
Ershi Qi
Jiang Shen
Runliang Dou Editors

The th International 
Conference 
on Industrial 
Engineering 
and Engineering 
Management



The 19th International Conference on Industrial
Engineering and Engineering Management





Ershi Qi • Jiang Shen • Runliang Dou
Editors

The 19th International
Conference on Industrial
Engineering and Engineering
Management

123



Editors
Ershi Qi
Industrial Engineering
Institution of College of Management

and Economics
Tianjin University
China, People’s Republic

Runliang Dou
Industrial Engineering
Institution of College of Management

and Economics
Tianjin University
China, People’s Republic

Jiang Shen
Industrial Engineering
Institution of College of Management

and Economics
Tianjin University
China, People’s Republic

ISBN 978-3-642-37269-8 ISBN 978-3-642-37270-4 (eBook)
DOI 10.1007/978-3-642-37270-4
Springer Heidelberg New York Dordrecht London

Library of Congress Control Number: 2013937993

© Springer-Verlag Berlin Heidelberg 2013
This work is subject to copyright. All rights are reserved by the Publisher, whether the whole or part of
the material is concerned, specifically the rights of translation, reprinting, reuse of illustrations, recitation,
broadcasting, reproduction on microfilms or in any other physical way, and transmission or information
storage and retrieval, electronic adaptation, computer software, or by similar or dissimilar methodology
now known or hereafter developed. Exempted from this legal reservation are brief excerpts in connection
with reviews or scholarly analysis or material supplied specifically for the purpose of being entered
and executed on a computer system, for exclusive use by the purchaser of the work. Duplication of
this publication or parts thereof is permitted only under the provisions of the Copyright Law of the
Publisher’s location, in its current version, and permission for use must always be obtained from Springer.
Permissions for use may be obtained through RightsLink at the Copyright Clearance Center. Violations
are liable to prosecution under the respective Copyright Law.
The use of general descriptive names, registered names, trademarks, service marks, etc. in this publication
does not imply, even in the absence of a specific statement, that such names are exempt from the relevant
protective laws and regulations and therefore free for general use.
While the advice and information in this book are believed to be true and accurate at the date of
publication, neither the authors nor the editors nor the publisher can accept any legal responsibility for
any errors or omissions that may be made. The publisher makes no warranty, express or implied, with
respect to the material contained herein.

Printed on acid-free paper

Springer is part of Springer Science+Business Media (www.springer.com)

www.springer.com


Contents

1 A New Waveform Design for Phase-Coded Quasi-CW
Radar System . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1
Wei-gui Zeng, Ying-feng Sun, and Ming-gang Liu

2 Research on Human Factors Engineering of Chinese
Traditional Armchair with Four Protruding Ends . . . . . . . . . . . . . . . . . . 13
De-hua Yu

3 The Evaluation on Working Fatigue Based on Improved
Fuzzy Borda Method. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23
Min-xia Liu, Jia-wei Ke, Jian Xie, Qing Xue, Huan Zhou,
and Chen-xiao Guan

4 A Study on Hydraulic Autofrettage Gun Tube Dynamic
Stress by Finite Element Analysis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33
Yan-mou Zhan, Guo-rui Huang, and Hao Cheng

5 A Cooperative Game Model of Dynamic Alliance Under
Grid Environment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 45
Xiang-bin Zhang and Min Wu

6 Optimization of Injection Molding Shop Scheduling
Based on the Two-Stage Genetic Algorithm . . . . . . . . . . . . . . . . . . . . . . . . . . 59
Jin-ping Zhou and Hu Fu

7 A Simulation-Based Analysis of Cluster Tools Scheduling
with Plant Simulation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 71
Yan Min and Xiao-rui Lin

8 A New Quant Model to Ensure Successful
QFD Implementation in the Increasingly
Uncertain Environment. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 81
Wei Xiong, Kun Xiong, and Xiao-tun Wang

v



vi Contents

9 Multivariate Measurement System Analysis Based
on Projection Pursuit Method . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 91
Xiaofang Wu, Liangxing Shi, and Zhen He

10 A Multivariate Synthetic Control Chart for Monitoring
Covariance Matrix Based on Conditional Entropy . . . . . . . . . . . . . . . . . . 99
Li-ping Liu, Jian-lan Zhong, and Yi-zhong Ma

11 Multi-objective Robust Operation Model for a Supply
Chain with Market Demands and Raw Material
Price Uncertainty . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 109
Li-ping Yu, Li-jun Li, and Xiao-yuan Huang

12 The Application of Six Sigma to Enhance Product
and Service Quality in Internet Marketing . . . . . . . . . . . . . . . . . . . . . . . . . . . 121
Tai-Chang Hsia, Shui-Chuan Chen, and Kun-Sheng Chen

13 Production Process Improvement Using the Six Sigma
DMAIC Methodology: A Case Study of a Laser
Computer Mouse Production Process . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 133
S. Pimsakul, N. Somsuk, W. Junboon,
and T. Laosirihongthong

14 Machine Vision-Aided Quality Decision System for
Solder Joint Defect Evaluation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 147
Chien-Chih Wang

15 Demand Analysis and Framework of Theory About
Chinese Events Sports Logistics . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 159
Peng-hui Liu and Li Gao

16 Dual Selection of Competing Channels Based on Internet
Channel and Power Structures . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 169
Jun Liu and De-qing Tan

17 Supply-Chain Ripple Effect Under Duopoly Retailers’
Operating Uncertainty with Two Different Contracts . . . . . . . . . . . . . . 177
Qian Zhao, Hong Chen, and Zhong-he Wu

18 The Influence of Inter-enterprise Value Co-creation
on Innovation Based on Resource Theories . . . . . . . . . . . . . . . . . . . . . . . . . . 187
Steven Ji-fan Ren, Qiong Bu, Ming-jian Zhou,
and Cai-hong Hu

19 The Analysis of Fresh Food Safety Risks from the Cold
Chain Logistics System . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 197
Fang Yang and Jian-ming Cai

20 Literate Review on Firm Network Capability: A Process
Perspective . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 209
Yi-bo Lv, Qing-yang Mao, and Yu-wen Ding



Contents vii

21 The Shortest Path Algorithm Based on Petri Net. . . . . . . . . . . . . . . . . . . . 221
Yu-jie Zheng, Kai-hu Hou, Wei-zhen Liao, and Lin Yang

22 Measuring Satisfaction of Two Level Employees
in a Representative Chinese Steel Plant: A Structure
Equation Modeling Approach . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 231
Guo-wen Huang and Hong-wei Liu

23 Performance Evaluation of CRM in Securities
Investment Consulting Business Based on Fuzzy-AHP . . . . . . . . . . . . . 239
Qing-guo Zhao and Song-tao Jiang

24 A Study on the Model of Selecting the Loyalty Card
Issuance Method Based on Fuzzy Set Pair Analysis. . . . . . . . . . . . . . . . . 249
Yu Su and Jin Song

25 Complex Network Community Detection Algorithm
Based on Genetic Algorithm . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 257
Yun Li, Gang Liu, and Song-yang Lao

26 Complexity Analysis of Software Based on Function-Call Graph . 269
Yang Guo, Zheng-xu Zhao, and Wei Wang

27 Fault Diagnosis of Wet Flue Gas Desulphurization
System Based on KPCA . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 279
Yu-ping Zheng and Li-ping Zhang

28 The Research on Negative Perfectionism Personality
of Engineering Students from the Perspective of Game Theory . . . 289
Ying Sun, Ying-ying Yang, Chen-xu Feng, and Hui Zhang

29 An Empirical Study on the Formation of Inter-firm
eBusiness Capabilities: The Moderating Effect of Formal
Governance . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 299
Xiao-kuan Shen and Mao-mao Chi

30 A Driven Model of IT Usage: Determinants
and Moderating Effects of Situational Variables . . . . . . . . . . . . . . . . . . . . 307
Rong-jie Lv, Li-jun He, Xiao-chun Chen, and Zhao Zhao

31 A Semantic Ontology of Requirement – Product –
Process – Resource for Modeling of Product
Lifecycle Information . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 319
Biao Yu and Han Zhao

32 Research on Turning the Toll Mode of the Periphery
Freeway into Congestion Charging . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 331
Jian Tong, Yuan-hua Jia, and Zhong-ming Guo

33 The Research of Information-Based Market Manipulation . . . . . . . . 343
Xiao-long Liu and Wen-xiu Hu



viii Contents

34 Research on Contractor’s Claims Caused by Extension of Time . . 355
Gong-jie Ao, Xiao-li Zhang, and Xiao-dong Zhang

35 The Study on Sewage Treatment BOT Project
Concessionaire Selection Criteria: Best Practice from China . . . . . . 365
Wei-hua Yang, Ya-nan Yang, Feng-hai Zhang,
and Xiu-shan Wang

36 Study of Optimal Contract Under Asymmetric Information . . . . . . 373
Ping Li and Hong-zhi He

37 Intelligent Control via Power-Line Carrier for
Illumination and Air Condition in Buildings . . . . . . . . . . . . . . . . . . . . . . . . 383
Rong-Ching Wu, Ke Zhu, En-Chih Chang, and Jia-Chu Lee

38 Design and Implementation of a Remote Equipment
Monitoring and Management System Based on IOT . . . . . . . . . . . . . . . 395
Naren Gaowa, Ying Liu, and Mu-yan Li

39 An Integrated Planning and Execution Model for
Supporting Emergency Response . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 405
Pan Tang and Jian Zhou

40 Structural Effects on Consumer Purchase Intention
Towards Slimming Underwear . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 415
Wen Xiong, Hang Zhang, Shuang-jia Ren,
and Jian-ping Wang

41 Ant Colony Algorithm-Based Mixed-Model Assembly Line . . . . . . . 423
Yong-feng Xiong and Wen-sheng Yang

42 Institutional Investors and Corporate
Short-Term Debt Financing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 437
Fang-fei Ding, Chan Gu, and Jin-hua Chen

43 Multi-product Supply Planning for Combat Units
in Battlefield Environment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 445
Ji Ren, Xiao-lei Zheng, and Yue-jin Tan

44 An Optimal Layout Design for Storage Yard
of Container Terminal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 455
Jian-xun Tang and Li-xin Tang

45 Analysis of Environmental Governance for Construction
Project Based on a Dynamic Non-cooperative Game . . . . . . . . . . . . . . . 467
Jiao-jie Han and Rui Zhao

46 Empirical Study on Stock Valuation Model Based
on Multiple Linear Regression Analysis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 479
Qing Li and Ai-min Li



Contents ix

47 The Research and Application of a Dynamic Dispatching
Rule Selection Approach Based on BPSO-SVM for
Semiconductor Production Line . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 487
Kuo Tian, Yu-min Ma, and Fei Qiao

48 Reallocation of Resources to Preserve Relative
Efficiencies: Inverse CCR Model . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 497
Saowanee Lertworasirikul and S.C. Fang

49 Auxiliary Process for User-Interface Design Based on
Genetic Algorithm: Using Multimedia
Software as an Example . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 509
Wei-Chang Yeh, Shang-Chia Wei, and Chin-Hao Yang

50 A Mixed-Integer Linear Programming Model for
an Integrated Planting, Harvesting, and Procuring
in Pickled Ginger Industry . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 521
A. Ritvirool and A. Pantong

51 Reliability Analysis for Mechanical Components
Subject to Degradation Process and Random Shock
with Wiener Process . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 531
Hui-bing Hao, Chun Su, and Zhong-zhou Qu

52 A New Constructive Cost Model for Software Testing
Project Management . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 545
Yun-feng Lu and Yong-feng Yin

53 Correction Coefficient of Catalytic Combustion Gas Detector. . . . . 557
Lu Pan, Yan-yan Wang, Zhi-hong Sun, Da-hu Zhang,
and Lin Jiang

54 Identification of Risk Factors for Casualty in Building Fires . . . . . . 567
Chun-hua Yu, Li-ping Tian, and Zeng-chang Zhao

55 Data-Driven Based Key Performance Index Residual
Generation and Its Application on Complex
Electrical Equipment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 577
Zhi-gang Yao, Li Cheng, and Yu-lei Wang

56 Evolutionary Stability Analysis of Behavior Among
Partners Under a Default Punishment Mechanism . . . . . . . . . . . . . . . . . 587
Rong Ding and Yan-ming Sun

57 Stability and Hopf Bifurcation of a Four-Dimensional
Dynamic Economic System . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 599
Hong-liang Tu and Jun-hai Ma

58 Spline Estimation for a Class of Time Series Variance Model . . . . . 613
Xin-qian Wu, Wan-cai Yang, and Shu-hong Zhang



x Contents

59 Application of GM (1, N)-Markov Model in Shanghai
Composite Index Prediction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 625
Wan-cai Yang, Xin-qian Wu, Er-xin Zhang, and Guang Zhu

60 Research on Fixed-Point Maintenance Support
Simulation of Mechanization Army Division Based on HLA . . . . . . 637
Chuang Gu, Xiao-ming Du, Ji-wei Cai, Bing Liu,
and Gui-qi Wang

61 Evolution of Industrial Ecosystem with Government’s
Intervention: Integration of Evolutionary Game Model
into Multi-agent Simulation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 651
Kai-fang Zheng, Su-ling Jia, and Hong-sen Wang

62 The Impact of Major Event on Regime Switching
of Financial Market Volatility Spillover: The Case
of the 2011 Japanese Earthquake . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 663
Lu Wang, Jiong-lou Xu, and Mao Li

63 Comparative Study on the Performance of GEM Listed
Companies Having or Not the Stock Right Incentive
Mechanism . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 673
Gong-rong Chen, Cheng-yin Zheng, and Qi-shan Li

64 Benefit Embezzlement of Separation of Control Right
and Cash Flow Right: Empirical Evidence from China
Private Real Estate Listed Companies . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 683
Yan-hong Chen, Shi-jian Zhang, and Pei Zhu

65 Do Political Connections of Private Enterprises Impact
Bank Loan Pricing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 693
Gong-rong Chen, Qi-shan Li, and Cong-min Ding

66 How the Largest Shareholder Control Affects
the Company’s Cash Value . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 703
Zhi-xiong Ling and Chun-ling Li

67 Impact of the Corporate Income Tax Reform on Capital
Structure Choices: Evidence from Data of Chinese
Listed Firms . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 713
Qing-mei Tan

68 Optimization Model of Loan’s Portfolio Based
on Geometric Spectral Measure . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 725
Chong Duan and Xiu-min Jia

69 The Effect of Market Selection on Lagged
Currency Risk Exposure . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 741
Xiao Wu and Long-wen Zhou



Contents xi

70 Chairman Overconfidence and Dividend Payout Policy:
An Analysis Based on China’s Listed Companies . . . . . . . . . . . . . . . . . . . . . 749
Xiu-qun Hu, Rong-shen Lv, and Guo-liu Hu

71 Shared Knowledge and Shared Understanding Between
CIO and Top Management Team: A Literature Review . . . . . . . . . . . . 759
Rong-jie Lv, Zhao Zhao, Xiao-chun Chen, and Li-jun He

72 The Effect of Environmental Awareness on Consumers’
Green Purchasing: Mediating Role of Green Perceived Value . . . . . 767
Jian-xin Li, Dan Liu, and Li Liu

73 Developing an Analysis Model for Public Participation
in Sustainable Construction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 777
Qiu-bo Yang, Xue-qing Wang, and Yuan Ren

74 The Cooperative and Competitive Complexity Model
of Emerging Strategic Marine Biological Medicine
Virtual Industry Cluster Based on Value Net Theory . . . . . . . . . . . . . . . 787
Peng Du

75 Research on Functional Demands of Urban Integrated
Transportation Hub Project Based on the Stakeholder
Theory: A Case Study of Tianjin Station . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 797
Xiao-li Zhang, Yi-lin Yin, Gong-Jie Ao,
and Xiao-Dong Zhang

76 Environmental Policy and Enterprise Hiring Decisions . . . . . . . . . . . . 807
Jin-ying Zhang

77 Internal Mechanism Research on Synergy of Enterprise
Network Organizations Based on Value Structure . . . . . . . . . . . . . . . . . . 817
Jing-wen Han and Zheng-yin Peng

78 The Application of Fuzzy Analytic Hierarchy Process
and Grey Relational Analysis in the Taxi Passenger
Satisfaction Evaluation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 827
Ting Liu

79 The Impact of Consumption Emotions on Service
Quality and Customer Satisfaction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 837
Guo-li Pu and Qin Su

80 Exploratory Study on the Healthy Organization
in Manufacturing Enterprise . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 847
She-hong Liang, Lei Xing, Kan Shi, and Peng Gao

81 Study on Customer Satisfaction of Express Enterprises
Based on AHP-FCE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 855
Hai-yan Qi and Jiang-bo Zheng



xii Contents

82 Service Enhancement Mode Study on Urban Rail
Transportation Equipment Manufacturing Enterprises Cluster . . 865
Hui-qun Gong, Qing-jing Xu, and Chao Huang

83 Research on Comprehensive Evaluation of a Certain
Type of Equipment’s Service Life . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 873
Qing Li, Xiao-nan Ye, Rong Wang, and Li Wang

84 An Analysis and Empirical Study
of the Impact of Customer Relationship Quality on
Repurchase Intention in Online Shopping Context . . . . . . . . . . . . . . . . . 885
Mi-yuan Shan, Yue-hong Luo, and Ren-long Zhang

85 An Empirical Research on Innovation Capability
of Chinese Manufacturing Enterprises Based
on Manufacturing Servitization . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 893
Xue-gang Shi

86 Research on Policy Adjustment of Employment
Relationships of Private Enterprises in Heilongjiang Province . . . . 903
Yong-hui Deng

87 Optimization of Foreground Support Facilities for
Commercial Banks Based on Queuing Theory . . . . . . . . . . . . . . . . . . . . . . 913
Jianxin Shi and Jierong Wang

88 Research of Sales Forecasting Model and Algorithm
in Food and Beverage Enterprise . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 925
Li Gao, Ke-lin Xu, and Dao-xiao Mao

89 Waste Collection Vehicle Routing Problem: Case Study
in Alexandria, Egypt . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 935
A. Moustafa, A.A. Abdelhalim, A.B. Eltawil, and N. Fors

90 Determining Lean Practices in Health Care Service Systems . . . . . . 945
P. Punnakitikashem

91 A Proposed Heuristic for Solving the Container
Pre-marshalling Problem . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 955
M.S. Gheith, A.B. El-Tawil, and N.A. Harraz

92 Research on Optimization of Explosive Products Supply
Support in Certain Base . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 965
Jun Peng, Jian-jun Zhao, Xiao-yan Zhang, and Yang Sun

93 An Exploration on the Organizational Structure Design
of the Hong Kong-Zhuhai-Macao Bridge Authority . . . . . . . . . . . . . . . . 975
Jia-qing Yu, Jie Huo, Qiang Shi, Gang Sheng,
and Hao Zhang



Contents xiii

94 Co-innovation and Code of Value Appropriation. . . . . . . . . . . . . . . . . . . . 987
Ping Xu and Yong-cheng Xu

95 Study on Product Information Model for Collaborative
Product Design Based on Ontology . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 997
You-yuan Wang, Peng-biao Nie, Fa-lin Wang,
Chao-yang Guo, and Xian-ming Dai

96 An Analysis of Evaluating Enterprises’ Ecological
Management Information Systems . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1009
Jin-yan Sang, Zhen-fa Qi, and Ying-hua Zhang

97 Knowledge Workers’ Competence Evaluation Model
Based on Extenics . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1017
Liang Tang

98 Knowledge Know-How Management Model
of High-Tech Enterprises – Dual Perspectives
of Knowledge Management and Strategic Human
Resource Management . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1027
Jing-yu Chen and Zu-guang Hu

99 Ontology Technology-Supported English Teaching
Scheme for TESOL . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1037
Xin-xing Gong and Ming-yang Zhong

100 Strategy Planning for State-Owned New Energy Vehicle
Industry of China . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1047
Li-ran Chen, Guo Yan, and Ying Zhang

101 Research on Organization Tacit Knowledge Sharing:
A Game Theoretic Analysis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1059
Li Dan



Chapter 1
A New Waveform Design for Phase-Coded
Quasi-CW Radar System

Wei-gui Zeng, Ying-feng Sun, and Ming-gang Liu

Abstract In this paper, we analyze the echo eclipse problem of phase-coded quasi-
continuous wave (quasi-CW) radar using the echo eclipse ratio function and main
lobe to side lobe ratio. And then we propose a waveform design method based on
long short codes and synchronous alternation of carrier frequency. This method can
not only solve the severe eclipse problem of short range target and simultaneously
detect the whole range, but also increase the signal complexity and decrease the
probability of interception. The simulation results show that the performance of
phase coded quasi-CW radar can be effectively improved using the proposed
waveform design method.

Keywords Echo eclipse • Long code • Phase-coded • Quasi-CW • Short code •
Waveform design

1.1 Introduction

In the high-tech local war, battlefield situation awareness becomes more and more
important, and radar is a key sensor which is a real time, fast and accurate access to
the information of battlefield situation. However, along with the fast development
of electronic technologies, the interception of radar signal, jamming, anti-radiation,
and other techniques are increasingly diversified and becoming more and more
effective. As a result, the countermeasure environment of radar is becoming more
and more complicated. Low probability of interception (LPI) radar is a sensor of this
kind that can adapt to complex countermeasure environment very well. LPI radar
is a special radar system which owns special signal waveform, special antennas,
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controlled power, and low detected probability. At present, LPI radar system is con-
tinuous wave (CW) radar system or quasi-continuous wave (quasi-CW) radar sys-
tem in most case (Zhang 2003; Liu et al. 2001; Sanmartin et al. 2000). CW radar has
many excellent properties such as accurate velocity measurement, small size, and
high mobility. However, the leakage of emission signal is very serious in CW radar.
In order to avoid the leakage of transceiver, quasi-CW radar was introduced (Khan
and Mitchel 1991; Gu et al. 1998; Yang et al. 2004). Quasi-CW radar is also called
as interrupted continuous wave radar whose duty cycle is close to 0.5. Quasi-CW
radar has low probability of interception and high transceiver isolation. Quasi-CW
radar has a lower peak power and is more compatible with solid-state transmitter.
Though quasi-CW radar has high transceiver isolation to avoid the leakage of
emission signal, the high duty cycle of emission signal brings severe echo eclipse
in some ranges. Because of echo eclipse problem, the main lobe level of echoes
which originally has strongly self-correlation is decreased and the side lobe level is
becoming relatively high, which has adverse effect on target detection. Therefore,
solving the echo eclipse problem of quasi-CW radar system is becoming imperative
(Yuan 2007; Wang et al. 2011). In this paper, the echo eclipse problem is studied
from the perspective of waveform design, and a phase-coded quasi-CW waveform
design method based on combination of long code with short code and synchronous
CF alternation is proposed, which can solve the eclipse problem very well.

1.2 The Echo Eclipse Problem of Phase-Coded Quasi-CW
Radar System

The signal of phase-coded quasi-CW has large time-bandwidth product, and the
duty cycle is close to 50 % (Gao and Tian 2004). However, high duty cycle brings
out the echo eclipse in some range (partly or completely). The echo eclipse in phase-
coded quasi-CW radar system is shown in Fig. 1.1.

Let c denote the light speed, fcmg; m D 0; 1; : : : ; N �1 denote the binary coding
sequence, N denote the length of sequence, tp denote the width of sub-code, Tr
denote pulse repeat period, andR denote the target distance. According to the target
range, there are three kinds of echo eclipse:

(1) When R < cNtp
2

, the anterior of echoes is eclipsed, just like echo 1 shown in

Fig. 1.1; (2) when cN tp
2

� R <
c.Tr�Ntp/

2
, the echo is not eclipsed, just like echo 2;

(3) when c.Tr�Ntp/
2

� R < cTr
2

, the posterior of echo is eclipsed, just like echo 3.

1.2.1 Echo Eclipse Ratio Function

The echo eclipse of phase-coded quasi-CW radar can be evaluated by echo eclipse
ratio function (Modarres-Hashemi et al. 1999). Let xT .t/ denote the transmitting
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Fig. 1.1 The echo eclipse problem of phase-coded quasi-CW radar system

switch signal. When binary phase-coded signal is transmitted, xT .t/ D 1, or else
xT .t/ D 0. The receiving switch signal is the opposite of transmitting switch signal,
xR.t/ D 1 � xT .t/. Echo eclipse ratio function g.�/ is defined as

g.�/ D 1

Tr

TrZ

0

xT .t � �/.1 � xR.t//dt (1.1)

where � is the delay time of echo. When � D 0, g.0/ D 1, the echo is completely
eclipsed. When � ¤ 0, the echo is partly eclipsed, and 0 � g.�/ < 1. When
g.�/ D 0, the echo is not eclipsed. As g.�/ grows larger, the echo eclipse becomes
more serious and the energy of echo into radar receiver is less.

1.2.2 Main Lobe to Side Lobe Ratio of Eclipsed Echo

In the signal processing, the pulse compression process of eclipsed signal is a partial
correlation process (Baden and Cohen 1990; Zeraster 1980). It therefore causes that
the main lobe level of compressed signals is decreased and the side lobe level is
increased relatively. Then we introduce peak side lobe level (PSL) and integrated
side lobe level (ISL) to evaluate the main lobe to side lobe ratio of eclipsed signal.
PSL and ISL are defined as follows:

PSL D 10 lg
max.�2m/

�20
(1.2)
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Fig. 1.2 The pulse compression performance simulation of eclipsed echoes for 1,023-elements m
sequence code. (a) Main lobe amplitude, (b) Maximum sidelobe amplitude, (c) Peak sidelobe level

ISL D 10 lg

P
�2m

�20
(1.3)

where �m (�N C 1 � m � N � 1;m ¤ 0) is m-th side lobe level and �0 is main
lobe level.

Next, we make simulation to m sequence binary coded signal whose length is
1,023. Assume that the duty cycle of emission signal is 50 %, and the target distance
is cN tp

2
(1 � k � 2N � 1). We analyze the main lobe and maximum side lobe of

the compressed signals. When 1 � k � 1; 022, the anterior of echoes is eclipsed.
When k D 1; 023, the echo is not eclipsed; when 1; 024 � k � 2; 045, the posterior
of echo is eclipsed. The simulation results are shown in Fig. 1.2. The amplitude of
main lobe changing with the target location k is shown in Fig. 1.2a, the amplitude
of maximum side lobe with the target location k is shown in Fig. 1.2b, and the PSL
changing with k is shown in Fig. 1.2c.
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1.3 The Waveform Design Method Based on Combination
of Long Short Codes and Synchronous Alternation of CF

1.3.1 Wave Design

Normally, radar always has to detect targets at different range, but the binary phase-
coded radar based on long coding sequence is not suitable for the detection of
close targets as analyzed above. In this paper, by referring to the waveform design
method of matching the target range, we propose a waveform design based on the
combination of long short codes and CF alternation. The waveform design method
is shown in Fig. 1.3.

In a repeat period T , the emission signals contains a binary phase-coded signal
based on short coding sequence (the sequence length is M ) and a binary phase-
coded signal based on long coding sequence (the sequence length is N ). The
binary phase-coded signal based on short coding sequence which owns a very
low side lobe is used to detect targets in short range. Because the number of sub-
codes is relatively smaller and the pulse width is narrower, there is no severe echo
eclipse in the detecting range. Though the energy of emission signal is lower, the
energy of echoes reflected from close targets is usually much stronger. So, the
relatively lower emission power does not influence detection performance. The
binary phase-coded signal based on long coding sequence is used to detect targets
located in far range, the pulse width of signal is much longer than that of short
signal, and the total energy of emission signal is much stronger, which is useful
to detect distant targets. While the code type of emission signal is being shifted,
the CF of signals is synchronously being alternated. When the binary phase-coded
signal based on short coding sequence is transmitted, the frequency of CF is f1.

N-elements bit m code

signal
carrier

frequency

emission
signal

T
T1 T2

Tw2Tw1

LO
frequency

M-elements Barker code

ej2p f1t

ejw fLO1t ejw fLO2t

ej2p f2t

Fig. 1.3 The schematic diagram of proposed waveform design
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When the binary phase-coded signal based on long coding sequence is transmitted,
the frequency of CF is f2. After that, we can expand the signal bandwidth and
increase the signal complexity. And it is also useful to improve the signal’s
electronic counter-countermeasure (ECCM) ability and to reduce the probability of
interception.

Normally, after the two kinds of binary phase-coded signals are transmitted, these
two different kinds of signals will be reflected from target, and then enter radar
receiver. As a result, it will probably cause the radar receiver saturated. Fortunately,
that will not happen when the designed signals are transmitted, because the CF
frequency of these signals is different. When the target appears near, the echoes
mix with the LO (local oscillator) signal whose frequency is also synchronously
alternated (at this time, the frequency of LO signal is fLO1), and the long code
signals is suppressed very well after passing through the low-pass filter (the CF
frequency of long code signal is f2, and jfLO1 � f2j exceeds the bandwidth of
low-pass filter). Similarly, when the target is located in far distance, the short code
signal in the echoes can also be effectively suppressed. Meanwhile, by transmitting
the designed signals, radar can detect targets located in different range at the same
time, the dynamic range and sensitivity of radar receiver can be improved, and the
interference between signals is weaker.

Set the short code sequence as fcmg ; m D 1; 2 : : : ;M � 1, long code sequence
as f�ng ; n D 1; 2; : : : ; N � 1, and the sub-pulse width as � . Then emission signal
can be denoted by

x.t/ D

8̂
ˆ̂̂̂
<
ˆ̂̂̂
:̂

1p
M

M�1P
mD0

cmv.t � k�/ej 2�f1t 0 < t < M�

1p
N

N�1P
nD0

�nv.t � k� � T1/ej 2�f2t T1 < t < N� C T1

0 else

(1.4)

where T1 is the pulse repetition interval (PRI) of short code signal,M is the number
of short coding sequence, N is the number of long coding sequence, v.t/ is sub-
pulse function, f1 is the carrier frequency of the phase-coded binary signal based on
short coding sequence, and f2 is the carrier frequency of phase-coded binary signal
based on long coding sequence.

1.3.2 Parameters Calculation

In waveform design, we need to calculate the waveform parameters such as PRI,
pulse width, code length and so on according to the application. Assume that the
detection range of radar is .R1;R2/, and the delay of echo ranges from 2R1

c
to 2R2

c
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accordingly. Make sure the short phase-coded echoes are received completely; the
sub-pulse width is confined to the following condition:

� � 2R1

Mc
(1.5)

Then the pulse width of binary phase-coded signal based on short coding
sequence Tw1 can be given by

Tw1 D M� � 2R1

c
(1.6)

Moreover, in order to ensure the correlation length and main lobe to peak side
lobe ratio (MPSR) of long code sequence echoes which are reflected from a distant
target, the eclipse ratio of echoes have to be less than gmax2 . Assume that the target
is located in R2 and the eclipse ratio of echoes is gmax2 , then

T2 � t2
�T2

D 1 � gmax2 (1.7)

T2 D t2

1 � �C � gmax2
(1.8)

where � is the duty cycle of long code sequence binary phase-coded signal. Let
t2 D 2R2

c
, then

T2 D 2R2

.1 � �C � gmax2 /c
(1.9)

So, the pulse width of long code sequence phase-coded binary signal Tw2 is
given by

Tw2 D �T2 D 2�R2

.1 � �C � gmax2 /c
(1.10)

From to (1.5) and (1.9), the sub-pulse number of long code sequence binary
phase-coded signal N

0

can be given by

N 0 D
�

2�R2

.1 � �C � gmax2 /�c

�
(1.11)

Next, we select N which is close to N 0 to be the code length of long code
sequence.

When close targets are detected, the anterior of echoes is eclipsed. Similarly, to
ensure the correlation length and MPSR of long code sequence echoes, the eclipse
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ratio of echoes have to be less than gmax1 . Let the target is located in R3, at this time,
the eclipse ratio is gmax1 . Then

gmax1 D Tw2 � t3

Tw2
(1.12)

t3 D .1 � gmax1 /Tw2 (1.13)

where the delay of echo is t3.
Let (1.9) into (1.12), we can get

t3 D 2.1� gmax1 /�R2

.1 � �C � gmax2 /c
(1.14)

When the echo delay is less than t3, the eclipse ratio is greater than gmax 1, and the
MPSR is becoming lower. At this situation, we need to use the binary phase-coded
signal based on short coding sequence to detect target. In other words, R3 is the
maximum detection range of short code signal, and the eclipse ratio of short code
sequence echoes is kept to 0. Therefore, the PRI of short code sequence signal T1 is
required to meet the following condition:

T1 � t3 C Tw1 D 2.1� gmax1 /�R2

.1 � �C � gmax2 /c
CM� (1.15)

When (1.5) and (1.14) both take mark of equality, we can get that

T1 D 2.1� gmax1 /�R2

.1 � �C �gmax2 /c
C 2R1

c
(1.16)

1.4 Example and Simulation

Using the proposed waveform design method, we make simulation to phase-coded
quasi-CW radar with a detection range of 0.2–50.0 km. The main parameters of
radar are shown in Table 1.1.

In the short distance range (200 m–9.0 km), the radar signal is 13-elements
Barker code phase-coded signal, the echoes reflected from targets in this range is
not eclipsed, and the compressed signals’ MPSR is 22.3 dB. Meanwhile, 1,023-
elements m sequence phase-coded signal is used to detect targets in the range of
9.0–50 km. The echoes reflected from targets in the range of 9.0–15.345 km are
front eclipsed echoes, but the echo eclipse ratio of these echoes is less than 0.42,
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Table 1.1 Example of X band phase-coded quasi-CW radar waveform
parameters

Radar parameters

Code type Short code: 13-elements Barker sequence
Long code: 1,023-elements m sequence

The width of sub-code (Tp) 0.1us
The frequency of CF (f) f D 9.170 GHz, when 0< t<T1

f D 9.370 GHz, when T1< t<T2
Pulse repeat period (T) Where, Tw1 D 0.1us,T1 D 62.4us;

Tw2 D 102.3us,T2 D 409.2us;
Detection range (R) Minimum detection range: 200 m

Maximum detection range: 50 km
Detection range section 1a:200 m–9.0 km
Detection range section 2b:9.0–50.0 km

Echo eclipse ratio(g(t)) g(t) D 0, when 1.3us � t � 60.0us;
0 � g(t)< 0.42, when 60.0us< t � 102.3us;
g(t) D 0, when 102.3us< t � 306.9us;
0 � g(t)< 0.26, when 306.9us< t � 333.3us;

Emission power (P) 43 dBmW
MPSR >22.0 dB
aDetection range of short code signal
bDetection range of long code signal

and the number of correlated sub-codes is greater than 594, and the MPSR is greater
than 22.0 dB. The echoes reflected from targets in the range of 15.345–46.035 km
are not eclipsed. The echoes reflected from targets in the range of 46.035–50.0 km
are back eclipsed, but the echo eclipse ratio of these echoes is less than 0.26. The
number of these correlated sub-codes is greater than 757; and MPSR is greater than
25.3 dB. When the target is located in 12.0, 27.0, and 50.0 km, the corresponding
compressed signals are shown in Fig. 1.4.

1.5 Conclusion

In this paper, the echo eclipse problem of phase-coded quasi-CW radar system
was analyzed, and a waveform design method which is based on combination of
long code with short code and synchronous CF alternation was proposed. The echo
eclipse problem was resolved very well, and the signal bandwidth was expanded
and the ECCM ability was improved as well as the probability of interception
was decreased using this method. The simulation results show that the radar signal
designed by using the method proposed in this paper can effectively improve the
performance of detection.
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Fig. 1.4 The simulation of compressed signals reflected from targets in different range
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Chapter 2
Research on Human Factors Engineering
of Chinese Traditional Armchair with Four
Protruding Ends

De-hua Yu

Abstract Ming-style furniture is the elite of Chinese traditional furniture, which
is doing well in human factors engineering. Chinese traditional armchair with four
protruding ends has backrest, neckrest, armrest, footrest, and so on, which support
the body properly. Based on the study of Chinese traditional armchair with four
protruding ends, the practice of human factors engineering in Ming-style furniture
is summarized, which is meaningful for the design of Chinese traditional furniture
to develop ergonomics.

Keywords Chinese traditional armchair with four protruding ends • Design of
Chinese traditional furniture • Human factors engineering • Ming-style furniture

2.1 Definition

Chinese traditional armchair with four protruding ends (Fig. 2.1) is the typical
and common chair of Chinese traditional furniture, which is also called yoke back
armchair because of the yoke-like headrest, and also the north official’s armchair as
the headrest looks like the official’ hat (Shixiang Wang 2008). The four protruding
ends of Chinese traditional armchair refer to the ends of two armrests and the ends
of the headrest, compared with the Chinese traditional armchair whose armrest
and headrest doesn’t have protruding ends, which is also called southern official’s
armchair (Gustav Ecke 1991).
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Fig. 2.1 Chinese traditional
armchair with four protruding
ends

2.2 Background

The ancient Chinese sat on woven mat more than 2,000 years ago, when there
was only low furniture around them. It was not until the Han Dynasty (206 AD–
220BC) that the high furniture spread into the Central Plains influenced by nomadic
tribes and also the migration of Buddhism. According to the historical records, the
Han emperor called Lingdi were much interested in the custom of the nomadic
tribe called hu, including the folding chair (huchuang) (Fan Ye 2007). The folding
chair was the early high seating, which became more and more popular among
the nobilities of Han Dynasty. During the Northern and Southern Dynasties (386–
586 AD) to the Tang dynasty (618–907 AD), high chairs were becoming more
and more popular among the elite and then the common people, which was the
transitional period from sitting on the mat to on the chair. By the Song Dynasty
(960–1279 AD), high chairs and tables were already common among all the social
classes (Yao Yang 2002a). Various types of high furniture like tables, chairs, beds,
stools and so on were recorded in the paintings, murals and unearthed relic, which
indicated that the transition from sitting on the mat to on the chair had finished,
and high seating had already maintained the dominance. From then on, people were
already accustomed to high furniture. In the late Ming and early Qing Dynasty, a
unique style called Ming-style furniture came into being, which was brilliant in the
whole world (Zongshan Li 2001).
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Chinese traditional furniture in the ancient times indicated the masters’ social
status, wealth, and also the social etiquette, while the comfort was considered less,
which was different from that of western countries. Shape, decoration, dimension
and materials of the furniture varied in different classes. For example, the throne
chair is the specific chair of the emperor, which is large enough to support the
emperor, and indicates the authority and the status of the emperor (Jiaqing Tian
2003), although it is not comfortable and considerate. The only auxiliary thing for
comfort is the cushion on the throne chair to support the emperor. In the pavilion,
terrace, and the hall of the nobilities’ houses, there were also chairs of different
grades. In a standard hall of the house, the master usually sat in the chair of
smart shape, well decoration and big dimension, like the armchair with round back,
armchair with four protruding ends, etc., which highlighted the status of the master.
Chairs of guests were not as particular as the master’s chair, and usually simpler.
And the last chair in the hall might be just a stool rather than a chair without the
backrest and the armrest, which was prepared for the lowly person. The stools with
four legs and seat surface were the common seating for the ordinary people.

Social status and etiquette was more important than the comfort when sitting in
the chair in the ancient times. Upright sitting was the required posture for even the
emperor and the nobles, and if the posture was sustained for a while, the lumbar
muscle wound be under great strain, which was not comfortable.

However, the comfort was not the neglect factor when making a chair in the
ancient times. Based on the consideration of the social status and etiquette, the
comfort was also the important factor to make chairs comfortable and considerate.
For example, the S-shaped backrest is compatible with the curved spine. Actually,
carpenters in ancient China usually fit in with the basic principle of human factors
engineering although without the guidance of modern theory of human factors
engineering (Zengbi Chen 1981).

2.3 Analysis

Most of people nowadays spend most of the days sitting at a desk at work and
also after work, and we call it sedentary behavior, which may make the irreparable
damage on the body. Therefore, the correct sitting posture and chairs that are
beneficial to the health is vital important for people.

Chinese traditional armchair with four protruding ends pays more attention to
the comfort, and several details indicate the consideration of the human factors
engineering.

Considered from the human factors engineering, the support from the seating
includes three parts: the spine support, the buttock support, the foot support and the
arm support (Yuanbo Sun 2010).
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Fig. 2.2 Structure
of the spine

2.3.1 The Spine Support

The spine provides structural support the body and protects the spine cord, which
is made up of 7 cervical (neck) vertebrae, 12 thoracic (chest, dorsal) vertebrae, 5
lumbar (lower back) vertebrae, 5 sacral vertebrae (fused triangular bone) and 3 or 4
little vertebrae fused into a coccyx at the lower end of the spinal column (Fig. 2.2).
The spine usually gets so many burdens due to bad posture while being seated,
especially the long, motionless hours of sitting, which would lead to body damage,
and become chronic and impossible to undo. The cervical (neck) regions, the 3–4
thoracic regions and the 4–5 lumbar regions are mostly under pressure, and easily
wounded. The three regions should be paid more attention to when making a chair,
especially the 3–4 lumbar regions which sustain the most pressure. If the backrest of
the chair supports the 3–4 lumbar regions actively, people will be more comfortable
(Leiqing Xu 2006).

Chinese traditional armchair with four protruding ends has curved backrest
and headrest, which are prepared to support the curved spine properly. Chinese
traditional armchairs with four protruding ends have different backrests of different
curves influenced by the shape, the time and region that the furniture was made,
including S-shaped, C-shaped and the straight backrests (Fig. 2.3). S-shaped
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Fig. 2.3 Backrest
of different shapes

backrests are more than the C-shaped, and the straight backrests are rare. The
S-shaped backrests are the most compatible with the S-shaped curved spine. The
3–4 thoracic regions and the 4–5 lumbar regions of the spine get the proper support
from the S-shaped backrest, and the cervical (neck) regions get the active support
from the curved headrest (Fig. 2.4). The C-shaped backrest neglects the accurate
support of the 4–5 lumbar regions, but its considerate C-shaped curve fit in with the
whole spine properly, which wound also finish the function of comfort. The straight
backrest is only fit for upright sitting, which is lack of the consideration of human
factors engineering.

2.3.2 The Arm Support

Chinese traditional armchair with four protruding ends has the armrest to support
the arm properly. The height of the armrest is so appropriate that the arm could
be laid on it with ease. The armrest is also curve-shaped, and different chairs have
armrests of different curves. The end of the armrest is round and smooth, which
could help massage the palm of the hand. That would be useful for the health from
the perspective of traditional Chinese medicine.

2.3.3 The Buttock Support

The maximum pressure of the buttock from the seat surface should be on the
ischium, which could bear the burden most of the body. The pressure around the


