
http://www.sensorsportal.com/HTML/DIGEST/Journal_Subscription.htm


  
  

SSeennssoorrss  &&  TTrraannssdduucceerrss  

  

Volume 16, Special Issue 
November 2012 

www.sensorsportal.com  ISSN 1726-5479 

 

Guest Editors: Gongfa Li, Tinggui Chen and Hegen Xiong 
 

Editors for Western Europe 
Meijer, Gerard C.M., Delft University of Technology, The Netherlands 
Ferrari, Vittorio, Universitá di Brescia, Italy 
 

Editors for North America 
Datskos, Panos G., Oak Ridge National Laboratory, USA 
Fabien, J. Josse, Marquette University, USA 
Katz, Evgeny, Clarkson University, USA 
 

Editor South America 
Costa-Felix, Rodrigo, Inmetro, Brazil 

Editor for Eastern Europe 
Sachenko, Anatoly, Ternopil State Economic University, Ukraine 
 

Editor for Asia 
Ohyama, Shinji, Tokyo Institute of Technology, Japan 
 

Editor for Africa 
Maki K.Habib, American University in Cairo, Egypt 
 

Editor for Asia-Pacific 
Mukhopadhyay, Subhas, Massey University, New Zealand 

 

Editorial Advisory Board 
 

Abdul Rahim, Ruzairi, Universiti Teknologi, Malaysia 
Ahmad, Mohd Noor, Nothern University of Engineering, Malaysia 
Annamalai, Karthigeyan, National Institute of Advanced Industrial Science 
and Technology, Japan 
Arcega, Francisco, University of Zaragoza, Spain 
Arguel, Philippe, CNRS, France 
Ahn, Jae-Pyoung, Korea Institute of Science and Technology, Korea 
Arndt, Michael, Robert Bosch GmbH, Germany 
Ascoli, Giorgio, George Mason University, USA 
Atalay, Selcuk, Inonu University, Turkey 
Atghiaee, Ahmad, University of Tehran, Iran 
Augutis, Vygantas, Kaunas University of Technology, Lithuania 
Avachit, Patil Lalchand, North Maharashtra University, India 
Ayesh, Aladdin, De Montfort University, UK 
Azamimi, Azian binti Abdullah, Universiti Malaysia Perlis, Malaysia 
Bahreyni, Behraad, University of Manitoba, Canada 
Baliga, Shankar, B., General Monitors Transnational, USA 
Baoxian, Ye, Zhengzhou University, China 
Barford, Lee, Agilent Laboratories, USA 
Barlingay, Ravindra, RF Arrays Systems, India 
Basu, Sukumar, Jadavpur University, India 
Beck, Stephen, University of Sheffield, UK 
Ben Bouzid, Sihem, Institut National de Recherche Scientifique, Tunisia 
Benachaiba, Chellali, Universitaire de Bechar, Algeria 
Binnie, T. David, Napier University, UK 
Bischoff, Gerlinde, Inst. Analytical Chemistry, Germany 
Bodas, Dhananjay, IMTEK, Germany 
Borges Carval, Nuno, Universidade de Aveiro, Portugal 
Bouchikhi, Benachir, University Moulay Ismail, Morocco 
Bousbia-Salah, Mounir, University of Annaba, Algeria 
Bouvet, Marcel, CNRS – UPMC, France 
Brudzewski, Kazimierz, Warsaw University of Technology, Poland 
Cai, Chenxin, Nanjing Normal University, China 
Cai, Qingyun, Hunan University, China 
Calvo-Gallego, Jaime, Universidad de Salamanca, Spain 
Campanella, Luigi, University La Sapienza, Italy 
Carvalho, Vitor, Minho University, Portugal 
Cecelja, Franjo, Brunel University, London, UK 
Cerda Belmonte, Judith, Imperial College London, UK 
Chakrabarty, Chandan Kumar, Universiti Tenaga Nasional, Malaysia 
Chakravorty, Dipankar, Association for the Cultivation of Science, India 
Changhai, Ru, Harbin Engineering University, China 
Chaudhari, Gajanan, Shri Shivaji Science College, India 
Chavali, Murthy, N.I. Center for Higher Education, (N.I. University), India 
Chen, Jiming, Zhejiang University, China 
Chen, Rongshun, National Tsing Hua University, Taiwan 
Cheng, Kuo-Sheng, National Cheng Kung University, Taiwan 
Chiang, Jeffrey (Cheng-Ta), Industrial Technol. Research Institute, Taiwan 
Chiriac, Horia, National Institute of Research and Development, Romania 
Chowdhuri, Arijit, University of Delhi, India 
Chung, Wen-Yaw, Chung Yuan Christian University, Taiwan 
Corres, Jesus, Universidad Publica de Navarra, Spain 
Cortes, Camilo A., Universidad Nacional de Colombia, Colombia 
Courtois, Christian, Universite de Valenciennes, France 
Cusano, Andrea, University of Sannio, Italy 
D'Amico, Arnaldo, Università di Tor Vergata, Italy 
De Stefano, Luca, Institute for Microelectronics and Microsystem, Italy 
Deshmukh, Kiran, Shri Shivaji Mahavidyalaya, Barshi, India 
Dickert, Franz L., Vienna University, Austria 
Dieguez, Angel, University of Barcelona, Spain 
Dighavkar, C. G., M.G. Vidyamandir’s L. V.H. College, India 
Dimitropoulos, Panos, University of Thessaly, Greece 
Ding, Jianning, Jiangsu Polytechnic University, China 

Djordjevich, Alexandar, City University of Hong Kong, Hong Kong 
Donato, Nicola, University of Messina, Italy 
Donato, Patricio, Universidad de Mar del Plata, Argentina 
Dong, Feng, Tianjin University, China 
Drljaca, Predrag, Instersema Sensoric SA, Switzerland 
Dubey, Venketesh, Bournemouth University, UK 
Enderle, Stefan, Univ.of Ulm and KTB Mechatronics GmbH, Germany 
Erdem, Gursan K. Arzum, Ege University, Turkey 
Erkmen, Aydan M., Middle East Technical University, Turkey 
Estelle, Patrice, Insa Rennes, France 
Estrada, Horacio, University of North Carolina, USA 
Faiz, Adil, INSA Lyon, France 
Fericean, Sorin, Balluff GmbH, Germany 
Fernandes, Joana M., University of Porto, Portugal 
Francioso, Luca, CNR-IMM Institute for Microelectronics and Microsystems, Italy 
Francis, Laurent, University Catholique de Louvain, Belgium 
Fu, Weiling, South-Western Hospital, Chongqing, China 
Gaura, Elena, Coventry University, UK 
Geng, Yanfeng, China University of Petroleum, China 
Gole, James, Georgia Institute of Technology, USA 
Gong, Hao, National University of Singapore, Singapore 
Gonzalez de la Rosa, Juan Jose, University of Cadiz, Spain 
Granel, Annette, Goteborg University, Sweden 
Graff, Mason, The University of Texas at Arlington, USA 
Guan, Shan, Eastman Kodak, USA 
Guillet, Bruno, University of Caen, France 
Guo, Zhen, New Jersey Institute of Technology, USA 
Gupta, Narendra Kumar, Napier University, UK 
Hadjiloucas, Sillas, The University of Reading, UK 
Haider, Mohammad R., Sonoma State University, USA 
Hashsham, Syed, Michigan State University, USA 
Hasni, Abdelhafid, Bechar University, Algeria 
Hernandez, Alvaro, University of Alcala, Spain 
Hernandez, Wilmar, Universidad Politecnica de Madrid, Spain 
Homentcovschi, Dorel, SUNY Binghamton, USA 
Horstman, Tom, U.S. Automation Group, LLC, USA 
Hsiai, Tzung (John), University of Southern California, USA 
Huang, Jeng-Sheng, Chung Yuan Christian University, Taiwan 
Huang, Star, National Tsing Hua University, Taiwan 
Huang, Wei, PSG Design Center, USA 
Hui, David, University of New Orleans, USA 
Jaffrezic-Renault, Nicole, Ecole Centrale de Lyon, France 
James, Daniel, Griffith University, Australia 
Janting, Jakob, DELTA Danish Electronics, Denmark 
Jiang, Liudi, University of Southampton, UK 
Jiang, Wei, University of Virginia, USA 
Jiao, Zheng, Shanghai University, China 
John, Joachim, IMEC, Belgium 
Kalach, Andrew, Voronezh Institute of Ministry of Interior, Russia 
Kang, Moonho, Sunmoon University, Korea South 
Kaniusas, Eugenijus, Vienna University of Technology, Austria 
Katake, Anup, Texas A&M University, USA 
Kausel, Wilfried, University of Music, Vienna, Austria 
Kavasoglu, Nese, Mugla University, Turkey 
Ke, Cathy, Tyndall National Institute, Ireland 
Khelfaoui, Rachid, Université de Bechar, Algeria 
Khan, Asif, Aligarh Muslim University, Aligarh, India 
Kim, Min Young, Kyungpook National University, Korea South 
Ko, Sang Choon, Electronics. and Telecom. Research Inst., Korea South 
Kotulska, Malgorzata, Wroclaw University of Technology, Poland 
Kockar, Hakan, Balikesir University, Turkey 
Kong, Ing, RMIT University, Australia 
Kratz, Henrik, Uppsala University, Sweden 

http://www.sensorsportal.com


Krishnamoorthy, Ganesh, University of Texas at Austin, USA 
Kumar, Arun, University of Delaware, Newark, USA 
Kumar, Subodh, National Physical Laboratory, India 
Kung, Chih-Hsien, Chang-Jung Christian University, Taiwan 
Lacnjevac, Caslav, University of Belgrade, Serbia 
Lay-Ekuakille, Aime, University of Lecce, Italy 
Lee, Jang Myung, Pusan National University, Korea South 
Lee, Jun Su, Amkor Technology, Inc. South Korea 
Lei, Hua, National Starch and Chemical Company, USA 
Li, Fengyuan (Thomas), Purdue University, USA 
Li, Genxi, Nanjing University, China 
Li, Hui, Shanghai Jiaotong University, China 
Li, Sihua, Agiltron, Inc., USA 
Li, Xian-Fang, Central South University, China 
Li, Yuefa, Wayne State University, USA 
Liang, Yuanchang, University of Washington, USA 
Liawruangrath, Saisunee, Chiang Mai University, Thailand 
Liew, Kim Meow, City University of Hong Kong, Hong Kong 
Lin, Hermann, National Kaohsiung University, Taiwan 
Lin, Paul, Cleveland State University, USA 
Linderholm, Pontus, EPFL - Microsystems Laboratory, Switzerland 
Liu, Aihua, University of Oklahoma, USA 
Liu Changgeng, Louisiana State University, USA 
Liu, Cheng-Hsien, National Tsing Hua University, Taiwan 
Liu, Songqin, Southeast University, China 
Lodeiro, Carlos, University of Vigo, Spain 
Lorenzo, Maria Encarnacio, Universidad Autonoma de Madrid, Spain 
Lukaszewicz, Jerzy Pawel, Nicholas Copernicus University, Poland 
Ma, Zhanfang, Northeast Normal University, China 
Majstorovic, Vidosav, University of Belgrade, Serbia 
Malyshev, V.V., National Research Centre ‘Kurchatov Institute’, Russia 
Marquez, Alfredo, Centro de Investigacion en Materiales Avanzados, Mexico 
Matay, Ladislav, Slovak Academy of Sciences, Slovakia 
Mathur, Prafull, National Physical Laboratory, India 
Maurya, D.K., Institute of Materials Research and Engineering, Singapore 
Mekid, Samir, University of Manchester, UK 
Melnyk, Ivan, Photon Control Inc., Canada 
Mendes, Paulo, University of Minho, Portugal 
Mennell, Julie, Northumbria University, UK 
Mi, Bin, Boston Scientific Corporation, USA 
Minas, Graca, University of Minho, Portugal 
Mishra, Vivekanand, National Institute of Technology, India 
Moghavvemi, Mahmoud, University of Malaya, Malaysia 
Mohammadi, Mohammad-Reza, University of Cambridge, UK 
Molina Flores, Esteban, Benemérita Universidad Autónoma de Puebla, 
Mexico 
Moradi, Majid, University of Kerman, Iran 
Morello, Rosario, University "Mediterranea" of Reggio Calabria, Italy 
Mounir, Ben Ali, University of Sousse, Tunisia 
Mrad, Nezih, Defence R&D, Canada 
Mulla, Imtiaz Sirajuddin, National Chemical Laboratory, Pune, India 
Nabok, Aleksey, Sheffield Hallam University, UK 
Neelamegam, Periasamy, Sastra Deemed University, India 
Neshkova, Milka, Bulgarian Academy of Sciences, Bulgaria 
Oberhammer, Joachim, Royal Institute of Technology, Sweden 
Ould Lahoucine, Cherif, University of Guelma, Algeria 
Pamidighanta, Sayanu, Bharat Electronics Limited (BEL), India 
Pan, Jisheng, Institute of Materials Research & Engineering, Singapore 
Park, Joon-Shik, Korea Electronics Technology Institute, Korea South 
Passaro, Vittorio M. N., Politecnico di Bari, Italy 
Penza, Michele, ENEA C.R., Italy 
Pereira, Jose Miguel, Instituto Politecnico de Setebal, Portugal 
Petsev, Dimiter, University of New Mexico, USA 
Pogacnik, Lea, University of Ljubljana, Slovenia 
Post, Michael, National Research Council, Canada 
Prance, Robert, University of Sussex, UK 
Prasad, Ambika, Gulbarga University, India 
Prateepasen, Asa, Kingmoungut's University of Technology, Thailand 
Pugno, Nicola M., Politecnico di Torino, Italy 
Pullini, Daniele, Centro Ricerche FIAT, Italy 
Pumera, Martin, National Institute for Materials Science, Japan 
Radhakrishnan, S. National Chemical Laboratory, Pune, India 
Rajanna, K., Indian Institute of Science, India 
Ramadan, Qasem, Institute of Microelectronics, Singapore 
Rao, Basuthkar, Tata Inst. of Fundamental Research, India 
Raoof, Kosai, Joseph Fourier University of Grenoble, France 
Rastogi Shiva, K. University of Idaho, USA 
Reig, Candid, University of Valencia, Spain 
Restivo, Maria Teresa, University of Porto, Portugal 
Robert, Michel, University Henri Poincare, France 
Rezazadeh, Ghader, Urmia University, Iran 
Royo, Santiago, Universitat Politecnica de Catalunya, Spain 
Rodriguez, Angel, Universidad Politecnica de Cataluna, Spain 
Rothberg, Steve, Loughborough University, UK 
Sadana, Ajit, University of Mississippi, USA 
Sadeghian Marnani, Hamed, TU Delft, The Netherlands 
Sapozhnikova, Ksenia, D.I.Mendeleyev Institute for Metrology, Russia 

Sandacci, Serghei, Sensor Technology Ltd., UK 
Saxena, Vibha, Bhbha Atomic Research Centre, Mumbai, India 
Schneider, John K., Ultra-Scan Corporation, USA 
Sengupta, Deepak, Advance Bio-Photonics, India 
Seif, Selemani, Alabama A & M University, USA 
Seifter, Achim, Los Alamos National Laboratory, USA 
Shah, Kriyang, La Trobe University, Australia 
Sankarraj, Anand, Detector Electronics Corp., USA 
Silva Girao, Pedro, Technical University of Lisbon, Portugal 
Singh, V. R., National Physical Laboratory, India 
Slomovitz, Daniel, UTE, Uruguay 
Smith, Martin, Open University, UK 
Soleimanpour, Amir Masoud, University of Toledo, USA 
Soleymanpour, Ahmad, University of Toledo, USA 
Somani, Prakash R., Centre for Materials for Electronics Technol., India 
Sridharan, M., Sastra University, India 
Srinivas, Talabattula, Indian Institute of Science, Bangalore, India 
Srivastava, Arvind K., NanoSonix Inc., USA 
Stefan-van Staden, Raluca-Ioana, University of Pretoria, South Africa 
Stefanescu, Dan Mihai, Romanian Measurement Society, Romania 
Sumriddetchka, Sarun, National Electronics and Comp. Technol. Center, Thailand 
Sun, Chengliang, Polytechnic University, Hong-Kong 
Sun, Dongming, Jilin University, China 
Sun, Junhua, Beijing University of Aeronautics and Astronautics, China 
Sun, Zhiqiang, Central South University, China 
Suri, C. Raman, Institute of Microbial Technology, India 
Sysoev, Victor, Saratov State Technical University, Russia 
Szewczyk, Roman, Industr. Research Inst. for Automation and Measurement, Poland 
Tan, Ooi Kiang, Nanyang Technological University, Singapore, 
Tang, Dianping, Southwest University, China 
Tang, Jaw-Luen, National Chung Cheng University, Taiwan 
Teker, Kasif, Frostburg State University, USA 
Thirunavukkarasu, I., Manipal University Karnataka, India 
Thumbavanam Pad, Kartik, Carnegie Mellon University, USA 
Tian, Gui Yun, University of Newcastle, UK 
Tsiantos, Vassilios, Technological Educational Institute of Kaval, Greece 
Tsigara, Anna, National Hellenic Research Foundation, Greece 
Twomey, Karen, University College Cork, Ireland 
Valente, Antonio, University, Vila Real, - U.T.A.D., Portugal 
Vanga, Raghav Rao, Summit Technology Services, Inc., USA 
Vaseashta, Ashok, Marshall University, USA 
Vazquez, Carmen, Carlos III University in Madrid, Spain 
Vieira, Manuela, Instituto Superior de Engenharia de Lisboa, Portugal 
Vigna, Benedetto, STMicroelectronics, Italy 
Vrba, Radimir, Brno University of Technology, Czech Republic 
Wandelt, Barbara, Technical University of Lodz, Poland 
Wang, Jiangping, Xi'an Shiyou University, China 
Wang, Kedong, Beihang University, China 
Wang, Liang, Pacific Northwest National Laboratory, USA 
Wang, Mi, University of Leeds, UK 
Wang, Shinn-Fwu, Ching Yun University, Taiwan 
Wang, Wei-Chih, University of Washington, USA 
Wang, Wensheng, University of Pennsylvania, USA 
Watson, Steven, Center for NanoSpace Technologies Inc., USA 
Weiping, Yan, Dalian University of Technology, China 
Wells, Stephen, Southern Company Services, USA 
Wolkenberg, Andrzej, Institute of Electron Technology, Poland 
Woods, R. Clive, Louisiana State University, USA 
Wu, DerHo, National Pingtung Univ. of Science and Technology, Taiwan 
Wu, Zhaoyang, Hunan University, China 
Xiu Tao, Ge, Chuzhou University, China 
Xu, Lisheng, The Chinese University of Hong Kong, Hong Kong 
Xu, Sen, Drexel University, USA 
Xu, Tao, University of California, Irvine, USA 
Yang, Dongfang, National Research Council, Canada 
Yang, Shuang-Hua, Loughborough University, UK 
Yang, Wuqiang, The University of Manchester, UK 
Yang, Xiaoling, University of Georgia, Athens, GA, USA 
Yaping Dan, Harvard University, USA 
Ymeti, Aurel, University of Twente, Netherland 
Yong Zhao, Northeastern University, China 
Yu, Haihu, Wuhan University of Technology, China 
Yuan, Yong, Massey University, New Zealand 
Yufera Garcia, Alberto, Seville University, Spain 
Zakaria, Zulkarnay, University Malaysia Perlis, Malaysia 
Zagnoni, Michele, University of Southampton, UK 
Zamani, Cyrus, Universitat de Barcelona, Spain 
Zeni, Luigi, Second University of Naples, Italy 
Zhang, Minglong, Shanghai University, China 
Zhang, Qintao, University of California at Berkeley, USA 
Zhang, Weiping, Shanghai Jiao Tong University, China 
Zhang, Wenming, Shanghai Jiao Tong University, China 
Zhang, Xueji, World Precision Instruments, Inc., USA 
Zhong, Haoxiang, Henan Normal University, China 
Zhu, Qing, Fujifilm Dimatix, Inc., USA 
Zorzano, Luis, Universidad de La Rioja, Spain 
Zourob, Mohammed, University of Cambridge, UK 

 
Sensors & Transducers Journal (ISSN 1726-5479) is a peer review international journal published monthly online by International Frequency Sensor Association (IFSA). 

Available in electronic and on CD. Copyright © 2012 by International Frequency Sensor Association. All rights reserved. 



  SSeennssoorrss  &&  TTrraannssdduucceerrss  JJoouurrnnaall  
 
  

  

CCoonntteennttss  
  

Volume 16 
Special Issue 
November 2012  

www.sensorsportal.com  ISSN 1726-5479 

 
 

Research Articles 
 

Foreword 
Gongfa Li, Tinggui Chen, Hegen Xiong..............................................................................................  I 
  
Research of a Novel Attitude Regulating System of Autonomous Underwater Glider 
Rong Liu, Jie Yu .................................................................................................................................  1 
  
Study on the Vibration of the 1700 Four Rollers Rolling Mill 
Zehao Wu, Gongfa Li, Po Gao, Yuan He, Dawei Tan........................................................................  11 
  
The Design of Wireless Sensor Application System Based on Internet of Things 
Zhang Ye, Zhang Feng, You Fei ........................................................................................................  18 
  
Design and Simulation of the Air Compressor Control System 
Yuan He, Gongfa Li, Po Gao, Zehao WU and Cunyuan Li ................................................................   27 
  
Precise Time Synchronization Technology for Distributed Automated Test System 
Yan Xu, Ming Li, and Jiangtao Dong..................................................................................................  35 
  
FEM-based Simulation of Stress Distribution in U71Mn Heavy Rail during Quenching 
Siqiang Xu, Jianyi Kong, Gongfa Li, Jintang Yang, Hegen Xiong and Guozhang Jiang ...................  43 
  
LTS: An Improved Self-Adaptive Data Replication Strategy for File Sharing in Grid 
Liang Hu, Jia Zhao, Xiaodong Fu, Lin Lin, XJianfeng Chu ................................................................  52 
  
Influence of Expansion Joint of Bottom Lining in Ladle Composite Construction Body  
on Thermal Stress 
Guozhang Jiang, Gongfa Li, Jianyi Kong, Liangxi Xie and Siqiang Xu..............................................   61 
  
Numerical Simulation of the Gap Flow Field for CEDMMG Compound Machining 
Engineering Ceramics 
Renjie Ji, Yonghong Liu, Chao Zheng, Fei Wang, Yanzhen Zhang, Yang Shen, Baoping Cai.........  68 
  
Coke Oven Heating Model of Fuzzy Intelligent Control System 
Guozhang Jiang, Gongfa Li, Jianyi Kong and Liangxi Xie .................................................................  75 
  
Three-Dimensional Model and Test Analysis of the 60t Converter 
Po Gao, Gongfa Li, Zehao Wu, Yuan He, Ke Zhang .........................................................................  84 
  
A Multi-pipe and Multi-address Switching Wireless Network for Distributed Seismic  
Data Acquisition System 
Li Huailiang, Tuo Xianguo, Zhu Lili.....................................................................................................   92 
  
Remote Monitoring and Diagnosis System of Rolling Mill Transmission System 
Gongfa Li,  Yuesheng Gu, Zehao Wu, Han Xiao, Guozhang Jiang, Jianyi Kong, Liangxi Xie  
and  Siqiang Xu ..................................................................................................................................  101 
  

http://www.sensorsportal.com


Study on Frequency Division Technique of Photoelectric Encoder 
Shi-xiong Zhang .................................................................................................................................  108 
  
Job-shop Scheduling Problem Based on Particle Swarm Optimization Algorithm 
Ying Sun and Hegen Xiong ................................................................................................................  116 
  
Wireless Sensor Network Data Fusion Algorithm Based on Neural Network  
in the Area of Agriculture 
Yi Zhou, Gelian Song, Maohua Wang................................................................................................   128 
  
Optimal Design of Gear Based on Quantum Genetic Algorithm 
Ying Sun and He-gen Xiong...............................................................................................................  137 
  
Independent Axiom-based Robust Design for Nonlinear System 
Xianfu Cheng......................................................................................................................................  144 
  
Development of a New Kind of Multihole Cylindrical Electrode Used  
for Electrical Discharge Milling 
Fei Wang, Yonghong liu, Renjie Ji, Yanzhen Zhang, Zemin Tang, Xiangzhen Han..........................  152 
  
Energy Efficiency Evaluation of Iron and Steel Enterprise 
Guozhang Jiang, Gongfa Li, Jianyi Kong and Liangxi Xie .................................................................   161 
  
Classification Model of Traffic Emergency Response to Urban Emergency 
Yaqin He, Jie Li ..................................................................................................................................  169 
  
Modeling the Machining Parameters in End Electric Discharge Milling  
of Silicon Carbide Ceramic 
Renjie Ji, Yonghong Liu, Yanzhen Zhang, Fei Wang, Chao Zheng, Yang Shen...............................  179 
  
Testability Analysis of Inertial Measure Unit Based on Multi-signal Model 
Xing He, Hongli Wang, Jinghui Lu......................................................................................................  188 
  
Vibration Model of Pipe Conveying Fluid Considered Fluid Structure Interaction 
Gongfa Li, Yuesheng Gu, Zehao Wu, Han Xiao, Jianyi Kong, Guozhang Jiang, Liangxi Xie, Li Hu 
and Siqiang Xu ...................................................................................................................................  197 
  
Optimization SVM Algorithm and it’s Application in Agricultural Science  
and Technology Project Classification 
Hui Feng Yan, Wei Feng Wang, Qin Mao, Ming Liang Zhou .............................................................  203 
  
Accuracy of Experimental Platform of Controlled Five-bar Linkages 
Li Pan..................................................................................................................................................  210 
  
Analysis on Sliding Velocity of Cycloid Gear Pair during Meshing 
Shuyan. Wang, Guizhong Tian, Xujun Jiang......................................................................................   218 
  
Intelligent Diagnosis of Coke Oven Heating Production 
Gongfa Li, Yuesheng Gu, Jianyi Kong, Guozhang Jiang and Liangxi Xie .........................................  226 
  
Adaptive Fuzzy Control of Aircraft ABS Based on Runway Identification 
Hua-wei Wu, Te-fang Chen, Wei-ming Huang...................................................................................  233 
  
The Total Factor Productivity Growth of the Municipal Water Industry in China 
Wang Fen ...........................................................................................................................................  243 
  
Research on Attainable Moment Subset of Singular Over-actuated System 
Shi Jingping, Qu Xiaobo.....................................................................................................................   252 
  
Finite Element Analysis of Vane Seals 
Guozhang Jiang, Li Zhao, Jianyi Kong, Gongfa Li, Liangxi Xie .........................................................  261 
  
 269 



Application of Multi-factor Fuzzy Comprehensive Evaluation in Stability of Surrounding 
Rock of Underground Engineering 
Jinglong Li, Jiachun Li, Shuchen Li ....................................................................................................  
  
Jackknife Control on Tractor Semi-trailer during High Speed Curve Driving 
Shuwen Zhou and Siqi Zhang ............................................................................................................  277 
  
Simulation and Experiment Research on Deforming Force of Slab Cold Roll-beating 
Mingshun Yang, Yan Li, Jianming Zheng, Qilong Yuan.....................................................................  285 
  
Research on Organizational Culture and Resources Integration Model Based on MICK-4FI 
Yan Zhan, Jiansha Lu and Shiyun Li..................................................................................................  295 

 
 
 

Authors are encouraged to submit article in MS Word (doc) and Acrobat (pdf) formats by e-mail: editor@sensorsportal.com 
Please visit journal’s webpage with preparation instructions: http://www.sensorsportal.com/HTML/DIGEST/Submition.htm 

 
International Frequency Sensor Association (IFSA). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  

http://www.sensorsportal.com/HTML/IFSA_Publishing.htm


 
 

 
 

 

http://www.iaria.org/conferences2013/SENSORDEVICES13.html
http://www.iaria.org/conferences2013/SENSORCOMM13.html
http://www.iaria.org/conferences2013/CENICS13.html


Sensors & Transducers Journal, Vol. 16, Special Issue, November 2012, pp. 75-83 

 75

   
SSSeeennnsssooorrrsss   &&&   TTTrrraaannnsssddduuuccceeerrrsss  

ISSN 1726-5479
© 2012 by IFSA

http://www.sensorsportal.com

 
 
 
 
 
 

Coke Oven Heating Model of Fuzzy Intelligent Control System 
 

Guozhang Jiang, Gongfa Li, Jianyi Kong and Liangxi Xie 
College of Machinery and Automation, 

Box 242, Wuhan University of Science and Technology, Wuhan, 430081, China 
Tel.: +86-027-68862283 

E-mail: whjgz@wust.edu.cn 

 
 

Received:11 September 2012   /Accepted: 11 October 2012   /Published: 20 November 2012 
 
 
Abstract: Coke oven production has the characteristics of nonlinear, large inertia, large disturbances, 
and highly-coup ling and so on. The control method of “intermittent heating control” is adopted in 
traditional heating control system of coke oven, and cannot satisfy the command of heating control on 
coke oven. The control principle of combining the “intermittent heating control” with the heating gas 
flow adjustment is adopted according to analysis the difficulty and strategy of heating control on coke 
oven. On the basis of studying deficiency of the existing control strategy, fuzzy compound control is 
proposed to establish heating intelligent control model of coke oven, which combines feedback control, 
feedforward control and fuzzy intelligent control. Carbonization index CI is used in the model to control 
coking management of coke oven. Then heating fuzzy intelligent control structure of coke oven is built. 
According to artificial experience and actual condition, fuzzy controller is designed. Fuzzy control can 
deal with fuzzy, inexact or uncertainty information and has great robust, which can realize intelligent 
control of heating process of coke oven. Better control result of temperature control is realized by fuzzy 
intelligent control model. The system has great practical value. Copyright © 2012 IFSA. 
 
Keywords: Coke oven heating model, Fuzzy intelligent control, Intelligent control system. 
 
 
 
1. Introduction 
 
Coke oven is an important thermal equipment of metallurgical industry, produces coal gas and coke 
mainly, it is the important raw materials production equipment in such trades as metallurgy and chemical 
industry and so on, and the quality and output of the products concern the stability of follow-up 
industrial production directly. Coke oven consumes energy heavenly in the iron and steel enterprise, 
how to economize energy consumption, and improve output and quality of cokes are key questions of 
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controlling and management of coke oven. It is significant to strengthen the competitiveness and 
increase economic efficiency of iron and steel enterprise to improve output of coke steadily and 
guarantee coke quality. Goal of the optimal control coking course of coke oven are heating steadily and 
evenly, improving productivity and quality of coke oven, reducing energy consumption and prolonging 
the age of coke oven, reducing the environmental pollution in coking production. 
 
The most important control in the production of coke oven is temperature control of coke oven [1-3], 
because temperature of coke oven is a key factor of affecting coke quality, economizing coal gas 
consumption, reducing smoke and dust pollution during charging coke. Practice in coke oven has proved 
that it’s very great degree of difficulty in temperature control which reflects concretely in several 
following aspects [4]. 
 
Coke oven has strong non-linear characteristic. According to characteristics of coke oven production, 
relationship between heating gas flow and longitudinal temperature on top of regenerator is affected by 
factors such as coke carbonization cycle, type of coal used in production, longitudinal temperature on 
top of regenerator and production planning of pushing coke and so on. Therefore, the strong non-linear 
characteristic of coke oven is caused. 
 
Heating process of coke oven has characteristics of great inertia characteristics and large time-delay. 
Because coke oven is bulky, hot capacity is very large, the course of heating-up and heating-down are all 
very slow. There are some difficulties in measurement of relevant crafts parameters. For example it is 
difficult to online measure longitudinal temperature on top of regenerator, calorific value of gas and 
water content of coal charging of coke oven. Production process of coke oven belongs to intermittent 
type, is operated by single stove according to operation planning. 
 
A lot of disturbances exist in production process of coke oven. Because there are two kinds of heating 
gas, namely coke oven gas and blast furnace gas, calorific value difference between them is great, flow 
while heating is different. Affected by climate, water content of coal has greater fluctuations, thus 
heating temperature of coke oven is influenced. Production planning of pushing coke has heavy 
influence on heating temperature of coke oven too. Heating process has the characteristics of time 
changeable in one cycle, is affected by such factors as market demand, government policy. Thus coke 
carbonization cycle of coke oven often changes, and the kind of heating gas often changes too. These 
changes cause a lot of interference factors to production process of coke oven. 
 
 
2. Control Methods of Heating Control System in Coke Oven 
 
Heating control of coke oven can generally adopt three kinds of control methods, namely feedback 
control system, feedforward control system and compound control system combined feedback with 
feedforward. 
 
 
2.1. Temperature Feedback Regulation System Adopting Temperature Measurement  

in Succession 
 
According to deviation between real flue temperature, real finished carbonization time or real coke 
temperature and target flue temperature, target finished carbonization time or target coke temperature, 
considering time-delay factor of coke oven temperature [1], settlement value of heating gas flow is 
adjusted in order to realize the optimal heating control of coke oven. Meanwhile, some control systems 
provide operation guidance of regulating flue-chamber according to judgment of carbonization of 
coke-chamber, wall temperature measurement of coke-chamber or coke button temperature and its 
distribution. Advantages of feedback control are the influence of various kinds of parameters is not need 
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to consider, the deviation of controlled parameters is utilized to control. Shortcomings of feedback 
control are the disturbance can't be overcome in time, and the time-delay phenomenon is serious, 
because feedback control just works after disturbance takes place. Feedback control system is shown  
as Fig. 1. 
 
 

Goal flue temperature

Comparison

Settlement value of 
heating  gas flow

Comparison

heating  gas flow

Coke oven
 

 
Fig. 1. Feedback control system of coke oven. 

 
 
2.2. Heating Supply Feedforward Regulation System Adopting Experiential Model 
 
Coking heating amount is calculated according to properties of coal and average humidity of coke button, 
and then coking heating consumption is calculated through thermal balance according to amount of coal 
charging, production task, heat loss of waste gas and heat dissipation. Finally heating supplied is 
calculated according to calorific value of gas, air excess coefficient and so on, then gas flow is calculated, 
and coking heating consumption is adjusted [2] by real temperature of coke button. Advantages of 
feedforward control are influence of the slow course of temperature when regulation isn’t need to 
consider, monitoring point is less, instrument and measure error can be reduced. Shortcomings of 
feedforward control are difficulty in calculating coking heating amount accurately, and a lot of variables 
of calculating coking heating amount are difficult to measure accurately and totally. The feedforward 
control system is illustrated in Fig. 2. 
 
 
2.3. Compound Control System Combined Feedback with Feedforward 
 
Regarding amount of coal charging, coal properties, production task of coke oven and operating time as 
input function, heating amount supplied is calculated by the heating supplied model, then settled heating 
amount supplied is feedback regulated according to deviation between real average temperature of the 
whole coke oven and settled average temperature of the whole coke oven [3]. The influence of unknown 
and difficult measure parameters produced are dispelled by feedback control, influence caused by 
disturbance is compensated by feedforward control at the same time in order to improve the time-delay 
of feedback control in the compound system. The compound control system is shown as Fig. 3. 
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Fig. 2. Feedforward control system of coke oven. 
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Fig. 3. Control system of coke oven combined feedback with feedforward. 

 
 



Sensors & Transducers Journal, Vol. 16, Special Issue, November 2012, pp. 75-83 

 79

3. Model of Heating Intelligent Control System in Coke Oven 
 
At present, iron and steel enterprise usually use “intermittent heating control” control method in heating 
control system of coke oven, which can well optimize heating control of coke oven in a situation that the 
heating energy of coke oven is steady and rich [1-3]. But when pressure in main pipe of blast furnace 
fluctuates violently and heating coal gas flow is insufficient, the method can't instruct attendants how to 
operate heat controlling, the function of control system can only be analyzed and judged artificially by 
the attendants, and during stopping heating time, blast furnace gas and coke oven gas are stop using at 
the same time, blast furnace gas is not fully utilized either. 
 
A new control principle [4, 5] combining the “intermittent heating control” with the heating gas flow 
adjustment is adopted in control system. It analyses and processes data synthetically such as temperature, 
flow and calorific value of gas, pushing coke, charging coal, coal mass,water content and planned 
carbonization time, “stopping heating time” of PLC system and the heating blast furnace gas /coke oven 
gas flow of DCS system are calculated and established through the model. Therefore heating of coke 
oven is even and stability, the whole heating level of coke oven is intelligent control, heating intelligent 
control of coke oven is realized. Its control system model is illustrated in Fig. 4. 
 
 

 
 

Fig. 4. Intelligent control system model of coke oven. 
 
 
 
Carbonization index CI used in model of the control system is calculated according to the operation (1) 
[4]. 
 
 

maxT

coking

t

t
CI  , (1) 

 
where tT max is the time from coal charging in coke-chamber to when the temperature of the waste gas 
passes the peak, h; tcoking is the time of finished carbonization of each coke-chamber, h. 
 
CI is a carbonization parameter to control coking production management, it fluctuates among 1.2-1.24 
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suitably. Prediction model of tcoking is shown as following. 
 
 

cokingt  ＝ A maxTt ＋C , (2)

 
where tT max is the time from coal charging in coke-chamber to when the temperature of the waste gas 
passes the peak, h; A and C are characteristic coefficient of coke oven. 
 
A compound control system is proposed to control heating of coke oven, which combines feedback 
control, feedforward control and fuzzy intelligent control. Real-time data of production in coke oven are 
gathered by the system such as pressure, flow, calorific value and temperature of coal gas, water content, 
composition of heating gas and dynamic plan and so on, settlement value of controlled parameters is 
calculated through energy prediction model, namely the feedforward, then the value is transferred to the 
basic automated system to regulate. According to real-time information such as waste gas temperature, 
coke button temperature, flue temperature and oxygen content offered by the basic automated system at 
the same time, the energy balance is feedback regulated according to the fuzzy intelligent control model 
(See Fig. 5) constantly in the course of heating. Then the settlement value is calculated again in order to 
enable to keep within the range of control, which not only satisfy necessary temperature needed in 
coking, but also optimal heating control. Its control flow chart is shown as Fig. 6. 
 
 

 
 

Fig. 5. Heating fuzzy intelligent control structure of coke oven. 
 
 
In addition, gas flow and force of suction in flue (namely air-flue ratio) is intelligent controlled 
according to real-time processing production data in order to control totally burn of heating gas as well 
as control waste gas content in the rational range. Meanwhile, intelligent control of gas collector 
pressure is achieved to control it in the suitable range in order to reduce the diffusing of coal gas. 
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Fig. 6. Flow chart of coke oven heating intelligent control model. 
 
 
4. Design of Fuzzy Control Model 
 
4.1 Analysis of Fuzzy Control Model 
 
Fuzzy control is the simulation behaviour of artificial intelligence, utilizes the fuzzy theory to set up 
some rules of control, controls the production process to reach the satisfactory control result. The basic 
thinking of fuzzy control model in the system is according to deviation between present gas flow and 
feedforward gas flow, deviation between standard flue temperature and real flue temperature, and a 
temperature variation tendency of real flue temperature, final gas flow is adjusted through certain fuzzy 
control algorithms. 
 
 V = present gas flow- feedforward gas flow, (3)

 
 T = standard flue temperature- real flue temperature, (4)

 
 C = flue temperature at present- flue temperature at last moment, (5)

 
where V , T and C  all include three kinds of value, namely greater than zero, equal zero, smaller 
than zero approximately. 
 
The control algorithm of final gas flow adopts the fuzzy control method, V , T and C  are as the 
input of the fuzzy controller, the change amount U  of gas flow is got through fuzzy control algorithm. 
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4.2. Design of Fuzzy Controller 
 
Deviation between measuring value and settlement value will be divided into 3 grades [6, 7], namely 
negative, normal and positive respectively, then every input parameter has 3 kinds of situation, and 
therefore these parameters make up as 27 kinds of situation. According to the actual conditions, each 
kind of situation is adopted corresponding operation, and opening degree of the gas valve will increase 
or reduce. 27 rules are shown as Table 1 where NG represents " negative ", NM represents " normal ", PS 
represents " positive", IC represents " increasing ", DC represents " decreasing ", KEEP represents " 
keeping". 
 

Table 1. Control rule of fuzzy intelligent controller. 
 

Rule number V  T  C U  Rule number V T  C  U  
1. NG NG NG IC 10 ％ 15. NM NM PS DC 2 ％ 
2. NG NG NM IC 10 ％ 16. NM PS NG KEEP 
3. NG NG PS IC 5 ％ 17. NM PS NM DC 2 ％ 
4. NG NM NG IC 5 ％ 18. NM PS PS DC 5 ％ 
5. NG NM NM IC 5 ％ 19. PS NG NG IC 5 ％ 
6. NG NM PS KEEP 20. PS NG NM IC 2 ％ 
7. NG PS NG KEEP 21. PS NG PS KEEP 
8. NG PS NM DC 2 ％ 22. PS NM NG KEEP 
9. NG PS PS DC 2 ％ 23. PS NM NM DC 2 ％ 

10. NM NG NG IC 5 ％ 24. PS NM PS DC 2 ％ 
11. NM NG NM IC 2 ％ 25. PS PS NG DC 2 ％ 
12. NM NG PS KEEP 26. PS PS NM DC 5 ％ 
13. NM NM NG IC 2 ％ 27. PS PS PS DC 10 ％
14. NM NM NM KEEP      

 
 
Various kinds of influence and variation tendency of gas flow are summed up into 27 rules synthetically 
in the model according to artificial operation experience, fuzzy control model of gas flow has set up, and 
thus heating intelligent control of coke oven is realized. Simulation program of fuzzy control is shown as 
Fig. 7. 
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Fig. 7. Simulink simulation program of fuzzy control. 
 
 
 
5. Conclusions 
 
According to characteristics of coke oven and actual craft states in coking plant, a fuzzy intelligent 
compound control method is proposed, which combines feedback control, feedforward control and 
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fuzzy intelligent control. Feedforward and feedback are utilized to dispel influence of examined 
disturbance and not examined disturbance respectively. Advantages of the method are not only 
considering change of flue temperature at present, but also considering demand of heating supplied in 
the future. Finally fuzzy intelligent control module has been designed to solve temperature fluctuation of 
coke oven effectively, reaches the better control result. The system has very great practical value. 
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