operation time. These results may help to promote combat effectiveness and
improve combating capability for members of the army.

Keywords Heart-rate remote measuring - Operator - Operation process
Optimization

9.1 Introduction

The principle of man—machine operation optimization was put forward according to
the understanding that “the person’s energy could not be stored; if the energy was
not effectively used it would be wasted; and if the energy was excessively con-
sumed the person would feel fatigued” [1]. The purpose of this principle is to
shorten operation time, increase the useful workload, and decrease operation fati-
gue. Accordingly, operation staff are required to make full use of their operational
abilities, and they also should harmonize the action of their hands and each part of
their body. They are also required to improve complicated, slack, and superfluous
actions, as well as to avoid unnecessary actions. In this way, an operation should
become more scientific and effective.
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This study focused on a chariot in the command-and-control center of an
advanced weapons system [2]. The chariot is an important firepower unit to pro-
mote the development of combat effectiveness in the armed forces. The equipment
is a kind of individual weapon that requires qualified physical ability, skill, and
intelligence [3]. Therefore, it is very important to reinforce the optimization analysis
of the operator. It plays a crucial role in the effective work of the operator and
combat effectiveness of the equipment.

9.2 Experiment

9.2.1 Subjects

The participating personnel were mainly of three types. The first type of personnel
consisted of three operators of a certain chariot, with one operator at each position.
The three operators were respectively called A, B, and C. Before the experiment,
the three operators had mastered the operation of their positions, their physical
condition was good, and their psychological status was normal. They had the ability
to complete the experiment. The second type of personnel included ten experts who
came from field units of the troops, military academies, research institutes, and
military factories. These experts were responsible for designing the operation
optimization of the operators. The third type was the personnel who organized the
experiment: three instructors from military academies. They were responsible for
adjusting and testing the instrument and equipment, as well as collecting and
analyzing the experiment data.

9.2.2 Equipment

The equipment included a chariot that was used by the three operators. The
heart-rate remote-measuring system “ACUMEN” was used for monitoring the
operators’ heart rate, physiology burden, and operating time. It also was used to
collect experimental data and generate a heart-rate remote-measuring diagram,
which provided a quantitative basis and data support for operation optimization
analysis. One computer was used to analyze and process the experimental data.

9.2.3 Requirements

The three operators were required to have attained a well-qualified degree for the
post operation prior to the experiment [4]. During the experiment, the three oper-
ators wore the heart-rate remote-measuring system as required, which ensured the
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credibility of the data. During the experiment, the three operators also conformed to
operation requirements and test standards. If the operation appeared to violate the
rules or a false phenomenon occurred, the data from the heart-rate
remote-measuring system were not used.

9.2.4 Contents

The combat operation of the chariot was divided into different phases. Each phase
was divided into a number of steps [5]. If a certain step was representative of the
physical requirements and technical ability needed by the operators, the step was
selected for the experiment. The experiment was divided into two stages: the first
stage was the operation before optimization, and the second stage was the operation
after optimization.

9.24.1 The Operation Before Optimization

At this stage, the three operators wore the heart-rate remote-measuring system. The
operators carried on a normal operation process according to their peacetime
training.

The operation’s actions and process are shown in Fig. 9.1.

9.2.4.2 The Operation After Optimization
After the first stage of the experiment was completed, the expert team thoroughly

discussed the action and operation flow of the operators. They eliminated any
unnecessary actions, optimized the operation path, strengthened the coordination
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Fig. 9.1 Operation flow chart before optimization
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Fig. 9.2 Operation flow chart after optimization

among the operators, and constructed an operation flow chart after optimization.
Then, the three operators again put on the heart-rate remote-measuring system and
conducted an operation according to the flow chart after optimization. The three
operators processed together and completed 25 operation actions in total and in
sequence.

The operation’s actions and process are shown in Fig. 9.2.

9.3 Experiment Data Analysis

9.3.1 Data Analysis Before Optimization

During the experiment, the heart-rate remote-measuring system recorded a diagram of
the three operators’ heart rates before and after optimization. By analyzing the data, we
found that the three operators’ heart rates showed different characteristics. The results
for operator A and operator C were normal, but operator B showed an abnormality.
We performed a detailed analysis of operator B as a typical case. The remotely mea-
sured heart rate results for operator B before optimization are shown in Fig. 9.3.

As shown in Fig. 9.3, before optimization, it took operator B 210 s to finish the
whole operation. The heart rate of the operator B was mainly in the purple aerobic
area. However, the heart rate reached the extreme limits area (red) three times, once
exceeding 220 beats per minute.

When the heart rate reached the extreme limit area, it indicated that the operation at
this time was heavy-loaded and the operator felt fatigue. Under this condition, the
probability forerror waslarge. If the operatorremained in this condition foralong period
of time, the operator could easily be injured [6]. Therefore, the operator’s training
should aim to avoid or reduce the occurrence of this phenomenon as soon as possible.

The main reasons for this phenomenon could include the following: First, the
workload and/or difficulty of the operation was greater for operator B. Secondly, in
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the Heart Rate Remote-Measuring Diagram

heart rate(time per minute)
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Fig. 9.3 Operator B’s heart rate before optimization

the process of the experiment, operator B twice climbed to the top of the chariot
from the ground, so the elevation gain was greater as it was 3.1 m high. To
complete this task in the relatively short time, operator B had to improve the
operating speed, which may make the heart rate burden worse.

9.3.2 Data Analysis After Optimization

Operator B’s heart rate results after optimization are shown in Fig. 9.4.
As shown in Fig. 9.4, after optimization, it took operator B 175 s to finish the
whole operation. The heart rate of operator B was mainly in purple aerobic area.

the Heart Rate Remote-Measuring Diagram

heart rate(time per minute)
020 40 60 80 100 120 140 160 180 200 220 240

012345678 91011121314 151617181920 21 2223 24 2526 27 28 29 30 31 3233 34 35
time(unit: 5 seconds)

Fig. 9.4 Operator’s B heart rate after optimization
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Once, it reached the extreme limit area (red), but the maximum value was only 190
beats per minute.

There are two possible reasons for operator B’s change in heart rate after opti-
mization. First, operator B only climbed once to the top of the chariot from the
ground. Secondly, the expert team eliminated unnecessary actions, optimized the
operation path, strengthened the coordinator among the operators, and revised the
operation flow chart. This optimization ensured that the heart rate of all three
operators remained in normal range.

9.4 Conclusion

By comparing the operation flow chart with the heart-rate remote-measuring results
before and after optimization, we can draw some conclusions. First, operator B
independently completed nine actions before optimization. After optimization,
operator B completed a total of ten actions: seven actions were independently
completed and three actions were finished in conjunction with operator C.
Compared with before optimization, operator B completed one more action after
optimization. Second, operator B required 210 s before optimization and 175 s after
optimization—a reduction of 35 s after optimization. Third, the heart rate of
operator B was much higher before optimization, reaching the extreme limit area
three times. The heart rate of operator B obviously decreased after optimization,
only reaching the extreme limit area once—two times less after optimization.

Based on combat operation requirements and test standards, after operation
optimization, the operating time was shortened, the operation burden was
decreased, and the efficiency was enhanced. Therefore, the operation optimization
process of this experiment was reasonable.

From the perspective of man—-machine—environment systems engineering and
research, we combined quantitative analysis with qualitative analysis to optimize
the operation of a chariot. The man—machine operation optimization principle and a
heart rate remote-measuring system were used in the study. These results can
promote combat effectiveness and improve the combating capability of the army.

We hope this study encourages the development of man—machine operation
optimization theory [5]. Because our data are limited and the sample size was small,
we plan to complete a larger study in the future.
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Chapter 10

Analysis and Research of Grenadiers’
Comprehensive Quality Based on Fuzzy
Comprehensive Evaluation

Qian Shen, Haiyan Dai, Peng Han, Chunxin Wang, Chen Shen
and Wenlong Zhang

Abstract To a great extent, how to make grenades function well and reduce
accidents when throwing them depends on the comprehensive quality and ability of
grenadiers. Subjective and objective factors should be considered when evaluating
grenadiers’ quality during training. In order to evaluate the quality of grenadiers,
physical condition, operation ability, mental factor, and daily performance of
grenadiers are analyzed and quantified as the base. This paper builds fuzzy com-
prehensive evaluation model of grenadiers’ quality which is based on fuzzy com-
prehensive evaluation theory and adopts second-level fuzzy evaluation, also
provides application cases, and obtains a result which is accordance with the actual
condition.

Keywords Grenade - Grenadiers’ quality - Fuzzy comprehensive evaluation

Grenade is a kind of small-sized throwing ammunition for attack and defense, used
widely and largely as well. It can not only hit the effective target but also destroy
tanks and armor vehicles. Grenades will be used largely to kill enemies under the
high-tech condition in the future war [1]. This paper adopts fuzzy comprehensive
evaluation to quantify the index of grenadiers’ comprehensive quality, make
standardized solution, and then offer the basic thinking of fuzzy comprehensive
evaluation and modeling method, subsequently calculating specific example to get
the same result with the facts.
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10.1 Evaluation Index Construction and Quantization

10.1.1 Evaluation Index Construction

On the basis of expert knowledge and long-term practical experience [2], an
excellent grenadier should have the following characteristics: healthy physical
condition, skilled operation ability, steady mental quality, and excellent daily
performance. Index and requirements are specifically shown in Table 10.1.

10.1.2 Evaluation Index Quantization

First of all, these indexes should be made standardized solution for comprehensive
evaluation. On the basis of Delphi method, fuzzy statistics method is adopted to
confirm. But expert experience method is usually adopted [3]. That is:

uV;(u;) = My /p. (10.1)

In this formula, M is the frequency of u; € V;; p is the numbers of expert esti-
mator; uV;(u;) is the membership function of u; € V;.

10.2 Fuzzy Comprehensive Model of Grenadiers’ Quality

10.2.1 Confirm Grenadiers’ Evaluation Factor Sets

There are four factors which are physical condition, operation ability, mental
quality, and daily performance to confirm grenadiers’ quality according to
Table 10.1. These four factors can make one factor set U.

U - {Ul7 U27 U37 U47}

10.2.2 Build Evaluation Sets

On the basis of general standard of fuzzy comprehensive evaluation, excellent,
above average, average and below average are represented by Vi, V,, V3, V4
respectively, and then build evaluation sets V = {v,v,,v3,v4}. For seeing much
more clearly, evaluation level and evaluation will be represented by hundred-mark
system. As shown in Table 10.2.
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Table 10.1 Comprehensive quality evaluation diagram of grenadiers
Index (U) Level factor (V)
Excellent (V) Above Average (V3) Below
average (V) average
(V)
Physical Vision 2.0-1.5 1.5-1.0 1.0-0.6 <0.6
condition Age 29-21 21-18 29-35 <18 or
Uy >35
Fatigue period 12-14 (H) 10-12 (H) 10-7 (H) <7 (H)
Total sick leave <10 (D/Y) 10-20 (D/Y) 20-4-(D/Y) >40
(DFY)
Physical fitness 100-8 5 (score) 85-75 (score) 75-60 (score) <60
mark (score)
Operation Education level Above under Junior Senior high Junior
ability graduate college school or Junior | high
(Uy) college school
Subject theory 100-85 (score) 85-75 (score) 75-60 (score) <60
(score)
Throwing 240 (M) 35-40 (M) 30-35 (M) <30 (M)
distance
Throwing First-round hit Second-round Third-round Above
accuracy hit hit third-
round hit
Training 300 3-2 (Y) 2-1(Y) <1 (Y)
duration
Obstacle-removing | Remove difficult Remove simple Remove simple | Unable
ability obstacle alone obstacle alone obstacle with
Mental State of confidence | Best Better Good Bad
quality Emotion Best Better Good Bad
Uy rhythm
Mental Best Better Good Bad
rhythm
Response <0.13 (s) 0.13-0.14 (s) 0.14-0.16 (s) 20.16 (s)
time
Daily Award and Above merit citation None Caution
performance | punishment citation class III or
(Uy) two citations
Leader’s Best Better Good Bad
evaluation
Common 290 % 90-80 % 80-60 % <60 %
satisfaction
Cooperative Have strong team Have rather strong Have team None
ability cooperative team cooperative cooperative
consciousness consciousness consciousness
Hobby Love activities and | Often join in activities | Occasionally None

get award

join in activities
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Table 10.2 Mark level standard of evaluation index

Level 1 2 3 4
Evaluation Excellent Above average Average Below average
Mark 0.8-1.0 0.6-0.8 0.4-0.6 0-0.4

10.2.3 First-Level Evaluation

Each factor U; (i =1, 2,3, 4) will be evaluated comprehensively by initial model. In
order to avoid the subjective problem from expert to confirm target weight, the
combination method of AHP and Delphi will be adopted to confirm each index
target. If getting all factors weight W; = (wy), ., (i =1,...N;j=1,...K;) in U,
each factor in U; should build fuzzy mapping; generally adopt formula 1 to confirm
membership of each index to each level, then obtain fuzzy relationship matrix
R; = (rjm)k;-p’ (j=1,...k; m=1,...p), and then obtain formula

Bi = (bil;bi27-~~bim) = VV, R“(l = I,N,m = I,P) (102)

10.2.4 Second-Level Evaluation

If U={U,U,,...,Uy} , choose B; as single factor from U; to evaluate, build
fuzzy mapping, and then obtain fuzzy relationship matrix

B, by by ... Dbin
R _ B2 _ b21 b22 PPN b2m ) (10.3)
BN le sz . bNm

Suppose the weight distributions of factors in U = {U;, Us, ..., Uy} are

W ={W;,Wa,...,Wy}. (10.4)
And then obtain
biy by ... by

B=W-R= (W, W,,...,Wy)- (10.5)

byi byy ... byn

After obtaining evaluation index from above formula, as the maximum membership
degree principle, the evaluation result will be gotten from evaluation factors which
correspond with maximum evaluation index in vector B; that is, fuzzy
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comprehensive evaluation conclusion. Meanwhile [4], comprehensive evaluation
value can be obtained from the formula given below:

U=Vp-B. (10.6)

In this formula, Vp = (1, 0.8, 0.6, 0.4).

10.3 Example Analysis

Second-level fuzzy comprehensive evaluation is adopted to evaluate grenadiers’
comprehensive quality [5]. One grenadier’s information is shown in Table 10.3.

Assume that ten experts will be chosen to mark relative importance of each
index, on the basis of above result, AHP and Delphi methods are adopted to
confirm each index weight, that is

W =(0.18, 045, 025, 0.12),W; = (035, 0.16, 0.15, 0.10, 0.24)
W, = (0.10, 0.12, 035, 022, 0.08, 0.13),W5(0.24, 026, 0.15, 0.35)
W, = (0.18, 025, 022, 021, 0.14)

3.1 first-Level

Fuzzy Comprehensive Evaluation to Grenadiers’ Physical Condition(1)
According to data from Table 10.3, choose 4 experts combined with data in
Tables 10.1 and 10.2 to give quantification evaluation as formula (10.1) to one
grenadier’s physical condition U; and then confirm its fuzzy evaluation matrix.

0.8 0.75 0.75 0.8
0.8 075 0.8 0.75
0.8 075 0.8 0.75
06 06 06 0.6
0.8 075 08 0.75

R,

(2) And then calculate fuzzy evaluation vector B; =W, xR =
(0.78, 0.735, 0.7625, 0.7525) as formula (10.2).

10.3.1 First-Level Fuzzy Comprehensive Evaluation
to Grenadiers’ Operation Ability, Mental Quality,
and Daily Performance

The same procedure is adapted to obtain grenadiers’ operation ability U, whose
fuzzy comprehensive matrix
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0.8 0.75 0.75 0.8
1 09 1 09

R _ | 08 075 08 075

27108 075 08 075 |
08 075 0.8 0.75

06 06 06 0.6
B, =W, xRy, = (0.798, 0.7485, 0.793, 0.7535).
Grenadiers’ mental quality Us whose fuzzy comprehensive matrix

0.8 075 075 0.8
R |06 06 06 06
37108 075 08 075

0.8 0.75 0.8 0.75

fuzzy  evaluation vector B3 = Wj3xR; = (0.748, 0.711, 0.736, 0.723).
Grenadiers’ mental quality Uy whose fuzzy comprehensive matrix

06 06 06 06
0.8 075 075 0.8
06 06 06 06|,
06 06 06 0.6
02 03 02 03

R4

fuzzy evaluation vector By = Wy * Ry = (0.694, 0.5955, 0.6815, 0.608).

10.3.2 Second-Level Fuzzy Comprehensive Evaluation
to Grenadiers’ Quality

It is needed to consider all aspects evaluation to evaluate grenadiers’ quality
completely, that is, evaluate four subsets in evaluation factor sets U =
{Ui, U,, U, U} and then build fuzzy relationship matrix R

0.78 0.735 0.7625 0.7525
0.798 0.7485 0.793 0.7535
0.748 0.711 0.736  0.723
0.694 0.5955 0.6815 0.608

R =

to confirm each factor influence weight distribution vector W = (0.18, 0.45, 0.25,
and 0.12) and fuzzy evaluation vector B = A*R = (0.76978, 0.718335, 0.75988, and
0.728235) in U.
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On the basis of maximum membership principle, 0.76978 in B is equal to
Max = (0.76978, 0.718335, 0.75988, and 0.728235), and its location corresponds
with excellent level, thus, this grenadier’s comprehensive evaluation is excellent.
Meanwhile, according to fuzzy relationship matrix R and maximum membership
principle, this grenadier’s physical condition, operation ability, mental quality, and
daily performance which are excellent, average, above average, average, respec-
tively, can be confirmed; and it means that physical condition and mental quality of
this grenadier are the best and he should enhance operation ability and daily
performance.

10.4 Conclusion

The comprehensive quality of grenadiers is a fuzzy concept, which is not easy to
quantify and has many influencing factors. This paper adopts fuzzy comprehensive
evaluation to show the fundamental characteristic of decision thinking and reflect
fully comprehensive quality of grenadiers, which has very good operational, sci-
entific, and systematic abilities.
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Chapter 11
An Analysis on the Screening Mechanism
of the Manipulator Based on Game Theory

Chunxin Wang, Zaochen Liu, Qian Shen, Peng Han and Shuai Mu

Abstract There exist some problems in the recruitment process of the manipulator
in the man-machine environment. We always hope to find high-quality personnel
and make them bring greater benefits to the unit; however, high-quality personnel
need more human resources cost. According to game theory, we have an analysis
on recruitment screening mechanism from the perspective of benefit under the
asymmetry information condition based on the signal mechanism between the cost
of the benefit and the cost of HR. And we put forward some advice on how to
determine a reasonable screening mechanism in accordance with the cost of human
resources and the probationary period. We build a model to realize the conclusion
and prove that it is feasible through the typical example. The conclusion can
provide guidance for screening of the manipulator in all kinds of man-machine
environment.

Keywords Game - Manipulator « Screening mechanism

11.1 Introduction

In the man-machine environment, choosing a manipulator is a key problem. For the
screening of a manipulator in practical work there are the following two errors: The
first is to pay attention to the candidates’ qualifications, job title, and working
ability, and the employer ignores the payable cost of candidates in the degree,
academic title, and the corresponding ability. The second is to ignore the identifi-
cation mechanism in the probationary period; the employer simply regards the
probationary period as the training period during which a manipulator should be
familiar with their work and do the related job well. In fact, the policy considering
only the difference of degree and ability does not conform to the logic of
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economics; a well-educated personnel with strong abilities mean more benefits to
the employer, but also high cost and high risk; so, we should establish reasonable
screening mechanism to hire the job candidates with the better cost benefit, that is to
say, comparison between wages and benefit is much lower. Scientific inspection
mechanism in probationary period will eliminate information asymmetry to a
maximum degree and ensure that the recruitment personnel has strong ability.

11.2 The Mechanism of the Cost Benefit

In the process of recruiting personnel, we always hope to find high-quality staff to
bring greater benefit to the unit. Therefore, in the process of recruiting requirements,
the recruiters must have certain qualifications; the staff can be recruited formally
through a series of the screening mechanisms such as the written test and job
interview. In fact, the screening mechanism is a kind of signal mechanism [1]. In the
recruitment process, the employing units in the disadvantaged information position
should take the initiative to design an effective mechanism to choose and recruit the
personnel in the advantaged information. Thus the candidates automatically find the
right position according to their ability, so it can not only ensure that the employing
units can recruit the staff with strong ability, but also hire enough personnel.

We simply assume that the cost through which job candidates obtain the cor-
responding degree or pass the examination is distributed in [0, 1] interval. The cost
through which the personnel with different quality obtain degree or pass the
examination (time, energy and tuition) is usually different. The cost of low-quality
personnel is much higher than that of high-quality personnel, so by comparing the
costs and benefits, the personnel with different quality often choose different edu-
cation level or can only examine different test result. Generally speaking, the
personnel with the high cost have lower work benefit than the personnel with the
low cost; so, in the recruitment process we tend to recruit those with lower human
resources cost. We assume that the relationship between human resource cost and
work benefit can be reflected through Fig. 11.1. Horizontal axis reflects the human

>

Fig. 11.1 Cost of HR and
benefit

benefit

Cost of HR
0 0.5 1
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»
L

benefit

e

0 e (1-e)/2 0.5 1 Cost of HR

Fig. 11.2 The relation of the cost-benefit mechanism

resources cost through which the manipulator obtains the corresponding degree,
from left side to right side the corresponding personnel’s quality is from much
higher to lower. Suppose PP’ line represents corresponding work benefit of the
various cost personnel, namely the relationship between working benefit and the
cost of human resources is a linear function relationship.

The manipulator of the cost and the corresponding benefit as shown in Fig. 11.1.
If no signal mechanism, random selection of personnel, the average expected cost
so the recruitment of manipulator is 0.5 averages expected and the its benefit is b,
belong to the average. But usually we will use signal mechanism, such as on the
candidates to mention certain qualification requirements and through the cost and
the quality of personnel examination negative correlation, or further hypothesis is a
linear function of, as shown in Fig. 11.2 CC’ line. Further assuming that if d is
interested in getting hired, then the signaling cost is lower than that of the e
personnel. But the cost is higher than the e personnel to signal the cost is higher
than the signal of interest, so not to signal willingness. So, with the academic
requirement as a screening mechanism, successfully will lower ability personnel
exclude, average expected cost of hiring staff into (1—e)/2, the mean expected
benefit manipulator a is higher than b.

From the above analysis we can find that it needs some steps to selected good
ability of personnel requirements: (1) design different ability personnel signaling
cost difference signal mechanism, if not the cost difference between the different
ability of candidates to signal, could not identify personnel. This means that the
academic requirements of the applicants cannot be too low, too easy to reach will
not play a role; the academic requirements of the applicants cannot be too high,
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because when the requirement is too high due to very few people are willing to
approach this signal, it cannot find a sufficient number of manipulator. Therefore,
we can require the recruitment of personnel should have a bachelor’s degree, but to
engage in specialized technical posts in sports such as nursing, art, work, and
academic requirements can be relaxed. (2) salary cannot give too high, because
when the wages are too high, so that the D is higher than that of all the applicants
ability to send out a signal cost (CC'lines all under D), low-ability candidates signal
is also good, also can choose to send the same signal, this mechanism is also not
discriminating manipulator ability.

11.3 The Screening Mechanism of Probation Period

Spence (1974) reveals the “signal effect” theory, due to the asymmetric information
between the labor market, employers and candidates, the market requires a party to
identify [2] a signal to help information deficiency. For employers, the candidate’s
education level plays a role in screening and instructions. Especially, in some units
of this staff productivity is difficult to measure units, the use of this kind of signal is
more important. But in practice, the Spence model in the presence of required
separation equilibrium conditions of people of different abilities has great differ-
ences in ability. That is to say, only the ability of discriminating different diploma
large effective (at present, because of the rampant fraud, make its effectiveness is
limited), and for the ability to discriminate the education level of the same is
helpless. At this time, an alternative screening method is a probation period
screening mechanism. The basic approach is through the probation period screening
during the probation period, paid to hire low wage rates, while in the period of
probation after the end of the internal pay a higher wage rate, low ability of
knowing who is difficult to hire during the probation period, Inner Mongolia mixed
clearance, so at the end of the trial period was employed to obtain a higher wage
rate, but during the probation period, take responsibility for the low wage rate
losses, and will not participate in the recruitment [4], but the high ability of staff are
confident to pass the probation period to prove their ability and would rather pay the
probation period of low wage rate and obtain high wage rate in the period of
employment. The separating equilibrium leads to the low ability of personnel are
excluded from recruiting and job skills are higher personnel [3].

11.3.1 Analysis of Recruitment Model Under Asymmetric
Information

In recruitment, some units and candidates are game players, the candidate’s ability
to theta type 0, it is personal information of the applicant Interest. Pure strategy unit
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is to select the length of the probationary period T and probation salary rate o1 and
after the trial period qualified personnel employment salary ®2; pure strategy
candidates is the choice of “accept the trial” or “refuse to try”. The following
analysis of the game process, and according to the realistic situation given some
reasonable assumptions:

D letQ= f (L, 0), O here is output, 0 is the operation of hand type, L is the
quantity is employed for the type of personnel.

@ let the wages rate is @(0) to setting unit for capacity personnel, the optimal
employment benefit maximization problem as follows:max[f(L, 0) — w(0)L).
The first-order conditions for:

of (L, 0)

A (L.0) _ , do0)
oL L

=005 =L

From this, we can get the type of hiring personnel is 6", and the number is L.
in the probation period 7, if can identify the type of candidates 0 > 6" and its
probability is P(T), it is a strictly increasing function.

@ now set the per unit utility of the candidates 8 work in other enterprises work
or out of work time is Uy(0), Ty is the expected employment cycle. Record
type for the candidate’s 0 to participate in the trial of the expected utility is
U(6), here we use the monetary equivalent measure the level of expected
utility, T is equal in value to the time to participate in the trial personnel are
employed and not employed the sum utility. That is:

@)

U(0) = o T+ @y(To — T)(1 — P(T) 4+ Uy(0)(To — T)P(T), 0<0*
| @\ T + @ (Ty — T)P(T) + Up(0)(To — T)(1 — P(T)), 0> 6"

(11.1)

(® The assumption is willing to hire for the above personnel for 6 > 0*. The time
discount factor candidates for 1 (the discount rate is 0). By the hypothesis can
be seen, the employer’s goal is to design a set of pure strategies enable 0 < 6*
select “reject trial”, and the above 0 > 0" selection “accept trial”, which will
not require low-ability personnel from participating in the recruitment of
personnel of. Strategy design (w;, @, T) should satisfy formula:

@1 T + Up(0)(To — T)P(T) + w2(To — T)(1 — P(T) < Uo(0)(To), 0 <0
@\ T + @y (To — T)P(T) + Up(0)(To — T)(1 — P(T)) > Uy(0)(To), 0 > 0"
(11.2)

If there is no positive lower bound of Uy(0), then for any given strategy
(w1, @, T), there are low enough 6 to make the type (11.2) in the type (11.1) is not
established, because the reservation utility is low enough for low-ability workers,
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given probation wage rate is attractive, So some very low ability will actively
participate in the recruitment of staff. Similarly, when there is no positive upper
bound of Uy(0), for any given (w, @, T), sure someone who has high ability do not
content the second line of type (11.2), which are excluded from the outside in the
recruitment. Therefore, if no bounds of Uy(0), the probation period is not an
effective screening mechanism. In fact, when existing at the same time over and
lower bounds on model of Uy(0), separating equilibrium exists and will distinguish
personnel 6 > 0" and 0 <0*. Now, exist M > m > 0 and fit

m<Uy<M (11.3)
Proved by below:
From type (11.2), can get:
Uo(el)TofwlT_Uo(Hl)(l 7P(T)) @ U()(Hz)T()*’wlT
(T - To)P(T) P(T) 77T (T -Ty)P(T)
_ Uol0)(1 — P(1) 114)
P(T)

For:

U()(H])T()*’wlT_U()(Bl)(l 7P(T)) MT()*’(U[T U()(@l)(lfp(T))

(T - T,)P(T) PTy @ -ToP()  P@)

U0(92)T0 — wlT U()(Hl)(l — P(T)) N mTo — wlT

T-T)(1-P(D)  1-P(I) = (T—To)(1—P(T))
_ Go(6°)(1 - P(T))
1— P(T)
=B

. . M— . .
Set w; € (0,m), if TILHTIOP(T) =P(To) > 3rm35 >0, it has B > A, In fact, it

equivalence to below:

(MTo — @i T)(1 = P(T)) — Ug(0°)(1 = P(T)*(To = T) < (MTy — @ T)P(T)
— Up(0")P*(T)(TO —T)
(11.5)
When T — Tp, type (11.5) left come to To(m — wl)P(T,), right comes to
To(M — @l)(1 = P(To))
When T = T(), T()(m — wl)P(T()) > T()(M — wl)(l

— P(Ty)) or P(Ty) > — o

_ 11.6
M+ m — 2w, ( )
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11.3.2 Confirm Probationary Period

We assume that during the probation period, personnel to establish a long-term
cooperative relationship with the employer will try their best to work. With the total
benefit function unit for R = AK*L¥, K is the cost of input is the human, A, o, f§ is
constant. So the function of input is K = ¢ + V() + W(¢). c is the cost of hire is the
input of the training is the total wages. So the function of benefit is
N =R— K = AK*LF — ¢ — V(t) — W(z), it can meet the conditions below:

N'(1)

=0
N"(1)<0 (1L7)

11.3.3 Examples of Calculation

Benefit and elements of a production unit made at the 10 different recruitments in
the input amount of historical data shown in Table 11.1, the recruitment of per-
sonnel recruitment plan in 2006 are as follows: 10 personnel, recruitment costs 8,
staff recruited after the probation period per capita daily training costs 0.4, daily
wages 0.2, determine the best period of probation.

We first determined according to the total benefit function of historical data, the
total benefit of natural logarithm function on both sides, there is:
InR=InA+alnK+ fInL

Through the calculation, will yield, capital and personnel data into the corre-
sponding log data, and by using the least square method, can be calculated
respectively, and the value of the parameter estimation. In equation form get the
following estimation results:

Table 11.1 The historical R (Benefit) K (input) L (recruiter)

data of recruitments between

the benefit and input of a ! 225 10 20

production unit 2 240 12 22
3 278 10 26
4 212 14 18
5 199 12 16
6 297 16 24
7 242 16 20
8 155 10 14
9 215 8 20
10 160 8 14
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InR=12.322+40.194InK + ffInL

On both sides to take against number of InA = 2.322. Get A = 10.2, so the total
benefit function estimate of the situation for the:

R = 62'322 +1(0.194LO.878
So the function of benefit is
N = 10.2K""4[0878 8 _ 0.4t — 0.2t (11.8)

Type (11.8) content type (11.7) to meet the conditions so as to calculate the best
for a trial period: 34 days.

11.4 Conclusions

Game analysis of manipulator recruitment screening mechanism, problems existing
in the recruitment process, from the perspective of human resources cost is analyzed,
the employer should signal mechanism of how to set up the recruitment of scientific,
demonstrates the important role of probation period mechanism and how to calculate
the optimum period of probation. Ensures that can attract higher quality candidates,
and carried out the screening of candidates ability, provides some reference for the
current forces in the fierce talent recruitment market on the correct use of screening
mechanism to make scientific decisions. At the same time, in the evaluation of the
candidates ability, can also use the fuzzy comprehensive evaluation method, con-
sidering the many other indicators, for example, knowledge, creativity, language
ability, analyzing ability, organization executive ability, strain ability etc [5, 6]. So,
we can help by the game analysis, to obtain useful talent person for unit.
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Chapter 12

Research of Evaluation Methodology

for Graduate Advisor Based on Learning—
Guiding

Zhibing Pang, Rongzhi Yang, Cheng Jin, Hua Li, Chenhui Li
and Honglei Li

Abstract Objectives, inspire advisor’s enthusiasm on graduate student training,
improve advisor’s integrated quality in order to improve the quality of graduate
level training. Methodology, combine factors from both student and advisor for
advisor evaluation and construction of evaluation model. Results, constructed
graduate student’s capability and advisor’s quality-based evaluation model, through
analysis from both student and advisor. Conclusion, advisor is the key point to
guarantee graduate student training, it’s more comprehensive, reasonably and
accurately to use student capability and advisor quality-based method on advisor
evaluation, so that to enhance the level of advisor team.

Keywords Quality - Capability - Evaluation - Model

12.1 Introduction

The society increasingly concerns about the quality of graduate education, and the
views about graduate advisor from both student and society changes with the rapid
expansion of the scale of graduate enrollment [1]. Graduate advisor evaluation, as
one of the most basic content of graduate education, has already been very popular
in foreign universities. The development of graduate education in Chinese uni-
versities is relatively short. Although each university has initially established
advisor selection rules, there’s still no one operable system for graduate advisor
evaluation, and the resulting deep-seated problems becomes increasing prominent.
Previous researches mainly pay attention on advisor themselves, instead of coupling
graduate students aspect for a more integrated advisor evaluation. This paper aims
to propose a student-advisor coupling based evaluation system, and evaluate
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graduate advisor in a more comprehensive, objective, and scientific way, by setting
quality of education as the fundamental, encouragement for advisor as the purpose.

12.2 Factors of Evaluation System

Evaluation system analysis couples two factors from both graduate student and
advisor, focusing on student—advisor coupled evaluation issue.

12.2.1 Graduate Student Factor

As a graduate in modern society, their own capability and quality are supposed to
be followed the trend and social development. An outstanding graduate need to be
evaluated from three aspects: knowledge, quality, and capability.

12.2.1.1 Knowledge

(1) Political Consciousness
Familiar with our party’s latest theoretical achievements on route, guideline
and policy, understand current international and domestic situation, maintain
political character.

(2) Professional Knowledge
Proficient in and own passion on specialization, firmly establishes profession
awareness, concern the development of their own profession, concern how
their profession could meet social needs and adapt to trend of the times,
actively seek change, be aware of professional activities of the academic
community.

(3) Others
Diligent and good at reading, proficient on critical thinking, actively learn
knowledge outside their profession, like humanity, geography, and social
sciences, etc. Convert what they learned to innovative thinking, break con-
ventional way of thinking, and enrich their knowledge system and connota-
tion, fluent in foreign languages as well.

12.2.1.2 Quality

(1) Political Quality
Graduate students as the main force of technological power for our country,
are supposed to have the correct political orientation, firm political stance,
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distinctive political views, strict political discipline, mature political discern-
ment, and strong political acumen [2], establish a correct worldview and
outlook on life.

Professional, Scientific and Cultural Qualities

Graduate students must have profound knowledge, master basic theoretical
knowledge of discipline, be capable of independent scientific research and
latest research achievements, be strive to occupy the forefront of disciplines,
be able to make creative achievements in technical and professional
disciplines.

Innovation Quality

Innovation is the source for the development of modern society. Also it is the
fundamental guarantee of building a harmonious society and achieving sus-
tainable development. Therefore, graduate should not only be passive recipient
of knowledge, but also should have a keen insight and judgment. They should
keep scientific skepticism and achieve a comprehensive mental development,
while intellectual growth, and ultimately have the ability to think and behave
independently [3].

Ideological and Moral Qualities

Future-oriented young people need a good sense of professionalism, initiative,
social responsibility, historical mission, imagination, scientific spirit, human-
ities, etc. Graduate students in the modern society should establish good moral
view, and correct hand the relationship between individual, collective, and
country in such a complicated social.

Humane Quality

Graduate students need to understand the nature of human society and its
various literary, philosophical, and cultural tradition, while they training their
scientific and cultural qualities. Also, they are supposed to understand points
of views about economy, management, politics, as well as have communi-
cation writing skills.

Physical and Mental Qualities

An individual who owns good physical and mental health is able to adapt to
the social and natural environment, and then a career. Graduate students must
have a sound body and a strong psychological endurance, to face both the joy
of success and sadness of failure.

12.2.1.3 Capability

D

(@)

Literature Retrieval

Literature retrieval needs the help of computers and networks, so graduates
must be familiar with computer and network applications, especially several
common search engines.

Retrieval and Reading Ability in Foreign Language
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Foreign language reading ability depends on a solid foundation of English,
graduates should strength basic English, understand the situation of profession
in foreign countries, broaden their knowledge.

(3) Independent Research and Design Capabilities
Graduates should take part in related research activities to enhance their
academic and research capabilities, and try to publish papers on subject-related
journals and conferences.

(4) Skilled Equipment Operation Capability
Graduates should be proficient and professional on equipment and related
operation methods, be able to use laboratory testing software.

(5) Statistical Analysis and Statistical Software Ability
Graduates should have some knowledge of statistics, which related to subject
design and data analysis, and be able to apply statistical theory into subject
report and questionnaire.

(6) Summary and Thesis Writing Skills
Graduates should have solid writing skills, and the ability of converting what
they achieve from research to written material.

(7) Ability to Capture the Tread of Social Development
This ability is related to personal development of graduates themselves.
Graduates should develop such an ability to capture the trend of social
development, and keep pace with the change [4].

(8) Life Planning Capability
Graduates should have the ability to plan for their life, know what they need to
do, have a clear plan, so as not to get lost in the tide of social development.

12.2.2 Advisor Factor

The evaluation of advisor is mainly focus on ethics training, expertise, training
guidance, and nature of teacher.

12.2.2.1 Personality Training

Adpvisors should affect students with their own thinking and attitude towards life,
character, and personality. This section takes advisor’s moral achievement, work
attitude and life attitude as key factors.

Advisor’s moral achievement is not only about their effects of moral quality, but
also about personality shaping on students. For this purpose, ethics training should
include following indicators: charisma, moral quality heritage, moral leadership,
and well-guidance [5].

Work attitude is mainly about advisor’s teaching attitude, professionalism, etc.,
which is more important for the growth of students than textbook knowledge.
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The points of the work attitude should are being strict towards oneself,
broad-minded towards others, teaching responsibility, tireless study spirit, will-
ingness of teaching and care for students.

The effects from advisors to graduates are deep and benefit students for their
whole lifetime. Attitude towards life should include the following indicators: life
attitude and social attitude, which reflect advisor’s broad mind, passion of life,
passion of community, and willingness of contributing to students and society.

12.2.2.2 Expertise

Graduate advisor is a typical professional career, which indicts advisors have
already achieved a comprehensive knowledge system and formed specialized
educational content. As academic core activities, teaching and research are advi-
sor’s most essential work. This section takes teaching and research abilities as the
two significant factors of “expertise”.

Advisor’s teaching ability is not only about cultural knowledge, but also about
instructive ability and organization, management capabilities, which includes the
level of teaching, teaching methods, teaching content, teaching quality and effec-
tiveness. Embodied as follows: First, to ensure teaching content should be sub-
stantial and keep pace with ongoing international knowledge improvement, and to
ensure that the amount of teaching hours and strict requirements. Second, be pro-
ficient in using modern teaching methods, improving teaching efficiency and
quality.

Advisor’s research ability is equally important, is one of the indispensable
abilities for graduate advisor, including research projects and research achievement.
Embodied advisors have the ability to obtain various research project funding and
the ability to publish and write relevant papers and reports.

12.2.2.3 Training Guidance

The teacher called graduate advisor, calls for the establishment of “guidance” in the
relationship between teachers and students, teaching methods vary by students’
individual differences. This section takes training environment, training process and
training quality as key factors.

Coaching skills is the most important aspect of the evaluation of the advisor,
which requires advisors pay attention on students through their entire education
process and various aspects of education, work, life, etc., train student to have the
integrity and consistency. First, advisors should be able to provide students with
learning, research environment and opportunities. Second, advisor’s training plan
should specifically include: emotional interaction with student, guiding students to
implementation of projects, developing students’ innovative learning attitude,
innovation consciousness and communication skills.
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12.2.2.4 The Nature of Teacher

For the three factors mentioned above, expertise is the starting point, training
guidance is the basic point, personality training is the commanding point, but all the
three will eventually be reflected in the advisor’s quality [6]. The nature of teacher
is the self-training of advisor’s personality, which requires advisor to be able to
couple moral education with intellectual instruction, able to give students profes-
sional ethics education, teaching seriously, respect for science, love truth, noble
exotic, well-groomed, behavior properly, patient, self-discipline, etc. This also
requires advisors have excellent teaching quality and sound personalities, set
themselves as behavioral example for the students, so that affect students by their
strong personality.

This section takes academic quality, knowledge structure, and interpersonal
skills as indicators to measure “the nature of teacher”. These three factors cover
personality and communication with others, which are the sources to success and
sustainable improvement. Academic quality is mainly about the academic moral
quality, which is reflected in thinking. Knowledge structure consists of new
knowledge and previous knowledge, and the deep knowledge base, the ability to
acquire new knowledge, and innovative thinking are all very important.
Interpersonal skills mainly reflected in the organization skill, coordination skill and
communication skill, which is not only about the relationship between advisor and
graduate, but also indicate their teamwork and organization skill as a team.

12.3 Model System Constructions
12.3.1 Model of Graduate Student’s Capability

According to graduate’s qualities and capabilities, with A, B, C ... to represent each
quality and capability, and given each item weights ml, m2, m3..., using X to
represent graduate’s integrate ability level, model is formed as following:

X=mlxA+m2+«B+m3xC+---

12.3.2 Model of Advisor’s Capability

According to advisor’s qualities and capabilities, with a, b, ¢ ... to represent each
quality and capability, and given each item weights nl, n2, n3..., using Y to
represent graduate’s integrate ability level, model is formed as following:
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Y=nlxa+n2«b+n3%xc+---

12.3.3 Integrate Evaluation Model

After constructing the models for both graduate and advisor, we assigned weights
a and f (values of a and f vary by different disciplines) to these two items
respectively, and eventually got the graduate-ability oriented evaluation model for
advisor’s performance, using Z to represent advisor’s final integrate ability level,
model is formed as following:

Z=oxX+px*xY

12.4 Conclusions

Adpvisor evaluation is a significant job in university education; it’s as well as a
reflection of the graduate education quality. This paper takes both graduate and
advisor’s abilities into consideration, to evaluate advisor’s performance. Using
learning-guiding based evaluation model makes the evaluation method more con-
vince and more comprehensive, which also combines graduate and advisor’s
achievements together, aligns graduate and advisor’s abilities, couples learning and
teaching, and ultimately enhances graduate education in Chinese universities,
promote the overall goal of the quality of graduate education.
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Chapter 13
Technical Staff Job Engagement
and Influencing Factors

Xuejian Sun, Yiqun Gan, Zhiyong Wang and Zhen Wu

Abstract The aim of this study was to examine Job Engagement concept as well as
the scale for technology management in China. 230 subjects from a research
institute in Beijing presented with questionnaires on job engagement, job burnout
and job characteristics, and 20 of them were interviewed. Using SSPS software, the
authors processed the data or information collected for psychological statistics
analysis, exploring factor analysis, and regression analysis. The results indicated:
the concept of job engagement can reflect the psychological status of the technical
staff at work; UWES-C is reliable and valid; UWES-C and the job engagement
prediction model can be helpful with safety management.

Keywords Job engagement - Job burnout - Job characteristics - Safety management

13.1 Introduction

At present, science and technology is rapidly developing and new knowledge
explosion continued. Some enterprises carry out reform or development in China,
and most technical employees have to take more time to work as well as learning
new technology and skills. Accompanied by high working pressure, health prob-
lems or safety accidents have increased in recent years. According to the latest
medical statistical data [1], there were more cases of psychological problems and
mental disorders than ever in China. The safety department survey results [2]
showed that 60-90 % of accidents were caused by human errors. This paper
examines job-engagement and its influencing factors to explore the means of
evaluating from a psychological perspective, so that it provides related technical
support for safety management.
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13.2 Core Concepts
13.2.1 Job Engagement

Job engagement (JE) is defined as a positive, fulfilling, work-related state of mind.
There are three dimensions to JE: (1) vigor (VI), invested high levels of energy in
one’s job and challenged difficulties with tenacity; (2) dedication (DE), a sense of
significance, showed enthusiastic and proud at working; and (3) absorption (AB),
characterized by being happily engrossed in one’s job and not willing to get off the job.
In 2002, job engagement was tested with the Utrecht Work Engagement Scale [3].

13.2.2 Job Burnout

Job burnout was a metaphor that was used to describe a state of mental weariness in
workplace. It can be traced back to a survey of Maslach Burnout Inventory (MBI).
Later, the original developed the new version that was called MBI-General Survey
(MBI-GS). There were three dimensions in MBI-GS: exhaustion, cynicism, and
efficacy [4].

In this paper, based or referenced on job burnout theories of Maslach and other
scholars, the author edited Technical Staff Job Burnout Scale (TSJBS) using the data
or information on psychological status at work, which were collected from inter-
viewing and investigating some Chinese technical staff in Beijing [5]. In TSIBS, there
are three dimensions: (1) mental fatigue (MF), a sense of psychological fatigue at
work, feeling of difficulties in concentrating, memorizing, and thinking; (2) alienation
sense (AS), reflected indifference to customers or a negative attitude towards job; and
(3) inefficacy sense (IS), made a lower evaluation on one’s occupational accom-
plishment, working performance was worse than that one would expect.

13.2.3 Job Characteristics

Job characteristics is defined as professional factors related to one’s job. There were
five dimensions in the Job Characteristics Scale (JCS): (1) treatment satisfied (TS),
satisfied with payment, position, and incentive scheme; (2) job payload (JP), being
demanded on the quality or quantity of jobs within a period; (3) working roles
(WR), being expected to do two or more jobs in a period; (4) resource supply (RS),
getting energy both physically and psychologically; and (5) resource matching
(RM), working in good human-machine environment system, such as rational
technical reserves for operating machine, good workplace to human fitness [5].
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13.3 Interview and Results

20 subjects from a research institute in Beijing were interviewed by the author, who
talked about their occupation experience. Some constituting elements of job
engagement were found in the in-depth interview, which include: (1) liked their job
and did jobs in high spirits; (2) enjoyed working and challenged difficulties; and (3) put
their energy into job as much as possible. There were some issues found, such as pay
benefits, job plans and roles assignment, significantly impacted job engagement.

13.4 Questionnaires and Results

13.4.1 Subjects

230 technical staff from a research institute in Beijing presented with self-reporting
questionnaires on job engagement, job burnout, and job characteristics. There were
20 individuals interviewed among the subjects. In this survey, 199 test papers were
received and the 190 papers were completed, of which the validly response rate was
82.6 %.

13.4.2 Instruments and Material

The following instruments and material were used:

e Utrecht Work Engagement Scale of Chinese Version (UWES-C)
Utrecht work engagement scale (UWES) was made by Schaufeli originally,
which was translated and revised by Chinese scholars [6]. There are 15 items
which were grouped into three subscales and the items were scored on a
seven-point scale (0-6). The subscales include VI, DE, and AB.

e TSJBS and JCS
Both scales were revised by the author [5].

e Professional efficiency scale(PES)
PES includes 9 items (e.g. “I can effectively complete the job and make an
achievement”), which was edited by the author. All the items were scored on a
four-point scale (0-3).

13.4.3 Subjects

Based on psychological principle of measurement and assessment, first, question-
naires were sent to subjects and taken back by the author. Second, data from this
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investigating was reorganized and some invalid papers or abnormal numbers were
deleted. Third, the data or information was studied by using SPSS FOR
WINDOWS software for psychological statistics or calculation.

13.4.4 Investigation Results

13.4.4.1 UWES-C

e Structure validity
Using confirmatory factor analyses to the UWES-C, the three-factor model
showed an acceptable fit to the data with x> = 144.05, df = 82; important model
fitting parameters (GFL, CFIL etc.) reach or approach 0.9; RMSEA < 0.08. The
results showed that this structure validity of UWES-C can meet psychometric
requirements as the following Table 13.1.

e Internal consistencies
Cronbach’s (a) is displayed in Table 13.2. According to the relevant standard
[7], it was good at the internally consistent.

13.4.4.2 The Scores (M and SD) and the Correlations

Subjects (N = 190) were assessed by UWES-C, TSJBS, JCS, and PES. The mean
(M), standard deviation (SD) of the study variables, and correlations showed in
Table 13.3.

13.4.4.3 Regression Analysis on the Influence Factors

JE was a dependent variable; the subscales of JCS and TSJBS were predictors

(independent); TS, RM, JP, MF, and AS were predictors. The results showed in
Table 13.4.

Table 13.1 Results of confirmatory factor analyses to UWES-C (N = 190)

Model $ df GFI AGFI PGFI NFI CFI RMSEA
3-factor 144.05 82 0.91 0.87 0.62 0.88 0.94 0.062
Table 13.2 UWES-C Variable VI DE AB Engagement

internal consistencies
(N = 190) o

0.7209 0.7677 0.7657 0.8984
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Table 13.4 Coefficients on the subscales of JCS & TSIBS predicting JE

Model | Variable Unstandarized Std. Beta T Sig. Tolerance
coefficients error
ICS (Constant) | 19.984 4.000 |- 4.996 | 0.000 |-
TS 1.853 0.468 0.268 | 3.960 | 0.000 |0.845
RM 2.443 0.577 0.283 | 4.237 | 0.000 |0.866
JP 1.436 0.464 0.197 | 3.092 | 0.002 [0.948
TSIBS | (Constant) | 44.762 3437 |- 14.02 0.000 |-
MF 0.985 0.225 0.318 | 4.374 | 0.000 |0.880
AS —0.748 0.173 | -0.314 | —4.323 | —0.000 |0.880

Notes IS, WR and RS were deleted; Beta Standardized regression coefficient

13.5 Discussions

13.5.1 The Meaning of Correlations

TS, JP, and RM could be important factors impacting JE because there were
moderately positive correlations (> 0.3, p < 0.01) between UWES-C subscales and
JCS subscales (TS, JP, and RM) as the data displayed (Table 13.3), and their
statistical validity is good [8]. The UWES-C positively correlated with mental
fatigue (r = 0.21, p < 0.01), showing that the mental fatigue showed a person was
indeed working hard. On the one hand, if there is no mental fatigue, it means that a
person did not engage with the job. But, some employees, who were psychological
and physiologically healthy, might have felt intense mental fatigue, meaning that
they spent much energy or time in job (over-Job Engagement). If so, leaders of
safety department should pay attention to the employees who might conduct unsafe
activities or make troubles because they were too tired to work well.

The TSJBS and its subscale IS unrelated significantly with the score of
UWES-C, which means both job burnout and job engagement are different in
concept from each other, and inefficacy sense is not a significant influence factor to
the job engagement.

13.5.2 Job Engagement Predicting Model in Reality
Meaningfulness

Job engagement predicting model (JEPM) was built using standardized regression
coefficients, which also called the path coefficient (Beta), as shown in the Fig. 13.1
(figures are numerical value of Beta). As Table 13.4 showed, in the model (JCS),
some dimensions of job characteristics scale (TS, JP, and RM) attributed to job
engagement in the same time, reflecting a level of organizational management; In
the model (TSJBS), mental fatigue and alienation sense could impact (or mediate)
Job Engagement.
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Fig. 13.1 JEPM

In the interview, there were two extreme cases of job engagement: insufficient
and excessive. The former showed passive, distraction in day-dreams and so on; the
later displayed one’s unbalanced situation between work and life because of
investing too much time into jobs, in which the individual did not enjoy eating and
sleeping for many days so that the brain felt painful or disorder. Both of the cases
could weaken safety management in the workplace, and even dangerous accident
could occur in their working programs.

Job engagement is a psychological status to staff at work, which includes phys-
ical, cognitive, emotional perspectives etc. Job engagement plays an important role
not only to staff’s well-being, but also to organizational success and achievement [9].

Valuing human reliability and avoiding human factor accidents is an essential
task for organizations to survive and develop. Thus, organizational managers
should optimize Man-Machine-Environment Systems (MMES) at workplaces, and
pay attention to staff’s psychological and physiological needs. The job engagement
predicting model can support organizational managing strategies, such as exploring
good ways to resource matching, reasonable arranging job payload, reducing
alienation sense with EAP [10], improving treatment satisfied by organizational
culture, guarding against unsafe operation when technical staff might be in a case of
mental fatigue.

To conclude, recognizing the significance of technical staff’s Job engagement
and influencing factors would be helpful with safety management or human
resources program. R&D organizations or enterprises will be benefitted from safe
and healthy environment so that they can more effectively do science and tech-
nology research and produce commodities for human society.

13.5.3 Job Engagement on Expending and PES Examined

Professional efficiency was an original subscale of MBI-GS Scale. However, some
scholars consider it as a part of job engagement [3]. To examine the hypothesis, in
this study, the professional efficiency scale (PES) was edited and operated by the
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author. PES was verified through using exploring factor analysis, and its internal
consistencies were good at Cronbach’s (o > 0.74). The result displays that PES
positively and highly correlated with UWES-C (r = 0.72, p < 0.01, Bilateral
inspection), and reveals that professional efficiency not only has an impact on the
job engagement but also could be an expending dimension of the job engagement
scale.

13.6 Conclusions

With interviews and questionnaires, the data and information was collected and
calculated by using SSPS software. This study’s conclusions are as following:

e Job engagement became available to describe psychological status of the
technical staff at work;

e UWES-C is reliable and effective, in terms of reasonably and objectively
measuring technical staff’s job engagement. A norm criteria of evaluating job
engagement needs to be set up in future.

e UWES-C and job engagement prediction model can be helpful on research to
human factor of safety programs as well as accident prevention.

Acknowledgments Heartfelt thanks to the Psychology Department of Peking University, inter-
viewees and respondents of the questionnaire!
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Chapter 14
Analysis on Professionalism and Ability
Structure of Secrecy Sergeant

Hongbiao Wang, Huili Yu and Wei Zhang

Abstract One of the important contents of the sergeant system reform is to push
forward the sergeant professionalism construction. According to the fact and
teaching practice of military secrecy, the paper discusses the construction situation
of secrecy sergeant professionalism, the equipped capability structure of secrecy
sergeant professionalism, speeding up the occupational skill testing work and
promotion training work of security sergeant, building the security system of
secrecy sergeant professionalism, etc. in the ways of literature study, researching,
expert interviewing in order to provide theory reference for pushing forward the
process of security sergeant professionalism.

Keywords Secrecy sergeant - Professionalism - Capability structure

14.1 Introduction

As the skill application talent group, sergeants are the important protection of
winning the war. The level of their qualities has direct influence on the generation
of the fighting capacity of the army. It has become consensus of armies of all
countries worldwide to take the professionalism construction of the sergeant group
as the important content of the army professionalism. Our military has pointed out
in Plan on Implementing Military Talent Strategy Engineering established in 2003
that: “sergeant professionalism system and optimized training system featured with
characteristics of our military shall be formed by 2020.” In 2011, it was again
emphasized in Outline of Military Talent Development Plan before 2020 that: “push
forward the reform of sergeant professionalism.” Secrecy sergeants shall refer to
sergeants who hold the post of military confidential person and bear the duties and
responsibilities of transferring documents and secrecy management and are a group
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of vital power in military secrecy. Pushing forward the professionalism construction
of the secrecy sergeants has important meaning to advance the professionalism and
normalization of the military secrecy career.

14.2 Analysis on Secrecy Sergeant Professionalism Status

14.2.1 A Group of Professional Group Is Necessary
Jor the Development of Military Secrecy

The secrecy work develops by involving higher and higher science and technology
content and deeper and deeper professional degree. The key point of well com-
pleting the military secrecy under informatization conditions is whether there is a
group of high-quality secrecy talents who have strong political awareness, good
work style, master technology and management skills [1]. However, the
high-quality secrecy talent group needs occupational steadiness as protection to
provide continual motive force of development.

14.2.2 Professionalism Shall Be Reinforced Due
to the Specialty of Secrecy Sergeants

Comparing with other technological arms, the occupational failure of the secrecy
sergeants may cause hidden, lagged, and comprehensive dangers and the losses
caused hereby cannot be balanced by cash. Therefore, the occupational qualities of
the group will directly influence the document transfer level and the safety man-
agement of confidential information of the military. From this point, the confi-
dential sergeant group has higher professionalism requirements than that of other
posts.

14.2.3 New Measures of State Secrecy Professionalism
Provide References for Secrecy Sergeant
Professionalism

Since 2012, state-relevant departments have gradually resolved the limitation fac-
tors such as vacancy of professional academic education, title series, and profes-
sional group in secrecy work that may influence the professionalism development
of the secrecy work. First, Engineering Technology Senior Professional Post
Assessment Committee of National Secrecy Administration of the People’s
Republic of China has been established and in further the secrecy system may
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automatically organize and assess senior technological title; second, the secrecy
management major has been normally listed into major list of common under-
graduate universities; third, state and some provinces have established association
of secrecy workers [2]. The issuance of these measures has important meaning to
push forward the professional development of the secrecy work as well as provide
beneficial lessons and references for the military to develop professionalism of the
secrecy sergeants.

14.3 Analysis on Ability Structure Necessary for Secrecy
Sergeant Professionalism

Secrecy work is a kind of science of high comprehensiveness and has self objective
law and suitable knowledge system and ability structure. Especially as the infor-
matization construction of our military is developed deeper and deeper, higher
requirements are proposed for the ability demand for secrecy sergeants: not only
powerful political ideological qualities but also qualified professional skills; not
only professional basic knowledge necessary for the post but also learning and
innovative ability adaptive for new technology development. Therefore, focusing
on the professionalism development of the secrecy sergeants, the ability structure
shall be expressed in following aspects.

14.3.1 Political Ideology

Secrecy work is high-political work and professional awareness can be really
strengthened only if the sergeants always have strong sense of responsibility and
vision to the party and military career. It also decides that the secrecy sergeants shall
have qualified political ideological qualities, which is the basis and precondition for
being qualified for the post requirements. Political ideological qualities mainly refer
to the requirements of ideological qualities and include political faith, political
standpoint, political sensitivity, policy level and ideology and style, etc. To become a
qualified secrecy sergeant, first, you shall have firm political faith and political
standpoint, namely loyalty to the party and country and permanent persistence on
taking the protection of the state safety and military benefits as individual task and
understanding and handling various problems by consciously using the standpoint,
viewpoint, and method of Marxism; second, you shall have highly political sensi-
tivity and insight, meaning to be good at analyzing problems from political, correctly
master the development trend of the secrecy work and complete the key work points
of different periods and different backgrounds; third, you shall have highly policy
level and can firmly carry out and perform the policies and laws of the state and
military and correctly understand, master, and use relevant policies [3].
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14.3.2 Professional Ethics

Professional ethics refer to certain behavior rules that people of certain occupation
shall obey and are the materialization of social ethics in professional life. In order to
enhance the professional ethics of all industries, various occupations shall make
work principles, rules, and systems to behave people’s behaviors and help them to
form good professional ethics habit by starting from professional requirements and
adapting the characteristics of the industrial workers. The secrecy sergeant shall
obey and perform secrecy rules, security duties, and responsibilities and work rules
of security office as an example, have high ethics qualities, treat fame and wealth
and loss correctly, endure the loneliness, consciously resist various temptations and
have the spirit of utter devotion and ethics of being an unknown hero; and shall
establish service awareness and act as the bridge and link of up-and-down and
inside-and-outside connection to push forward the smooth implementation of the
secrecy work of the unit.

14.3.3 Basic Knowledge

Out of the complexity of the military secrecy, it demands that the personnel devoted
to the career shall not only have good political qualities and spirit of selfless utter
devotion but also own relevant basic knowledge. As a detail executor and pusher of
the military secrecy work of one unit, whether the secrecy sergeant has consolidated
basic knowledge is both the precondition of performing duties and responsibilities
and the basis of further development. The basic knowledge mainly covers basic
knowledge of culture, computer and internet, military secrecy, archival science, and
basic laws and regulations of military secrecy, all of which will be used usually
during the daily work of a secrecy sergeant. The master degree will directly
influence the development of the work and even influence the safety of the military
secrecy information.

14.3.4 Business Skills

The work of secrecy sergeant is fussy and meticulous and is a kind of detail work
with special meaning and strong practice. Besides necessary basic knowledge,
experience shall be accumulated continually during practice to enhance business
skills and complete occupational work preferably. The secrecy sergeant shall
familiarly master following business skills: daily management, document handling,
stamp management, secrecy-based movement, storage and medium management,
secrecy publicity and education and secrecy inspection of secrecy office. The first
three businesses are generally completed by the secrecy sergeant independently and
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are as well the most important work content at present. It demands that the secrecy
sergeant shall be extremely good at and proficient at this and can flexibly handle
various circumstances they meet; the subsequent items are those that the secrecy
sergeant can involve in. In early time, the secrecy sergeant may not be measured
according to high requirements but shall familiarly master these contents as further
develop and promote.

14.3.5 Study and Innovation

Atpresent, as the construction of the army informatization goes deeper and further, the
military secrecy stays at an important transition period and there are many new
situations and new problems to be researched and resolved. The only way to get out
and develop is to learn and innovate. Whether the secrecy sergeant has the learning
and innovative ability and qualities is the ruler to balance the comprehensive qualities
as well as the key factor on whether he can get succeeded. What learning and inno-
vation reflect is a kind of spirit status. The motive power and practice cannot be
generated without strong aggressiveness and responsibility sense. The learning and
innovation of the secrecy sergeant shall be developed based on inheritance. Through
mastering the historical law, the secrecy sergeant shall continually learn and innovate
during practice, research and resolve new situations and problems met during the work
and push forward the development of the secrecy theory and practice.

14.4 Conception of Accelerating Secrecy Sergeant
Professionalism

Since the reform of sergeant system in 1999, our military has successively revised
and improved relevant laws and systems such as Sergeant Service Regulation and
Sergeant Management Regulation and initially established sergeant system with the
characteristics of our military and expression of professionalism characteristics,
which also built system basis for the professionalism of the secrecy sergeant. To
accelerate the professionalism of the secrecy sergeant, emphasis shall be put on
following aspects.

14.4.1 Carry Out the Professional Qualification
Certification System of the Secrecy Sergeant

The sergeant’s professional qualification certification is to make objective assess-
ment on the theory knowledge and practice ability that the sergeant shall have and
match the post. The secrecy sergeant shall be selected and promoted strictly
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according to the professional qualification certification and obtained job qualifica-
tion of corresponding level. Insist on principles of “strict standard, strict require-
ments, first review and later use and work with certificate” and then conclude the
sergeant into secrecy work group. The qualification certification of the secrecy
sergeant can be implemented according to steps of selection, review, before-post
training, qualification test, registration and record and supervision and management,
which shall not only pay attention to the examination of knowledge level and
intelligent structure but also emphasize the assessment on ethics, ability, profes-
sional ethics and work style and discipline during past work [4]. The access to
secrecy sergeant can be safeguarded as long as the result of professional qualification
certification is taken as the necessary condition for promotion and the effect of the
professional qualification certification is strengthened to help to obtain professional
development opportunity and establish firm basis for the professional development.

14.4.2 Reinforce the Promotion Training Degree
of the Secrecy Sergeant

Promotion training: the sergeant shall join in training of corresponding level to be
selected as professional technician sergeant or promoted up to professional tech-
nological sergeant and join in professional skill authentication exam. The sergeant
who is qualified in the exam can be promoted. It refers to the “necessary exam for
promotion and necessary training for promotion” usually mentioned. It is an
effective measures suitable to the professional development and realizing the sci-
entific development of the sergeant professionalism. However, according to the
condition of secrecy sergeant’s promotion training classes held in recent years, it
still has difference from sergeant’s promotion training of other majors. The reasons
for that include not only objective factors such as the special requirements of the
post and guarantee of frequently staying at post but also subjective factors such as
the person has not sufficient attention to the promotion training. Therefore, active
guidance shall be carried out and correct cognition shall be established on the height
of advancing the professionalism of the secrecy sergeant to ensure the effective
implementation of the promotion training and really enhance the professional level
of the secrecy sergeant.

14.4.3 Construct Professionalism Protection System
of the Secrecy Sergeant

The post characteristics of the secrecy sergeant decide the fundamentality and
service of the work. Comparing with other posts, the secrecy sergeant cannot reach
remarkable achievements. Although the secrecy sergeants are demanded to endure
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loneliness and poverty at the early period of the professional selection, emphasis
shall be put on constructing protection system that can guarantee the secrecy ser-
geant’s professionalism during system design. First, reputation incentive mecha-
nism shall be established. Reputation awareness is certainly an important content of
the professional awareness. The secrecy sergeant shall sufficiently know the
importance of the secrecy work and understand that it is a kind of trust and
important entrustment from the organization to be selected to devote to such pro-
fession. What is more, the idea that “it is achievement that problems cannot be
found at this post” shall be established on awards implementation. The sense of
reputation can be stimulated through timely awards. Strong sense of professional
belonging [5] can be established only with strong sense of reputation. Second, post
allowance shall be set. The post liabilities of the secrecy sergeant are vital. Any one
of task cannot endure even the least bit error. Post allowance may slightly make
material compensation to long-term high-strung spirit status and is also acceptance
to the professional integrity. Third, professional technological sergeant system shall
be explored. The cultivation period of the secrecy sergeant is long and effective
measures are necessary to ensure the post steadiness. Professional technological
sergeant system may help the secrecy sergeant devoted to secrecy work to have
definite professional development expectation.
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Chapter 15

Research on Design of the Battlefield
Soldier Physiological Status Monitoring
and Analysis System

Chenhui Li, Zhibing Pang, Yanjun Zhang,
Shili Chu, Xiaofei Zhai, Hualiang Xu and Zengjun Ji

Abstract After investigating the development of the physiological status monitor
technology in China and abroad, the author studied the physiological status monitor
technology for soldiers in the battlefield. According to the requirements for per-
formance imposed by modern wars, the author analyzes the system composition,
functional design, and data transmission of the Battlefield Solider Physiological
Status Monitor System, so that it can analyze soldiers’ operational intensity and
fatigue procedure, and allocate combat missions properly on the basis of physio-
logical information; estimate the condition of wounded soldiers in time and exercise
evacuation; analyze comprehensively the physiological status of the personnel in
combat units and thus provide a basis for command and control operations.

Keywords Information technology - Physiological status monitor - Radio
frequency

15.1 Introduction

In the future information digital battlefield, soldiers fighting is the key factor to
maintain the army integrated battle ability to win the war. More complex battlefield
environments and advanced weapons and equipment require the highest require-
ments in physical fitness, skill, and intelligence of soldiers. Particularly, combat
operation is fast and soldiers are always in a state of intense work, which will exert
greater pressure and influence on their psychology and physiology. Personnel
physiological states and exhaustion level may speed up the decline in their physical
health status and directly affect their battle effectiveness, ultimately endangering
their life safety and influence the completion of operational tasks. Most combat
operations in future wars will be undertaken by small and frequent moving combat
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units. It will be important to master the unit soldiers’ life and wound information;
therefore, it is necessary to know the physiological state of soldiers and other
information at any time. According to the statistical analysis of the US Army
combat depletion, 20 % soldiers were killed in combat attrition, 2/3 injured soldiers
had died in 10 min. Statistics of the Vietnam war show that 50 % of dead soldiers
died from bleeding, 90 % of the injurious died before reaching medical institutions
within 1 h of their injuries, 20 % of whom could be saved if timely emergency
measures had been taken [1]. Studies have found that if the wounded soldiers timely
take effective medical treatment within the first 1 h after their injuries, their chances
of survival and recovery will increase. Hence, it is a prerequisite to monitor sol-
diers’ vital signs for timely rescue in modern war; it needs to know soldiers’
physiological and psychological state and casualties, as well as take effective
measures to intervene and rescue. Therefore, to minimize casualties is of great
practical value to commanders for operational deployment, battlefield ambulance,
and reducing casualty rates.

15.2 The Present Situation in Research

In recent years, the “health care with their men in” slogan suggested that in all
countries more and more attention be on study of single vital sign monitoring and
rescue techniques, in order to develop future digital weapons of warrior system; for
all soldiers vital signs be monitored through portable technologies or systems. In
the US, NASA developed a wearable physiological measurement system to mea-
sure ECG, blood pressure, respiration, oxygen, and other physiological indexes of
more than 30 kinds. The US MD biotech company developed a special eyepiece
scanning probe, which according to the color of the capillaries in the eye can tell the
content of oxygen in the body, determine the chemical contamination, and alert in a
timely manner to take emergency measures to avoid casualties. The University of
California developed a new type of underwear, equipped with biosensors, to record
uninterrupted human physiological data that can be used to monitor the state of
human life, and help medical staff to confirm the damage. Korea developed a
physiological signal monitoring system based on helmets, which can detect sol-
diers’ information, ECG, EOG, and EEG, monitor real-time the health of soldiers
round the clock, providing commanders with the soldiers’ physical condition
information. Meanwhile, the system combines a global positioning system and
rescue medical system that can significantly reduce rescue time for soldiers,
especially for serious injuries and for those who are unable to send a distress signal.
Professor Roy at Taiwan University launched the “Advanced Wireless Biomedical
Health Monitoring System” using micro-nano-chip implanted in the skin surface to
detect indicators such as breathing, heart rate, blood, and use the data through the
remote, so as to monitor physiological indicators for early diagnosis and early
warning. As early as the late 1980s of the twentieth century, the US military
proposed a conception of individual vital signs monitored in the battlefield aimed at
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the entire battlefield information technology, so that every commander, soldier, and
support personnel can get timely effective use of the required information, to always
have a clear and accurate picture of the battlefield situation map, to ensure the battle
plan, and the implementation of its mandate. The US Army developed the “Army
land Warrior” program. Among them, the individual vital sign monitoring systems
(Soldier Physiologic Status Monitoring, WPSM) is a US Army future force Warrior
(FFW) part of the equipment. The US military planned to FFW in 2010, part of the
equipment used will be completed in 2020. The US military developed chip
Hospital systems, sensors, and medical injection devices integrated on a chip
attached to the soldiers’ skin; once sensor signal soldier is injured, it immediately
initiates the emergency injection device. America also plans to implant new
nanosensors to the soldiers’ body to monitor the health of soldiers on the battlefields
of the future, with rapid responses to the required state or providing drugs to the
blood. In addition, the US Navy has developed the wisdom shirts project [2];
NASA developed the life Defender project [3] and battlefield wireless life moni-
tored system (C-WHMS); France has FELIN plans [4]; United Kingdom has FIST
plans, and Germany of future warrior [5], plans are joined on the individual life
system monitoring technology, where through different sensors, physiological
parameters of soldiers are obtained on life signs state changes for real-time moni-
toring, The purpose of achieving guiding operations is to rescue the soldiers.

A study on single vital sign monitoring started in China in late 2001. Li hongyi
[6] researched individual physiological information monitoring system design;
2002, Guo jinsong [7] on individual life State remote monitored and the positioning
system of research, using global positioning system GPS for positioning, achieved
1-km distance within life, and location information of transfer; 2005, Chen Jian [8]
on individual life State monitoring system for has research, proposed has system
program; 2009, Xin Li [9] Vital signs monitoring system based on ZigBee system
design and research in 2010, Han Zhihai [1] on the sea, such as individual life and
thoughts on development of condition monitoring system. In 2013, Xie Tai [10]
signs monitoring system based on wireless RF technology research. Studies have
shown that using vital signs monitor based on clinical technology is mature giving
accurate human biological information, but on the field the combatants of move-
ment are under long-term monitoring of vital signs and hence there are still some
technical difficulties.

15.3 The System Design

Battlefield life monitor soldier vital signs are comprehensive monitoring, analysis
and assessment, through the provision of advice and guidance, and risk factors for
illness and injury is interfering in and controlling the whole process. Figure 15.1
shows the battlefield life monitoring of closed loop, first on soldiers for life signs of
detection; then, through detection data of analysis and processing, achieved on its
life State of assessment and risk forecast; according to decision information,
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Fig. 15.1 Process of Battlefield Life
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achieved on soldiers life State of intervention and ambulance measures; last,
according to life signs of real-time monitoring, judge control links of actual effect,
to achieved full of soldiers life signs monitoring process, and can and corre-
sponding of combat command system interconnected, reached information data of
shared.

Battlefield individual life signs monitoring system (BSPSMS) can real-time gets
soldiers of life signs information and the injury situation, and sent to command
center, achieved remote analysis, and injury assessment and Wei service resources
scheduling, its construction target is improve soldiers of integrated combat capacity,
increases its in combat action of combat effectiveness and survived chances, grasp
forces overall fighting, effective implementation combat command, reached to
minimum cost won war victory of target has important meaning.

15.3.1 System Features

BSPSMS is a new physiological parameter monitoring system with remote data
transmission capabilities, is an advanced noninvasive sensor technology, informa-
tion technology, satellite positioning technology and low-power wireless commu-
nication technology combined with a small device, can continuously monitor a
soldier’s vital signs and send people physical data and position reporting in real
time. Modular design of the system, to facilitate agreement on unified standards,
realizes all kinds of sensor Plug-and-play. In specific implementations, wearable
structure should be taken, such as watches, mobile phone type, ring type, IC card,
and to adapt to different environments, different levels of population.
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Main functions of the system:

(1) Monitor vital signs. By soldiers, heart rate, blood pressure, pulse, respiration,
body temperature and other physiological monitoring, analysis and monitoring
of their damage.

(2) Fatigue testing. Using Visual methods recognized by the system’s response to
judge the State of fatigue characteristics, such as closed eyes, head, frequent
yawning, etc. This non-contact method, it’s easy, accurate, but susceptible to
light and influence of individual factors.

(3) State intervention analysis and decision making. In the acquisition of soldier
physiological signals and physiological response after signature, analytical
processing, extraction and physiological parameters, control with basic
physiology experts, determine the State of a soldier’s life, sound the alarm or
remote intervention. Meanwhile, base on the optimal deployment of combat
missions of vital signs.

15.3.2 System Composition

By BSPSMS single depots and central station. Each of the soldiers wear a portable
single depots, and Continuous Monitoring Cardiac, blood oxygen saturation, blood
pressure, temperature, heart rate, breathing, posture, and environmental parameters,
and the data store-and-forward to the central station for analysis, processing and
display. Click alongside with the central site has a self-group of web features, click
alongside to ID dynamically from the group internet access, central station at the
Internet at the same time, it also has the battlefield communications network
Internet functionality, and ultimately achieve multi-level raster the group to form a
unified battlefield soldiers vital signs sensor system, as shown in Fig. 15.2.
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Fig. 15.2 Structure of system network
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Fig. 15.3 Structure of soldier station

Click depot is a small, wireless sensor network, also known as the domain
network (Body Area Network, BAN), which is a small removable, with commu-
nication of the sensor, and a collection of terminal (as shown in Fig. 15.3). Each
sensor is to wear, to capture terminal BAN is the manager, is also BAN to an
external network, such as battlefield communications network) the interface
between data transmission and exchange. Click alongside the acquisition terminal
and the sensor (including temperature probes, pulse detector, breathing detectors,
blood pressure probe and the attitude Detector, etc.) BAN composition, receiving
data and processing, while at the same time monitoring the environment parame-
ters, such as chemical or biological environment detectors, life Signal Detectors,
and sleep quality detector, satellite positioning systems, etc.). The sensor is in a
portable monitoring unit, with real-time monitoring, vital signs, such as blood
pressure, blood sugar, heart rate, breathing, blood oxygen saturation, and so on),
making use of the wireless technology, such as Bluetooth, WIFI, ZigBee, etc.) with
the acquisition terminal connected, and with a group of Web mode, in a given
geographical area, access the central site.

Central Station, usually a unit-level command centers, to achieve a certain
geographical area, a multi-center redundant configuration, you can also use bat-
tlefield communications network access charges at a higher level system, the
commander informed with life of the soldiers, accurate judgment combat capability
to provide viable basis.
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15.3.3 Data Transmission

Monitoring system as a whole to achieve interoperability, and form a unified per-
ception of vital signs, the key lies in data transmission technology. Therefore, when
you design a data transmission module, it is important to take into account issues
such as encoding, transmission systems, communication protocols, use as little as
possible the amount of data delivered as much information as possible, the transfer
process as shown in Fig. 15.4. Figure, apart from BAN mantel collecting physio-
logical data, also can be used with individual Internet radio, to position it where
necessary, automatically opens the radio sends the ambulance report information
and State of life alarm intervention.

Due to the complexity of the soldier’s own equipment and the unpredictability of
the external environment, as well as the vital sign parameters measured different
parts, using cable connecting the sensor will cause inconvenience to soldiers, so
data transmission wirelessly must be taken. Vital sign monitoring project in a
foreign country, General transfer information is divided into 3 stages, body area
networks, local area networks and wide area networks. Body area network of
individual stations stage between sensor and data acquisition terminals due to
transmission distance, uses low power wireless transmission technology. Single
LANSs stage between the depot and the central station, according to battlefield
environment with WIFI high speed transmission technology. Centers and wide area
network between the combat command center stages, then used the battlefield
communication networks, long-distance transmission of data. If necessary, vital
signs information can also be classified using short messaging functions of Beidou
satellite positioning system global transmission of critical information.
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15.4 Conclusions

This paper researches the design method of battlefield soldiers’ life signs moni-
toring system; a general method of the system construction is provided based on
status of domestic and foreign system projects’ construction; the composition
structure, network mode and application of data transmission technology of the
system are discussed. The following aspects should be researched continuously in
the system design, including: (1) adapt complex and worse battlefield environment,
especially coastal and plateau Alpine area and complex electromagnetic environ-
ment, etc., factors; (2) further improve sensors’ sensitivity and reliability, make
them timely and accurate to percept changes in sign parameters; (3) adaptability and
effectiveness of data heterogeneous group network; (4) use short message function
of Beidou satellite positioning system for data transmission; achieve unified bat-
tlefield soldiers’ life signs perception, and can make first aid interventions to injured
personnel and advantages deployment of combat missions timely according to signs
state information.
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Chapter 16

Analysis and Countermeasures of Aimer
Operation Errors of a Certain Type

of Anti-aircraft Artillery

Junlong Guo, Rongzhi Yang, Dapeng Wang and Zaochen Liu

Abstract Through analysis of aimer operation errors of a certain type of
anti-aircraft artillery this essay finds the existing prominent questions and reasons,
and takes effective measures to solve them. From training characteristics and
operation errors reasons of aimers the essay deeply researches training matters of
aimers using qualitative and quantitative analysis scientifically. In accordance with
regularity in an orderly way and training scientifically the aimers can be gradually
improved at operational level. According to the principle from separate operation
step to consistent operation, from simple operation to complicated operation and
from simulated training to live operation we should fully improve operational level
of aimers and make them adapt training requirement of the live combat drill through
scientific training, active changing training spot, and creating the live combat
situation.

Keywords Operation error - Analysis - Anti-aircraft artillery - Aimer

16.1 Introduction

A certain type of anti-aircraft artillery is characteristic of fast firing rate, strong fire
power and higher automation degree [1]. It mainly directs at attacking air raid
weapons from low altitude and super low altitude, shouldering an important mis-
sion of countering air and missile threat. When we fire at air target making use of
sighting device, the effect of fighting against target fully depends on operational
skill and level of aimers [2]. When we have live fire drill some abnormal phe-
nomenon that some aimers with excellent training performance and well-skilled
operation procedure cannot completely develop themselves and have operational
error usually occur. It plays an important significance for improving air combat
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capability of a certain type anti-aircraft artillery to analyze and research operational
characteristics, and discuss the aimers’ operational error reasons.

16.2 Training Characteristics of Aimers

When using sighting device to fire, the main task of aimers is to research and track
down aiming target in different direction and altitude, and step on the pedal to fire at
air target [3]. The training characteristics of aimers are as follows.

16.2.1 Operational Essentials Are Standard

Operational procedure of aimers is complicated which includes receiving monitor’s
instruction, releasing lockage, searching and tracking down aiming target, changing
the state of switch, implementing firing task, etc. During the training process the
aimers must abide by operational regulation and conform to regularity produced by
military skill [4], and step-by-step have operation according to standard training—
well-skilled training—technique training procedure, and not make any mistake at
all, otherwise this will cause damage to the equipment and staff.

16.2.2 Training Environments Are Complicated

Its objective existence and unchangeability affects the natural environment during
military training. For example, some environmental changes such as geomorphic
change, seasons shift, climate change, rotation of day and night will undoubtedly
affect training effect. When combating in field conditions it is most difficult to make
use of sighting device to research and track down aiming target. In different
environments there exist huge differences for aimers’ operational level; as long as
they adapt all kinds of environments the operational level of the aimers can be
normally developed.

16.2.3 Comprehensive Quality Is Highly Required

In order to counter air target of enemy effectively aimers’ characteristics are fast-
ness, steadiness, and precision. To attain the requirement the aimers must take on
well-skilled operational skill, quick adaptability towards environmental change and
well-prepared psychological quality, and combine ears hearing, eyes seeing, hands
controlling, feet stepping and mind speculating with one another; the aimers have
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independent judging ability to make sure that firing occasion is controlled at suit-
able moment with precise aiming and an appropriate distance set, fully develop the
whole efficiency and force of equipments.

16.3 Analysis of Operational Error Reason of Aimers

From teaching training for many years we have found that operational level of
aimers and the exercise of their skills are closely related to skill familiarization,
training environment, and training psychology. Some phenomena such as no
searching targets, no steady tracking down target, and missing firing occasion is
closely related to these factors during the live firing process.

16.3.1 Operational Skills Are not Well-Trained

Operational skills are the important bases which combines humans with equipment;
as long as operational skills are well done we can combine humans with weapons
and fully develop their combat efficiency. The aimer is one of the most important
staff in the artillery squad, his operational skills are more required than other
gunners, at the same time improving skills is a gradual process with steady
advancement and we have no way to improve skills quickly. In the early training
stage the aimer advances apparently; when skills come to a certain degree it is
difficult to promote the skill level. The skills even come to a standstill and reach
training bottleneck. The aimer needs quick response, excellent sight, flexible
adaptability, and good psychological quality. The time interval of bottleneck varies
in different people. The difference between excellent aimers and average aimers is
whether bottleneck is quickly broken through; the aimers whose operational skills
are not well grasped easily lose confidence and this leads to nervousness, defor-
mation, and abnormal development of operational action.

16.3.2 Normal Training Environment Is Simple

Because of training equipment and training methods, normal training of a certain
type of anti-aircraft artillery is limited to camp training spot; the training envi-
ronment is relatively familiar and training means is very simple. However, live
firing is often done in a new and strange area, uncertain factors increase, and it is
difficult for aimers to adapt to the new environment, hence it is easy to lead to
abnormal operation and make disastrous errors for the aimers.
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During extremely cold weather gunners wear heavy uniform which cause
operational inflexibility. During long-time operation it is easy to go numb for the
human body, even extreme cold injury can occur. For fulfilling the same operation
the body energy will consume more than under normal temperature and operational
precision and rate will be greatly affected; in wet and hot weather with high tem-
perature when the gunners are trained their body temperatures quickly escalate and
more sweat will drain; all these factors can easily cause dizziness, sickness, spiritual
wandering, even dehydrating, and much worse, lead to heatstroke. It is easy for
human emotion to show irritation and anger. During sandstorm, heavy rain, and fog
when the air is not clear and visibility is very low, it is difficult for gunners to
observe everything, spirit is in high tension and it is easy for the gunners to fatigue;
in extreme cold plateaus long-time training easily leads to plateau reaction and
seriously affects training effect and does harm to human body to a certain degree
because of high terrain, low air pressure, thin air, and low oxygen content.

In different environments the aiming precision and rate that same aimer conducts
slightly differ (see Tables 16.1, 16.2 and 16.3). In accordance with the regulation of
military training and test syllabus [5] we have a test towards the 4 aimers’ grade
under the three conditions. Before test the four aimers has arrived at the excellent
level (finished within 6 s, errors within 5 mil), and they have fully warmed
up. Through the test result we may conclude that under the different environments
training performance greatly differs, some aimers are greatly affected from excellent
level to average level even to disqualification.

Table 16.1 Test performance of aimer under the suitable condition (clear, breezeless, 25 °C)

Aimer Ist Aimer 2nd Aimer 3rd Aimer 4th Aimer
Aiming error 1 mil No error 2 mil 1 mil
Target acquisition time 5"20 4"10 5"60 5"88

Table 16.2 Test performance of aimer under the windy and dusty condition (clear, fresh breeze,
25 °C)

Aimer Ist Aimer 2nd Aimer 3rd Aimer 4th Aimer
Aiming error (mil) 2 2 - 3
Target acquisition time 5"60 5"10 No acquiring target 6"40

Table 16.3 Test performance of aimer under the condition of high temperature (clear, breezeless,
36 °C)

Aimer 1st Aimer 2nd Aimer 3rd Aimer 4th Aimer
Aiming error (mil) 2 1 4 3
Target acquisition time 5"40 4"40 5"80 6"10
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16.3.3 Psychological Change Under the Live Drill Is
Abnormal

In live drill the training often combines tactic drill with live firing drill; the training
conditions are poorer and are characteristic of more training program, high intensity
and big difficulty, the psychological pressure of the trainees rapidly increases, it is
more apparent for some important post such as aimers to receive training.

The first is to produce panic psychology. Under the live firing process the strong
blast wave and special noise that artillery firing produce make aimers produce fear
and uneasiness, their heartbeat is quickly increasing and concentration can’t be
focused, and this influences their spiritual state, even muscle quivering, thus seri-
ously affect their operational performance. The second is to produce fatigue psy-
chology. Continuously long-time training with high intensity gives aimers heavy
spiritual burden, their body and emotion are extremely fatigue; strict safety regu-
lation requires the aimers to concentrate on attention, it is easy to make their brains
fatigue and thus leads to much lower firing precision. The third is to produce
nervous psychology. During the usual training process some aimers’ level is high,
however, during the live firing process they are anxious to fire at target, thus this
leads to psychological nervousness. An appropriate nervousness can develop
potential capability of aimers, but extreme nervousness with heavy psychological
burden may lead to functional imbalance of arms and legs, and cause serious barrier
for development of operational skills.

16.4 Countermeasures

16.4.1 Training to Improve Aimer’s Operational Level
Scientifically

Through long-time training the aimers have been made to grasp tracking down,
aiming and firing skills, however, because of different training intensity and
methods the level of operational skills is different during the training process. So
scientifically training is required to improve operational level of aimers gradually
during the training process.

From the training effect it is very necessary to have a lot of repeated training and
higher training intensity. But it isn’t absolute to have a lot of repeated training and
higher training intensity. A lot of repeated training and higher training intensity can
cause aimers fatigue and lose interest, even make error operation occur frequently,
thus reduce operational level. From training ways in accordance with the principle
from separate operation step to consistent operation, from simple operation to
complicated operation and from simulated training to live operation the training
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program orderly develops and gradually reinforce training difficulty, at last make
operational skills of aimers become more perfect and the level is becoming much
higher under the basis of regulation.

16.4.2 Change of Different Spot to Promote Aimer’s
Adaptability

Recalling the history, both home and abroad any war is done under the specific
natural environment which plays immeasurable effect on combat process and result.
Traditional aimers training is done in the training spot, much less considering
training influence under other circumstance. So we must actively innovate training
methods, comprehensively consider environmental factors, make aimers being
trained under all kinds of environment and conditions, greatly improve aimers’
adaptability.

Researching the influence of all kinds of natural environments towards aimers
operation its aim is to solve the issues of training level. So we should fully make
use of bad weather and worse situation, regard the training the aimers adapt under
all kinds of conditions as the important content of normal training, completely
improve their combat adaptability.

16.4.3 Creating Situations to Strengthen Psychological
Quality of Aimers

The live training is the important path to improve combat ability during the peace
time. If we need to combine military training with the war organically we must try
to create the situation of live training, continuously strengthen psychological quality
of aimers, and thus attain the real purpose like war.

The first is to create situation of tension. The aimers are relatively relaxed
because the normal training environment is relatively loose and lack pressure, most
of aimers are excellent during the normal training process, however, psychological
nervousness for the aimers leads to deformation and error of operation during the
live fire training, which will influence firing precision during the average situation,
in critical time it will lead to firing failure, even more serious danger. So during the
process of cultivation, nervous situation needs to be created and the education and
training of psychological endurance ability should be trained all the time, through
different ways such as non-scheduled test and check, reinforcement of training
intensity psychological quality of aimers is reinforced. The second is to create the
situation of combat spot. Through all kinds of modern means the battle situation
will be deeply created by making use of sound, light, and smoke to simulate the
roaring of air target, quake produced by explosion, big fire, gunpowder smoke, and
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so on. As a way of launching simulation bullets aimers are made in battle situation,
gradually they reduce stress and fear toward battle and progress psychological
endurance capability.

16.5 Conclusions

After analysis we conclude that the training of aimers is the characteristics of
standard operational essentials, highly complicated training environment, and
completely comprehensive quality. Operational level and skills and exercise of
aimers are close related to skills level, the live combat training during the training
circumstance, abnormal psychological change under the circumstance of live drill.
Through experience, training, and the related practice we draw the conclusion that
in order to acquire high training level and steady state of aimers we may improve
operational level of aimers through training scientifically, promote aimers’ adapt-
ability through changing training environment actively, and also strengthen psy-
chological quality of aimers through creating live combat situation. The research
result of the essay will provide guidance and help for improving the training level
and safety state of aimers and also provide experiences and lessons for other related
operation and training.
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Chapter 17
A Quality Evaluation Index System
of Group Leaders in an Aerospace

Enterprise Based on a Fuzzy Evaluation
Method

Yuchuan Bian, Man Zhang, Peng Qi and Jiang Yu

Abstract We investigated how to choose and appoint group leaders in an aero-
space enterprise. The study analyzed the characteristics of group leaders’ work,
including their ability for management, operation, communication, and vocational
morality, and analyzed their impact on the quality of the requirements for aerospace
enterprise practitioners. The article built a structural model of group leaders in the
aerospace enterprise, including 4 factors and 12 subsidiary factors. It established an
index system of group leaders in the aerospace enterprise based on the basic the-
ories of the fuzzy evaluation method and Delphi method. It examined the rationality
of the index system through an example and offers a reference to choose and
appoint group leaders in the aerospace enterprise.

Keywords Fuzzy evaluation method - Group leaders in aerospace enterprise -
Quality evaluation

17.1 Introduction

With the development of the aerospace industry, there are a growing number of
various types of spacecraft. In China, assembly, integration, and testing (AIT) of
spacecraft in development are mainly carried out in groups. Groups are the most
basic unit of the production and operation activities or management in aerospace
enterprises. The quality of group leaders will directly affect the normal operation of
the groups, along with the schedule, quality, safety, and other aspects of the work.
Therefore, a scientific quality evaluation index system for group leaders should be
established in order to guide the selection of group leaders in aerospace enterprises
and meet the quality requirements for group leaders in new situations.
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17.2 Characteristics of the Aerospace Enterprise
and Quality Requirements for Group Leaders

The development of spacecraft is a work [1] of high technology, high risk, and large
quality progress pressures, especially in the AIT development stage. In the mode of
organizing production by units of groups, group leaders should properly arrange the
work plans and labor division of personnel according to work content and com-
municate with personnel at all levels in the production process. In addition, because
of the special status of spacecraft development in the national political and eco-
nomic sectors, it also requires that group leaders should have high ideological
qualities and professional morals. The quality of group leaders mainly manifests in
the four aspects discussed in the following sections.

17.2.1 Management Ability for Group Leaders

Management is the main responsibility of group leaders—implementing all rules
and regulations, rules of production, and operation of the enterprise, as well as
accomplishing the working tasks and goals of the enterprise through management.
It includes management of the group members, management of things, management
of the process of production and operation (work), and management of information
and time, among others.

17.2.2 Operation Ability for Group Leaders

As the leader of technical skills in the groups, group leaders should completely
understand the related operation processes of their groups; master the necessary
operation skills, business skills, and management techniques; have enough ability in
the practical operation; and be able to discover and solve problems. This ability
includes professional skills, discovering ability, emergency capacity, etc.

17.2.3 Communication Ability for Group Leaders

During the process of spacecraft AIT, group leaders need to communicate with
group members, laboratory leaders, leaders of the project office, inspection per-
sonnel, scheduling personnel, quality personnel, and other group leaders, among
others. Group leaders always become the focus of disagreements. Therefore, group
leaders should have strong communication skills, good written expression and oral
expression skills, and the necessary persuasion skills. Group leaders should fully,
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properly, and effectively communicate with people; win the understanding and
support of subordinates, superiors, and peer group; properly manage conflicts; and
conduct operational coordination across departments and levels.

17.2.4 Professional Morals for Group Leaders

Group leaders should be devoted to their duties, be conscientious, strive for per-
fection, perfect their work achievements, and continuously improve themselves.
These abilities are mainly manifested in the responsibility and enterprise of work.

17.3 Structural Model of a Quality Evaluation Index
of Group Leaders in Aerospace Enterprises

The appropriate choice and establishment of an accurate quality evaluation index
are key to the effective evaluation of group leaders. There are many different kinds
of system models. Commonly used models include the system structural model,
simulation model, factor analysis, and principal component analysis [2].

The American psychologist David C McClelland stated that there is not much
connection between intelligence test results and work success. The relationship
between them depends on specific circumstances [3]. As a result, management
ability, operation ability, communication skills, professional morals, and other
requirements were incorporated in a quality evaluation index system for group

leaders in aerospace enterprises. A system structural model has been established, as
shown in Fig. 17.1.

Ability of group

leaders Subject layer
Managemengt Operation Communication Factor layer
£ 5 m = 5 7
= 13 m
7 sl 2T ]] 2| 2 : [l 2]z RN
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Fig. 17.1 The structural model of group leaders in the aerospace enterprise
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As can be seen from Fig. 17.1, the structural model is divided into three layers:
the subject layer, factor layer, and subsidiary factor layer. The subject layer is the
final target of the structural model. The factor layer is the key factor to determine
the subject layer. Subsidiary factors are the factors affecting every factor. They are
also basal factors of the whole structural model. There are altogether four indexes in
the factor layer of the quality evaluation system of group leaders in aerospace
enterprises. There are altogether 12 indexes in subsidiary factor layer.

17.4 Determination of the Weight of Evaluation Indexes

In the evaluation model shown in Fig. 17.1, each factor in each layer has a different
effect. There are differences between their importance, so indexes should be given
different weights. In this study, the weight of each quality evaluation item and
subweight of its evaluation index were calculated by the fuzzy evaluation method
and Delphi method.

17.4.1 Establish a Judging Panel of Experts

According to the fuzzy evaluation method, a judging panel of experts needs to be
established first. We selected a human resources director, research director, person
of model project office, group members, and group leader from an aerospace
enterprise to form the index evaluation group and determine the weight of each
evaluation index.

17.4.2 Determine the Weight of Each Factor and Subsidiary
Factor

Using relative weight, an evaluation index is taken as a unit and its percentage is
calculated in the total evaluation index. Considering that the effect of the above
indicators on the quality of group leaders cannot be normally quantitated, most of
the factors should be secondarily quantitated; there also are effects of human
subjective impact in weight distribution of indexes. As a result, the judgment
analysis Table 17.1 should be listed after comparing evaluation items in accordance
to the relative importance classes [4] of T.L. Saaty.

The relative importance between each evaluation item and the evaluation index
of each item was evaluated using the Delphi method. This method gives 1 point to
the least important factor, then compares the other factors with it to see their
importance. The scores are completed as in Table 17.2 (selecting the evaluation
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Table 17.1 Satty relative Admeasurement | Meaning
importance classes - -
1 Ci equals Cj
3 Ci important than Cj
5 Ci is more important than Cj
7 Ci is more important than Cj obviously
9 Ci is more important than Cj absolutely
2,4,6,8 Ratio between the two interfacing classes
Table 17.2 Evaluation Factors Score | Subsidiary factors Score
results of Expert W
Management (M) 8 Person (M1) 7
Article (M2) 4
Manufacture (M3) 1
Information (M4) 3
Operation (O) 6 Skill (O1) 5
Found (02) 6
Emergency (03) 4
Communication 7 To superior (C1) 8
© To equal (C2) 2
To inferior (C3) 7
Moral (T) 3 Responsibility 3
(T1)
Enterprise (T2) 3

results of expert W as an example). There were altogether ten experts participating
in the consultation. The statistical result of scores are shown in Table 17.3.

A judgment analysis table of each layer was created according to the statistical
results of the expert consultation. Table 17.4 shows the judgment analysis table of
evaluation indexes for management capability. Other judgment analysis tables of
the same layer can be made according to this calculation method. Table 17.5 shows
the judgment analysis table for each factor item of the quality evaluation of group
leaders in the aerospace enterprise.

The ratio of each evaluation item in Tables 17.4 and 17.5 can be calculated by
dividing the average score of the evaluation item from expert consultation corre-
sponding to the row of the ratio by the average score of the evaluation item
corresponding to the column of the ratio. For example, the ratio of row O/column M
of Table 17.5 is 1.02. This was calculated by dividing the average score 8.5 of the
evaluation item corresponding to row O by the average score 8.5 of the evaluation
item corresponding to column M. Therefore, the evaluation factor O (operation
ability) is equivalent to 1.05 evaluation factor M (management ability).

The relative importance W; can be calculated according to formula (17.1). Then,
normalization should be carried out.
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Table 17.3 Statistics of index system’s factor

Factors Total score Average Subsidiary factors Total score Average
M 85 8.5 M1 88 8.8
M2 76 7.6
M3 72 7.2
M4 60 6
(0] 87 8.7 o1 79 7.9
02 66 6.6
03 52 52
C 72 7.2 Cl 80 8
Cc2 75 7.5
C3 63 6.3
T 56 5.6 T1 55 5.5
T2 48 4.8
Table 17.4 Judgment Factors/Ratio M1 M2 M3 M4
:Ef‘lli{ym of management M1 100|116 122|147
M2 0.86 1.00 1.06 1.27
M3 0.82 0.95 1.00 1.20
M4 0.68 0.79 0.83 1.00
ZJ’.’Zl ajj 3.36 3.89 4.11 4.93
Table.17.5 Judgment Factors/Ratio M 0 C T
analysis of the factors M 100 008 118 52
o 1.02 1.00 1.21 1.55
C 0.85 0.83 1.00 1.29
T 0.66 0.64 0.78 1.00
2_7:1 ajj 3.53 3.45 4.17 5.36
WIS (a
,»_szzl ( ifsr a]> (17.1)

Here, W; is the weight of the evaluation factor (or subsidiary factor) i; n is the
number of quality evaluation factors (or subsidiary factors) for the electronic group
leader; i represents the row i; j represents the column j; and g is the relative
importance of evaluation factor (or subsidiary factor) of row i on the evaluation
factor (or subsidiary factor) of column j.

Thus, it can be calculated that the weight set W of the evaluation items M, O, C,
and T is (0.28, 0.29, 0.24, 0.19). The weight set W,, of the evaluation index of the
management ability subsidiary factor is (0.30, 0.26, 0.24, 0.20). The weight set W,,
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Table 17.6 Weight coefficients of (Subsidiary) factors

Factors Weight coefficient Subsidiary factors Weight coefficient
Management (M) 0.28 Person (M1) 0.30
Article (M2) 0.26
Manufacture (M3) 0.24
Information (M4) 0.20
Operation (O) 0.29 Skill (O1) 0.40
Found (02) 0.34
Emergency (03) 0.26
Communication (C) 0.24 To superior (C1) 0.37
To equal (C2) 0.34
To inferior (C3) 0.29
Moral (T) 0.19 Responsibility (T1) 0.53
Enterprise (T2) 0.47

of the evaluation index of the operation ability subsidiary factor is (0.40, 0.34,
0.26). The weight set W, of the evaluation index of the communication ability
subsidiary factor is (0.37, 0.34, 0.29). The weight set W, of the evaluation index of
the professional morals subsidiary factor is (0.53, 0.47). The final calculated
weights of factors (or subsidiary factors) are listed in Table 17.6.

17.5 Application of the Quality Evaluation Index Model
for Group Leaders in Aerospace Enterprises

17.5.1 Choice of Evaluation Method

The specific evaluation method should be determined according to the evaluation
purpose, object, and content. At present, the commonly used evaluation methods
mainly include a written test, interview, psychological test, evaluation center, and
other methods [5]. The scenario simulation interview method has been applied in the
quality evaluation of group leaders in the aerospace enterprise. That is, a targeted
scenario simulation question bank should be formulated according to each sub-
sidiary factor of the quality evaluation model of group leaders before the interview.
An example for the subsidiary factor of personnel management is “As a group
leader, what kind of person do you think is qualified for part-time safety personnel in
your group? What the duty should be?” An example of professional skills is “Please
make a series of gestures used for commanding cranes.” During the interview,
candidates for group leaders who are being interviewed should extract questions
item by item according to each subsidiary factor and answer. Expert interviewers
should grade according to the answer and performance of the candidates for the
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simulation questions. After evaluating all the subsidiary factors, a final calculation
and evaluation should be done according to the weight table of all factors (subsidiary
factors) of quality evaluation, as shown in Table 17.6.

17.5.2 Creating an Evaluation Table

A quality evaluation table for group leaders should be made for the convenience of
the expert interviewers to evaluate the group leader candidates. The table evaluates
the candidates according to the 12 subsidiary factors of the quality evaluation
structural model. Each subsidiary factor is divided into four grades: excellent, good,
average, and poor. During the interview, expert interviewers should mark “/” on the
corresponding grade according to the performance of group leader candidates. Only
one grade is allowed for each item (Table 17.7).

When summarizing the results of quality evaluation, the probability of five
grades for each evaluation index of the expert interviewers should be counted. That
is, the grade probability of one index equals the number of experts evaluating that
grade divided by the total number of experts.

When evaluating candidate F for group leader in an aerospace enterprise, there
were 10 experts conducting an effective evaluation in the interview. The results
should be counted and summarized according to the previously described method,
as shown in Table 17.8.

Table 17.7 Evaluation table

Factors/Class Excellent Good Average Poor
Person (M1)

Table 17.8 Candidate F’s evaluation

Factors Subsidiary factors/Score Excellent Good Average Poor
Management (M) Person (M1) 0.8 0.1 0.1

Article (M2) 0.8 0.2

Manufacture (M3) 0.9 0.1

Information (M4) 0.7 0.1 0.1 0.1
Operation (O) Skill (O1) 0.9 0.1

Found (02) 0.8 0.1 0.1

Emergency (03) 0.7 0.1 0.2
Communication (C) To superior (C1) 0.8 0.1 0.1

To equal (C2) 0.7 0.1 0.1 0.1

To inferior (C3) 0.9 0.1
Moral (T) Responsibility (T1) 0.9 0.1

Enterprise (T2) 0.8 0.1 0.1
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17.5.3 Comprehensive Evaluation of the Quality
Evaluation Index

A comprehensive evaluation matrix can be calculated using a fuzzy change formula
(17.2), for each fuzzy matrix of single factor from Table 17.8 and each weight set of
the evaluation index in Table 17.6.

B,=W,oR (17.2)

Here, x is the evaluation factor, R is the evaluation matrix, W, is the weight set,
and “o0” is the Zadeh operator (V, A).

Thus, the comprehensive evaluation matrix for the management ability of can-
didate F for group leader would be as follows:

0.80 0.10 0.10 O
080 020 O 0
090 010 O 0
0.70 0.10 0.10 0.10

In the same way, we can get B,=(040 0.10 020 0.10),
B.=(0.29 0.10 0.10 0.10),B,=(0.47 0.10 0.10 0.10).

Therefore, a comprehensive evaluation matrix consisting of each factor would be
as follows:

By =WnoM= (030 026 024 0.20)o
= (030 0.10 0.10 0.10)

B= (B, B, B. B)"

The comprehensive evaluation matrix for candidate F for group leader can be
calculated by fuzzy change with formula (17.2): Z=(0.29 0.10 0.20 0.10).
After normalization, we get Z' = (0.42 0.14 0.30 0.14).

The overall quality of candidate F for group leader can be quantitatively eval-
uated. With a maximum score of 5, excellent, good, average, and poor correspond
to 5, 4, 3, and 2, respectively.

F=7Z'«(5 4 3 2)" (17.3)

It can be calculated that F = 3.76. Therefore, the overall quality of candidate
F for group leader is between good and average. After being appointed as group
leader for 1 year, F’s performance was satisfactory and can basically ensure the
normal operation of the group. However, he lacks any outstanding qualities.
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17.6 Conclusions

According to the characteristics of the spacecraft development and aerospace
enterprises, the quality of group leaders was investigated. A complete quality
evaluation index system for group leaders in aerospace enterprises was established.
Practical application has shown that a complete quality evaluation system is rea-
sonable, practical, and can meet the requirements of aerospace enterprises for
choosing group leaders.
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Chapter 18

Rethinking the Mode of Modern
Commercial Walking Street Planning
and Design

Zhen Li and Fang Liu

Abstract In this paper, the modern, urban commercial walking street is the
research object. The purpose is to promote the level of commercial walking street
planning, and improve the quality of urban commercial shopping environment.
Based on the updated mode of modern commercial walking street planning and
design, a case analysis is performed. The planning ideas of the project of Ming
Yang Commercial Walking Street in Xinyang is discussed and the important
principles in planning and design of the modern commercial walking street from
different aspects, such as the design concept, overall layout, landscape design and
architectural modelling is summarized. Thus, this work makes a valuable reference
for contemporary urban commercial walking street.

Keywords Commercial walking street - Planning - Space - Architectural design -
Landscape

18.1 Introduction

The modern commercial walking street appeared in the 1950s. After World War II,
economy in the western countries represented by the United States developed
rapidly, and the urbanization process also moved forwards quickly. As a result, the
standard of urban residents’ living has increased greatly. So the requirement for the
quality of the life is getting more and more diversified. At the same time, new urban
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problems appeared constantly, such as the urban expansion. Lots of urban residents
have moved into the suburbs, the city centre has hollowed out [1]. Furthermore, the
traditional narrow streets have been replaced by wide roads. Cars have dominated
the urban life. It has caused the residents to travel with difficulty and feel lack of
security.

Under the impact of this trend, a wave of suburbanization appeared in many
developed countries. A lot of supermarkets and shopping centres have been built in
new towns. At the same time, the traditional commercial blocks have been
reconstructed and walking streets have become the main mode of shopping way in
order to recreate the prosperity of the central region. Moreover, many commercial
walking streets have appeared even in the new districts of cities. The emergence of
the modern commercial walking streets effectively alleviates the traffic congestion
in the central city. It has also reduced the air and noise pollution, which will greatly
improve the customer’s shopping experience [2]. And many facts have proved that
it is a very successful pattern of urban design. The purpose of this paper is to
promote the improvement of the urban commercial walking street planning’s
quality, and change the urban commercial environment. This study is explained
with the example analysis. Here, the project of Ming Yang Commercial Walking
Street is used as an example to discuss the new mode of contemporary commercial
walking street planning and design.

The city of Xinyang is the famous tea producing area in our country. The project
of Ming Yang Commercial Walking Street is located beside Shi River in the city. It
has a strip of land with a wide square in the east, which is named, “Tea Rhyme”. To
the west of the land, there is an antique building named, “Ming Yang Tower”. As a
business project, it includes a tea-culture walking street, a museum on the subject of
tea, office buildings, a supermarket and many more. The construction of this project
will greatly improve the area’s business and recreation, and enhance Xinyang’s
social lifestyle.

18.2 Planning and Design Concepts

18.2.1 A Reinterpretation of Traditional Tea-Culture

Xinyang’s special location makes the blend of cultural exchange between the north
and south, and forms the cultural characteristics in Central Plains, especially for the
famous tea culture. Xinyang is known as the tea producing area since ancient times.
The tea culture is the theme of this project; it combines Chinese traditional
tea-culture with Xinyang’s local characteristics, which is the unique way of this
project’s planning.

The core of Chinese traditional tea-culture is the four noble thoughts. They are

“harmony”, “peace”, “happiness” and “truth”. The four noble thoughts have par-
ticular value in modern society [3]. The current intense competition in the society
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has caused tension in people’s physical and psychological lives leading to indif-
ference in society. However, this problem could be resolved by the noble thoughts.
For this, we introduce “the tea-ideas” in the planning, and try to show the charm of
the traditional tea-culture from different aspects.

18.2.2 Creating a Funny Place for Shopping

Commercial atmosphere and shopping conditions are closely related. Monotony
and lack of accessibility will lead to cold commercial environment. The planning
tries to expand business area along the street. At the same time, we also design a
walking street network, which can both increase the number of street stores and
enhance the whole commercial street’s equilibrium. This avoids the difference in
commercial value between different sections. In addition, we design a special
shopping mode, in which commodities of a same kind will be placed together so as
to form a cluster effect and increase the walking street’s appeal. Also, we introduce
the functions of culture and entertainment. An urban stage is planned at the round
square on the west side. Various plants for pavement landscape and a little theatre
have been carefully arranged at the stage to form a warm atmosphere.

18.2.3 Building the Green Humanistic Landscape

To build a green environment is the important principle of the modern urban design
[4]. The project is located at the foot of a hill and near to a river. One side, there is a
natural undulating topography from west to east. On the other side, the clear
charming Shi River is flowing by. This creates an excellent scope to form a green
environment. The design implements the green and humanistic thought from the
beginning, and rejects the idea of artificial modification. We try to preserve
the nature as much as possible, pile up the rocks, decorate the stream and show the
traditional thought of harmony between nature and human. In this way, we can
achieve the aesthetic effect for shoppers.

18.3 The Overall Layout and Space Composition

Based on the theme of tea, we establish a combination of the points, the lines, and
the planes. In this layout mode, the straight lines fit with the curves. The central
commercial street is the developing axis of the whole land. In the south, business
building is planned beside the city road, so as to show the regularity of the urban
trunk road. In the north three buildings are arranged in a freely rotating fashion to
resemble the shape of tea leaves. We have created different spaces by using various
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elements such as the supermarket at the end, the office buildings, the museum, the
entrance square, and so on. This has reproduced the charm of the Chinese tradi-
tional architecture group’s layout. As to the function, we have planned the business
structure carefully. The free stores and the supermarket are combined. Moreover,
the upper floors are designed into the apartment offices. The tea museum lies on the
west square. It’s designed like a fan, which implies a humble, natural philosophy of
the tea. The supermarket and the office building are placed on the east side, in order
to correspond with the central commercial walking street.

The diversity of the commercial walking street’s spaces has been explored in the
planning. It focuses on the following types of spaces:

Commercial space: Commercial walking street is not only a shopping place, but
also a public environment. Thus, the design should be based on the human nature
and respect for people [5]. On the other hand, the area of walking street is a window
of the city too. It needs to inherit and continue the context of the local history, and
use the modern vocabulary to construct the space environment with a local style.
The design breaks the pure space in line state and form a rhythmic climax point by
the comparison, with various bridges, and techniques such as the construction of
blocks. In order to reflect the shopping’s feature, we have increased the area along
streets as much as possible. We have changed the design way of the building facade
every a few units. The building’s outer contour is avoided for uniformity. Some
stores are wide and tall, while others are narrow and short. The whole walking street
landscape needs a change in uniformity, in order to appear with continuous appeal
for people.

Leisure space: Studies have showed that the modern shopping behaviour
includes leisure activities. The quality of leisure space affects the shopping psy-
chology directly. In the planning, we have made full use of the Shi River landscape
nearby. We have modified the original land’s condition rationally. The bank of the
river is designed into different landscape platforms with different height. And
besides, all kinds of recreation facilities have been arranged. And a series of squares
provide space for various cultural activities’ being carried out by their morpho-
logical changes. In this way, the warm and relaxing atmosphere is forming
(Fig. 18.1).

Humanistic space: Successful design should embody the elegant cultural taste.
We call it the materialized landscape of spiritual culture. It means that the soft
elements of spirit infiltrate into a rigid design of solid material. So, we dig the
essence of tea-culture and local characteristics. On one hand, I design the unique
shopping and leisure space to show the thoughts of tea-culture’s harmony and
natural lasting. On the other hand, we learn the Chinese traditional house’s layout
and design the different node space into distinctive cultural space. Furthermore, we
use poems on the rich tea-culture to name those spaces, such as “Spring tea flower”,
“Royal saplings” and so on. And besides, sculptures, cultural corridors and theme
fountains are used together to create a strong cultural atmosphere.
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Fig. 18.1 The design of leisure space

18.4 Landscape Design

The Shi River flows freely from the west and forms the central water street in the
project, and runs through the whole area. Moreover, we have designed the bridges,
pavilions and gravel path etc., to foil the faint tea culture. Also, for the design of
waterfront we have used the techniques of Chinese traditional garden design, such
as “surface water with back hill”, “flowers foiled by trees”. Green design gives
priority to the colours of dark green and orange. The evergreens such as pine and
spruce are chosen along with the deciduous plants. And the changes in the number
of plants have also been paid attention to. The entrance square emphasizes the
space’s leading function and we choose the bright-coloured flowers to contrast the
pavement’s texture and colour in order to strengthen the function of the main
entrance. The arrangement of plants appears to be complete and unified. It high-
lights the characteristics of conciseness and liveliness by the combination of the
open lawn and bushes. Plants along the river focus on the edge’s change combining
with the bank line. The tea-culture is the clue of the overall landscape design. We
have designed for the arrangement of three districts: the walking commercial area,
entrance square and the waterfront recreational area. They contact each other by the
main axis of the water street. As a result, the planned effect is successfully achieved.
Modern architectural design is combined with the traditional building’s details to
create a light tea flavor (Fig. 18.2). We study the architectural form carefully and
achieve the effect of a tea leaf lying on the wave . It forms a beautiful building
contour line.
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Fig. 18.2 Architectural appearance design

18.5 Conclusion

As a place that concentrates a city’s history and culture, the commercial walking
street is always being in a dynamic multidimensional space system. Therefore, the
planning should handle many contradictions and coordinate the relationship
between the business benefits and the urban functions. Only in this way, can the
commercial walking street become the representative of a city’s image as well as
the centre of social activities [6]. Through this walking street planning, we deeply
feel that the conventional mode of planning must be updated and be able to face the
impact of the e-commerce and other advancements. This is the key to the planning.
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Chapter 19
Knowledge Distribution and Text Mining
of International Aviation Safety Research

Jie Li and Xiaohong Guo

Abstract Aviation safeties (AS) has become a hot topic in social media, for a
number of AS issues have occurred in 2014. Generally research of AS were focused
on narrow and specific topics. In this study, we try to analyze AS in a new sight,
study the publications of the former scientists. The data was collected from the
scientific database Web of Science and more than 1000 scientific papers were
downloaded. Knowledge distribution and topics related to AS were discussed in
this paper. The results show that the AS papers were mainly from the journal
Aviation Space and Environmental Medicine. Geospatial analysis shows that
NASA, USA and cities from the USA and the European Union are active regions in
AS research. Topics analysis has shown that “aviat”, “safeti”, “accid”, “human”,
“risk” and “factor” have high frequencies among the AS words. Words including
“analysi”, “human”, “factor”, “risk” and “aircraft” have high degree, been regarded
as the information hub of AS research. Cluster of AS topics showed that AS mainly
focus on five fields and can be summarized as outside and inside AS factors, risk

assessment and human-factors etc.

Keywords Aviation safety - Aviation accident - Aviation incident - Citespace
bibliometric - Co-words

19.1 Introduction

Aviation safety is one of the most important safety issues among safety related
research, even it is not occurred frequently, and been regarded as one of the safest
ways to travel. On the other side, the results of aviation accidents seem severer than
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Fig. 19.1 Summary of Aviation safety issues from 1919 to 28th December 2014. The statistical
data of aviation safety was collected from ASN Aviation Safety Database http://aviation-safety.net/
database/
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other traffic accidents, and have a bad effect on the public. Based on the statistics of
the ASN Aviation Safety Database, there are totally 18,157 aviation hazards
occurred from 1919 to 28th December 2014 (Incidents not included), for the
composition of the aviation hazards see Fig. 19.1. And from 1948 to 2014, there are
totally 89 missing aircraft, 27 on the land, 62 in the sea (Figure of Missing Aircraft
from 1948 to December, 2014, can be download from http://aviation-safety.net/
graphics/infographics/missingmapV2.jpg). Especially, in the year 2014, there are
many severe aviation accidents which attracted public attention and made a sig-
nificant impact on the society. For example, Malaysia Airlines Flight 370 has
disappeared on Saturday, 8 March 2014, while flying from Kuala Lumpur
International Airport, Malaysia, to Beijing Capital International Airport; the crash
of Malaysia Airlines Flight 17 on July 17th, 2014, with 298 people dead, and also
the Air Asia QZ8501 crash on December 28th, 2014.

Generally researches on aviation safety try to protect accidents or incidents in
scientific ways, including developing new methods, techniques and also some
phenomenological studies. it means that other scientists are always focused on a
specific field of aviation safety issues, while our research analyze the aviation safety
research in a global view, try to extract and organize the information of aviation
safety from volumes of scientific publications.

19.2 Data and Methodology

The scientific data of aviation safety (AS) research was collected from Web of
Science, including Science Citation Index Expanded (SCI-EXPANDED), Social
Sciences Citation Index (SSCI) and Conference Proceedings Citation Index-Science
(CPCI-S), which was developed by Garfield and is now a part of Thomson Reuters.
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The last update of the database is on 23rd July, while we downloaded the data on
25th July, 2014. The retrieval strategies were set as TOPIC: (“Aviation Safety” or
“Aviation accident*” or “Aviation incident*”), Timespan was set from 1900 to
2014; totally 1005 records were retrieved from Web of Science. The annual dis-
tribution of the AS papers is shown in Fig. 19.2, and the publications were with a
growth trend, especially from 1990 to 2013 (for the data in 2014 is not totally
included), reflecting the increase of scientific attention in AS research. On the other
side, the numbers of AS publications are not large. It may show the lack of
knowledge cumulative in this area or scientists’ publications in AS were undirected
to safety issues, but maybe important to AS (for example Ergonomics, Medicine, or
Engineering aspect).

Knowledge map methods were used in this study, which is a special kind of
information visualization that exploits powerful human vision and spatial cognition
to help humans mentally organize and electronically access and manage large
complex information spaces [1]. The methods and contents in this research are
discussed below,

1. Knowledge distribution research
In this study, knowledge distributions include two aspects, journals and geospatial
distribution.

Journals map overlay method was used to reveal the knowledge distribution and
transfer in journals level. This method was first developed in 2012 [2, 3] and
combining the citing and cited map in 2014, which has been named journals
dual-map overlays [4]. This method was used to give a global sight of a certain
area. Geospatial distribution was discussed, including countries-/territories-level,
institutions-level, and cites-level.
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2. Words’ frequencies and Co-words

Words’ frequencies and co-words were used to analyze the topics of aviation safety
research. Words’ frequencies analysis uses natural langue process methods, by
extracting the words and counting the number of occurrence of each word from the
AS scientific documents. “Co-words” was first used in [5], and is also referred as
semantic network as it can show the topics distribution, and the connection of the
topics.

19.3 Results and Discussion

19.3.1 Distribution of the Aviation Safety Research

1. Knowledge distribution in journals level

There are 482 sources have published aviation safety (AS) papers, including
important conference papers, I[EEE Aerospace Conference Proceedings,
Conference on Aviation, Range, & Aerospace Meteorology, and DASC-AIAA/IEEE
Digital Avionics Systems Conference etc.. Journals from Aviation Space and
Environmental Medicine, International Journal of Aviation Psychology, and
Aircraft Engineering and Aerospace Technology As journals are mainly original
sources of AS research more information on journals has been discussed. Aviation
Space and Environmental Medicine (142), International Journal of Aviation
Psychology (30), Aircraft Engineering and Aerospace Technology (22), Journal of
Air Transport Management (19), and Safety Science (16) have published more than
15 AS papers.

The journals dual-map was created by CiteSpace' in Fig. 19. 3 (for detail steps
on creating journals overlay refer Appendix A), on the left of the dual-map are the
journals which have published AS papers; on the right side of dual-map are the
journals that are cited by AS research. The left side can be considered as the
knowledge carrier of AS research output, and the right can be seen as the knowl-
edge bases of AS in journals level. Based on the dual-map, these papers are mainly
from the cluster 1# mathematics, system, mathematical (left side) and obtained the
knowledge mainly from 1# systems, computing, and computer (right side). And
also knowledge flow from 3# (earth, geology, geophysics) to 3# (ecology, earth,
and marine), 5# (health, nursing, medicine) to 2# (medicine, medical, clinical) and
T# (psychology, education and social) to 6# (psychology, education, health). On the
left side, longitudinal axis of oval shows the number of publications in a certain
journal, horizontal axis shows the number of authors in that papers. It shows that
Aviation Space and Environmental Medicine has the largest publications and
authors in AS than any other journals.

'One can freely use CiteSpace to create journals overlay map, the software can download from
http://cluster.cis.drexel.edu/ ~ cchen/citespace/.
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Fig. 19.3 Journals dual-map overlays of aviation safety, Note The left side of the map shows
which journal has published the aviation safety articles, the right side shows journals that have
been cited by aviation safety research. The online figure can be downloaded from https://drive.
google.com/file/d/0BOHnDMi5SNBF8X1VacmRqSU9qdGe/view ?usp=sharing

2. Knowledge distribution in geospatial level

In this part, Countries/territories, institutions and cities were extracted from authors’
address field, Totally 45 countries/territories, and nearly 670 institutions were
extracted. USA has published 425 papers, ranking first in the countries/territories
followed by UK (72), Peoples R China (63), Australia (39), and Germany (31). In
the institutions-level, NASA (57), USA Federal Aviation Administration (56),
Rutgers State University (19), Johns Hopkins University (18), Civil Aviation
University of China (14), USN (14), University Illinois (12), USAF (12), and
Cranfield University (11) have more publications than many other institutions.
Furthermore, the name of cities were also extracted and mapped onto the world
map, Fig. 19.4 shows the cities that are located in USA and European Union.

19.3.2 Topics Analysis

Top 100 normalized original keywords (or authors’ keywords) were extracted from
the documents using SCI2 [6], words’ frequencies were listed in Table 19.1. And
the network of the words was visualized by Gephi as shown in Fig. 19.5 [7]. The
results showed that the words “aviat”, “safeti”, “accid”, ‘“human”, “risk”, and
“factor” have the high frequencies. For these words we have used in retrieval
process, and also they are much closer to our topic than other words. These words
can be seen as basic words that authors used in his/her aviation safety
(AS) research. Among the list “aircraft”, “air”’, “pilot”, “flight”, “airport’, and
“airlin” have the similar meaning with the word aviation; authors also use these
words instead of aviation in their AS research. The list of words, can also implicate


https://drive.google.com/file/d/0B0HnDMi5NBF8X1VacmRqSU9qdGc/view?usp=sharing
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Fig. 19.4 Distribution of aviation safety research in cities-level

Table 19.1 Frequency of normalized original keywords

Words f Words f Words | f Words f Words f
Aviat 250 | Decis 22 | Remot 13 | Head 10 | Dynam 9
Safeti 217 | Oper 21 |Mine 13 | Cultur 10 | Medicin 9
Accid 108 | Vision 20 | Simul 13 | Weather 10 | Collis 8
Human 73 | Mainten 20 | Awar 12 | Structur 10 | Autom 8
Risk 63 | Civil 18 | Evalu 12 | Lidar 10 | Drug 8
Factor 60 | Toxicolog |18 |Train 12 | Detect 10 | Time 8
Analysi 58 | Airport 17 |Enhanc |12 |Make 10 | Sensor 8
Error 49 | Traffic 17 | Imag 12 | General 10 | Certif 8
Aircraft 49 | Data 16 | Prevent |12 | Situat 10 | Machin 8
Air 45 | Process 16 | Fuzzi 12 | Visual 10 | Qualiti 8
Pilot 40 | Transport |15 |Health 12 | Fatal 10 | Epidemiolog |8
Manag 35 |Incid 15 | Report 11 | Crew 10 | Administr 8
Model 35 | Synthet 15 |Volcan |11 |Ceilomet 10 | Behavior 8
Flight 33 | Display 15 | Ash 11 | Postmortem 9 | Support 8
Investig 32 | Inform 14 | Base 11 | Program 9 | Turbul 8
Control 31 |Hfac 14 |Design |11 |Height 9 | Bayesian 8
Assess 29 | Classif 14 | Sens 11 | Crash 9 | Text 8
System 28 | Network 13 | Scienc 11 | Cloud 9 | Runway 8
Hazard 24 | Medic 13 | Method |11 | Theori 9 | Injuri 8
Perform 23 | Forens 13 | Airlin 11 | Reliabl 9 | Standard 8

Note Normalized original keywords with lower case, tokenize, stem, and stop word text. Here
[ stands for frequencies of a certain word
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Fig. 19.5 Co-words network of aviation safety, Density [no loops] = 0.31898990, Average
Degree = 31.58; Note The size of the node and font show the degree of the words, the larger the
node and font, the higher the degree. The degree of a node is the number of links that it has with
other nodes, node with higher degree act as information hubs in the network. Thickness of the
edges shows number of co-occurrence between two words

that “human factors”, “human error”, and “vision” are hot topics in research. While
“model”, “simul”, “fuzzi”, “bayesian” show the key methods used in research.

CEINT3 99 <c

After a deep analysis, the co-words network shows that “aviat”, “safeti”, “accid”,
“analysi”, “human”, “factor”, “risk”, and “aircraft” have high degree in the net-
work, indicating that these words have more association with other words. These
high degree words are the information hubs [8] in AS. Top ten values of the words
pairs (co-occurrence) are “aviat-safeti” (168), “aviat-accid” (69), “human-factor”
49), “safeti-risk” (39), “aviat-human” (38), “aviat-factor” (37), “aviat-risk” (36),
“error-human” (35), “safeti-accid” (35), and “safeti-human” (32). These important
words have made the basic content of AS research and also the scientific focus of
AS issues.

The co-words network was clustered by using VOSviewer,” including VOS
mapping and clustering methods [9]. VOS mapping method was used to give the
location for each word in two dimensional map, and VOS clustering method was
used to give the color for each word to distinguish different clusters. For the details
of each cluster see Table 19.2. Five clusters were obtained from the co-words
network, and we named them: cluster #1 safety issues, outside factors effect

2VOSviewer can freely download from http:/www.vosviewer.com/Home.
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Table 19.2 Cluster of the co-words network

Cluster (number of words)

Words

#1(24)
Safety issues (including outside
factors effect aviation safety)

Safeti, Air, Model, Hazard, Transport, Airport, Process,

Remot, Volcan, Simul, Sens, Ash, Imag, Dynam, Qualiti,
Cloud, Structur, Health, Detect, Height, Turbul, Sensor,

Ceilomet, Lidar

#2(22)
Risk management and
assessment, and also methods

Risk, Manag, Assess, Oper, System, Decis, Network,
Fuzzi, Design, Airlin, Train, Evalu, Make, Bayesian,
Support, Base, Method, Crash, Machin, Standard,
Behavior, Autom

#3(19)

Human factors and error, this is
an inside factor that affects
aviation safety

Human, Factor, Analysi, Error, Perform, Mainten, Incid,
Classif, Hfac, Data, Mine, Cultur, Prevent, Inform,
Report, Reliabl, Program, Theori, Text

#4(18) Accident investigation
and rescue (including aviation
medicine)

Aviat, Accid, Aircraft, Investig, Pilot, Toxicolog, Civil,
Forens, Fatal, Scienc, Administr, Medic, Postmortem,
Drug, Injuri, Medicin, Epidemiolog, Certif

#5(17) Air traffic control, factors,
and vision related topics
(including outside factors effect

Flight, Control, Vision, Display, Synthet, Traffic, Head,
Enhanc, Awar, Weather, Situat, Crew, Runway, Visual,
General, Collis, Time

AS)

Note the coloued map of topics clusters can explored online
https://drive.google.com/file/d/0BOHnDMiSNBF8ajVnMXRWTDVONzg/view ?usp=sharing

aviation safety; #2 Risk management, assessment and methods; #3 human factor
and error, related to ergonomics and reliability aspect, shown as the inside factor
that affects aviation safety; #4 accident investigation and rescue; and #5 Flight
control, environmental factors also included. These clusters mainly cover the avi-
ation safety, while some newly emerged topics with low frequencies may not be
extracted.

19.4 Conclusions and Discussion

Knowledge distribution and words related to aviation safety (AS) have been dis-
cussed in this research. The annual publications reflect the growth of the scientific
research in AS, the reason is not just the more attention to this research filed, may be
the growth of the science as a whole. Furthermore, some AS outputs were not
published in journals and conferences, and also some journals and conference papers
were not indexed by Web of Science. In this study, AS articles were mainly pub-
lished in journal Aviation Space and Environmental Medicine, and the cluster of
journals were mainly located in “mathematics, systems, mathematical”, “ecology,
earth, and marine”, “medicine, medical, clinical” and “psychology, education,
health”, obtained the knowledge mainly from “systems, computing, and computer”,
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“earth, geology, geophysics”, “health, nursing, medicine”, and “psychology, edu-
cation, social”. The USA is the most active country and so are the institutions,
NASA and Federal Aviation Administration. Topics analysis from AS shows that
Human related topics have emerged, including “human factors”, “human error”, and
“human safety”. In the network, the high degree words are “aviat”, “safeti”, “accid”,
“analysi”, “human”, “factor”, “risk”, “aircraft”, and “air”, andthese words are
information hubs in the network reflecting their high connection with other words.
The highly connected words are “aviat-accid”, “aviat-factor”, “aviat-human”,
“aviat-risk”, “aviat-safeti”, “error-human”, ‘“human-factor”, “safeti-accid”,
“safeti-human”, and “safeti-risk”. These words were clustered into five factors, and
can be summarized with outside factors, inside factors and risk evaluation.

Furthermore, this study is the first research using bibliography data and text
mining methods to do AS research. Due to the limitation of data, results from these
studies may not cover all the fields of AS research. Hence, more data should be
available in future for the research.

Appendix A: Additional materials

How to create journal dual-map by using CiteSpacelll
https://docs.google.com/presentation/d/12SFql8el YdtNC_
harUJXUfsZuH7yS7g92idtfKr5ZuE/edit?usp=sharing
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Chapter 20
Application Research on the Webpage
Accessibility Based on the GOMS Model

Shuyu Shao and Hua Qin

Abstract In many studies, the majority scholars study webpage accessibility
from the aspects such as psychology, consumer behavior, etc., but seldom studies
focus on webpage accessibility from the aspect of quantitative analysis. In this
paper, thinking four famous website as example, the formation of executive level
quantitative model in the use of GOMS model, measure and analysis tasks quan-
titatively. At the same time, taking the time that participants spend as the dependent
variable, intuitively compare and analysis the influence of webpage accessibility on
website and page views, and thus could be able to provide suggestion for the
websites so as to enhance web accessibility more target-oriented.

Keywords GOMS model - Webpage accessibility - Human—computer interac-
tion - Behavior analysis

20.1 Introduction

As growing numbers of people access to the internet, a variety of websites are
endless, and the speed is becoming faster, so that computer is playing a more and
more important role in many aspects of human life. people also put forward higher
requirements on the richness and accessibility of webpage. The design of
Humanized interface, trends in web interface of user’ interface and PC-based
portable terminal are obviously the future developing trend of interface [1]. How to
quickly attract users’ attention, enhance the reputation of the website and improve
website views, are the problems that each website operators must consider. From
the perspective of users, evaluating the usability and efficiency by means of the
webpage accessibility is the important way for user’s experience evaluation of
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the website. How to analysis the web interface of human-computer relationship by
using quantitative analysis and enhance the user’s experience, is an area of
focus for the researchers, and the GOMS model is exactly the analysis and mod-
eling techniques for knowledge and cognitive process by using the user interacts
with the system.

20.2 GOMS Model

The GOMS model is created by Card, Moran & Newall in 1983 in
“The Psychology of Human Computer user model Interaction”, and is widely
applied in the field of human-computer interaction, which is by far the most suc-
cessful human-computer interaction model. GOMS model is based on information
processing theory in human problem solving. Through the task behavior that can
be observed, the thinking process and the target structure, so as to reveal the cog-
nitive skills that processing of complicated situations more effectively [2]. G(Goals)
means the purpose of the user to perform the task. O(Operators) refers to the bottom
of the cognitive processes and physical behavior, means the elementary perceptual,
motor or cognitive actions that are used to accomplish the goals. M(Methods)what
sequences of operators can be used to accomplish each goal or step. S
(Selection rules)specify which method or judging criterion that should be used by
the user to satisfy a given goal under a specific environment [3]. The potential
application of GOMS is quite broad, the analysis of a task describes a structural
knowledge that people needed in order to successfully complete the task. On this
basis, when knowing the sequence of operation, it is possible to predict the exe-
cution time of task by quantitative prediction. Other aspects of analysis, such as
error prediction and functional coverage and time for learning may also
be accomplished by GOMS [4].

20.2.1 User’s Behavior Analysis

The Keystroke-Level Model of GOMS method is a quantitative method on the
behavior levels, the user’s behavior is split into behavior modeling unit, once
successful, and it is not necessary to measure each specific individual time, we
can accurately predict the behavior sequence and the time required to complete the
behavior sequence without a real user’s intervention [5]. The interactive behavior
of Keystroke-Level Model is decomposed into several basic action units,and
each basic action unit’s time is the average time through a lot of tests, as is shown
in Table 20.1.
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Table 20.1 The basic operation schedule

Name Typical Meaning

and mnemonic | value (s)

K(Keying) 0.2 Pressing the mouse or a button on the keyboard

P(Pointing) 1.1 Pointing with a mouse to a certain target that on the display

H(Homing) 0.4 Homing hands from keyboard to mouse or homing hands from
mouse to keyboard

C(Change) 1.5 Switching between pages

M(Mentally 1.3 Psychologically preparation to enter the next step (representing

preparing) pauses for routine activity)

R(Responding) |t Waiting for computer system responding

20.2.2 The Quantitative Analysis of Task

The purpose of this experiment is to “Through the site navigation for sports nav-
igation in La Liga to find the result of Real Madrid VS Levante ”, according to the
GOMS model. According to the GOMS model, the basic steps are obtained by
analyzing the task operation from the aspects of level quantification, which is
described in Fig. 20.1.

At the same time of completing the information behavior, we also need to
complete a series of basic operations (KH and P), which are parts of GOMS model.
How to recognize the time that a user stop by unconscious mental activity is a
difficulty, which means the mentally preparing time (M) [6], the following is the list
of the basic rules of orientation of users’ mental activities:

1. M’ initial insertion: Insert M before K(keystrokes), insert M before P(Pointing)
that is used to select a command, but do not insert M before P that is used to
select the command parameters.

2. The expected M’ deletion: If the operator before M can fully forecast the
operator behind M, then M will be deleted.

3. Delete M in the same cognitive unit: If a series of M-K(keystrokes) are belong to
the same cognitive unit, remove all other M but for the first one.

4. Delete the overlapping M: If M and the response of computer time (R) over-
lap, then M will be deleted.

According to the related situation of the above rules 1 and 2, we can know that
the initial value is HPKCPKCPKCP, the value of assessment revised through rule 1
is HMPKCMPKCMPKCMPKC, and we can figure out the essential operation steps
according to ruleland 2 are: HMPKCPKCPKCPKC

Translated into the corresponding time is: 0.4 + 1.35 + 1.1 + 0.2 + 1.5 +
1.1+02+15+1.1+02+15+1.1+02+1.5=12.95(s).

That is to say, in an ideal situation (means not considering the broadband
speed and other external circumstances), the minimum time for visitors to browse
the news is 12.95 s. This is the basic time, a time of basic actions that must be
performed for users in order to complete a task. If visitors want to get news what
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Fig. 20.1 GOMS executive level quantitative model

they want on the web page, website operators can meet this minimum time
requirement, clicks to website and click rate will certainly be greatly improved.

20.2.3 Experiment

In the experiment, a total of 15 participants were recruited, they are all postgraduate
students, and are very fond of sports, and often pay attention to the website of sports
news, that means for participants, to find the sports news is a daily skilled opera-
tion on the site (Routine cognitive skilled behavior) [7]. In the smooth campus
network environment, open navigation page, several well-known sites are in a
prominent position of the navigation page, we asked participants to complete the
task as described in 20.2.2, and use a stopwatch to measure the mission according
to the quantitative step GOMS levels. The results are shown in Table 20.2.

As can be seen from the above results, the average time of participants who
completed the task is about 16.3 s, more than the minimum time 12.95 s of GOMS
model, taking the page jump delay into account, results are consistent with the pre-
diction of the GOMS model to measure time. Because the functions of different sites
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Table 20.2 The test time to complete tasks
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A B C D
Observed Participant
time(sec)
Website
1 16.1 159 16.6 16.7
2 16.2 16.1 16.7 16.7
3 16.4 159 16.6 16.4
4 16.3 15.8 16.5 16.6
5 16.4 16.1 16.8 16.5
6 16.3 16.0 16.6 16.5
7 16.4 15.9 16.1 16.4
8 16.5 16.2 16.6 16.4
9 15.8 16.1 16.5 16.6
10 164 15.9 16.5 16.7
11 16.6 16.0 16.4 16.6
12 16.2 16.2 16.6 16.3
13 16.0 16.1 16.2 15.1
14 16.4 159 16.6 164
15 16.2 16.1 16.3 16.5
Average value 16.28 16.01 16.51 16.43

navigation are different, and navigation and reasonable position has a great influence
on the website hits, so in the above steps, we should focus on the fifth step,
namely, searching for the “sport” navigation. At the same time, the time of participants
who completed the task in the B site is shortest,and C,D are longest. We consider the
“sport” location of the four sites navigation Table 20.3, the result is consistent with
Alex ranking data, that is to say the analysis of GOMS model is effective and feasible.
In the subsequent analysis, website operators can pertinently improve Step 5
according to the specific circumstances. At the same time, in this step we can use
MOD method to measure the time of the final step, finally to draw precise time.

Table 20.3 Position and click ranking of “Sports” navigation in webpage

Website | Sports position at the navigation

“Sports” navigation page’s click ranking at

position each website
A Row 1 Column 4 5
B Row 2 Column 1 2
C Row 2 Column 8 8
D Row 2 Column 9 8
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20.3 Conclusion

Computer interface continuously into the life of modern people, people also put
forward higher requirements to the quickness, accessibility and efficiency of the
interface. People are paying more and more attention to the human-computer
interactive interface design and usability evaluation. This paper based on the
GOMS model, we quantitatively analysis the accessibility of webpage, taking the
time to carry out performance measurement, measure the efficiency of
human-computer interaction design in a quantitative way. Some researchers believe
that most of the management information system (MIS) follow common interface
design, but in the same time should consider the characteristics of commer-
cial application and management orientation of the system and the system should be
placed in the context of the organization and management of the design [8]. The
target locations and target groups in different sites are different, this paper can
give website operators inspiration, according to the strategy of the website navi-
gation position, finally enhance the website’s browses and improve the website’s
influence.
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Chapter 21

The Design and Application of the Air
Purification System of the Meteorology
Command Vehicle Based

on the Photo-catalytic Technology

Kun Yang

Abstract This paper is focused on the mobile command vehicles of the meteo-
rological department. It aims to study and design a set of air purification system
which takes the photo-catalytic technology and the sensor collection technology as
its core. The gas in the vehicle will be introduced into the gas inlet, going through
three-layer mechanical filtration. The filtered gas will then go through a metal filter
screen coated with catalytic materials. Under the ultraviolet light, the nanometer
metal oxide (the catalytic materials) will chemically react with ultraviolet light to
form a kind of powerful oxide which can sterilize and disinfect the filtered gas
achieving the purification of the air in the cabin of the command vehicle and
effectively guarantee the interior air quality and the health of the workers.

Keywords Photo-catalytic technology - Air purification - Sensor - Mobile com-
mand vehicle

21.1 Introduction

Nowadays, air pollution has become a hot spot issue around the globe and has done
a certain degree of harm to people’s health. As far as the indoor air pollution is
concerned, there are all kinds of organics from house renovation and production,
such as formaldehyde, benzene, xylene, etc. As for as the outdoor air pollution
takes the pandemic PM2.5 (Fine particle matter, diameter of 2.5 um or less) [1], for
example, it can go directly to the alveoli of the lungs and is a major health hazard.
Longtime exposure to particulate matter can cause diseases that hard to be cured.
Therefore, the study on the management and control of the air pollutants has never
ceased. This paper, targeted on the air pollution problem in the cabin of the mobile
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command vehicle, designs a set of air purification system based on the
photo-catalytic technology. It can effectively filter the particulate matter in the air
and play the role of sterilization and disinfection so as to guarantee the air quality
and health of the working staff.

21.2 The Principle of Air Purification System

The air purification technology having been evolved over the two decades is a new
and comprehensive technology [2]. The air purification system discussed in this
paper is a set of system that integrates air filtration, sterilization and disinfection,
and utilizes the air compressor to purify the gas in the cabin featuring high effi-
ciency and thorough disinfection. In particular, it adopts photo-catalytic technology
by utilizing the sterilization function of the ultraviolet rays and the catalytic
materials, which makes the purification process fast and hi-efficient. The principle
of the whole air purification system is shown in Fig. 21.1.

The gas sensor in the system collects the data of the air quality in the cabin.
According to the results of the collected data and pollution extent, the control
system will adjust the rotating speed of the blower and absorb the gas in the cabin
through the air duct and the air intake of the vehicle into the purification system.
After thorough purification and adsorption by going through three-tier special filter
element and hi-efficient disinfection treatment through the catalytic action of
nanocrystalline metal oxide, the fresh and clean air will go into the cabin through
gas outlet.

Mechanical Filtration Sterilization and

Disinfection

| metal filter | '

Filtered v Clean |
as UV light exposure | air z

g ght exp i o
o

v

13][1j UOQgied pajeAnoe

reaction

19y punodwos juatorje ysiy

sed 2l JO UONOAJUISIP PUB UOTIRZI[LIA)S

H
:
catalytic materials | !
1
L}
'
1
L}

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

Fig. 21.1 Schematic diagram of the air purification system of the command vehicle
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21.3 The Design of the Air Purification System

21.3.1 Overall Structure Design

The air purification system designed for the mobile command vehicle mainly fall
into several parts, namely, gas cycle module, gas filtration module, gas collection
module, gas sterilization module, and power module. The overall structure and
procedure are shown in Fig. 21.2.

21.3.2 Air Cycle Module

The direct current blower is used to introduce the gas in the cabin to the air channel
where the air purification system is installed. The control circuit of the blower has
been designed as shown in Fig. 21.3. First of all, connect the power pin 1 with the
power module to get the 12 vcd power; then, connect the blower pin 2 with ground
connection, and pin 3 at the high battery state; finally, connect pin 4 with starting
capacitance. After completing all these things, the operation of the blower can be
controlled through optocoupler MOC3023. When the single-chip microcomputer
sends low level signals to the optocoupler, the blower could be started. Meanwhile,
according to the air condition in the cabin [3], the single-chip microcomputer can
regulate the rotating speed of the blower through changing the duty ratio, thus
adjust the system power.

control module

| gas cycle module |¢—>

| gas collection module |<—>

| gas filtration module |4—>
| gas sterilization module ]4—»

system power module }4—»

4—{ control circuit of the blower

1—{ TGS sensor circuit |

4—| mechanical filtration !4—| three-layer filter

UV light and
4—{ lamp control circuit |4— : 2
catalytic materials

4—‘ 12 watt direct current power ‘

a[o1YaA dIgoL Ay} Jo weysAs uoneoyund 1re

Fig. 21.2 Overall structure of the air purification system of the command vehicle
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Fig. 21.3 Schematic diagram of the control circuit of the blower

21.3.3 Gas Collection Module

Controlling the operating power of the purification system is based on the gas
collection. Through the gas sensor TGS800, we can get the quality and state of the
gas in the cabin. If the air is seriously polluted, the blower will pick up rotating
speed through the single-chip microcomputer, and vice verse. The TGS800 could
access the gas composition through the internal materials and then regulate the
voltage values of the input pin [4]. The principle of the control circuit of the sensor
is shown in Fig. 21.4. The pins of sensor TGS800 will be linked to the power
source, and the pins of SCM signal processing, respectively. The output connectors
of the collected signals will be linked to the pins of PF1 and pb6 of the SCM. If the
output voltage increases, it means that the air pollution is worsening, and the SCM
will lift the rotating speed of the blower through computer program.
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21.3.4 Gas Filtration Module

The filtration of the gas in the cabin of the meteorology command vehicle is a
mechanical process in which the gas enters into the air channel of the purification
system and firstly gets access to the air filter. It has used three-layer and
high-efficient filter.

The first layer is called pre-filter which can filter out relatively large particles,
such as, hair, pet fur, etc.

The second layer is called high-efficiency particulate air (HEPA) [5] which can
remove the fine and small particulates with diameter of 0.3 pm and achieve purity
of 99.97 %. The anti-microbial coating can effectively get rid of the dust and smog.

The third layer is called compound-activated carbon filter which is a unique 3D
reticular absorber. It can effectively eliminate harmful gas and substance, such as
the odor, formaldehyde, benzene, ammonia, bacteria, etc. (Fig. 21.5).

21.3.5 Gas Sterilization Module

This module makes use of the principle of ultraviolet sterilization. After being
exposed to the UV light, the light will penetrate into the cytomembrane of the
microbes, break the DNA structure of various germs, bacteria, parasite and other
pathogenic bacteria, and damage their nucleic acids molecular bonds, which could
cause immediate death and sterility, and thus, realize the sterilization and disin-
fection. First, coat the metal filter with catalytic materials (nanocrystalline metal
oxides), and second, install a miniwatt UV lamps. Under a certain length of UV

Fig. 21.5 Layout of the high-efficient activated
Pre-filter filter

three-layer filter
carbon filter
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light, the photo-catalysis will occur and the crystalline metal oxides will go through
catalysis process and produce a large amount of strong oxides which will thor-
oughly sterilize and disinfect the filtered air.

UV lamp is a miniwatt lamp of 8 W. The drive and control circuit are similar to
those of the blower, only lack of the power regulating function with the lamp. The
structure layout is shown in Fig. 21.6.

21.4 The Application of the Meteorology Mobile
Command Vehicle

Because of the global climate change and frequent extreme weather events, the
meteorological department strengthens the construction of meteorology emergency
mobile system to deal with significant social activities and public safety emergencies,
in particular, the customization of the vehicle meteorology emergency system, in a bid
to guarantee the meteorological monitoring and services and raise the control of
meteorological disaster and hazard. The meteorological emergency command vehicle
plays a major role in emergency mobile monitoring, emergency mobile communica-
tion, emergency supporting guarantee and emergency service and command.

The meteorology mobile vehicles have been widely used in meteorological
departments. In order to guarantee the air quality in the cabins, the health of the
workers in the vehicles and the precision of the important instrument installed in the
vehicles, the command vehicles will be integrated with a set air purification system
which utilizes the photo-catalytic technology. The layout is shown in Fig. 21.7.
This kind of vehicle is refit on the basis of a coach. A section of air duct will be
added to the original air duct of the air conditioning with air intake on one end and

UV lamp

s =

UV light \}\

nanocrystalline

metal oxides

metal filter

L L L the gas to be sterilized

Fig. 21.6 Layout of the gas sterilization module
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Fig. 21.7 The layout of the application of air purification system in the meteorology command
vehicle

air outlet that is 500 mm away on the other. The air purification system and
equipment will be installed in the added section of air duct. With this high-efficient
air purification system, the gas in the cabin will be filtered, sterilized, disinfected
rapidly and the health of the workers, and the safety and normal operation of the
precise monitoring equipment will be effectively safeguarded.

21.5 Conclusion

This study on the air purification system of the meteorology vehicles is put for-
warded on the premise of current increasingly serious air pollution. This purifica-
tion system integrates scientific mechanical filter with photo-catalytic sterilization
layer, which could not only achieve physical filtration, but also substantially and
thoroughly eradicate the harmful elements in the air. Therefore, it is a relatively
advanced method of dealing with the gas and adequately safeguards the air quality
in the meteorology mobile command vehicles.
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Chapter 22

The Research of the Cluster of Modern
Service Industry’s Innovation Mechanism
Under the Social Network Perspective

Yan Li, Jianping Jiang and Yingyi Wu

Abstract With the development of economic globalization, modern service
industry has gradually become the main driver of economic growth, during which
innovation has become the eternal topic, and clustering as well as networking have
become the main trends in the development of modern service industry in the
future. Based on the knowledge and funds, these two kinds of network resources
acting as “bridge”, the paper highlights the main parts of the knowledge sharing and
fund raising to improve the cluster enterprise innovation. The features of the cluster
network include three aspects: network centrality, network density, and structural
holes. Knowledge sharing and fund raising have a significant impact on cluster
innovation mechanism, and on the contrary, the characteristics of cluster network
will affect knowledge sharing and financing as well, and what follows next is that it
will affect the cluster innovation mechanism.

Keywords Cluster of modern service industry - Knowledge sharing - Innovation
mechanism

22.1 Introduction

Social network is to put people or organizations as a “node”, and through the
interaction between these nodes, it can form a relatively stable relationship, one of
which refers to the relationship existing in the circulation of knowledge, technol-
ogy, funds, and other resources. The cluster innovation under the social network
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refers to the main body of the cluster network that aims to improve their ability of
innovating by contacting with other subjects interaction, including competition and
cooperation, and which in turns affect the entire cluster consciousness and inno-
vation. This paper mainly discusses the influence mechanism between modern
service industry cluster network and innovation mechanism, with the help of the
study toward the relationship among knowledge, funds, and the cluster innovation,
so as to construct the conceptual model and explore a new method as well as some
new ideas to deal with the modern service industry cluster innovation mechanism.

22.2 Research Hypotheses
22.2.1 Variable Description

Through the analysis of relationship between the modern service industry network
and cluster innovation mechanism, the author has built a variable network including
social network, knowledge flow, and funds flow, and the mechanism of cluster
innovation.

(1) Social network: it refers to a social structure made up of multiple nodes, in
the structure these nodes contact with each other and then form a variety of social
relations [1]. Located in Xian’s innovation of the interaction between the modern
service industry cluster enterprises, and main characteristics includes the network
centrality, network density and structural holes in three aspects.

(2) Intermediate variables: In order to have a better understanding towards the
influence of the cluster network characteristics to the cluster innovation mechanism,
the writer regards knowledge flow and funds flow as the intermediate variables in
this paper [2].

(3) Cluster innovation mechanism: means that the cluster enterprise makes full
use of various resources in the cluster in order to speed up the innovation and
development of enterprises.

22.2.2 The Relationship Between the Cluster Network,
the Knowledge Flow, and Funds Flow

(1) Network centrality:

Network centrality refers to the degree of centralization of the whole network, or
refers to the core of the network [3]. It can be divided into three parts: degree
centrality, intermediate centrality, and close centrality. Network centrality mainly
affects the status and influence of nodes in the network. If in a cluster network, the
enterprise has a high network centrality; it means that it can control more resources
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than others, thereby increasing the network knowledge flow and funds flow. Based
on the above description, we can put forward the following hypotheses:

H1: The higher the degree of network centrality, the greater the knowledge flow can
be produced.

H2: The higher the degree of network centrality, the greater the cash flow can be
produced.

(2) Network density:

Network density refers to the close interconnection between the nodes. This paper
argues that, if there is a widespread innovative cooperation between enterprises in
the network, and then the cluster network has a higher density [4], this will have a
great effect on the cluster innovation mechanism. Based on these findings, we can
find that the degree of the network density can influence the communication
between enterprises. So we can make some hypotheses:

H3: The larger the network density is, the more knowledge flow is;
H4: The larger the network density is, the more funds can be raised.

(3) Structural holes:

In some situations, there still remains a direct link between some nodes of social
network, but they have no direct contact with the other nodes, so those who don’t
have direct contact or who have gap with other nodes can produce structural holes
[5]. Studies suggest that structural holes prepare chances for the node to get
interests. Namely, the node with more structure holes can stay in the center and get
more resources [6]. So the importance of structural holes was not decided by the
existence of the relation, but laid in that this kind of lack will influence the cross of
the resources.

Based on the above description, this paper holds the point that in the network,
the more a network has structural holes, the lower possibility that you get resources
repeat, so the knowledge flow and the funds flow, so there are some hypotheses
come up:

H5: The more structure holes, the more the knowledge flow.
H6: The more structure holes, the more the funds flow.

22.2.3 Knowledge Flow and Cluster Innovation of Modern
Service Industry

Rich knowledge flows can bring a lot of innovative information, and it’s important
for enterprise to improve their innovation ability. Knowledge, therefore, can affect
the circulation of nodes in enterprises in a very main way, and is of great signifi-
cance to promote the development of the cluster innovation mechanism. As a result,
the knowledge flow among enterprises in the cluster network can have a greater
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influence on the innovation ability of enterprises in the network and form a good
innovation atmosphere. Based on the above reasons, the writer puts forward the
following hypotheses:

H7: The greater the knowledge flow in the cluster network, the more benefit it will
have to promote the cluster innovation mechanism.

22.2.4 Funds Flow and Cluster Innovation of Modern
Service Industry

Cluster enterprise’s innovation and development can’t depart from the support of
funds. In the process of cooperation with other enterprises, funds can get a rapid
flow. This paper holds the view that the flow of funds will produce important
influence to the innovation of the enterprise, and because of the network connec-
tion, funds flow can influence the innovation mechanism of cluster network as well.
Through this, we can put forward the following hypotheses:

HS: In the cluster network the larger the funds flow, the greater the benefit to
promoting the cluster innovation mechanism.

22.3 The Research Models and Analyses
22.3.1 Methodology and Samples

The author of this paper uses the form of the questionnaire. A total of 159 indi-
viduals participate in the survey, and among these people, 100 take the paper
questionnaire and the other 50 receive the electronic document. After the investi-
gation, we received 127 pieces of feedback and 113 of them are useful. When we
finished stating these questionnaires, we use excels to make charts in order to make
our investigation more clearly and vividly.

22.3.2 Scale Examination

This study used spss16.0 for scale examination of the samples. Because that the
cluster network features, knowledge flow and funds flow, innovation mechanism,
these four inventory has all show a value of 0.807 which is greater than 0.8, it
shows the high internal consistency between these variables. At the same time, the
author have a test using KMO test and Bartlett test of all variables, the result shows
the data is suitable for factor analysis.



22 The Research of the Cluster of Modern Service ... 179

22.3.3 Presentation and Results

According to the variables such as cluster of the modern service industry’s structure
characteristics and the influence of the funds flow, knowledge flow, mechanism of
cluster innovation model, and the author draw and set a SEM model based on
AMOS?7.0, import the data calculation and correct the results (Fig. 22.1):

22.3.3.1 The Analyzing Results of the Initial Model

First of all, the author establishes the initial path graph in AMOS and then calcu-
lates the estimation value; get the whole numbers of the SEM model. Among them,
the CMIN value is 327.389, DF value is 178, CMIN/DF’s value is 1.839, the
number of P is 0.000, the degree of NFI is 0.809, and the value of RMSEA is 0.055.
For the indicators meet the reference standard, it indicates that the hypothesis model
and the data model have passed the test.

.84 .83 57 73155 [ 72 72 | .59 55
oy Ja——r_oemty

Fig. 22.1 The calculation results of the variables in SEM model



180 Y. Li et al.
22.3.3.2 The Analysing Results of the SEM Model

This chart shows the relationship among the variables:

(1) Cluster network centrality’s influence on the knowledge flow

The results showed that the network centrality of the modern service industry
cluster network has no significant effect on the knowledge flow path, besides, as the
specific data shows, the estimation value is 0.109, C.R is 0.528 and P in this chart is
0.598. From this data, it can be found that the critical value is less than 1.96, while
the degree of P is more than 0.05, so we can make a conclusion that the quality of
the network centrality has little effect on the knowledge flow. In other words, the
result of H1 is false (Table 22.1).

(2) Cluster network centrality’s influence on the funds flow

The results showed that the network centrality has positive influence on the
funds flow, because as the specific data shows, the estimation value is 0.561, C.R is
2.118 and the number of P in this chart is 0.034. From this data, it can be found that
the critical value is more than 1.96, while the degree of P is less than 0.05, so we
can make a summary that the improvement of the network centrality can produce
more funds. In other words, the result of H2 is true.

(3) Cluster network density’s influence on the knowledge flow

As shown in the results, the network density has positive influence on the
knowledge flow, because as the specific data shows, the estimation value is 0.461,
C.R is 1.963 and the number of P in this chart is 0.050. From this data, it can be
found that the critical value is more than 1.96, and the degree of P is the standard
0.05, so we can make a summary that the network density has a positive correlation
with the knowledge flow. Generally speaking, the result of H3 is true.

(4) Cluster network density’s influence on the funds flow

As it showed in the results, the network density has little connection with the
funds flow, because as the specific data shows, the estimation value is minus 0.293,
C.R is minus 1.112 and the number of P in this chart is 0.266. To sum up, the
results show that the network density certainly has little connection with the funds
flow. In short, the result of H4 is false.

Table 22.1 The relationship among the variables in SEM model

Route Estimate C.R. P
Knowledge flow <— Network centrality 0.109 0.528 0.598
Knowledge flow <— Structural holes 0.422 2.708 0.007
Knowledge flow <— Network density 0.461 1.963 0.050
Funds flow <— Network density —0.293 -1.112 0.266
Funds flow <— Network centrality 0.561 2.118 0.034
Funds flow <— Structural holes 0.186 1.190 0.234
Innovation mechanism <— Knowledge flow 0.815 3.628 oAk
Innovation mechanism <— Funds flow 0.265 2.353 0.019

**% P<0.05
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(5) Structural holes’ influence on the knowledge flow

The results showed that structural holes has positive influence on the knowledge
flow, because as the specific data shows, the estimation value is 0.422, C.R is 2.708
and the number of P in this chart is 0.007. From this data, it can be found that the
critical value is more than 1.96, while the degree of P is less than 0.05, so we can
make a summary that structural holes in the network have a positive correlation
with the knowledge flow. In a word, the result of HS is true.

(6) Structural holes’ influence on the funds flow

The results show that the effect of the structural holes on the funds flow in the
cluster network is insignificant, because as the specific data shows, the estimation
value is 0.186, C.R is 1.190 and the number of P in this chart is 0.234. From this
data, it can be found that the critical value is less than 1.96, while the degree of P is
less than 0.05, so we can make a summary that the effect of the structural holes to
the funds flow in the cluster network is insignificant. In short, the result of H6 is
false.

(7) The knowledge flow’s influence on the innovation mechanism

According to the results showed in the chart, we can know that the funds flow in
the cluster network has a significant effect on the innovation mechanism, because as
the specific data shows, the estimation value is 0.815, C.R is 3.628 and the number
of P in this chart is 0.001. From this data it can be found that the critical value is
more than 1.96, but the degree of P is little, and shows a high connection, so we can
make a summary that the funds flow has a significant effect on the innovation
mechanism. Generally speaking, the result of H7 is true.

(8) The funds flow’s influence on the innovation mechanism

As shown in the results, the network funds flow has positive connection with the
innovation mechanism, because as the specific data shows, the estimation value is
0.265, C.R is 2.353 and the number of P in this chart is 0.019. From this data, it can
be found that the critical value is more than 1.96, but the degree of P is less than
standard number, it shows a high connection. To sum up, the results show that the
funds flow’s positive influence on the innovation mechanism. In short, the result of
HS is true. Comparing the data of hypotheses 7 and 8, we know that knowledge
flow has a more significant influence on the innovation mechanism than funds flow,
thus in order to improve the innovation mechanism we should pay attention to
speeding up knowledge sharing.

22.4 Conclusion

According to the above study, the network centrality has a close connection with
the funds flow, namely the higher the status of enterprises in the cluster network is,
the more willing other enterprise is to build funds link with it. Network density has
close ties with the knowledge flow but its relation with funds flow is unconsoli-
dated. This is because that in the cluster network, the higher the density is, the
richer the knowledge sharing is, and the closer the links between the two are;
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Structural holes also has a close connection with knowledge flow, while it has a
small influence on funds flow. All in all, knowledge flow and funds flow have
significant positive influences on cluster innovation mechanism; moreover, the
influence is more obvious for the knowledge flow.
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Chapter 23

Research on Applied-Information
Technology with Trendy Utilization
of Archival Information Resources

Shisheng Cheng, Yongqing Zhang and Haiyan Ma

Abstract In the big-data era, more than 80 % of information exist electronically.
Without a doubt, paper and microfilm are the best, long-lasting storage forms for
archiving. However, this is not practicable for the huge amount of digitalized
information that will need to be archived in the near future. To some extent, it is
even impossible because of the enormous amount of disk space that will be needed
for big-data in different kinds of archives. Archival storage depends on the corre-
sponding programs and technology for the eternal use of the digitalization archives’
information resources. This chapter discusses some useful and practical functions
and applied-information technologies for the utilization of archival information
resources.

Keywords Applied-information technology - Archival information resources -
Utilization - Functions and technologies

23.1 Automatic Classification

In two ways, more than 98 % of electronic information can be accurately classified
in an automatic manner: First, the regulation for automatic classification must
be based on electronic content management (ECM). Second, the organization
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classification must be clear and understandable. The remaining 2 % of information
must be manually classified [1].

23.2 Automatic Tagging

Automatic tagging can improve the accuracy of information retrieval, which is very
helpful for archive workers. However, almost 70 % of tagging work is completed
manually, which reduces the efficiency of retrieval.

There are so many useful tools for automatic tagging on web sites such as
YouTube and Facebook. These tools can help the end user to tag their own metadata
in records, photos, and videos. In this way, these resources can be retrieved and
enjoyed by others if approved in advance by the content owner.

23.3 Automatic Retrieving

Generally speaking, structured data is contained in the master database and its data
bank, such as raw data. Non-structured data refers to records and files, such as office
files, and resource records such as scanned images, paper, and microfilm.

An accurate ratio of retrieval is helpful for the location, search, and identification
of archived files. Metadata is the key to the location and classification of infor-
mation about the same topic, as well as to the rules to define whether the file should
be archived or not. If this method is utilized correctly, the correct retrieval rate will
exceed 90 %.

For researchers and end users, search is most commonly conducted using
engines such as Google and Baidu, which is a blurry and less-than-accurate way of
searching or retrieving [2].

23.4 Automatic Trapping

An automatic trapping program utilizes the service regulations to recognize or
identify, copy, and retain e-mails and electronic files to the Element Management
System (EMS). Meanwhile, useless records are deleted automatically, which helps
to save disk space. In our information society, data occupy a huge amount of disk
space. Storage space is a valuable resource that takes up many human resources and
much physical space.

The technology of automatic trapping can acquire the correct files without the
intervention of outside factor. It can catch the useful and correct information and
distribute the corresponding records to the metadata bank, including the senders,
receivers, the date, and the topic.
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The leftover ratio can be nearly 0 % if the automatic trapping technique is used
correctly.

23.5 Automatic Analysis

Analysis is part of more recent file management programs. The program’s algo-
rithm can complete functions such as browsing e-mails, office files, and other kinds
of files. More importantly, the background relation is constructed among different
kinds of files, which is helpful for automatic trapping and automatic classification.

The archive staff can use this method to decide if the files will be saved or stored
as eternal records or to assign history metadata tags to the corresponding files.

23.6 Automatic Processing

Another newer function in file management applications is the automatic processing
capability for information. This technology defines a conservation period for the
files. The automatic processing software starts the processing program to decide if
the files will be transferred to the archive or will be destroyed [3]. It also has other
useful purposes, such as decreasing the tasks required by file management staff,
transferring archival information to the archive, saving storage space, and deleting
useless historical records.

23.7 Operation Flow Management

Operation flow management helps to automate manual operations. In this system,
the management staff can see the whole process for the files. More than 90 % of the
file management work can be implemented by procedures, including the sending
and receiving of files, remote storage, and transferring to the archive. This method
makes file management work more fluent and more efficient. In addition, the whole
process can be supervised.

23.8 Merging Management for Structured
and Nonstructured Information

A recent trend in the information management field is to manage original data files
(so-called structured data) and office files (so-called non-structured data) using the
same technology core. The related software, work flow, and practice work is in
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Table 23.1 Utilization data in a district archive for 6 months

Contents People Rolls Replications Printings
(n) (n) (n) (n)

Daily reception 25,621 22,511 146,746 5379
Weekend reception 2096 1437 8520 0
Among Trans-archive 192 177 513 0
above consulting

In advance 37 196 0 0

consulting

Massive consulting 27 1076 3299 850
Total 27,973 25,397 159,078 6229

progress. This method may be more important in file and information management
than archive management. Because this tool is so useful and so practicable, it can
manage and supervise all the relevant files during the entire life cycle. In private
domains, file management technology is used for archive appraisal and accession.

23.9 Data Analysis

The ultimate purpose for archived work is to be able to use it. Table 23.1 shows the
utilization of archived files in a typical archive [4].

From the data in Table 23.1, it can be concluded that because the reception
number is so large, it will take many archive staff a long time to finish it. However,
if the task can be completed automatically—partly by using the applied information
technology described in this chapter—the utilization efficiency will be higher and
the reception number will be greater.

23.10 Conclusions

Classification, retrieval, analysis, trapping, and operation flow management are very
important and useful tools for archive staff. In the near future, the price of these
tools will decrease rapidly for the widely used departments and fields. In this way,
archive staff must master different kinds of electronic storage technologies, espe-
cially applied-information technology. They also must cooperate with information
technology and file management staff members to appraise and identify the files
during their entire life cycle. Finally, the archive staff should use operation flow
management software to define the correct way for accession and to ensure the
correct digital storage method for different files and records, which will improve
their own techniques and capabilities during the information life cycle [5].
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Chapter 24

Information Support for Real-Time
Decision-Making Based on Big Data:
Knowledge-Enabled Machine Activeness
and System Efficiency

Xin Jin, Shigiang Zong, Youjiang Li and Shanshan Wu

Abstract Real-time decision-making requires efficient information support that
dynamically provides information useful to decision makers. Traditional fixed
information service mode is challenged by Big Data environment, while
search-based methods do not guarantee efficiency. To solve the problem, a method
is proposed to improve machine activeness on information collection, allowing user
to be focused on decision-making, so as to improve the efficiency of the whole
decision-making system. During human decision-making process, machine keeps
aware of the decision task context, dynamically recognizes user information
requirement, automatically activates search process, based on domain knowledge
previously built reflecting the latent relations between decision task types and the
information required. It is proved by experiments that the method can effectively
save user time cost on information requirement expressing and improve task rele-
vance of collected information.

Keywords Information support - Decision-making - Big data - Knowledge
enabled

24.1 Introduction

In many enterprise systems, along the operation process, decisions are made in
real-time. For such decision-making, efficient information support is of great
importance, which should be fast, dynamic, focused, and not distracting. In tradi-
tional enterprises, there are customized information services, which monitor
decision-making process, and dynamically serves useful information to decision
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maker. The information flow is previously coded or configured. At what time, for
which task, by which operation, which information should be got from which data
source, and sent to which user, are all predefined [1, 2].

Recent years, Big Data has caused broad concern [3-5]. Increasing number of
traditional enterprises start to utilize Big Data on Internet to support
decision-making. As information distribution is unclear to users, customized
information services is no longer fit. Instead, search engines have been vastly used.
When user need some information for decision support, he firstly expresses his
requirement into keywords. He needs to carefully choose keywords to avoid
ambiguity and modify according to results. No matter how good is the performance
of the search engine, in most cases, user needs time to manually filter search results.
Normally, it is difficult for keyword-based method to achieve high precision, as
machine does not understand user task, and user cannot express requirement pre-
cisely through keywords. Moreover, it follows a passive service mode, in that
nothing returns if no keyword is submitted. In a word, Big Data increases com-
plexity of information support, while keyword-based search method brings down
the efficiency.

To solve the problem, a simple idea is to make the search process automatic,
means machine actively does requirement expressing and information retrieval for
human, so that human can be focused on decision-making. It is found that user
information requirement during enterprise decision-making is much more regular
than in personal manner. On making similar decisions, required information has
similar content and scope. There are latent relations between decision task types and
required information. If these latent relations are discovered and explicitly defined
as domain knowledge, above automation is realizable. By this idea, a method is
proposed, on how to prepare and utilize such domain knowledge to improve
machine activeness and system efficiency. It is proved by experiment that the
method can effectively reduce time cost on user information requirement expressing
and improve information task relevance.

24.2 Related Researches

On helping user expressing information requirement, there are methods in IR
(information retrieval) domain, e.g., keyword generation [6] and query recom-
mendation [7]. These methods give suggestions on requirement expression, based
on various kinds of knowledge, including user searching behavior analysis [8], term
relationship [6], semantic relativity [9], and so on. They boosted the prosperity of
search engine advertisement and got fast progress driven by its great commercial
interest. However, they all require user to input some initial keywords as a hint and
then give suggestions based on it. They do not care about user decision task, but
about what user inputs in the search box. If the user chosen keywords do not
precisely reflect his requirement, the recommended query and the returned search
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results are useless. Moreover, user still needs to distract part of his attention on
initial keywords selection.

24.3 Method

By analysis of traditional customized information service mode, it is found when
processing a same type of decision tasks, required information has similar scope
and content, while differences mainly lie in detailed task features, such as related
entities, space, and time contexts. There are latent relations between user decision
task types and their INF-REQs (information requirements). Our method is to mine
and define the relations into domain knowledge and then apply it to dynamically
sense and recognize user INF-REQs.

24.3.1 Domain Knowledge Construction

Classify domain user decision tasks and divide until INF-REQs of two task types
can be differentiated as variables. Take military operation command and control as
an example, on making decisions about how to attack two targets of same type,
their INF-REQs can be differentiated as a target name variable. But when making
decisions about how to defend from target strike, INF-REQ totally changes, not as
simple as a variable.

Six elements are suggested as a globally unique ID of task types, containing two
groups: (1) <UserType, OperationType, ObjectType>, describing user decision-
making operations on the user interface, i.e., who is currently doing what operation
to which object on the user interface; (2) <ActorType, ActionType, TargetType>,
describing the user currently concerned missions that happen in the real world, i.e.,
who is currently doing, or has done, or will execute what action to which target
object. So the variable vector <U, O, O, A, A, T> can be used at task type ID.

For each task type, create an INF-REQ template. In this template, the scope and
content of the required information are modeled, with variables defined in it.
A model called TIREM (Task INF-REQ Express Model) is designed, as shown in
Table 24.1, introduced in detail as follow. A template is constituted of an ID, and
one or more TIREM models, described in “<REQ > ... </REQ>" pairs. Variables
are marked by “&()” operators. An example is shown at top right in Fig. 24.3.

LABEL is a literal description for human to understand the INF-REQ.USER,
OPERATION, and MISSION define a decision task type from three dimensions:
role of decision maker, his current operation on the user interface, and the user
concerned mission that happens in the real world. SELECT and WHERE have the
same meanings as in SQL. Difference lies in that each attribute following SELECT
and WHERE is a “Subject.Property” pair. With subject as a limit, property
semantics will not be misunderstood, thus improves the precision. For the required
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Table 24.1 TIREM specification

<REQ>
<LABEL>Literal description of the INF-REQ</LABEL>
<USER>Information user type</USER>
<OPERATION>User operation type</OPERATION>
<MISSION>User concerned mission type</MISSION>
<SELECT>Sub.propl &/Il Sub.prop2 &/Il ...</SELECT>
<WHERE>Sub.prop3 =/</> Value a &/Il Sub.prop4 =/</> Value b &/l ...... </WHERE>

<FROM>Source 1 &/Il/I- Source 2 &/Il/I- ...... </FROM>
<MEDIATYPE>Type 1 Il Type 21l ...... </MEDIATYPE>
<WHEN>

<START>Start time of the INF-REQ</START>
<END>End time of the INF-REQ</END>
<PERIOD>Period for refresh</PERIOD>
<REPEAT>Period for repeated search</REPEAT>
<EARLIEST>Earliest publish time</EARLIEST>
<LATEST>Latest publish time</LATEST>
<REALTIME>Real-time or non</REALTIME>

</WHEN>

<ORDERBY>Istrule |- 2nd rule |- ...... </ORDERBY>

</REQ>

information, preferred sources, if there are, can be listed after FROM. Preferred
types of the required information, e.g., text, image, video, audio, database, for-
matted message and so on, can be listed after MEDIATYPE. WHEN describes
information timeliness. seven items are defined to describe timeliness requirement
for both real-time and non-real-time information. ORDERBY defines how search
results are ranked and ordered in the returned list.

There are two strategies to design templates: (1) by experience: invite domain
experts to describe the required information according to their experiences, and
translate into template files. (2) by learning: analyze user INF-REQs during task
processing by aid of machine learning tools.

Finally, construct domain ontology. Ontology can solve the problem of
cross-domain heterogeneity on describing INF-REQ semantics. So, it is suggested
to construct user domain ontology and design templates using terms defined in the
ontology. On source side, it is also suggested to construct ontology and describe its
information metadata using terms defined in the ontology. OM (ontology mapping)
tools [10] can be used to build alignment between different ontologies.

24.3.2 Domain Knowledge-Based Information Service

In running phase, on the user interface, functions are required to keep aware of the
context information and dynamically assign values to the elements in <U, O, O, A,
A, T>, so as to recognize current decision task type and features: (1) identify user
by monitoring login operation, and assign value to variable UserType; (2) monitor
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user operations, and assign value to variable OperationType and ObjectType;
(3) resolve formatted mission files, containing descriptions about the executor,
actions and targets, and assign value to variable ActorType, ActionType,
TargetType; (4) collect information about various kinds of entity IDs, area IDs, and
system time, and form a feature variable set. Based on dynamically recognized <U,
0O, O, A, A, T>, load according template. For each variable in the template, assign
with value of the according variable in the task feature variable set. After all
variables have their values assigned, an INF-REQ is generated.

Before the generated INF-REQ is submitted to the search engines, its semantics
should be described according to domain ontology, in order to get precise result
feedback. For example, “warship:Lincoin” represents “Lincoin” aircraft carrier
defined in ontology about warships and will not be mistranslated to other concepts
like “people:Lincoin” or “car:Lincoin”. In practices, we encounter synonym
problems. For example, “wp:F-22” and “wp:Raptor” are 2 IDs about a same type of
plane. To avoid low recall of search result, both IDs should be included in the
INF-REQ. Similarly, “wp:FlyingRange” and “wp:Voyage” both mean the longest
distance a plane could fly through and should both be included as well.

After above steps, an INF-REQ model is formed. Then it will be submitted to
various search engines on Internet. According to value of REALTIME, the
INF-REQ will be published to engines of real-time or non-real-time information
sources. For durative INF-REQs, according to START and END, they will be made
valid and invalid. If PERIOD has value, real-time information will be pushed to
user periodically, while if REPEAT has value, the INF-REQ will be resubmitted to
search engine periodically. For one-off INF-REQs, only the information published
later than EARLIEST and earlier than LATEST will be returned.

Finally, the INF-REQ will be translated on data source side. For structured
information in databases, it will be translated into SQL queries. For real-time
information contained in messages pushed by P/S systems, it will be translated into
subscription requests. For pure text information contained in webpages, it will be
translated into keyword expressions. A set of translation rules have been defined to
realize automatic translation from TIREM to SQL queries, subscription requests,
and keyword expressions, which is not introduced in detail here.

24.4 Prototype System

The method has been implemented in a military command and control system, so as
to build a prototype system for method verification and validation. During the
whole process of operation command and control, commander needs information
for decision support.

In the domain knowledge preparing phase, commander’s decision tasks have
been classified into 55 types, containing two-two combination of five user operation
types (mission acceptance, situation analysis, operation planning, execution mon-
itoring, and effect assessment) and 11 concerned mission types (fixed target
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striking, moving target interception, air attack defensing, anti-terrorism operation,
etc.), forming a 5*11 matrix, each cell representing a task type. Templates have
been designed for each task type according to commanders’ experiences. User
required information covers real-time, non-real-time, structured, and unstructured
data. About 13 TB military data has been collected, distributed on 110 data nodes,
in order to simulate Big Data environment, four domain ontologies have been
constructed, including 84 concepts, 28 relations, and about 2 k instances.

Task awareness module has been developed and embedded in user interface,
including time detection, login monitoring, formatted mission file analysis, work
process monitoring, plan execution monitoring, and user interface operation lis-
tening. Functional modules have been developed to realize INF-REQ generation
and submission, containing task analysis, template loading, template variable
assignment, semantic description, and submission management. Result presentation
module has been developed in user interface, including table, literal text, and map
elements. On source side, INF-REQ translation modules have been developed for
search engine, database, and P/S system, respectively.

24.5 Experiments

To verify the feasibility and performance of the method, experiments have been
taken using the prototype system. Three commanders were invited to operate on
user interface simultaneously. Each time a task in the matrix was triggered, a set of
INF-REQs were generated, with search results returned automatically. In most time,
the commanders needed not to input any keyword and were focused on
decision-making. This is the main advantage of our method.

For comparison, each time a task was triggered, the three commanders were
asked to input their INF-REQs manually, with time cost recorded, as shown in
Fig. 24.1. Mean time cost for manual mode is about half a minute, while for
automatic mode, about half a second. It is obvious that automatic mode can
effectively save user time cost on requirement expressing.

All the manually input and automatically generated INF-REQs were submitted
to search engines, with four result sets returned, which were compared on precision.
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Fig. 24.1 Time cost comparison
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Precision of a result set is the mean task relevance (evaluated by five human
valuators) of all the search results. As shown in Fig. 24.2, mean precision for
manual mode is about 38.7 %, while for automatic mode, about 60.5 %.
Automatically retrieved information is more tightly focused on current decision
task.

An instance is shown in Fig. 24.3. Accepted mission was to dispatch battle
planes to intercept enemy planes, in order to defend some core facilities from attack.
User current operation on interface was planning the flying path of the battle planes.
At the top right is the dynamically loaded template for this detected task.
Information is required on enemy planes’ flying ability and real-time track within
10 min. Three variables were automatically assigned with values: EnemyPlaneType
= “F-18”, TargetArea = “Area Coordinate”, CirremtTime = “14:00:00”. One of the

1 .
09| Y : Precision Average precision of search result according to
08| o N automatically generated keywords : 60.5%
0.7 ° ° o0 o 0 ° ° ] o o ]
0.6 [TVt
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1 3 5 7 9 1113151719212325272931333537394143454749515355

Fig. 24.2 Precision comparison

Concerned mission/event <TemplatelD UserType = "Commander”, OperationType = "Path plan”,
= ObjectType= "Battle Plane”, ActorType = "Battle Plane”, ActionType =
— "Interception”, TargetType= "Enemy Planes”/>
<REQ> <!--Req 1: Information aboutenemy planes’flying abj 't’V:--1>8

& <SELECT>BartIePIane.flyingAbiIity</SELECT‘>/
<WHERE>BattlePlane.Type = & EnemyPlaneType)</WHERE:

<REQ> <!--Req 2: Real-time track of enemy planes within 10 minutes-->
-<"S-i.E-LECT>EnemyPIane.Heal‘l’imeTrack</SELECT>
<WHERE>EnemyPlane.FlyingArea = & (TargetArea)</WHERE>
<WHEN>

<START>&(CurrentTime)</START> Area
<END>&(CurrentTime) + 600s</END> Coordinate
<PERIOD>5s</RERIOD>
R ER 14:00:00
<REG> Template content

000 wp="http:/swww.example1.com/ontology/weapon.owl” zb="http://www.example2.com/ontology/equipment.ow!”>
..... ‘<SELECT>wp: BattlePlane -> (wp: Voyage) or (wp: ExtremeSpeed) ) or (wp: ExtremeHeight) </SELECT>
<WHERE>(wp: BattlePlane -> wp: Type = wp: F-18) or (wp: BattlePlane -> wp: Type = wp: Hfmft)dWHERE>
...... Info-req medel (part)

Fig. 24.3 INF-REQ model generation example
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generated INF-REQs is shown at the bottom. Based on the domain ontology, the
property “Flying Ability” was expanded with “Voyage,” “Extreme Speed,” and
“Extreme Height”; and the value “F-18” was expanded with “F-18” and “Hornet.”
From the instance, one can see that normally the automatically generated
INF-REQs are detailed, because lots of terms for restriction and expanding were
added according to template and domain ontology. But for human, to input an
INF-REQ with similar complexity is quite time-consuming. This also explains why
automatically generated INF-REQs can get more precise search results.

24.6 Conclusions

Big Data challenges traditional customized information services for real-time
decision support, while application of keyword-based search method significantly
brings down the efficiency. A method has been proposed to solve the problem by
enabling machine to actively sense, recognize, and express current information
requirement, and do information retrieval automatically. Domain knowledge about
latent relations from decision task types to commonly required information is
applied to realize such automation. It is verified through experiments that: (1) effi-
ciency of search process is improved as user time cost on requirement expressing is
saved; (2) precision of search results is improved as the generated INF-REQ model
is detailed with precise semantics described. Most of all, decision maker is free
from information searching and focused on decision-making, so that the efficiency
is improved.

Further researches are focused on knowledge construction. Template is a basic
knowledge express pattern, and the next step is to mine rules form the gradually
accumulated templates, so as to improve the method flexibility.
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Chapter 25
Dark Pixels Law-Based Image Dehazing
in UAV Reconnaissance

Qinlan Yue, Hongjie Zheng and Chengneng Jiang

Abstract The visible light band is an important band of UAV reconnaissance to
acquire the information of targets. In this paper, degradation principles of haze
images in UAV reconnaissance is first demonstrated by analyzing the effect of haze
and fog upon UAYV reconnaissance imaging. Then the entire atmospheric scattering
model of haze images is set up straightly, and a realization of recovering a haze-free
image in UAV reconnaissance using dark pixels law is discussed. Experiment
results indicate that image dehazing based on dark pixels law can significantly
improve the quality of reconnaissance tasks when there is a haze atmosphere around
and a visible light imaging equipment onboard. The experimental results show that
the method has obvious promotion effect on UAV reconnaissance equipment
implementation of visible light imaging reconnaissance tasks in the haze situation.

Keywords UAYV reconnaissance - Dark pixels law - Image dehazing

25.1 Introduction

UAV reconnaissance image refers to the visible image formed by processing
electromagnetic wave energy, which is captured by the UAV reconnaissance
equipment, from target reflection or radiation. The visible light band is an important
band of UAV reconnaissance to acquire the information of targets. Under imaging
condition of fine weather, reconnaissance image can be acquired with high quality
in this band. In haze situation, due to the scattering of atmospheric particles, the
edge of the image contour levels become fuzzy, relatively concentrated, poor
contrast, thus the image will to some degree be degraded [1]. In this study, we
analyze the influence of haze on the visible light image and the restoration method.
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25.2 The Mechanism of Fuzzy Image Degradation in UAV
Reconnaissance

First, the mechanism of haze generation is explained from the angle of physics, and
then the analysis on the mechanism of fuzzy image degradation is carried on,
proceeding from the fog imaging model.

25.2.1 The Formation of Haze

Aerosol mist is composed of tiny water droplets or ice crystals in the atmosphere,
the average diameter of about 10-20 um. It is relatively large compared with the
visible light of wavelength 0.38-0.76 pm. The scattering of different wavelengths
are basically the same, so the scene is milky white. Haze is formed by a large
amount of suspended dust, sulfuric acid, nitric acid, organic hydrocarbons, and
other particles which are uniformly distributed in the atmosphere, the average
diameter of about 1-2 um. Because of the Rayleigh scattering caused by the haze
particles and the longer wavelength of the orange, yellow light, the scene looks
slightly yellow. Despite the fog and haze formation principles are different, fog and
haze both decrease atmospheric transmittance in the UAV reconnaissance image,
thus affecting the imaging results.

25.2.2 Diffuse Reflection Model

The scattering of haze particles is reflected in two aspects: on the one hand, scat-
tering on the reflected light of the surface features, which makes the arrival of
airborne sensors attenuated; on the other hand, scattering on atmospheric ambient
light and is transferred to the sensor [2]. According to the scattering theory, when
the UAV is conducting visible light reconnaissance imaging in fog, light which
reach the airborne sensor is mainly composed of two parts, one part is the incident
light which has been weakened, the other part is the scattered ambient light [3]. The
two parts constitute a complete model to describe the fuzzy image degradation
mechanism, as shown in Fig. 25.1.

25.2.2.1 Incident Light Attenuation Model

Assuming that the incident light through the mist with the distance of dx, the
incident light intensity of Ey(4), where 4 is the wavelength of incident light. So at a
distance of x, the attenuation of light can be expressed as:
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Fig. 25.1 Diffuse reflection A -
model E )
Eatmosphene light
direct environmental
depth transmission a7 impact
e B T — - - T -
dE(x, 1)
= —B(M)dx 25.1
E(x, ) p) ( )

The p(1) for atmospheric scattering coefficient which reflects the scattering
ability of light unit amount of atmosphere on different wavelengths. Integral for
x from O to d, we get the light intensity in d:

Eq(d,)) = Eg(2)e PWe, (25.2)

25.2.2.2 Environmental Incident Light Imaging Model

Larger particles in the atmosphere will produce light scattering on the ambient light,
resulting in the partial involvement of lights in imaging. Assuming the atmosphere
of light is the same, but just the direction, intensity and the intensity spectrum were
unknown. The cone formed by the solid angle dw of imaging equipment and its
optical axis, and the distance to UAV d is regarded as atmospheric light source, and
the surface element volume in the distance of x for UAV:

dV = dwx’dx (25.3)

If the strength of light distributed at any position is m, then the total luminous
flux through the surface:

dI(x,2) =m-dw-x*-dx- B(2) (25.4)
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There are:

dE(x, ) = Al e r (25.5)

2
So get the unit flux for:

dL(x, 2) = mp(A)e PP¥dx. (25.6)
Integral:

L(d, 7) = m(1 — e Py, (25.7)

when the d approaching infinity, L(©0, 1) = m; when d equals zero, L(0, 1) = 0. So
the light intensity reached UAV:

E.(d,)) = E()) (1 - efﬂ“)d). (25.8)

25.2.2.3 Degradation Model of Fuzzy Image

According to the analysis of the theoretical model, the light intensity into airborne
sensors consists of the incident light attenuation model and environmental incident
light impact. That is:

E(d,2) = Eo(2)e PP 1+ B, () (1 - e-/f<'“~>d). (25.9)

Because of the influence of visible light wavelength on the atmospheric scat-
tering in the fog can be ignored, so the light intensity formula of sensor acquired
can be simplified as the following form:

E=Re M4 1(1-eP). (25.10)

Among them, R represents the original light intensity scene without the fog, in
the other words the image after defogging. I represents the light intensity of
infinite sky in the level direction, namely the global atmospheric light. While the
e 7 represents the transmittance of fog.

According to the mechanism of the fuzzy digital image degradation and the
theoretical model, we can conclude the basic idea of the image dehazing method in
UAV reconnaissance. By estimating the sky brightness and scene optical depth, to
get the value of the ambient light, and then minus the value of ambient light from
the degraded image, at last compensate the attenuation of the reflected light of
scene, we can achieve the goal of image restoration.
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25.3 Haze Image Recovering in UAV Reconnaissance
Based on Dark Pixels Law

25.3.1 Calculating the Normalized Dark Pixels Law

According to Eq. (25.10) aforementioned, the haze image in UAV reconnaissance
can be molded as:

1(x) = J(x)1(x) + A(1 — 7(x)), (25.11)

where I is the observed intensity, J is the scene radiance, A is the global atmo-
spheric light, 7 is the medium transmission describing the portion of the light that is
not scattered and reaches the camera, and x is coordinate vector of some pixel in a
image.

In a local patch, we consider that the transmission is constant, and the atmo-
spheric light A is given. Then the dark pixels law of a particular color channel
c(c € {r,g,b}) can be calculated as:

min (1°(y)) = 7x) min (7°(y)) + (1 = 7(x))4° (25.12)

here Q(x) is the 15 x 15 pitch centered at x, so the normalized dark pixels law is

given by
min (IC(Y)> —7(x) min (JC(Y)> +(1=7(x)). (25.13)

yeQx) \ A° yeQ(x) \ A

Therefore, we get

. . (I(y) ~ . . (J(y) ~
=7 +(1—1 .
ceI{I},lg,b} (ygg(;)( A¢ )) (x) c'elilr{lgl,b} (YIEIIKIZ&>( A¢ ( ®)

(25.14)
25.3.2 Calculating the Initial Transmissivity Figure
From dark pixels law, we have
JE%(x) = min <min Je )—>0. 25.15
(%) i yeg(x)( (¥)) (25.15)

As the atmospheric light is positive, i.e., A > 0 which means that the first term
in the right hand of (25.14) tends to be zero, we have
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I¢ ~
min ( min ( (Y))) =1-1(x). (25.16)
ce{rg b} \yeQx) \ A°
Thus, the initial transmittance can be acquired by the following formula:
~ , - (I°(y)
t(x)=1-— . 25.17
(x) ccren) (y?é?x>< A )) (25.17)

25.3.3 Using the Cutout Method for Fine Transmittance
Figure

In fact, there will be some halos and block artifacts in our recovered image, because
the initial transmission is assumed as constant within a pitch size of 15 x 15. To
take advantage of guided image filtering, which is believed to be a effective balance
between matting quality and computational efficience, we can use it to capture the
sharp edge discontinuities and outline the profile of the objects, to obtain a
high-quality image with more less halos and block artifacts. As a particular
application, the observed intensity I can be seen as a guide, and the initial trans-
mission 7(x) is the filtering input, then the refined transmission #(x) can be obtained
using the guided filter.

25.3.4 Calculating the Atmospheric Light

A is assumed to be known in the formula derivation. Pick the top 0.1 % brightest
pixels, among which the ones with highest intensity in the input image I can be
selected as the calculate of atmospheric light A.

25.3.5 Calculating the Image After the Fog

After estimating #(x) and A, put them into (25.11), then the scene radiance can be
written as:

J(x) :I(Xt)(—x_)AJrA. (25.18)

Since the transmission #(x) can be very close to zero, it leads to the recovered
scene radiance J is prone to noise. Therefore, a small positive constant # is
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introduced to modify (25.18), i.e., to preserve a small amount of haze. So the output
image can be expressed as:

+A. (25.19)

254 Experiment Results and Analysis

In our experiment, the guided image filtering is introduced to refine the initial
transmission [4]. Through repeated trials, the main parameters of guided filter are
set as: pitch size is 15 % 15, guided radium is 60 pixels, haze coefficient is 0.98,
upper bound of atmospheric light is 240, ¢ is 0.01.

In Fig. 25.2a is a UAV reconnaissance image with the top view of an outdoor
scene covered by nonuniform haze. (b) is a result of the mist.

In Fig. 25.3a is the oblique view of an outdoor scene with uniform haze pho-
tographed by a UAV, which results in different thickness of haze while the depth of
image varies. (b) is a result of the mist.

As we can see from the experiment results, by applying the dehazing method
deviated from dark pixels law, we can recover a high-quality haze-free image from
both vertical photographing with nonuniform haze and oblique photographing with
uniform haze. For the method can simultaneously estimate the field depth, it is more
preferred in an oblique photographing scenario. However, it fails when the image is
degraded by a nonuniform haze or especially a very thick haze.

Fortunately, when dealing with a UAV reconnaissance haze image photographed
vertically above some object, we can gain a high-quality image in most tests using
dark pixels law, and the image definition is significantly improved.

(b)

Fig. 25.2 Haze removal of vertical photographing. a Before going to the haze, b go after the haze



206 Q. Yue et al.

Fig. 25.3 Haze removal of oblique photographing with uniform haze. a Before going to the haze,
b go after the haze
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Chapter 26

Analysis of Recognition Performance
of SVMs Based on Three Types
of Common Feature Datasets

Linbo Fang, Xiaoshan Song, Shuangyan Hu, Jing Yuan and Bei Wang

Abstract The recognition performance of a support vector machine (SVM) is
seriously affected by the feature datasets it trains. SVMs with different type of
feature datasets have different recognition performances. Three type of common
feature datasets, including gray value dataset, Hu moment dataset, and principal
component dataset, are studied by experiments in this paper; results show that
SVMs based on the gray value dataset is applicable to the low-resolution image
recognition; SVMs based on the Hu moment dataset is applicable to the
high-resolution image recognition; SVMs based on the principal components
dataset is too time-consuming to the real-time image recognition.

Keywords Support vector machine + Hu moment - Principal component analysis
(PCA) - Gray value feature

26.1 Introduce

Before recognition with an SVM, the feature dataset must be constructed, by
training which, the decision function model is generated. An SVM will be able to
recognize the targets with the decision function model [1]. SVM with different type
of feature dataset has different recognition performance. The dimension of some
types of feature is so large that makes the SVM decision much time-consuming; the
feature extraction of some other types is so time-consuming that affects the speed of
the datasets construction and the real-time recognition; the feature extraction of
other types may be much simple, and the dimension of the feature vectors is so low
that makes a very fast recognition speed, while they may have low recognition
accuracies. Three types of feature dataset are studied, which include gray value
dataset, Hu moment dataset, and principal component dataset. Gray value of each
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pixel of an image is made as the feature value in the gray value dataset, which is the
most basic feature of an image. PCA method, as a linear feature extraction method
based on K-L transformation, can greatly decrease the dimension of the feature
vector while keeping the main information I few new features. Hu moments feature
is very classical in image feature extraction field, which is a type of global feature,
and is insensitive to rotation, translation, and scale. All the three types are com-
monly used in the image recognition.

The dataset of an SVM must be constructed in particular format. “Libsvm”
dataset format is an efficient format and common used in the SVM field [2]. Data
shown in Table 26.1 are parts of the open test dataset “Vehicle” on the UCI website
[2]; the data format is the “Libsvm” format. The first number in each line of
Table 26.1 means the attribute (identity) of the line related. And the number 1, 2, 3,
4, respectively, indicate 4 types of vehicles including “bus,” “van,” “saab,” “opel.”
Numbers in each line after the attribute value are features. In the format “a. b,” “a”
means index of the feature, and “b” means the feature value.

In this paper, three types of datasets including gray value, PCA, and Hu
moments are constructed in “Libsvm” format, recognition performance of SVMs
based on the three types of feature datasets are compared and analyzed.

26.2 Support Vector Machine

Given the training sample set: {(x;, y;), i = 1, 2, ..., 1}, in which, xi € R, y; € {1,
—1}means category, | means the total samples of the sample set, so the original
optimization problem of SVM is:

mm —I—C
wwo Zé . (26.1)
s.t.yi(w x,-+b) >1-&,65>0,i=1,2,...,1

In which, w is the normal vector of the SVM decision function model; & calls
slack variable, is the sign of softening of the SVM classification interval, which
means there can be misclassified samples by a hyper plane; C > 0 is a self-defined
penalty factor, which controls the punishment degree of error classifying samples.

The dual optimization problem is got while the lagrangian multiplier method is
introduced:

] ]
SO ouegyiyiK (xi,x))

i=1 j=1

N —

!
max E o —
i=1

]
sty oy =0,0<0,<C, i=12,...,1

i=1

(26.2)
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The decision function model can be got by solving the problem (26.2):

flx)= sgn{ Z o yiK (x;,x) + b*}. (26.3)

xSV

We can see from (26.3) that the SVM is actually a linear classifier in the
nonlinear space [3, 4]. The selection of SVM parameters can be through two steps
[5]. First step is the selection of the kernel parameters, which can decide the
mapping results to the sample space and the distribution of the feature vectors in the
feature space; second step is the selection of the penalty factor C, which influences
the misclassifying degree of the SVM decision function to the feature vectors, and
the misclassifying degree becomes lower while the value of C is larger.

Before recognizing the target, the feature dataset of the target must be trained,
though which generates the decision function. When recognizing the target, the
feature vector of the target is substituted into the decision function and got the class
value of the target by running the equation [6, 7]. Before training the feature
dataset, the optimal model of the SVM must be determined, which means the kernel
function and the parameters must be determined. The RBF kernel function is
adopted in this paper. There are two parameters in a RBF-SVM which are the
kernel parameter y and the penalty factor C [8]. The parameters are selected by grid
search method of 5-fold cross validation.

26.3 Image Feature Extraction

26.3.1 Hu Invariant Moments

Seven values is defined by Hu, which composed by the nonlinear composition of
the central moment, which is invariant with position, scale, and direction of the
target. The definition of the Hu moments is as follows:

Q1 = 1z + 120 (26.4)

®; = (ny — 1120)’+ 41131, (26.5)

®3 = (30 — 3112)°+ (31121 — 13)’, (26.6)
O = (139 + 112) "+ (121 + 103)°, (26.7)

@5 =(1130 — 3112) (130 + M12) [(’130 + 7112)2*3(’721 - 7703)2}

X 1 (268)
+ (3121 = 1103) (21 + Mo3) [3(’730 +112)" =121 + 1o3) }
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D5 = (120 — 102) [(’730 +115) (1) + ’703)2]
+ 4111 (n30 + M12) (M1 + Mo3)

, (26.9)

®7 = (3121 — 103) (N30 + 112) [(7730 +1115) =3y + 7103)2}

i 2 (26.10)
+ (130 — 3112) (21 + 103) [3(’130 +112) =121 + 103) }

The value of the Hu moments is very small, which reach 10720, so the base 10
logarithm of the Hu moments is used in this paper.

26.3.2 Principal Component Analysis

Principal Component Analysis, PCA is a multiple sources statistical method which
transforms several attribute indexes of the study object to a few irrelevant variables.
The briefly description is as follows:

Suppose the input data matrix X,,; is given, in which [ is the count of the vectors
of the given matrix and n is the dimension of the vectors. The matrix is composed

by the centralized sample data {x;}'_,, in which, x; € R" and >, x; = 0. PCA can
transform the input data vectors to the novel score vectors S; using the Eq. (26.11).

S,‘ = UTxi (2611)

In which, U is a orthogonal matrix with n X n, and the ith column u; is the ith
intrinsic vector of the sample covariance matrix C, the definition of C is

1<~
C— 7;xix,- , (26.12)

PCA solves the intrinsic problem shown by (26.13) at first.
)»,‘lli = Cll,‘7 i= 1, Lo n. (2613)

In which, 4; is a intrinsic value of C, u; is the corresponding intrinsic vector
(n dimension).

When the prior p intrinsic vectors U are used, X = {xi}ﬁzl is orthogonal
transformed, as shown in (26.14):

S=U"Xx (26.14)
The novel vectors S (p = ) is called Principal vectors. When the prior few intrinsic

vectors are merely used, the count of the principal vectors § will be reduced, then the
dimension is reduced by PCA and the original data are compressed.
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26.3.3 Gray Value Feature

Since an image can be described as a matrix, and each element in the matrix has a
gray value, so the most direct and effective feature of an image is the gray values.
All the gray values compose the feature vector of an image, which can describe all
the details of the image [9].

26.4 Comparison of the Recognition Performance
of SVMs

Three types of feature datasets including gray value, PCA, and Hu moments of two
types of images including low-resolution image and high-resolution image are
constructed, respectively. Images of four objects including cup, radio, desk lamp,
and remote control are collected by the common camera. Thirty-six images are
collected from each object, and the total number of images is 144. (1) Collection of
low-resolution image. The distance between the object and the lens is 4 m; the pitch
angle is 30°; the horizontal angle interval is 30°. The image of the cup is 60 x 103
pixels, and the other three images are 60 x 60 pixels each. Parts of images are
shown as Fig. 26.1. (2) Collection of high-resolution image. The distance between
the object and the lens is 0.5 meters; the pitch angle is 45°; the horizontal angle
interval is 30°. The image of the cup is 200 x 343 pixels, and the other three images
are 200 x 200 pixels each. Parts of images are shown as Fig. 26.2.

Feature datasets are constructed based on gray value, PCA, and Hu moments.
The dimensions of gray value feature vectors of the 4 low-resolution images are
6180 (the cup) and 3600 (the other 3 objects), and which of the 4 high-resolution
images are 68,600 (the cup) and 40,000 (the other 3 objects). The intrinsic values of
the covariance matrix of each image are got in the PCA, which are sorted from large
to small order, several largest values are selected to construct the feature vector. The
number of the PCA feature dimension is 50 in this paper. Seven Hu moments are
calculated to construct the Hu moments feature vector. The former two types of

Fig. 26.1 Low-resolution images of 4 types of objects
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Fig. 26.2 High-resolution images of 4 types of objects

feature vectors are too large to shown in this paper, so we show the Hu moments
feature vectors in Tables 26.2 and 26.3. The “Libsvm” format are used [2], in
which, the number 1, 2, 3, and 4 in the first column mean cup, radio, desk lamp, and
remote control, respectively.

All the feature datasets are constructed through programming by MATLAB 7.1
in computer with 2.5 GHz CPU, 4000 M ROM. The time spending of construction
of the 3 types of feature datasets are shown is Table 26.4, it is seen that the PCA
feature dataset construction is most time-consuming, and the construction of Hu
moments feature dataset is the fastest.

26.4.1 Comparison of the Recognition Accuracy to the Test
Sets

Six test datasets are constructed to test the performance of SVMs: 3 low-resolution
image feature sets and 3 high-resolution image feature sets, which contain 2 gray
value datasets, 2 PCA feature datasets, and 2 Hu moments datasets. There are 68
feature vectors in each dataset which contains 4 classified images.

Before test, parameters selection and training to the 6 feature datasets must be
done to get 6 decision functions. Then tests are made to the 6 test datasets,
respectively. The results of the parameters selection and the recognition are shown
in Table 26.5.

It can be seen from Table 26.5 that, to low-resolution images datasets, recog-
nition accuracies of the SVMs based on the gray value dataset and the PCA feature
dataset are 100.00 %, and recognition accuracies of the SVMs based on the Hu
moments dataset are 79.41 %; to high-resolution images datasets, recognition
accuracies of the SVMs based on the gray value dataset and the PCA feature dataset
are 100.00 %, and recognition accuracies of the SVMs based on the Hu moments
dataset are 98.53 %.
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Table 26.4 The time spending of 3 types of datasets constructions

Gray value dataset PCA dataset Hu moments dataset
Low-solution images (s) 1.601 1079.851 0.187
High-solution images (s) 14.906 >9000.765 0.203

Table 26.5 Optimal parameters and recognition results

y C Recognition
accuracies (%)

Datasets of low-resolution images Gray value 0.587 0.236 100.00

PCA 0.209 0.500 100.00

Hu moments 125.333 7.780 79.4
Datasets of high-resolution images Gray value 0.624 0.034 100.00

PCA 2.700 0.342 100.00

Hu moments 56.432 0.750 98.53

26.4.2 Time Spending of Recognition to One Target

There are 3 steps in a practical recognition: (1) collection of the target image by
sensors; (2) pre-processing and feature extraction to the image; and (3) calculating
the classification by substituting the feature vector to the decision function. So the
time spending of recognizing a target includes the feature extraction time and the
decision time. Time spending results of SVMs based on the 6 datasets to recognize
one target are shown in Table 26.6.

It is seen from Table 26.6 that the SVM recognition based on the PCA feature
dataset is most time-consuming, and the SVM recognition based on the Hu
moments feature dataset is the fastest. To the low-resolution images, the SVM
recognition based on the Hu moments feature dataset is most real time, but which
has the lowest recognition accuracy; the recognition performance of SVMs based
on the gray value feature dataset is very well, and the real-time performance can
meet the need in practice, so it is applicable to the low-resolution image recogni-
tion. To the high-resolution images, the SVM recognition based on the PCA feature
dataset is most time-consuming, and the SVM recognition based on the gray value

Table 26.6 Time spending of SVMs based on the 6 datasets to recognize one target

Gray value PCA Hu moments
Time Datasets of low-resolution 0.043 10.067 0.012
spending (s) images
Datasets of high-resolution 1.512 >100 0.021
images
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feature dataset is also time-consuming. So the two types of SVMs do not satisfy
real-time requirements. And the SVM recognition based on the Hu moments feature
dataset is most real time, which can satisfy real-time requirements, and the rec-
ognition performance can meet the need in practice, so it is applicable to the
high-resolution image recognition.

26.5 Conclusion

Support vector machine is a classification machine with intelligent learning per-
formance, which is a novel research focus following the neural networks.
Recognition performances of SVMs based on 3 types of feature datasets are studied.
It is concluded from the results of the examinations in this paper that: (1) recog-
nition accuracy of the SVM based on the gray value dataset is the highest, but the
real-time performance becomes low with the increase of the image pixels, so it is
applicable to the low-resolution image recognition; (2) recognition accuracy of the
SVM based on the PCA feature dataset is also high, but the feature extraction speed
is too low to reduce the real-time performance; (3) recognition accuracy of the SVM
based on the Hu moments feature dataset is fairly lower to the low-resolution image
recognition, but which is high enough to the high-resolution image recognition, and
the real-time performance is much high, so it is applicable to the high-resolution
image recognition.
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Chapter 27

Study on the Aerial Target’s Threat
Degree Ordering Model Based on BP
Neural Network

Songli Zhang, Yanfei Kong, Xiaohui Peng and Xiaogao Wang

Abstract This paper introduces the significance of air-raiding and anti-air-raiding
for modern war and ordering of air attack targets to air defense, analyzes the
influence index of aerial target’s threat degree, and determines the normalized
treatment of these influence indexes. The paper brings in BP neural network theory
and illustrates its algorithm steps and establishes the model of BP neural network,
training using the constructed network to sort the threat degree of aerial targets.
Result shows that the established BP neural network model has a strong nonlinear
mapping ability and self-learning ability, it provides a reference for the air defense
unit to evaluate aerial target’s threat degree, so could help commanders to make
better decisions.

Keywords BP neural network - Threat degree - Air attack target - Air defense
combat

27.1 Introduction

The modern war in recent decades shows that air-raiding and anti-air-raiding not
only bear the brunt, but also throughout the global effect. Especially since the 90s in
last century, air defense combat began to emerge as independent combat style, and
air attack with anti-air attack has become the main combat style in modern war
under the condition of informatization. How to carry out the operation decision
quickly, have already become the key to play effectiveness of air defense weapon
and to evaluate the threat degree of air raid target can help commanders to better
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target selection, rational distribution of fire, and maximize the effectiveness of
weapon equipment.

There are many factors that affect the threat degree and not simple linear
combination within factors. The traditional threat estimation often make a com-
prehensive with constant weight vector, which cannot solve the problem of dif-
ference between factors, the calculated results have a great different with the actual
situation. The neural network model proposed in this paper, with well adaptive and
self-learning ability, highly linear and nonlinear mapping ability, can be very good
to mapping the complex nonlinear relation between the indexes, and learn to self
correct.

27.2 Target Threat Degree Evaluation Index Systems

Threat refers to the enemy air raid weapons to defend objects and air defense
weapons to threat degree. In air defense battle, choosing shooting target with
biggest threat degree, can utmost defend the safety of us ground target.

Aerial targets’ threat degree is decided by many factors, according to the actual
combat, the influence index has roughly: target type, the height of the target, the
target speed, shortcut, target distance, flying direction etc. If all the indicators are
taken into account, the results may be more accurate, but is bound to generate data
explosion, and make the problem complex. In a rapidly changing air defense fight,
must race against time and decisive decision-making to win the battle initiative. So
in order to balance, ignore some index, use the following five indicators to describe
the target threat degree [1], as shown in Fig. 27.1:

(1) The target type, different target types, its use and target feature of radar detect
and attack way are different, the threat degree is different. The target type will
be divided into the following categories: small and medium-sized aircraft,
large aircraft, and cruise missile.

(2) The target speed, for the same type of goal, with greater speed, penetration
probability is greater, the greater threatening to us air defense forces.

(3) The target distance, the smaller distance between the air attack target and
surrounded target, the time is more urgent for us to defense, and the bigger
threat to the secured target.

(4) The route shortcut, shortcut of air target is refers to distance between the gun
and target route level projection. The smaller of air target’s shortcut, its attack
intention is more obvious, and threat degree is greater.

(5) The target height, reducing fly height can make the probability of air raid
weapons been found significantly reduces. Therefore, the height of the target is
a very important factor to judge the target threat, it is usually divided into: high
altitude, hollow, low altitude, and super low altitude.



27 Study on the Aerial Target’s Threat Degree ... 221

Fig. 27.1 Air attack targets
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27.3 Model of Threat Degree for Judgment Based
on the Neural Network

27.3.1 BP Neural Network Theory

Artificial neural network is nonlinear complex network system, widely connected
by a large number of simple processing units, and has the ability of nonlinear
function approximation, the very strong fault-tolerant, and learning ability.

Among them, the BP network is composed of input layer, middle layer (hidden
layer), and output layer. The hidden layer may have several layers, each layer of
neurons only accept the up neurons, so as to realize the nonlinear mapping from the
input layer nodes to the output layer. The connection structure and weights can be
obtained by learning. The information, neural network memorized, stored in con-
nection weights between neurons, and from individual rights cannot see its stored
information content, which is distributed storage mode [2].

Figure 27.2 is a typical sketch of BP neural network model. Its essence is built
mapping from input layer parameters to the output layer parameters, which reflects
the input parameters effect on the output of the form and amplitude, and reflects the
essential relation between input parameters and the output results.

27.3.2 The Step of Algorithm

The BP model is a multi-layer perception mechanism. BP model with one inter-
mediate layer, as shown in Fig. 27.3, which has n input nodes and & output nodes;
their nonlinear activation function is sigmoid function:
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Fig. 27.2 BP neural network
structure

Input layer Hidden layer Output layer

Fig. 27.3 BP neural network
model

1

fw) =1 = (27.1)

Output of multi-layer calculating unit calculates according to Eqs. (27.2) and
(27.3):

n—1

lc:f(ZWgXi—H,-) j=0,1,Lm—1. (272)
i=0
m—1

Zk:f<zwjkyj_ek> k=0,1,L,1— 1. (273)
j=0

In the formula: X; is the ith node’s output value of input layer; Y; is the jth node’s
output value of the middle layer; W;; is the weight coefficient from X; to Y;; Wy is
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the weight coefficient between the jth node of hidden layer to the kth node of output
layer; 0; is the internal threshold of middle layer jth node; 0y is the internal
threshold of output layer’s kth node; Z; is the actual output value of the output
layer’s kth node.

Self-learning process of BP neural network is an iterative process. It is concrete
algorithm as follows:

(1) Assigned a group of small random initial weights to the network, its value
from O to 1, and make them inequal each other.

(2) Normalized the input data from O to 1, and determine the expected output
Signal (do, dl y L, dl_ 1 )

(3) Computed the actual output value of neural network layer by layer.

m—1

n—1
f(Z %X:») - w(Z ijYj> —Z(ik=0,1,Lim—1). (274)
i=0 j=0

(4) Started from the output layer, reverse adjustment weights, the adjustment
formula is as follows:

Wy +noY, — W,
kT IORE) . (27.5)
Wi +16;Y; — Wy
In the formula: 6y = (d — Zi)Zi(1 — Zi), 0; = Y](l - Yj) . f{_:lo Ok - Wi
(5) Calculated the total error E, if E < ¢, learn to stop, otherwise, go to (27.3) and
recalculate:

-1
E=1/2) " (d— Z)". (27.6)
k=0
In the actual programming, if the step size is smaller, the learning speed is
slower, but if the step size too much will cause the network appears to swing. In
order to solve this problem, adding a momentum o(0 <« < 1) to the formula (27.4),
ie.,

Wik +n0rY; + o x AWy — Wy

. (27.7)
Wij + nd;Y; + o x AWy — Wy

In the formula: AWy is the difference between the two consecutive Wj; AWj; is
the difference between the two consecutive Wj;.
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27.4 The Example Analysis

27.4.1 Quantitative Indicators

Only the qualitative and quantitative indicators were quantified, can make the
model easy to calculate and operate. Here take the idea of decomposition, the effect
of every aspect of the index on target threat degree considered separately. And in
order to eliminate the influence between the index class, usually made indicators
normalized processing, here make the threat attribute values normalized to 0-1 [3].

(1) The target type k, according to the small aircraft (S), large aircraft (L), and
cruise missiles (C) are quantified in 0.2, 0.4, and 0.6.

(2) The target speed v, is benefit type index, according to 0—1800 m/s for 0-0.9 of
the corresponding quantization.

. 0.9y
~ 1800

(27.8)

(3) The target distance s, is the cost indexes, according to 0-50 km for 1-0.1 of
the corresponding quantization.

=1-—. 27.9
(4) The route shortcut j, belongs to the cost indexes, according to 0—5000 m for 1—
0.1 of the corresponding quantization.

09
5000

(27.10)

(5) The height of the target h, accordance with the high altitude (H), middle
altitude (M), low altitude (L), minimum altitude (MM), quantified in 0.2, 0.4,
0.6, and 0.8.

27.4.2 Sample Collection

Give 10 aerial targets, collecting every goal’s corresponding values of the five
indices, expectations of the target threat degree value given by the expert [4, 5]
(Table 27.1).
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Table 27.1 Sample data

Target Target Target Target Target Course Expected
number type speed (m/s) distance height short (m) degree
(m)

001 S 1000 500 H 100 0.60
002 L 500 600 M 800 0.38
003 C 800 200 L 2000 0.55
004 S 600 100 MM 300 0.50
005 S 1200 400 MM 800 0.45
006 C 800 800 M 1000 0.25
007 L 500 200 H 50 0.37
008 S 700 900 MM 800 0.40
009 L 800 1000 H 400 0.34
010 S 1000 600 L 100 0.80

27.4.3 Sample Training

The properties of 5 threat value as the input of neural network, so the first layer
(input layer) with 5 nodes, the second layer (hidden layer) of 8 nodes, the third layer
as output layer with 1 node, and characteristics output function with S type func-
tion, thus the output value is the threat degree of air attack target for the secured
target.

Using a sample of 10, which is divided into two parts, one part is used for
training, and the other part is used for validation. Target threat degree is given by
experts, the values of some parameters: n = 0.5, « = 0.05, ¢ = 0.001. According to
the designed neural network model, use MATLAB programming for sample
training [2, 6].

The former 7 groups are for training and validation with 8—10 group, the result
of training samples as follows (Table 27.2):

According to the network weight of BP neural network training, use data of 8 h
to 10 groups to validate the results. The verification results and error as follows
(Table 27.3):

As shown in Fig. 27.4, the error between target threat degree value and the
expected value is very small which is calculated through the neural network, and
meet the requirements. It is thus clear that neural network has very strong nonlinear
mapping ability and can be used for target threat assessment.



226 S. Zhang et al.

Table 27.2 BP neural network training results

Target number Expected threat Calculated threat
001 0.60 0.600856768
002 0.38 0.379054068
003 0.55 0.550802327
004 0.50 0.500204917
005 0.45 0.449727447
006 0.25 0.250326540
007 0.37 0.370748339

Table 27.3 Verification of BP neural network results

Target number Expected threat Calculated threat Error
008 0.40 0.399997669 2.331E-06
009 0.34 0.340155334 —0.000155334
010 0.80 0.799651304 0.000348696
0.9
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Fig. 27.4 Error between the calculated and expected threat degree

27.5 Conclusions

The informatization battle field varies from minute to minute, and opportunity is
transient, only the correct judgment of enemy air raid targets threat degree for the
target us air defense forces defend my, will grasp the key, solve the major con-
tradictions, and made of victory of antiaircraft battle field. Threat sequencing model
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of air attack target provides reference for the air defense commander to correct
selecting air raid target at a certain extent, shorten the command decision time, and
make the best of the air defense weapon.
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Chapter 28
Research on Availability Simulation
of Antiaircraft Gun Weapon Systems

Hao Liu, Hui Gu, Haimin Hu and Quanliang Yin

Abstract A simulation method that uses discrete event simulation for availability
evaluation of antiaircraft gun weapon systems is presented based on the distribution
characteristic of the RMS time of antiaircraft gun weapon systems. The simulation
method can overcome the disadvantages of the analytic method, and can evaluate
the availability of complex weapon systems, while RMS time follows any distri-
bution. In the example, the availability of the antiaircraft gun weapon system is
evaluated based on the simulation method presented in this paper. The example
illuminated that the method is effective for availability evaluation of antiaircraft gun
weapon systems.

Keywords Antiaircraft gun weapon system - Availability evaluation - Simulation

28.1 Introduction

A number of researches have evaluated the availability of weapon system based on
Markov model. However, a review of these researches shows that the Markov
model has a serious disadvantage, which is it needs the times of systems’ lives;
repair and management must follow exponential distribution and must be inde-
pendent of each other. Markov model is an outstanding method when the evaluated
system is a simple system, whereas antiaircraft gun (AA gun) weapon systems are
composed of some subsystems which have other subsystems. Generally, the times
of systems’ lives, repair, and management do not all follow exponential distribu-
tion, and the failure of some subsystems is always dependent on each other. In this
instance, the Markov model will not be fit to evaluate the availability of antiaircraft
gun weapon systems.
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Maintaining practice shows that preventive maintenance time usually follows
normal distribution, corrective maintenance time usually follows logarithmic nor-
mal distribution, down time and logistic delay time usually follows exponential
distribution, and administrative delay time usually follows Weibull distribution
[1, 2]. Some papers point out that, when evaluating the availability of such systems,
only simulation techniques can be useful to obtain credible predictions for avail-
ability parameters [3, 4]. The reason is that simulation methods can model the
working behavior of system in great detail if it is thought necessary [5].

In view of this, a discrete event simulation method will be used to evaluate the
availability of AA gun weapon systems.

28.2 Reliability Diagram of a Representative AA Gun
Weapon System

AA gun weapon systems must perform searching and tracking aerial targets such as
aircraft, helicopter and cruise missile, and launching shells to annihilate these aerial
targets. A representative AA gun weapon system usually include one set of radar
(i.e., a fire control system), n pieces of AA guns, etc. The reliability diagram of a
representative AA gun weapon system is shown in Fig. 28.1.

28.3 Availability Evaluation Model

28.3.1 Maintenance Policy

The maintenance time and delay time are given based on the maintenance policy.
There are three common uses of maintenance polices studied in this paper [6].

Fig. 28.1 The reliabilit
5 281 The bty AA gun
diagram of a representative
AA gun weapon system
AA gun

— radar —

AA gun
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28.3.1.1 Policy I

Once the subsystem fails, it can be repaired by the appointed maintenance resource.
There is a stated max-repair-time Tp,x. If the real-repair-time exceeds Ty, then the
failed subsystem will be replaced by a new one, and a corresponding logistics
delay-time will be needed.

28.3.1.2 Policy II

Once the subsystem fails, it can be repaired by the appointed maintenance resource.
There is a stated max-down-time Tp.x. If the real-down-time exceeds Tpax, the
failed subsystem will be replaced by a new one, and a corresponding logistics
delay-time will be needed. Once the AA gun weapon system can perform its
scheduled function, the weapon system goes into operation.

28.3.1.3 Policy IIT

Maintenance action does not begin unless the weapon system is laid off. The
weapon system shall halt when there are not enough subsystems to keep the weapon
system working to perform its scheduled function, and all of the failed subsystems
will be repaired. There is a stated max-repair-time Tp,x. If the real-repair-time
exceeds Thax, then the failed subsystem will be replaced by a new one, and a
corresponding logistics delay-time will be needed. The weapon system does not go
into operation unless all failed subsystems are recovered.

28.3.2 Simulation Fundamentals

According to the real working process of weapon system, the first failed subsystem
will be picked up. In other words, the weapon system fails when the weapon system
performs its function for 7g; which is the up-time of the ith subsystem where the
up-time of this subsystem is the shortest. And the new up-time of other subsystems
equals the result that the 7z; was subtracted from the primary up-time. In the same
way, the simulation should stop at the time of T which equals the sum of the
up-time and down-time of weapon system. According to the probability theory, the
up-time fz;, maintenance time t,;, and delay time #; of each subsystem can be
known from the mean time between failures (MTBF;), mean time to repair
(MTTR;), mean logistics delay time (MLDT;) of each subsystem. So, the avail-
ability of weapon system can be obtained as
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A= (28.1)

where A is the availability of the weapon system, Ty, is the total up-time of weapon
system, and T is the mission period of weapon system.

28.3.3 Basic Hypotheses

The assumptions in this paper are as follows:

(1) There is no correlativity between the failures of each subsystem. In other
words, when one subsystem is failed, the failure rate of other subsystems will
not change.

(2) The weapon system does not halt until there are not enough subsystems to
keep the weapon system working for performing its scheduled function.

(3) Each subsystem has n spare parts for replacement. If there is no spare part to
replace when a failed subsystem needs to be replaced, the subsystem will halt
in the latter task duration.

(4) The system has only two states, working or halting, and each recovered
subsystem is as good as new.

(5) The ¢4 of one subsystem is zero if it was recovered without spare part.

28.3.4 Three Times and Finding

The up-time #g;, maintenance time #,,;, and delay time 74 of each subsystem can be
known from the MTBF;, MTTR;, MLDT; of each subsystem according to their
distribution.

Through checking computations, the repair time of most electromechanical,
electronic, and mechanical equipment follow logarithmic normal distribution, so,
the logarithmic normal distribution is as the repair time distribution of the general
products. Therefore, we assume the up-time #z; and delay time 7, of each subsystem
to follow exponential distribution, and the maintenance time #,,; of each subsystem
to follow logarithmic normal distribution. The three times of each subsystem can be
obtained as

tri = —MTBF; ln(r) (282)

tyi = —MTTR; ln(r) (283)
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bi = e,u+a\/721nr] cos(2nry) (284)

i =In MTTR; — 0.5s%; (28.5)

where r, ry, r, are the variables which follow the uniform distribution on the unit
interval, o = 0.5-1.3.

28.3.5 Steps of Simulation

The steps involved in the working process simulation of weapon systems are as
follows:

(1) Start simulation variables (that is to say: simulation clock, each subsystem
status, mission period 7, max-down-time or max-repair-time 7,,y)-

(2) To obtain up-time fg; maintenance time f,,; and delay time z; of each sub-
system by random sample according to their distribution.

(3) The up-time of weapon system is the minimum value of all subsystems.

(4) The failure appears with simulation clock and the up-time of weapon system
increases. The subsystem which has minimum up-time failed when the
simulation clock went to its up-time.

(5) If the failed subsystem is gun, switch to Step 9, else, switch to Step 6.

(6) If maintenance time t,; does not exceed allowable T, then
Taown = Tdown + tmi, €lse there is a delay time, SO, Taown = Tdown + fmi + tai-

(7) Simulation clock goes to Ty = Ty, + Tgown-

(8) The weapon system goes to work again. The #g; of failed subsystem was
subtracted from the up-time of other subsystems as the remaining up-time.
Obtain up-time #g; maintenance time 7,,; and delay time #; of the recovered
subsystem by random sample again.

(9) If the amount of failed gun does not exceed the threshold value, then switch
to Step 11, else, switch to Step 10.

(10) To obtain the down-time of weapon system according to maintain policy,
and to repair the failed guns. At the same time, Tyown = Tdown + tmi and
Ty = Ty + Tyown- When T does not less than T, switch to Step 12, else,
switch to Step 8.

(11) To deal with the failed subsystem according to maintain policy.

(12) To obtain the availability of weapon system based on the total up-time and
total down-time of weapon system.
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Table 28.1 RMS atributes A gributes Fire control system AA Gun

of the weapon systems MTBF (%) 80 90
MTTR (k) 0.4 0.3
MLDT () 0.5 =

28.4 Example and Analysis
28.4.1 Example

An AA gun weapon system includes a fire control system and six pieces of AA gun.
The failure time and delay time of each subsystem follow exponential distribution,
and their maintenance time follows lognormal distribution. The R&M&S param-
eters of each subsystem are shown in Table 28.1.

The allowable repair time T,y is assumed at 0.4 h, and there are enough spare
parts for the maintenance of each subsystem.

28.4.2 Results and Analysis of Availability Simulation

The availability of the AA gun weapon system was obtained based on the simu-
lation model presented in this paper, and is shown in Table 28.2.

From the results in Table 28.2, we know that there was no difference in the
availability of weapon system between Policy I and Policy II; the availability value
obtained in Policies I and II were greater than that obtained in Policy III when the
mission period T exceeded 50 h, and the difference was greater with the mission
period T prolonging. The results in Table 28.2 show that Policy III will induce a
low availability of weapon system than Policies I and II, so, Policy III should not be
the maintenance policy for this AA gun weapon system. Otherwise, we can know
that the availability of this AA gun weapon system tends to decrease with increase
in mission period 7 with all three maintenance policies, so the mission period
T should be shortened to keep great availability.

Table 28.2 Availability of AA gun weapon system

T (h) |10 30 50 100 150 200 250 300 400 500

I 0.9970 |0.9967 |0.9964 |0.9956 |0.9952 |0.9947 |0.9945 |0.9942 |0.9939 |0.9937
I 0.9970 |0.9967 |0.9964 |0.9956 |0.9952 |0.9947 |0.9945 |0.9942 |0.9939 |0.9937
11 0.9970 |0.9967 |0.9963 |0.9953 |0.9944 |0.9936 |0.9930 |0.9925 |0.9918 |0.9915
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28.5 Conclusions

According to the working process and the characteristics of R&M&S time of AA
gun weapon system, to overcome the disadvantage of Markov model, a simulation
method that can fit any distribution of R&M&S time for availability evaluation of
AA gun weapon systems has been presented in this paper. The simulation evalu-
ation method can model the real working process of the subsystems of AA gun
weapon systems, and can find the availability value by collecting the up-time and
down-time of subsystems. This method can substitute the analytic method such as
Markov model to evaluate the availability of complex weapon systems such as AA
gun weapon systems.

References

1. Gang X, Tiantuo L (2003) Mento-Carlo method of system reliability analysis. Science Press,
Beijing

2. Malwane MAA, Jinadasa G (2004) On steady state availability of a system with lognormal
repair time. Appl Math Comput (150):409-416

3. Faulin J, Juan AA, Serrat C, Barguefio V (2005) SAEDES ++: determining complex system
availability via simulation. In: Proceedings of the 2005 winter simulation conference, pp 1463—
1472

4. Faulin J, Juan AA, Serrat C, Barguefio V (2008) Predicting availability functions in
time-dependent complex systems with SAEDES simulation algorithms. Reliab Eng Syst Saf
93:1761-1771

5. Sha Jichang (1998) The most familiar complex system: the unrepairable system. Ref Nat
Defence Sci Technol 19(3):1-2

6. Kingsley EF (1972) A General monte carlo simulation model for estimating large-scale system
reliability and availability. Clemson University, Clemson



Chapter 29

The Strength Study of Thermal Power
Unit Absorption Tower Desulphurization
Pump Impeller Based on Fluid-Structure
Interaction Calculation

Zhenjun Gao, Jianrui Liu, Chenxu Guo, Wei Fu and Xiaoke He

Abstract The study of impeller strength for thermal power unit absorption tower
desulphurization pump with new material was performed based on fluid-structure
interaction calculation. The numerical simulation results of flow field in thermal
power unit absorption tower desulphurization pump under 0.8 Q operating point,
1.0 and 1.2 Q were imported to ANSYS Workbench, and the structure field of
thermal power unit absorption tower desulphurization pump was studied to find the
stress distribution law of impeller. In the end, the strength of impeller was checked.
The results show that the stress distribution of main blades, back blades, and
impeller—shroud is axial symmetrical, and the maximum equivalent stress is located
in the junction between the impeller—shroud and main blade outlet, which means
that this area has phenomena of stress focus. This paper was performed to provide
reference and guidance for the design of thermal power unit absorption tower
desulphurization pump.

Keywords Thermal power unit absorption tower desulphurization pump - Fluid—
solid coupling theory - Impeller strength - Numerical study

29.1 Introduction

Thermal power unit absorption tower desulphurization pump is the key equipment
of wet FGD. The main medium of thermal power unit absorption tower desul-
phurization pump is strong corrosive limestone-gypsum slurry, which make higher
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request for services life, operation efficiency, safety reliability, and maintenance [1].
The impeller is the key part of thermal power unit absorption tower desulphuri-
zation pump, which designs the hydraulic performance and reliability. The study of
impeller strength can get the location and distribution law of stress—strain, which
has important meanings for increasing the service life and safety reliability of
thermal power unit absorption tower desulphurization pump [2, 3].

29.2 Fundamental Performance Parameters

Fundamental performance parameters of thermal power unit absorption tower de-
sulphurization pump are shown as follows: flow rate Q = 2440 m’/h, head
H = 40 m, rotational speed n = 990 r/min, efficiency n = 81.5 %, and match Power
P =450 kW.

29.3 Three-Dimensional Model and Grid Generation

The fluid-structure interaction calculation of thermal power unit absorption tower
desulphurization pump involves flow field and structure field [4]. The flow field is
the internal flow field of thermal power unit absorption tower desulphurization
pump including volute, impeller, inlet water body, and outlet water body; the
structure field is the impeller. The model of flow field is shown in Fig. 29.1. The

Fig. 29.1 The model of flow
field

A outlet

volute

impeller Inlet
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model of impeller is shown in Fig. 29.2. The impeller material is M26-23 V
alloy steel.

The solution region of numerical calculation is the whole flow field. The
unstructured tetrahedral grids were used in the numerical simulation, and the tiny
structure parts were automatically encrypted [5, 6]. The grid of whole flow field is
shown in Fig. 29.3. Automatic mesh generation of impeller in ANSYS software
was performed in the model of impeller directly. The grids of impeller are shown in
Fig. 29.4. The two solution regions should keep stable in their own equation solver
to keep the corresponding relationship between the fluid interface and its contig-
uous solid interface [7]. The grid number of flow field is 1928609, and the impeller
is 96452 with the grid-independent examination.

Fig. 29.2 The model of
impeller

Fig. 29.3 The grid of whole
flow field
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Fig. 29.4 The grid of
impeller

29.4 The Numerical Simulation of Flow Field

29.4.1 Numerical Methods of Flow Field

The velocity inlet and free flow outlet were adopted in calculation with SST k-o
turbulence model, no-slip boundary condition was for solid boundary, and the wall
function method was adopted for dealing with the boundary condition at near wall
region. The standard SIMPLE algorithm was used in pressure—velocity coupling,
and the convergence precision was set as 10%.

29.4.2 The Reliability Research of Numerical Simulation

The hydraulic performance test of thermal power unit absorption tower desulphu-
rization pump was done according to the national water pump test standard
GB/T3216-2005 to verify the reliability of numerical simulation. The numerical
simulation results and the test results of thermal power unit absorption tower de-
sulphurization pump are shown in Figs. 29.5 and 29.6. As we can see from
Figs. 29.5 and 29.6, the maximum error of pump head between calculation and
experiment is 4.3 %, and the maximum error of pump efficiency between calcu-
lation and experiment is 3.5 %, which means that calculation results are in good
agreement with experimental ones, so the calculation results is reliable, which can
provide data basis for the calculation of structure field.
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29.5 The Numerical Simulation of Structure Field

29.5.1 Numerical Methods of Structure Field

The numerical simulation of flow field was performed under 0.8 Q operating point,
1.0 tand 1.2 Q, then the numerical simulation results of flow field were imported to
ANSYS Workbench; the corresponding pressures load under different operating
points were loaded to impeller separately, the calculation began after choosing the
right option of load and solving method.

29.5.2 The Results of Numerical Simulation

The distribution of equivalent stress and equivalent strain on the front and back of
impeller was the research object; equivalent stress nephogram and equivalent strain
nephogram of impeller under three operating points are shown in Figs. 29.7 and
29.8. As we can see from Fig. 29.7, the stress distribution of main blades, back
blades, and impeller—shroud is axial symmetrical and the maximum equivalent
stress is located in the junction between the impeller—shroud and main blade outlet
which has the phenomena of stress focus. In Fig. 29.8, we can see that the maxi-
mum strain position of impeller is the sharp corner of extended part, the strain
become smaller from sharp corner to impeller—shroud. The maximum strain under
1.0 Q is smaller than 0.8 and 1.2 Q. The strain of back blades and impeller—shroud
is not obvious, and the strain of main blades has a symmetrical distribution. The
static analysis results of impeller are shown in Table 29.1.

As we can see from Table 29.1, the maximum stress, the maximum strain and
the maximum deformation are the smallest under design condition, which means
that the pump should be operated under design condition as more as possible to
increase reliability of thermal power unit absorption tower desulphurization pump.

29.6 The Strength Check

The designed impeller needs strength check to judge whether the impeller meets the
strength requirement under the interaction of bending moment and torsion, the
impeller bears the fluid reaction force, the dead weight of impeller, the rotating
centrifugal force, and the friction between fluids. The strength of impeller was
related to material, structure and the loads. The new material of thermal power unit
absorption tower desulphurization pump is M26-23 V alloy steel whose allowable
stress is 660 MPa and its ultimate strength is 862 MPa. The wear resistance, impact
resistance, creep resistance, crocking resistance, and corrosion resistance of M26—
23 V alloy steel are better than common steel. The material properties of M26-23 V
alloy steel are shown in Table 29.2.
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Fig. 29.7 Equivalent stress nephogram of impeller under three operating points. a Equivalent
stress nephogram of impeller under 0.8 Q. b Equivalent stress nephogram of impeller under 1.0 Q.
¢ Equivalent stress nephogram of impeller under 1.2 Q
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Fig. 29.8 Deformation nephogram of impeller under three operating points. a Deformation
nephogram of impeller under 0.8 Q. b Deformation nephogram of impeller under 1.0 Q.
¢ Deformation nephogram of impeller under 1.2 Q
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Table 29.1 The static analysis results of impeller under three operating points

No Flow Max stress Min stress Max Min Max deformation
(Mpa) (Mpa) strain strain (mm)
0.8 Q |40.226 0.073 2.01e-4 4.43e-7 0.133
1.0Q 38.290 0.101 1.91e-4 6.51e-7 0.085
3 1.2Q |41.867 0.156 2.15e-4 7.97e-7 0.153

Table 29.2 Material characteristic parameters of M26-23 V alloy steel

Density | Elastic Poisson ratio | Tensile Yield limit (MPa) | Allowable
(kg m3) modulus (GPa) strength (MPa) stress (MPa)
7863 216 0.32 680 1150 660

As we can see from Table 29.2, the maximum stress of impeller is less than
allowable stress which means that the impeller meets strength requirement.

29.7 Conclusions

The fluid-structure interaction calculation of thermal power unit absorption tower
desulphurization pump was done with ANSYS Software. The distribution law of
stress and strain in impeller was analyzed, and the maximum stress point and the
maximum deformation position were found. The strength of impeller was checked,
which can provide reference for the design of thermal power unit absorption tower
desulphurization pump.
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Chapter 30

Manycore Polymorphic Computation
Model for Complex Embedded System
Tasks

Mei Luo, Linlin Li, Chengjian Li and Yongmei Luo

Abstract Tasks of complex embedded system have requirements on high perfor-
mance computing and need to be changed with external environment. Considering
the characteristics of complex embedded system tasks, we combine the advantages
of polymorphic computing with manycore computing and introduce manycore
polymorphic computation model. Meanwhile, we design three computing modes
which is called as computing state, and three typical tasks are designed to verify the
performance of our model. The result shows that no matter how data scale change,
the model can work effectively in appropriate computing mode to meet the
requirements of various tasks. The experiment also illustrates that each of the pro-
posed computing modes can shorten execution time of different type of tasks.

Keywords Complex embedded system - Polymorphic computation model
Polymorphic computing mode - Task requirements

30.1 Introduction

In complex embedded system, there are many types of tasks are computationally
intensive, which have strong real-time requirements. The response time of general
computing platform is difficult to meet the strong time constraints of task
requirements. With the change of external environment, computing manner of task
is required to fit the change. Therefore, a model should be designed to dynamically
select appropriate computing mode according to the needs of tasks.

According to the characteristic of complex embedded system tasks, we propose
manycore polymorphic computing model (MPCM) and design various computing
mode to fit different tasks.
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The rest of this paper, we introduce the development of polymorphic computing
and manycore computing in Sect. 30.2. Section 30.3 describes the characteristics of
complex embedded system tasks and designs manycore polymorphic computation
model and its three polymorphic computing modes. Section 30.4 provides the test
results. Finally, summary of the article is given in Sect. 30.5.

30.2 Related Work

The technology of polymorphic computing refers to support multi-level resource
reconstruction in complex embedded systems. It also reflects an idea that software,
hardware, and computational mode should adapt to the change of tasks’ require-
ments. Currently, studies on polymorphic technology is focused on polymorphic
architecture, resource allocation, task scheduling, etc [1—4]. The current studies
show that the method of adapting to task’s requirements is to build the polymorphic
computation model which has the capability of reconfigurable, adaptive, and
intelligent processing.

Manycore processor is suitable for intensive computing and attracts more and
more attention nowadays. Currently, manycore processor is increasingly used in
complex embedded system for a large-scale computing [5, 6]. Paper [7] describes
multi-modes for manycore, but it does not combine polymorphic computing with
manycore computing. Therefore, we propose a manycore polymorphic computation
model for complex embedded system tasks and design three computing modes to fit
the various computing requirements.

30.3 Manycore Polymorphic Computation Model

30.3.1 Logical Structure

Figure 30.1 shows the logical structure of manycore polymorphic computation
model, it is composed by three parts: tasks layer, polymorphic service, and hard-
ware resources.

Task layer is composed of a task set which has been configured explicitly com-
puting mode and other parameters. We define T = {T}, T, ..., T,,} to represent a task
set of system. VT; € T is called a polymorphic task which can run on manycore.
A polymorphic task is described in 5-tuple form < TaskID, priority, rnym,,
Cmp_mode, Cmp_data >, where parameter r,,;,; is the amount of resources T;
needs, Cmp_mode is computing mode of T;, and Cmp_data is the data which need to
be computed.
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Fig. 30.1 Logical structure of manycore polymorphic computation model

249

Polymorphic service is the kernel of the model which is running on the host
processor to provide 4 functionalities: task division, resource management, resource
monitoring, and resource configuration. Task division service can sense real-time
tasks and divide them to three types according to parameter Cmp_mode. Resource
monitoring service can obtain resource status of hardware. Resource configuration

service allocates tasks to manycore.
Hardware resources receive and compute data.
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30.3.2 Polymorphic Computing Mode

Depending on the characteristics of complex embedded system tasks, we design
three computing modes to fit the needs of different tasks. Different modes have its
task queue, external commands, etc. When the task operation mode changes, the
system will automatically schedule task queue to manage task and allocate
resources.

In order to ensure the reliability and load balancing, we assume as follows:

1. Tasks of either mode are executed according to priority.
2. The three modes are mutually exclusive, that is, once one of computing mode is
started, the other modes can not preempt it.

30.3.2.1 Single-Task Computing Mode

Single-task computing mode suits the task which can not be decomposed and has
high computationally complexity and strong time constraints. If V7, € T meets
formula 30.1, 7; runs in single-task mode.

Ti 7& {J S [lanHth} /\Ti(rnum) ~R (30.1)

Formula 30.1 describes that task 7; can not be decomposed. Symbol A expresses
that single-task meeting two conditions at the same time. R is free computing
resources of manycore. Single-task mode awakes task from task queue which is
ranked from highest to lowest priority. In this computing mode, all free resources
are allocated to one task in the priority order.

30.3.2.2 Partition Computing Mode

This mode is for multiple tasks which are independent with each other and can be
executed in parallel. VT; € T ,VT; € T, If T;, T; satisfy formula 30.2, we call them
independent that can be execute on different partition.

{ Vi # j, T;(Cmp_data) # T;(Cmp_data) (30.2)
Ti # {ke[L,n][Ta} AT; # {s € [L,n] [ Tis} A Ti(roum) + Tj(roum) <R '

In formula 30.2, tasks cannot be decomposed, and there is no data correlation
between them. Independent multi-tasks are arranged by priority. In partition com-
puting mode, all free resources are divided into paralleling running tasks in different
partitions.
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30.3.2.3 Streaming Partition Computing Mode

This mode suits the task which can be broken down into several calculation steps, if

VT; € T and VT; € T fit formulae 30.3 and 30.4, we call them belong to streaming
partition tasks.

Vi # j, T;(Cmp_data) # T;(Cmp_data)
T, =T, Ty, T, } NT; = {Tj,, Tpry ., Tjp, } A Ti(Foum) + Tj(Toum) <R

(30.3)

Vi,j € [1,n] st
Ti,(Dm) = Ty, ,(Dp1) = -+ = T, (Dy) (30.4)
ij(Dm) - ’ij—l(Dm*I) o ]}I (Dl)

In formula 30.3, T; and T; have no data correlation and can be executed on different
partition in parallel. Both 7; and 7} can be divided into many calculation step, m is
the number of kernels. Formula 30.4 describes the relationship of these calculation
steps, symbol — expresses data dependence, that is to say, data in the same
streaming must be executed in order.

30.4 Performance Tests

The main idea of manycore polymorphic computation model is that according to
task requirements, using different computing mode to implement task allocation and
resource loading. Assuming adequate resources, our setting is following:

1. In single-task computing mode, we test target image recognition. As the target is
more and more close, the accuracy of image is higher and higher. We record
response time of task on multi-core CPU and manycore.

2. In multi-tasks partition computing mode, we test the adaption of manycore with
the change of external environment. Three tasks are tested. When the external
control change, data scale of tasks should change to meet the requirement of
environment. We record the execution time of multi-core CPU and manycore.

3. In multi-tasks streaming partition computing mode, we test three tasks which
can both be divided to three subtasks. The subtasks have data correlation, and
every subtask can be executed on one kernel. We record the execution time of
manycore.

The result is shown in Fig. 30.2.

Figure 30.2a illustrates that the task needs to occupy all free resources, with the
data scale becoming bigger, the response time of manycore is less than multi-core
CPU. Figure 30.2a shows that single-task computing mode can fit large-scale
computing needs.
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Fig. 30.2 Results of
manycore polymorphic
computing mode.
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In Fig. 30.2b, partition computing mode can better meet the needs of multiple
independent tasks than single-task mode. Whatever the computing scale changes,
multi-task partition computing mode can reduce the computing time.

Tasks in Fig. 30.2c can be decomposed to subtasks. Although additional
transmission and synchronization are needed, the execution time is less than serial
computing mode. Therefore, we can see from Fig. 30.2c, streaming partition
computing mode can also adapt to the tasks’ requirements.

30.5 Conclusions

First, we conduct researches on polymorphic computing and analyze the advantages
of manycore computing. According to the characteristics of complex embedded
system tasks, we propose manycore polymorphic computation model, then design
and test three polymorphic computing modes. The results show that each of
computing modes can realize quick computation to ensure rapid response to dif-
ferent types of tasks.
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Chapter 31
A New Automatic Quality Control System
for Fiber Ring Production

Xinfeng Li and Haoting Liu

Abstract Fiber optical gyro (FOG) as one of the most important component in
Fiber inertial measure unit (FIMU), the production quality of which will affect the
accuracy of FOG and FIMU; through decade years improvement in craftwork
design, the main target has shifted to quality control promotion during production.
This paper has proposed a new methodology for automatic production quality
control; the method uses the computer vision technology to apply a system which
can distinguish real-time fiber ring production images, applying pattern recognition
of data mining technology for understanding of the type of fault production image.
Pre-processing of computer vision has treatment to distil the image from real-time
noised image for feature achievement, upon the qualified conducted result; a fast
pattern recognition method support vector regression (SVR) has fast convergence
which has utilized delightful result.

Keywords FOG - FIMU - Fiber ring - Median filter - Pattern recognition -
Support vector regression (SVR)

31.1 Introduction

Fiber inertial measurement unit (FIMU) is the navigation and guidance component
in missile and other aircraft units. In carrier flight test, the sensitive parameters of
angular velocity and apparent acceleration for relative inertial coordinate (launching
coordinate) will be sent through standard electrical interface to control system for
gesture control and guidance calculation. Compare to mechanical gyro, fiber optical
gyro (FOG) has many advantages, such as high reliability, long-usage life, wide
dynamic range, quick start, small size, light weight, and direct output, especially for
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strap inertial measurement unit. Through decade years development, FIMU has
been widely used in military and civilian territories.

Over decade years, the employment of FOG and FIMU products has desire of
quality improvement of key components; fiber ring is one of the most important
components in FOG; the craftwork in design and production has direct affection to
the accuracy of FOG and FIMU. Researchers have perceived that the old manual
way in production recognition is not suitable for fast technical improvement. A new
methodology of automatic quality control system has been presented in this paper.

Fiber ring production has one main step which is fiber ring rolling; the seamless
rolling is fundamental step in production; two main problems in fiber ring pro-
duction are cracking and overlaying, in order to recognize the problem patterns; fast
and reliable pre-processing image algorithm is traditional corrosion and median
filter to distil the significant information from noise.

As the important step in image pre-processing, lots of works have been applied
on image segmentation. These works can be divided into three major method
categories: threshold [1, 2], color clustering [3, 4], and statistical model [5].
Another important pre-processing method is the segmentation based on the area of
texture, however, as the optimal descriptor is not always clear. Various authors
[6-10] attempt to find critical criteria to describe a specific texture. Moreover, in
order to classify the problem images for the rolling problems varieties, support
vector regression (SVR) as one of the most popular approaches has been presented
in this paper.

The structure of this paper is comprised as follow: first part is general infor-
mation of fiber ring rolling production theory to describe the whole production
steps, emphasizing the key problem may appear during production. Second part is
description of related technology, which reviews the recent expertise. Third part is
illustration of manual production quality control and the one using computer vision
technology, by which, the fiber ring quality comparison has presented at last to
express the experiment result images for the advancement of the algorithm.

31.2 Research Background

Industrial production problem identification and quality monitoring are important
topics of research in the area of industry safety assessment and quality monitoring.
Especially for minor production in high accurate requirement, for example, the
fiber-related production, to identify the existence of cracks and overlaying in
structural or mechanical production and evaluate the affect of the damage caused by
the cracks.

Recent research in auto industrial quality recognition has comprised electronic,
metallurgy, automobile industry, in which the appearance defect type inspection has
expressed the difficulties and varieties as big challenge with additional value.
Compare with automobile and electrical industry, the fiber inspection particularity
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requires specific algorithm development; automatic production quality monitoring
and problem recovery can be achieved by combining with electronic control
system.

31.3 Methodology

The quality of fiber ring production is monitored through production image pro-
cessing in real time. In which, the first step is pre-processing using median filter
operator, and Harr feature will be achieved before the key pattern recognition is
applied, in which fast pattern recognition contained rapid and precise cross vali-
dation method for parameter setting.

A image filtering

The real-time production images will been effected by unavoidable noise which
includes impulse noise pulse noise and Gaussian noise etc. The full of target feature
is enclosed in boundary; however, the real-time image of fiber rolling production is
reflected by the fuzzification. The enhancement of image boundary for recognition
of target features will be considered as fundamental step in image pre-processing. In
this paper, the methodology applies meridian filtering as the filtering and image
smooth method to let the low-frequency signal pass to remove the effect of noise,
the result is well restored with boundary information and reasonable adaptive
ability. Regard to the processing speed of all control system, a 3 * 3 master plate is
used as smooth method in meridian filtering.

B the boundary tracking inspection

The boundary features are described by direction and amplitude, the gray change
is smooth through the boundary change, the pixel which is vertical to boundary
direction will have cleared visible change. Therefore, the gradient direction and
local maximum are calculated as follow for boundary detection:

o o ox o 0y _ -
or  Ox 6r+8y ar—fxcos0+fys1n0

in which, % has the situation

%:0 and f; sin 0, + f, cos 0, = 0

to have maximum value, therefore

0, = tan_l(fx/fy)
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The max gradient which is

7]
8= (D = 2412

known as gradient pattern, the properties has decided the boundary detection
functionality. And the gray transformation direction which can be seen as boundary
direction, the result can be obtained by

0, = tan™ (. /f,).

In this paper, the Canny method has been applied in boundary detection, it is
comprised by first derivative of Gaussian function which is also seen as the opti-
mization of product of Signal to noise ratio (SNR) and location.

C problem pattern recognition

Apply Harr feature to detected boundary image, which include horizontal and
vertical features, diagonal feature, and pointing feature. The weight of coefficient is
selected to enhance the extracted different Harr feature during production.
Meanwhile, support vector regression method is applied to classify the problem
pattern which is fiber cover and rolling gap.

Through using support vector regression method to classify the undetected
boundary pixels which is wide applicable and the accuracy is adjustable through
controlling method parameters.

314 Experiment and Results

See Figs. 31.1, 31.2, 31.3, 31.4, 31.5, 31.6, and 31.7.
In order to compare the accuracy and time efficiency for our algorithm with
normal fiber production, the comparison is shown as table below:

Algorithm Time (per rolling) (s) Accuracy (%)
Normal manual production 10 75
Production involved with proposed method 2.3 98

Fig. 31.1 Normal production results
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Fig. 31.2 Production overlaying

Fig. 31.3 Production cracking

Fig. 31.4 After boundary detection

Fig. 31.5 Problem image processing

Fig. 31.6 Problem location processing
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Fig.
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31.7 The problem represented by Harr feature

31.5 Conclusions

This paper has presented a automatic quality control system with computer vision
and data mining method to segment and recognize production quality from
real-time images with complex background. This paper compares the proposed
approach with normal manual production methods. Experimental results demon-
strate that the boundary tracking method obtains better segmentation results and can
effectively achieve and distinguish problem feature vectors from images with
complex background.
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Chapter 32

A New Hybrid Genetic Algorithm

for Parameter Estimation of Nonlinear
Regression Modeling

Jinshan Chen

Abstract A new algorithm for parameter estimation of nonlinear regression
modeling based on hybrid genetic algorithm (HGA) is proposed with a constraint
condition by defining n dimensional column vector X = (x;, x5, ..., x) s a; <x; < b;
(x;; = IND[j] . chrom[i] x (b; —a;) + a;j=1,2,...,N;i=1, 2, ..., n) and founding
individual fitness function F(X, 1) = [S(0, 1) + ¢]", and using the linear ranking
selection strategy. According to the fitness value of population member size from
good to bad arrangement of X, X5, ..., Xy and then through a series of operations of
transform, crossover, and mutation, the HGA is terminated by the terminal criterion
of algorithm. The new algorithm can rapidly converge to the global optima by
performing global search and local search alternatively, and achieve better per-
formance than those of traditional algorithms. The experiments verify generaliza-
tion and effectiveness of the algorithm.

Keywords Genetic algorithm - Nonlinear parameter estimation - Least-squares
estimation

32.1 Introduction

Nonlinear regression analysis has been widely applied in the fields of voice signal
processing, biological medicine, image processing, and modeling cognition.
However, due to its complexity of nonlinear model and difficulty in obtaining
parameter estimation, thus it is limited its application and development greatly.
Traditional nonlinear regression model parameter estimation algorithm includes
simulated annealing algorithm [1], Nelder-Mead algorithm [2], Gauss-Newton
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algorithm [3], variable metric algorithm and homotopy algorithm [4], etc. These
algorithms only have effect on some type of particular issues and require models
with continuous, derivable, and single-peak features. Fang [5] proposes the
sequential method which does not need auxiliary information of differential coef-
ficient and works as a “mountain-climbing” searching method in principle.
Moreover, the efficiency of algorithm is limited to the selection of initial fields to a
large extent and fining precision in each time of iteration. Genetic algorithm is a
whole-situation optimization algorithm, but it is the issue of slow convergence [6].
Thus, combining genetic algorithm with traditional optimization-selecting algo-
rithm (mountain-climbing algorithm, simulated annealing algorithm, and Newton
algorithm) can improve the efficiency of algorithm on the basis of algorithm uni-
versality. Renders et al. [7] proposed an algorithm combined quasi-Newton’s
algorithm and traditional GA, used for nonlinear function optimization, which
improves the convergence speed of algorithm. However, due to the first-order
derivative of quasi-Newton algorithm required function, the universality of the
method was limited to some extent. This paper proposes a new hybrid genetic
algorithm for parameter estimation of nonlinear regression modeling. The new
algorithm only utilizes function value for searching, thus it has wider application
scope.

32.2 Nonlinear Regression Modeling and Least-Squares
Estimation

The general model of nonlinear regression may be expressed as ¥ = f(X, 0) + ¢, in
which “e” subjects to normal distribution N(O, ¢ 2), XeR" YeR' 0ecR, and
P represents the number of parameters.

Set up the known watched value {(x;, y;); i = 1, 2, ..., n}, the issue of nonlinear
regression modeling parameter is to obtain the least-squares estimation of 6, that is,

calculate 0 € R”, making any 6 € R” with S(0) < S(0).

n

S(0) =" i — £, O). (32.1)

i=1

This paper takes asymptotic regression model (32.2) as an example, to discuss the
parameter estimation under the least-squares estimation of nonlinear regression
model. In fact, this method is similarly applicable to other nonlinear regression
models.

Asymptotic regression model

fx)y=a—py* 0<y<l (32.2)
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32.3 Parameter Estimation Algorithm of Nonlinear
Regression Modeling

Parameter estimation algorithm of nonlinear regression modeling based on hybrid
genetic algorithm is described as follows.

32.3.1 Code

The essence of coding is to set up a mapping between the solution space and
searching space of algorithm. While using coding of real number, each individual
shall be expressed with n-dimensional real vector, that is X = (x, xp, ..., xn)T;
a; <x;<b; (i=1,2, ..., n). To define any individual x; = IND[;] . chrom[7] % (b; —
a) + azj =1, 2, ..., N in population, then the vectors meeting this relationship
X; = (X1, Xj2, ..., Xj,)" can meet the boundary restriction conditions of optimization
issue.

32.3.2 Individual Evaluation

According to the optimization requirement of model (32.2) nonlinear parameter
estimation, set up individual fitness function F(X, 1) = [S(b, ) + s]_l, ¢ standing for
the positive number small enough. As for the individuals in population, calculate
and record the fitness value in each individual and select the optimized individual
Xz and worst individual X;.

32.3.3 Selection

To avoid over-early convergence and stagnation phenomenon in algorithm, adopt
nonlinear rank selecting strategy. First, hypothesize group members listed from
good to bad as per the fitness values X;, X, ..., Xy, then allocate selection prob-
ability P, according to a nonlinear function.

P(X)=Pi=[c—dxk/(N+1)]/N,k=1,2...N (32.3)

Of which, ¢, d are constants; the values of ¢ and d shall be met

(DZLIP;( =1;@Asforanyk=1,2,...,Nthen Py >0,and P, 2 P, > ... >
Py. Evidently, setup 1 < ¢ <2 and d = 2(c — 1), then the above requirements can be
met.
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32.3.4 Transform

Transform the worst individuals as follows.

(1) Calculate the centroid of mating pool species X

(2) Reflect X;: Xg = Xc + r(X¢c — Xp), 1 represents function.

(3) If F(Xg, 1) > F (X, 1), then execute expansion operation. Xz = X¢ + g(Xg — X¢) ,
q stands the expansion coefficient.

(4) As for any point Xy in a polygon apart from X;, then F(Xg, 1) < F(Xw, 1),
execute the shrinkage operation: X, = X¢ + s(Xyg — X¢), s stands for the
shrinkage coefficient.

(5) If F(Xg, t) < F(X;, 1), then all points approximate to X point: Xy = Xy + 0.5
Xw = Xn)

(6) Make the best points in Xz, Xz and Xs to replace X;,

32.3.5 Crossover

To maintain the diversity and in population and avoid premature convergence,
adopt neighbor-pairing principle [8]. Not only can this pairing method avoid
superior mode from expanding, but also meet the fine grits parallel mode of genetic
algorithm, easily acquiring larger parallel mode.

Provide P(X) > P, (P, stands for crossover probability); two parent individuals
Parent [1] and Parent [2] as neighbor-pairing principle, with their child individuals
Child [1] and Child [2], adopt integral algorithmic crossover. First, generate the
random number aq, a,, ..., a, from n(0, 1) section, then

Child [1] . chrom[i] = a; * Parent [1] . chrom[i] + (1 — a;) * Parent [2] . chrom[i]

Child [2] . chrom[i] = g; * Parent [2] . chrom[i] + (1 — ;) * Parent [1] . chrom[{]

inwhichi=1,2, ..., n

32.3.6 Mutation

According to formula (32.3), calculate the selection probability P(X;) of each
individual; as for individual Parent[j] of variation probability P(X;) < P,.(P,.),
randomly select a gene i for mutation.

Child[j] . chrom[i] = Parent[;] . chrom[i] + ¢

In which, 6 = 4 x N(O, 1), where N(0O, 1) stands for standard normal random
variable, 1 = Cy,/t, C,, stands for a constant, and t stands for the number of iteration.
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32.3.7 Terminal Criterion of Algorithm

Set up a maximum evolution number G; when the evolution number reaches G or
the results without evident improvement within 50 generations, the algorithm ter-
minates, that is, |S(0,7) — S(0,t + 50)| < (e stands for a small positive), or # = G,
algorithm ends.

32.4 Examples and Results

Calculation examples aims for calculating the parameter 6 = (a, f, ) of asymptotic
regression model (32.2), among which 0 < y < 1. The parameter of hybrid genetic
algorithm is taken its value as: population size N = 50; crossover probability
P. = 0.5; mutation probability P,, = 0.03; maximum revolution number G = 1000,
& = 0.000001.

The experiment dataset is illustrated as in Table 32.1. Table 32.2 shows the
results of nonlinear regression parameter estimation using the method of HGA,
AIDEA [8] and HSA [9]. Here lists the average result obtained from 100 times of
random calculation.

Experiment data selection

Dataset] = {(2,18.6), (3,22.6), (4,25.1), (5,27.2), (6,29.1), (7,30.1)},

Dataset2 = {(0,20.518), (1,21.138), (3,21.734), (5,22.218), (7,22.286)}

Table 32.1 62 is the estimation of variance, defined as 62 = >, %
Table 32.1 shows that, as for two given data, HGA estimation results approxi-
mate to AIDEA [8] and HSA [9] estimation. This demonstrates the effectiveness of

algorithm.

Table 32.1 Results of HGA AIDEA HSA
estimation
Datasetl |a [33.7909611 |33.8022682 33.8023
£ 126.6905654 |26.6979828 26.698
y 0.7527665 | 0.7529937 0.752995
> |0.0349082 | 0.03491553 0.03491537
Dataset2 |a |22.4855205 |22.487058 22.487
p 1.9574835 1.958616 1.9586
y 0.704972 0.705544 0.705539
62 10.00587683 | 0.0058764825 | 0.005876535
estimation(s)
Datasetl 4.81 6.51 6.33

Dataset2 4.82 5.72 6.32
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Considering each iteration of three algorithms has large calculation variance.
This paper selected algorithm convergence time as index to compare with the

efficiency of three algorithms. When estimation of variance S(6) is smaller than the
given thresholds, The algorithm ends. Set up a same thresholds for the three
algorithms. Their convergence time is listed in Table 32.2.

Table 32.2 shows that HGA algorithm has the highest efficiency of estimation.
The estimation of AIDEA is closely related to selection of initial fields and each
iteration the precision of refinement neighborhood. HSA has slow iteration due to
the influence of simulated annealing initial temperature and annealing rate. Thus the
convergency time is long.

32.5 Conclusions

Hybrid genetic algorithm boasts the advantages of simple description, generaliza-
tion, and less restriction on initial conditions and optimization in the whole situa-
tion. While applying in the parameter estimation of nonlinear regression model, it
overcomes the disadvantages of traditional algorithm on strong restriction condi-
tions and bad generalization. It shows good application prospect.
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Chapter 33
The Quantum Cryptography
Communication and Military Application

Xiaoli Zheng and Digang Jiang

Abstract The quantum cryptography communication became a new communica-
tion technology, with the developed of quantum computing. Quantum cryptography
used some specific properties of quantum physics, and it solved some difficult
problems of classical cryptography. It is a reliable technology for ensure the
security of network communication that in future ages of optical communication.
Based on the quantum key distributions protocol, and in recent years the United
States, Germany, Sweden, Japan, and other western developed countries in the
progress in research of quantum cryptography communication from the research
results, the quantum cryptography communication has entered the practical stage in
developed countries; our country also should be more in-depth and extensive
research in this aspect; the assay analyzed the application perspective of the
quantum cryptography communication in military communication.

Keywords Quantum cryptography communication - Cryptographic algorithms -
Protocol

Quantum cryptography technology is a newly emerging interdisciplinary science
combined quantum physics and cryptography. It solves the issues that modern
passwords are intercepted and decoded during the process of delivery. Nowadays,
Chinese army still lags behind in the construction of informationaztion. Particularly,
there are some potential dangers in the information security field. Thus, it is of great
significance to research quantum cryptography communication technology to
improve Chinese army communication guidance security.
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33.1 Distribution Protocol of Quantum Secret Keys

The most important part of Quantum cryptography is quantum secret key distri-
bution, whose purpose is to make the two parts of communications utilize the
unreliable channels to finish the negotiating generation of secret keys [1].

33.1.1 BB84 Quantum Secret Key Distribution Protocol

BB&4 protocol principle is to utilize the indeterminacy principle of single photon
and quantum information channel. Alice randomly select 4 photon polarization (0,
/4, m/2, and 3m/4) to send Bob, forming the photon status series with some
polarization status and record the corresponding basis vector type of photon status.
After receiving the signals sent by Alice, Bob starts to receive the photo status
series sent. Bob selects one from two measurement basis vectors for each photon to
measure, then records the results of measurement and keeps it secretly. After
receiving and measuring the polarization status photon series sent by Alice, Bob
shows the basis vector or measurement types used in the measuring process to
Alice. Alice compares them and tells Bob the comparison results about what are
correct and what are wrong. According to the comparison results, Alice and Bob
translate all the correct photon polarization status as binary system bit string
according to the predetermined agreement, so as to obtain the required secret keys.

33.1.2 B92 Quantum Secret Key Distribution Protocol

The principle of B92 protocol is to utilize the undistinguishable principle of
non-orthogonal quantum states, which is decided by indeterminancy principle.
First, select the any two sets of conjugated measurement base (here we take
polarization direction 0° and two sets of linear polarization state of 90, 45, and
135°). Define 0 and 135° representing quantum bit “0.” 45 and 90° representing
quantum bit “1.” Legal user Alice randomly launches polarization state (here take O
and 45°). Bob randomly uses polarization state (here take 90 and 135°) for syn-
chronizing measurement. By utilizing the above features, Alice and Bob realize
B92 quantum secret key distribution as the following steps.

(1) Alice randomly takes O and 45° photon polarization state to launch the photon
pulse selected to Bob.

(2) Bob randomly selects the 90 or 135° basis-deflecting check. If Bob’s checking
direction is vertical to Alice’s selected direction. Detector cannot receive
photons completely. While checking in the angle of 90°, it is with 50 % of
probability that photons can be received. Once Bob measures photons, he can
speculate the polarization status of photon sent by Alice.
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(3) Then, Bob informs the conditions Alice receives photons through the public
channel and but publicize the measurement basis. Both parties give up the
unmeasured data. If no bugging or disturbance, both Alice and Bob can jointly
possess a set of same random number series.

(4) Bob transforms the received photons as photon bit string then.

(5) Bobrandomly publicizes some bits and has Alice to determine with errors or not.

(6) After Alice confirms that no persons are bugging, the left bit string can be
established as code book.

This method is simpler than BB84 protocol, but the transmission rate is
decreased by a half. Only 25 % of photons can be received.

33.1.3 E91 Quantum Secret Key Distribution Protocol

E91Protocol principle is to take EPR effect, with the following communication
process.

(1) The photon pairs produced from EPR resources, respectively, are sent to legal
users Alice and Bob in the direction of +Z. Alice randomly selects checked
biased basis (linear polarization basis or round polarization basis) measuring a
photon 1. The measurement results shall be determined by EPR correlation.

(2) Meanwhile, Bob also randomly adopts checking polarization basis to measure
another photon 1 of the received EPR correlation pair and record the mea-
surement result.

(3) Then Bob randomly uses the measurement basis through public channel (not
publicized measurement results). Alice tells Bob that those checking polarized
basis are selected rightly. Then the reserved results kept by the two parties and
are transferred as quantum bit string. Then secret book is established.

Which is different from BB84 that what the data kept by the two parties are using
Bdl inequality formula to check. If violating inequality formula, it demonstrates that
quantum channel is safe, not bugged. If meeting the inequality formula, it dem-
onstrates channels are in troubled, existing eavesdroppper. In a word, the security
originates from Bell principle. The protocol is safe according to the quantum
mechanics principle.

33.2 Research Test of Quantum Secret Key Distribution
Protocol at Home and Abroad

Quantum cryptography test is one of the fastest developments of quantum infor-
mation processing field. Currently QKD tests mainly include two aspects, QKD in
optic fibers and in free space. QKD in optic fibers has reached the conditions of
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realistic application. QKD in free space must be realized QKD above 2 kms in
ground surface test. The current testing results also approximate the practical using
conditions.

The first QKD test was completed by Bennett et al., with the transmission
distance of 30 cm [2]

Currently quantum cryptography can pass 30 km optic fiber channel at the rate of
1 k bit/s, using 1.3rim semiconductor laser and having secret key exchange safety
through BB84 protocol. Further improvement of checking technology is expected
to realize secret key exchange over 100 km at the rate of 20 k bit/s. British F3T lab
is working hard at research and exploring the possible encoding technology with all
kinds wavelength.

B92 secret key distribution protocol has conducted the safe secret key distrib-
uting test on 15 km optic fiber channel.

Barnett et al. also proposed data-declining protocol, jointly or independently
used with BB84 protocol. Ekert proposed another EPR protocol based on totally
different physical phenomena according to Bell maxim. These are suggestions of
proposing testing system, but not realized.

BT lab has explored the quantum secret key distribution technology in optic fiber
network and proposed the secret key distribution scheme of broadcasting tree-shape
two-level broadcasting.

Geneva University of Swiss transmitted 1.3 um-wavelength quantum optic
signals on 1.1-m-long optic fiber on the basis of polarization encoding scheme of
BB84 protocol in 1993, with the error code rate only 0.54 %. In 1995, Geneva
University completed the test in 23-km-long civil optic cable laid on the bed of
Geneva Lake, with the error code only 3.4 % [3].

In 1999, Sweden and Japan cooperated to completed quantum cryptography
communication test on 10-km-long optic fiber.

America Los Alamos Lab successfully realized 48-km quantum secret keys
system running for 2 years. They used QKD system in the free space in 2000, with
the transmission distance of 1.6 km.

In October 2002, University of Munich, Germany and British military research
agency cooperated to transfer photon secret key between Zugspitze and Kalvin Del
Peak with the distance 23.4 km between Germany and Austria successfully. The
successful test made it possible to pass secret key through approximate satellite and
establish global password sending network.

In August 2003, the scientific researchers of American National Standard and
Technological Institute researched a detector to explore the single-pulse light.
Meanwhile, it can lower the wrongly deleted or “leaking testing” rate.

In March 17, 2004, Japan NEC Company created the new record 150 km of
quantum cryptography delivery distance, which makes the practicality of quantum
cryptography possible.

In May 2003, USTC made breakthrough in experimenting research of quantum
entangled stage purification. This research not only resolves the difficulties of
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remote communication, but also it can greatly promote the research of error tol-
erance quantum calculation.

Due to all kinds of reasons, Chinese research on quantum cryptography commu-
nication technology started late. In 1995, CAS Physics Institution first made the
demonstration test in China based on BB84 protocol scheme. In July 2003, the experts
of USTC Quantum Information Key Lab laid a 3.2-km-long cryptography commu-
nication system based on quantum secrets in the campus. In November 2003, ECNU
researched the first quantum cryptography communication system successfully.

33.3 Military Application of Quantum Cryptography
Communication

Quantum cryptography boasts the advantages of unconditional security and mon-
itoring the buggers, which endows its great applicable value in military commu-
nication field [4, 5].

33.3.1 Concealment of Using in Military Communication

Wireless communication is to utilize electromagnetic wave to transmit signals,
requiring variant antenna launching and strong electromagnetic wave radiation.
Laser communication also requires strong optic waves of radiation. This strong
electromagnetic and optic wave would expose the communication and destroy the
hidden conditions of military communication. Quantum communication does not
have electromagnetic wave radiation or optic wave radiation, which provides
“Electromagnetic silence” environment of hidden communication. The enemies do
not know whether communication exists or the position of communicators, which
makes the communication really hidden.

33.3.2 Preventing Confidential Information from Bugged

In military communication, if adopting quantum communication, buggers intend to
measure the polarization status of quantum but do not know which coordinate system
shall be selected. Then his measurement action would make the measuring data of
receivers producing 25 % errors. By monitoring error rate, buggers can be checked.
While protecting the useful information, the bugger can be fooled and detected.
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33.3.3 Quantum Cryptography Communication Can Utilize
Computers Network to Deliver Information

Security confidentiality regulations regulates that military information shall not be
transmitted through Internet in consideration of the potential threat in Internet.
Thus, equipment connected with Internet cannot be used in military field. However,
if adopting use quantum cryptography transmitting information, it is possible to
transmit information on the Internet. Quantum teleportation utilizes the EPR par-
ticles’ that remote connection to realize the transmission of unknown quantum
sub-status, separating particle 1 information as classic information and quantum
information to the receivers. Quantum information is the rest unrestricted infor-
mation during the measurement by senders, which is transmitted through entangled
status of EPR particles (called as particle 2 and 3).

During the process of measurement, particle 2 and 3 relieve the entanglement
and entangles with particle 1. Particle 3 receives partial information of particle 1.
Classic information is obtained by measuring particle 1 and 2. Using classic
information, the receiver can recover the status of particle 1 through a orthogonal
transformation corresponding the classic information on the hand-held particle 3, so
as to transmit particle 1 to the receivers’ hand. Considering that the third party
cannot bug the information, users can receive the encrypted information from the
encrypted quantum flow on the Internet, so that it is not necessary to lay out an
exclusive wire route. This technology can be successfully used for the Internet
transmission of military data. While guaranteeing the transmitting speed and
quality, it can guarantee the security of information and reduces the military fee
expenditure of vast military communication network.

33.3.4 Quantum Cryptography Communication Can Realize
the Super Optical Speed Communication of Military
Information

While transmitting information of quantum in quantum communication, it is
unnecessary to know whether the receiver is located. Quantum information trans-
mitting process will not be separated by any barriers, thus the teleportation status of
quantum is called as the super space transmission of quantum states. The delivery
speed of quantum information depends on the shrinking speed of quantum status.
This shrinking speed has exceeded the velocity of light. Therefore, the transmission
speed of quantum information exceeds the velocity of light. All information passing
quantum channel transmission can realize the superluminal quantum teleportation,
realizing the superluminal quantum communication. This means can advance the
military communication capacity and realize leaping development of Chinese Army
communication.
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33.3.5 Used for Information Guarding

Thanks to its detectable feature for being bugged, quantum cryptography com-
munication will make the network information security epoch-making revolution-
ary. Quantum encrypted equipment can integrate with the current optic fiber
communication equipment, so as to make the fiber communication terminal
equipment. Quantum communication does not send electronic magnetic radiation or
strong light radiation. The enemy has difficulty in intercepting and destroying the
other party’s passwords, which can guarantee the security of information trans-
mission. This technology can be used to improve the transmission security of
military optic cable network information, so as to improve the information pro-
tecting ability.
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Chapter 34

Mass Concentration of Atmospheric
Particulate Matter and Pollution
Characteristics of Heavy Metals

in Southern Tailings Reservoir

Yingyun Liu, Pei Xiong and Danfeng Han

Abstract Total suspended particle (TSP) and fine particulate matter (PM,s)
samples were collected continuously using an atmospheric particulate matter
sampler at sampling points in a tailings reservoir in the south from October 28 to
November 3, 2013. The mass concentrations of particulate matter in the air, the
contents, and morphological analysis of heavy metal elements (Pb, Cd, U, Cu) were
also studied. The results indicate that the air particulate matter concentrations
exceed the mass concentration limits of national Grade II ambient air quality
standard (GB3095-2012); The heavy metals content in air particulate matter from
high to low order is: Pb > Cu > U > Cd and heavy metals are easier to be
concentrated on fine particulate matter (PM, 5); heavy metal elements (Pb, Cd, Cu)
exist mainly in the exchangeable morphology, especially the element Cd.

Keywords Tailings reservoir - Particulate matter - Mass concentration
Morphological analysis

34.1 Introduction

This tailing reservoir is one where the tail sand contains heavy metals such as
uranium, lead, cadmium, etc. At present, in the treatment project of the decom-
missioned tailings, the comprehensive treatment of the dam slope has been com-
pleted and the beach is the next management procedure. In order to provide the
foundation for the tailings dam beach management project, the mass concentration
of air particulate matters and characterization of associated heavy metals pollution
were analyzed at sampling points in a tailings reservoir beach in autumn of 2013.
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34.2 Experiment and Methods

34.2.1 Instruments and Reagents

Intelligent high-capacity total suspended particulate sampler TH-1000C type
(Tianhong Intelligent Instrument Factory of Wuhan), smart large flow TSP sampler
2031 Type (Institute of Applied Technology in Laoshan, Qingdao), trace uranium
analyzer MUA type (Beijing Research Institute of Uranium Geology), inductively
coupled plasma atomic emission spectroscopy ICAP6300MFC, electric oven blast
101-2A type, electronic balance, muffle furnace, quartz cell, graphite crucibles,
glass fiber filters, high speed centrifuges, PH meter, etc.

Hydrofluoric acid, nitric acid (Guaranteed reagent), distilled water, magnesium
chloride, etc.

34.2.2 Sample Collection

A sampling point is located outside a pump room of the tailings dam area. Two
samplers collected simultaneously total suspended particles (TSP) and fine partic-
ulate matter (PM, 5) samples. Daily, 24 h samples were collected continuously from
October 28 to November 3, 2013 and the sampling time is 10:00 (Beijing time). Six
data respectively for TSP quality and PM, s quality (total twelve data) were
obtained and numbered in chronological order [1]: TSP numbered 1-6 and PM, 5
numbered 7-12. At the same time, the meteorological data was also recorded.

34.2.3 Sample Monitoring and Analysis Methods

Mass concentration monitoring of total suspended particulates (TSP) and fine
particulate matter (PM, 5) was carried out according to “Ambient air-Determination
of total suspended particulates-Gravimetric method”(GB/T15432-1995) and
“Technical Specifications for gravimetric measurement methods for PM,s in
ambient air” (HJ 656-2013). Analysis of the uranium amount was conducted by
“Analytical method of trace uranium in air-laser fluorescence method”
(GB12377-90). The analysis and calculation of heavy metal element content in air
were completed with reference of “Ambient air-Determination of lead-Graphite
furnace atomic absorption spectrometry” (HJ539-2009).
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34.3 Results and Analysis

34.3.1 Weather Conditions of Sampling Time

This paper records the weather conditions in the sampling period, including tem-
perature, relative humidity, wind, etc., as shown in Table 34.1.

34.3.2 The Mass Concentration of Air Particulate Matter
(TSP and PM2_5)

Mass concentrations of TSP and PM, 5 air particles at the sampling points in
autumn are shown in Table 34.2. TSP concentration range is 421.6-154.9 ug/m?,
with average concentration of 318.2 ug/m?. PM, s concentration range is 318.9—
78.5 ug/m?, with an average concentration of 216.3 ug/m?.

Table 34.2 shows that the mass concentration of atmospheric particulate matter
in the tailings reservoir in autumn changes largely with the weather conditions.
Under sunny dry weather lasting for several continuing days, the average 24 h
maximum concentration of PM, s and TSP are 421.6 ug/m? and 318.9 ug/m’.
They are both higher than the concentration limits of national Grade II ambient air
quality standard (GB3095-2012) which are 300 ug/m? and 75 ug/m?, respectively,
for TSP and PM, 5; Among them were the concentration of PM, 5 reaches 4.3 times
of the national standard in developed countries.

During the sampling period, average concentrations of TSP and PM, 5 exceed
the national Grade II and the PM, 5 concentration exceeds the standard everyday.
Because of rain, the increase in air relative humidity and other factors, the mass
concentrations of atmospheric particulate matters TSP and PM, 5 both decline.

The mass concentration ratios of PM, s/TSP at monitoring points are calculated,
which are 50.7-75.7 %, with an average of 65.4 %. According to Table 34.1, the
mass concentration ratio of PM, s/TSP is also large when TSP value is large; the
mass concentration ratio of PM, s/TSP is also small when TSP value is small. It can

Table 34.1 Weather conditions in the sampling period

Date Weather conditions Relative humidity (%) | Temperature (°C) | Wind power
10.28—29 | Sunny 41-75 17-26 Breeze
10.29-30 | Sunny 29-70 18—24 Breeze
10.30—31 | Sunny to overcast 46—-80 16—19 Two grade
31-11.1 | Overcast to light rain | 53—90 17-21 Two grade
11.1-2 Overcast 75-87 17-20 Breeze
11.2-3 Overcast 79-91 15-19 Breeze
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Table 34.2 Mass concentration of atmospheric particulate matters (TSP and PM, 5)

Sample | Mass concentration | Sample | Mass concentration Mass concentration ratio
number | of TSP (pg/m3 ) number |of PM; 5 (pg/m3 ) of PM, s/TSP (%)

1 416.9 7 283.6 68.0

2 395.2 8 274.4 69.4

3 421.6 9 318.9 75.7

4 317.9 10 226.7 71.3

5 202.3 11 1159 57.3

6 154.9 12 78.5 50.7

Mean 318.2 - 216.3 65.4

Table 34.3 Concentration of metal elements in atmospheric particulate matters (TSP and PM, 5)
(ng/m®)

Element name Uranium Lead Cadmium Copper

(8)) (Pb) (Cd) (Cw
Content of the TSP sample 109.5 441.5 44.8 161.9
Content of the PM, 5 sample 76.8 339.7 32.0 104.6
The percentage of PM, s/TSP sample 70.1 76.9 71.4 64.6
content (%)

be inferred that small rain and other weather conditions are more conducive to the
purification of fine particulate matter.

34.3.3 Air Uranium and Heavy Metals Concentrations

This paper respectively collected TSP and PM, 5 samples in air and analyzed the
content of heavy metal elements (Pb, Cd, U, Cu) with average mass concentration,
as shown in Table 34.3.

According to Table 34.3, the distribution of metal elements contents in atmo-
spheric particulate matter at the tailings reservoir is: Pb > Cu > U > Cd. The
concentration of Pb element is highest among these elements, respectively, 441.5
and 339.7 ug/m® for TSP and PM, s.

Comparing Tables 34.2 and 34.3, it is shown that the average mass concentration
ratio of particulate matters PM, s/TSP is 65.4 %; however, the average ratios of the
mass content of heavy metals Pb, Cd, and U in PM, s/TSP increase and reach,
respectively, 76.9, 71.4 and 70.1 %. The average ratio of the Cu mass content in
PM, /TSP is very close to the average ratio of PM, s/TSP. These results show that
it is easier for heavy metals to be concentrated on PM, s.
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34.3.4 Morphological Analysis of Heavy Metal Elements
in Atmospheric Particulate Matters

In order to understand the mode of occurrence of heavy metal elements in atmo-
spheric particulate matters of the tailings reservoir, this paper analyzes existing
forms of trace heavy metal elements Pb, Cd, Cu in particulate matters TSP and
PM, 5 samples, using Tessier morphological classification and extraction [2]. The
results are shown in Table 34.4.

In this table, F1 stands for exchangeable form, F2 for carbonate phase, F3 for
iron (manganese) oxide bound, F4 for organic state and F5 for residual. At the same
time, the percentages of different chemical forms are also calculated and showed as
histograms in Figs. 34.1 and 34.2.

In the five kinds of chemical speciation using Tessier morphological analysis,
heavy metals in the form of exchangeable speciation (F1) easily enter the envi-
ronment through ion exchange and are absorbed by plants and humans [3]. In F1
speciation, percentages of the three heavy metals Pb, Cd, Cu in TSP, and PM, 5
particulate matter are all high in this paper; element Cd is the highest, respectively,
80.8 and 78.3 % in TSP and PM, 5; Pb and Cu also reach up to 48.1-55.2 %. It can
be illustrated that exchangeable speciation is the main form of heavy metals Pb, Cd,
Cu in air particulate matter in the tailings reservoir.

Heavy metal elements of Carbonate fraction (F2) can be released by mild acids
[4]. In this thesis, the distribution of F2 is: Pb > Cu > Cd.

Heavy metal elements of Fe (Mn) oxide bound state (F3) can be deoxygenated
when the pH value is reduced or redox potential is lowered. Therefore, conversion
occurs easily when the external conditions change, increasing the activity and
bioavailability which has potential hazards [5]. In this thesis, the elements Pb
accounts for a large percentage, 21.5 % and elements Cd, Cu account for small
percentage, only 3.6 to 5.6 %.

Heavy metal elements of Organic state (F4) can be released only under strong
oxidizing conditions. The distribution of F4 in the tailings particles in air is
Cu > Pb > Cd; the element Cu represents a percentage of 11.2-14.9 %, Cd only
about 1 %.

Table 34.4 Matter
concentrations of different
chemical speciation of heavy

Element | TSP
p(Total) | p(F1) |p(F2) |p(F3) |p(F4) |p(F5)

metals in air particulates Pb 4414 2122 1067 951 |164 |11.0
(ng/m®) cd 44.7 361 | 51|16 | 06 | 13
Cu 163.5 809 | 21.9 | 9.0 |183 |334

Element | PM, 5
p(Total) |p(F) |p(F2) |p(E3) |p(F4) | p(FS)
Pb 339.7 187.6 85.1 433 10.2 13.5
Cd 322 25.2 4.8 1.1 0.3 0.8
Cu 104.7 52.0 13.0 | 59 15.6 18.2




282 Y. Liu et al.

.
\

7

For

Percentage
[
(=]
=
‘

Element
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Fig. 34.2 Percentages of different chemical speciation of heavy metals in air particulates PM, 5 in
autumn

Heavy metal elements of residual fraction (F5) are stable and relatively safe to
the environment. The element Cu represents a large proportion of 17.4-20.4 %,
elements Pb and Cd only 2.5-4 %.

34.4 Conclusions

(1) TSP and PM, 5 particulate matter concentrations in the tailings reservoir in
autumn exceed the concentration limits of national Grade II ambient air quality
standard (GB3095-2012) and the exceed situation of PM, 5 is more serious.

(2) The order of the heavy metal element contents in particulate matters is
Pb > Cu > U > Cd; uranium and heavy metal elements are more likely to be
concentrated on PM, s.

(3) Heavy elements Pb, Cd, Cu in atmospheric particulate matters exist mainly in
the form of exchangeable speciation which can easily cause harm to plants and
humans, especially for the elements Cd.

(4) The tailings reservoir need the beach surface management in order to reduce
particulate air pollution.
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Chapter 35
INlumination Effect Estimation Based
on Image Quality Assessment

Haoting Liu, Jin Yang, Wei Wang, Zhexi He and Wenpeng Yu

Abstract An image analysis-based illumination effect estimation method is pro-
posed. This technique is developed for the illumination device design and appli-
cation of space station. To estimate the illumination effect, first, the visible light
camera is utilized to capture the image of illumination region. Second, the illu-
mination direction and its distribution are estimated by the image analysis methods.
The Mojette transform is used to estimate the illumination direction; while the
image quality metrics are employed to evaluate the illumination distribution. Third,
to improve the computational effect further, both the subjective and objective image
quality evaluation methods are employed. Many experimental results have shown
the validity and the correctness of our proposed technique.

Keywords Illumination direction - Illumination distribution - Image quality -
Space technology - Visual ergonomics

35.1 Introduction

With the fast development of space technology, China will build her own space
station [1] in the next a few years. Constructing a space station is a complex system
engineering task; many subsystems will be built, including the space craft sub-
system, the space environment and life safeguard subsystem, the power supply
subsystem, the space robot subsystem, and the ExtraVehicular Activity
(EVA) subsystem, etc. Different to the application on ground, the space station
works in an extreme hard environment [2], in which it will face the vacuum, the
cosmos radiation, and the alternative light change, etc. The astronaut will live in the
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space station and accomplish a series of scientific experiments. Thus, the design of
space station should consider not only the function design but the ergonomic design
[3].

The illumination device [4] will provide a proper environment light for video
surveillance application of space station. It will affect the working state of most of
the subsystems in that station. The EVA, the tele-operation robot application, or the
state monitor of the formation flying satellite, will all need a sophisticated illumi-
nation environment. Because the space station will enter and leave the earth shadow
periodically, the environment light source (including the light from the sun, the
moon, and the earth, etc.) is relatively simple; in addition, the shapes or the surfaces
of the working regions of space station are known. Thus, it is possible to estimate
the environment illumination change accurately in orbit. The luminometer or even a
camera can be used to evaluate the environment illumination.

In this paper, an image analysis-based illumination effect estimation method is
proposed. The LED lamp will work with a visible light camera together, thus it can
provide a reliable illumination environment for the distinct imaging of the camera.
To achieve that target, first the camera will be used to capture the image of the
target region. Second, several image analysis algorithms will be employed to
estimate the illumination condition. The Mojette transform [5] will be utilized to
estimate the light source direction; while the Image Quality Evaluation Metrics
(IQEMs) [6] will be employed to analyze the illumination distribution. Third, in
order to improve the computational precision, both the subjective and the objective
image quality evaluation methods [7] are developed.

In the following sections, first the illumination system design of space station
application will be presented. Second, the technique details about illumination
evaluation will be introduced. Finally some experiment results will be given.

35.2 Space Illumination Applications

Figure 35.1 shows us the environment light analysis and a kind of illumination
device design of the space station application. Image (a) shows us the environment
light source of the space station. Image (b) is a case of illumination device design.
From Fig. 35.1 we can see that: first the illumination device is needed not only
when the space station enters the earth shadow region, but in the case of flying out
of that region. Because the space station will move very fast, the main light source,
i.e., the sun light, will also change its illumination direction and intensity quickly.
As aresult, we have to use the illumination device to make a light compensation in
order to get a better video imaging effect. Second, both the visible camera and the
LED lamp are utilized in the illumination device. When using the illumination
device, a robotic arm can be used to send this device to a wanted position and
implement the photograph or video monitor task.



35 Illumination Effect Estimation Based on Image Quality Assessment 287
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Fig. 35.1 The application prototype of the proposed space illumination device

35.3 Proposed Method
35.3.1 Methodology

Figure 35.2 shows us the computational flowchart of the proposed illumination
estimation method. Both the illumination direction and its distribution are calcu-
lated. When estimating the illumination direction, the texture analysis-based
Mojette transform is utilized. The Mojette transform calculates a series of projection
relationships in a finite set of the observation angle, thus it is sensitive to the
direction change of image texture. As for the space station application, the surface
texture of the space shuttle is a kind of metal; the texture can reflect the illumination
direction distinctly. The IQEMs are employed to assess the illumination distribution
of that image region. Some of the no-reference IQEMs are utilized to evaluate the
image brightness distribution. The no reference IQEMs are independent with the
contents of image, thus it can be used to evaluate the brightness objectively. To

Subjective Evaluation Objective Evaluation
L I
'
Image Quality Analysis
i
Image Input | Illummat{on pucct1on L] ) _IlIu_mmanqn ) Lo Result Output
Estimation Distribution Estimation
t
Image Texture Analysis
t
] 1
Mojette Transform SVM Classifier

Fig. 35.2 The proposed illumination effect estimation method
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improve the computational effect of IQEMs, both the subjective and the objective
image quality evaluation techniques are utilized.

35.3.2 The Illumination Direction Estimation

The Mojette transform is used to estimate the illumination direction. Let us consider
an image block I(i, j) and an observation angle 6;: for each 6,, we can create a
corresponding projection direction and compute a cluster of the projection results
by accumulating the gray values in that direction simply. We can realize that
process by calculating the Eqgs. (35.1) and (35.2). In (35.2) symbol #; is the element
number of a projection. The Mojette transform is a texture analysis-based method;
thus it is needed to choose a proper image region when using this tool. After we
have used the Mojette transform to collect the texture feature of the illumination
region, we can employ the Support Vector Machine (SVM) [8] to identify the
illumination direction because of its high classification precision.

Mo (x,y) = > > 1(x, y)H(ox — ypi + x41) (35.1)
ne= (M —1lgel + (N = 1)|pi| + 1 (352)

where I(x, y) is the intensity of an image. Symbols M and N are the height and the
width of an image. If x = 0, H(x) = I; otherwise, H(x) = 0. Symbol 6, is the
observation angle, symbol tanb;, = qi/pr, Px» gx€Z, GCD(py, qi) = 1. Symbol oy, is
the intercept of the projection line k.

35.3.3 The Illumination Distribution Estimation

The IQEMs are utilized to evaluate the illumination distribution. On one hand, the
flood fill algorithm [9] is utilized to segment the initial illumination regions. The
flood fill algorithm is an image region processing technique, which can combine the
pixels with similar intensity. On the other hand, both the image brightness metric
and the contrast metric can be utilized to compute the illumination intensity in the
computed illumination regions. The computational equations of these IQEMs are
shown by (35.3) and (35.4). The image brightness metric Mgy can reflect the
illumination intensity of the image block directly, while the image contrast metric
My, can only describe the illumination effect. It means that Mcy, can evaluate the
illumination distribution indirectly.
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ML = ( ivzl hy - (Ik)p) /N (35.3)

MICL = Zj:;l ((Ir];ax - Ir];in)/(lt];ax =+ Ir];m))/N (354)

where symbol #; is the pixel number of the gray value [, in image histogram;
symbol N is the pixel number of the sample block; and symbol p is a control
parameter, here p = 3. Symbols £« and IX;, are the maximum and minimum gray
values of the kth block.

The ergonomic experiment method is utilized to build the relationship between
the subjective evaluation levels and the objective computation results of the illu-
mination image IQEMs. First, numbers of accumulated illumination images are
collected to build a database. Second, we design an ergonomic experiment to ask
subjects to evaluate the illumination effect of that database above according to their
subjective cognition results. For example we can inquire the subjects to score the
illumination effect into five levels. Then we can get a subjective illumination
classification of different illumination environment. Third, we use the equations in
(35.3) and (35.4) to calculate the corresponding images in that database again; then
we can get the objective evaluation result of that image dataset. Finally, we can get
a relationship between the subjective evaluation level and the objective computation
results by the Canonical Correlation Analysis (CCA) [10] method. Thus the design
method of the objective IQEMs can be improved by that relationship.

35.4 Experiments and Discussions

A series of simulation experiments are carried out in our PC (Intel(R) Core
(TM) 15-3337U CPU, 1.8 GHz, 4.0 GB RAM). In the following parts, first some
evaluation and simulation results will be presented. Then a discussion will be given.

35.4.1 Evaluation of Illumination Estimation Method

To show that our proposed method can estimate the illumination effect, a se