ISSN 1726-5479

SENSORS 10/

TRANSDUCERS

SOTLISENSsors
and Artiricial Neural Networks

International Frequency Sensor Association Publishing és-i



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

T

g—"
Sensors & Transducers

Volume 133, Issue 10 www.sensorsportal.com ISSN 1726-5479

October 2011

Editors-in-Chief: professor Sergey Y. Yurish, tel.: +34 696067716, e-mail: editor@sensorsportal.com

Editors for Western Europe

Editor South America

Meijer, Gerard C.M., Delft University of Technology, The Netherlands Costa-Felix, Rodrigo, Inmetro, Brazil

Ferrari, Vittorio, Universita di Brescia, Italy

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

Editors for North America

Datskos, Panos G., Oak Ridge National Laboratory, USA
Fabien, J. Josse, Marquette University, USA

Katz, Evgeny, Clarkson University, USA

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

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

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

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

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.1. 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, Universita 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. VV.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, Chongging, 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
Jaime Calvo-Galleg, Jaime, Universidad de Salamanca, Spain
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


http://www.sensorsportal.com/

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

Krishnamoorthy, Ganesh, University of Texas at Austin, USA

Kumar, Arun, University of South Florida, 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, 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, Songgin, 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

Moghavvemi, Mahmoud, University of Malaya, Malaysia

Mohammadi, Mohammad-Reza, University of Cambridge, UK

Molina Flores, Esteban, Benemérita Universidad Auténoma 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

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

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

Sandacci, Serghei, Sensor Technology Ltd., UK

Sapozhnikova, Ksenia, D.I.Mendeleyev Institute for Metrology, Russia

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

Silva Girao, Pedro, Technical University of Lisbon, Portugal

Singh, V. R., National Physical Laboratory, India

Slomovitz, Daniel, UTE, Uruguay

Smith, Martin, Open University, UK

Soleymanpour, Ahmad, Damghan Basic Science University, Iran

Somani, Prakash R., Centre for Materials for Electronics Technol., India

Srinivas, Talabattula, Indian Institute of Science, Bangalore, India

Srivastava, Arvind K., NanoSonix Inc., USA

Stefan-van Staden, Raluca-loana, University of Pretoria, South Africa

Stefanescu, Dan Mihai, Romanian Measurement Society, Romania

Sumriddetchka, Sarun, National Electronics and Computer Technology Center,
Thailand

Sun, Chengliang, Polytechnic University, Hong-Kong

Sun, Dongming, Jilin University, China

Sun, Junhua, Beijing University of Aeronautics and Astronautics, China

Sun, Zhigiang, Central South University, China

Suri, C. Raman, Institute of Microbial Technology, India

Sysoev, Victor, Saratov State Technical University, Russia

Szewczyk, Roman, Industrial 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, 1., 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 Il 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, Wugiang, 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).
Auvailable in electronic and on CD. Copyright © 2011 by International Frequency Sensor Association. All rights reserved.



Sensors & Transducers Journal /-

Contents

YO'Umleol33 www.sensorsportal.com ISSN 1726-5479
ssue

October 2011

Research Articles

A Soft Technique for Measuring Friction Force Using Neural Network
Sunan Huang, KOK KIONG TaN ........uuiiiiiiiiaiiieeit ettt e e e e e e e e e e e e e e snbb e e e e e e e e eanseees 1

Neural Net Based Optimization of Wet Thermal Lateral Oxidation Rates
“Moh’d Sami” Ashhab, Nabeel Abo Shaban and Abdulla N. Olimat ..........cccccceviiiieiiiiine e, 8

ECG Acquisition and Analysis System for Diagnhosis of Heart Diseases
Channappa Bhyri, Satish T. Hamde, Laxman M. Waghmare ............ccccocccvieiiieieei e 18

Soft Computing Based PID Controller Tuning and Application to the Pulp
and Paper Industry
B. Nagaraj, P. VIJaYaKUMA ..........eiiiiiiii ettt e e e e e e e e e e e nbbseeaeaeas 30

Greenhouse Environmental Control Using Optimized MIMO PID Technique
Fateh Bounaama and BelKacem DIA0UI .......iicuuiiiiciiieiiiiieesiieeeesseieeesssesseeessessesessesssesssssssssssesssassanes 44

Design and Real Time Implementation of CDM-PI Control System in a Conical Tank Liquid
Level Process
P. K. Bhaba and S. SOMASUNUAIAIM ........cooiiiiiiiiiiiiie ettt e et e e s sbbe e e s s ebee e e 53

Fuzzy Logic Applied to an Oven Temperature Control System
Nagabhushana Katte, Nagabhushan Raju Konduru, Bhaskar Pobbathi and Parvathi Sidaraddi...... 65

Balancing Inverted Pendulum by Angle Sensing Using Fuzzy Logic Supervised PID
Controller Optimized by Genetic Algorithm
Ashutosh K. Agarwal, SAnjEEV KUMAT .........ccoiiiiiiiiiii et e e st e e e e e e e s st re e e e e e e e e s snnraaeeeaeeeaas 74

A Novel Method for Gearbox Fault Detection Based on Biorthogonal B-spline Wavelet
Guangbin Zhang and YUNJIAN Ge......cueeeiiiiiiiiiiieie e st e e s st e e e e e e s s e e e e e e s s s snnarneeeaeeeeannenes 83

A Multi-hop Topology Control Based on Inter-node Range Measurement for Wireless
Sensor Networks Node Localization
Ali Husein Alasiry, Shinji ORYama ...........ooiiiiiiiii e e 95

Distributed Point Source Technique in Modeling Surface-Breaking Crack in a MFL Test
Mehdi Kiyasatfar, Maqsud Golzan, Nader Pourmahmoud, Mehdi Eskandarzade...............cc.cccccee.... 108

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/

/"* International Frequency Sensor Association Publishing

-

&-.-  Call for Books Proposals

Sensors, MEMS, Measuring instrumentation, etc.

Royalties

Today IFSA offers most high royalty in the world: you will receive 50 % of each book sold in
comparison with 8-11 % from other publishers, and get payment on monthly basis
compared with other publishers' yearly basis.

Quick Publication

IFSA recognizes the value to our customers of timely information, so we produce your book

quickly: 2 months publishing schedule compared with other publishers' 5-18-month schedule.

The Best Targeted Marketing and Promotion

As a leading online publisher in sensors related fields, IFSA and its Sensors Web Portal has a
great expertise and experience to market and promote your bock worldwide. An extensive
marketing plan will be developed for each new book, including intensive promotions in IFSA's
media: journal, magazine, newsletter and online bookstore at Sensors Web Portal.

Published Format: printable pdf (Acrobat).

When you publish with IFSA your book will never go out of print and can be delivered to
customers in a few minutes.

Universal Sensors and Transducers Interface (USTI)

for any sensors and transducers with frequency, period, duty-cycle, time interval,
PWM, phase-shift, pulse number output

* Input frequncy range:
0.05 Hz ... 9 MHz (144 MHz)

* Selectable and constant relative error:
1 ... 0.0005 Y%-forall frequency range

* Scalableresolution

* Non-redundant conversion time

*RS232, SPI, I12€-interfaces

* Rotational speed, rom

*Cx, 50 pF to 100 uF

*Rx, 10 Q to 10 MQ

*Pt100, Pt1000, Pt5000, Cu, Ni

* Resistive Bridges

* PDIP, TQFP, MLF packages

Just make it easy !

http://www.techassist2010.com/ info@techassist2010.com



http://www.sensorsportal.com/HTML/IFSA_Publishing.htm
http://www.sensorsportal.com/HTML/E-SHOP/PRODUCTS_4/USTI.htm

Sensors & Transducers Journal, Vol. 133, Issue 10, October 2011, pp. 65-73

T Sensors & Transducers
e ISSN 1726-5479

www.sensorsportal.com © 2011 by IFSA
http://www.sensorsportal.com
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Abstract: The paper describes the methodology of design and development of fuzzy logic based oven
temperature control system. As simple fuzzy logic controller (FLC) structure with an efficient
realization and a small rule base that can be easily implemented in existing underwater control systems
is proposed. The FLC has been designed using bell-shaped membership function for fuzzification,
49 control rules in its rule base and centre of gravity technique for defuzzification. Analog interface
card with 16-bits resolution is designed to achieve higher precision in temperature measurement and
control. The experimental results of PID and FLC implemented system are drawn for a step input and
presented in a comparative fashion. FLC exhibits fast response and it has got sharp rise time and
smooth control over conventional PID controller. The paper scrupulously discusses the hardware and
software (developed using ‘C’ language) features of the system. Copyright © 2011 IFSA.

Keywords: Fuzzy logic controller, PID, Temperature control, and Computer based control.

1. Introduction

The need for temperature control arises in various fields such as medical, biological, undersea,
industrial and many times in basic scientific research and R&D laboratories. Many physical and
chemical reactions are sensitive to temperature and consequently, temperature control is important in
several industrial processes.

In many applications, temperature control plays a key role in many processes; in addition, precision
and quality control of temperature (with minimum overshoots and undershoots, fast rise and settling
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times) is desirable. Classical control theory usually requires a mathematical model for designing the
controller [1-4]. Inaccurate mathematical modeling of the plants usually degrades the performance of
the controller, especially for nonlinear and complex control problems. Hence the process needs an
alternative control mechanism that assures precision and quality control for even non linear and time
varying systems. Recently, the advent of the fuzzy logic controllers (FLCs) has inspired new resources
for the possible realization of better and more efficient control [5-7]. Fuzzy control offers a key
advantage over traditional adaptive control systems. Fuzzy control which is based on human expert
decision making do not require mathematical model of the plants and is dominant for process control
applications [8-15]. Hence the paper thoroughly discusses application of fuzzy logic for an oven
temperature control system.

2. Measurement Instrumentation
The block diagram of computer based fuzzy logic temperature control system is presented in Fig. 1.

An oven with the following specifications (specifications are mentioned in Table 1) is employed for
the present investigation.

Table 1. Specifications of the Oven.

Description Value
Watt 25 W
Temperature Range 0-90°C
Weight 200 g
Heater Coil Resistance 40 Q

The hardware flow of temperature measurement consists of temperature sensor along with constant
current source, instrumentation amplifier, analog to digital converter, digital input output and timer
card, and personal computer. A temperature sensor PT100 (specifications are mentioned in Table 2)
excited by a constant current source senses the temperature of oven. PT100, connected in feedback
path of an op amp, converts the change in temperature into change in voltage [15]. This small
proportional differential voltage is suitably amplified by a signal conditioner and converted into
equivalent digital data by a 16-bit A/D converter AD 976, which is interfaced to the computer.
Computer acquires digital data from A/D converter, calculates the actual temperature using the
following curve fitted equation, and displays it on the monitor in terms of degree Celsius.

Temperature ‘T in °C = ((V1/V,) — 1)/ a.,

where, Vr is the voltage acquired by the computer at temperature ‘T’, V, is the voltage at zero
temperature, and ‘o’ is the resistance coefficient given as 0.00385 Q/Q/°C.

Table 2. Specifications of the PT100.

Description Value

Resolution +0.01°C

Range -182.96 °C to0 630.74 °C
Resistance Coefficient (o) 0.00385 Q/Q/°C
Linearity Highly linear
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Fig. 1. Block diagram of the computer based oven temperature control system.

3. Control Instrumentation

The control hardware flow consists of digital to analog (D/A) converter, pulse width modulator
(PWM) circuit, opto-coupler, and power MOSFET. After evaluation of the temperature by the
computer, it finds the error (by subtracting measured temperature from the reference temperature) and
change in errors. These errors are applied to the PID and FLC algorithms, which are discussed later.
The controller produces control action according to the errors. The computer then applies this control
action, in the form of digital data, to the heater through DIOT card, 16-bit D/A converter AD 7846,
PWM generator, and power actuator (MOS FET). The ON time of PWM wave varies with digital data.
If digital data is more, ON time will be more and vice-versa. Hence, the power applied to or removed
from the heater through actuator will vary with PWM wave. This procedure is repeated till the oven
temperature reaches the set value. Thus the oven temperature is controlled at the desired value.

4. PID Controller
Improved PID controller algorithm is employed for the present study and is given as,
Vo=Vni+ Kp (€n-en1) T Ki(ent en—l)/zT + Ky/6T [(en - 2€n.1 - 6€n2 + 2€4.3 + 2€44)],

where, K, K;and Kq4are proportional, integral and derivative constants respectively;
V.1 1s the previous control action;

€n, €n.1 are the present and previous errors respectively;

€n-2, €n-3, and €,.4 are previous to previous errors.

The best-tuned K, Kj, and K4 values for the above equation are found to be equal to 1000.0, 0.06, and
10.0 respectively and cycle time T is equal to 1.
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5. Fuzzy Logic Controller

Implementation of a fuzzy logic controller with two input linguistic variables e(k) and ce(k) each with
seven bell-shaped membership functions (NL-Negative Large, NM-Negative Medium, NS-Negative
Small, ZE-Zero Error, PS-Positive Small, PM-Positive Medium, and PL-Positive Large) is shown in
Fig. 2.

Grade of membership (p)

30.0 -15.0 50 -1.0 00 1.0 50 150 30.0
<«—Temperature in °C —»

Fig. 2. Bell-shaped membership functions for error, change in error and output.

Fuzzification unit evaluates fuzzy sets for given e(k) and ce(k) and passes on to the inference engine.
Rule base and decision-making units residing at inference engine generate fuzzy control action using
IF and THEN rules. As an example, the following is a possible control rule generated by the inference
engine,
IF e(k) is the ‘PL’ and ce(k) is ‘PZ’ THEN cu(k) is ‘PM’
Linear control action is evaluated by Mamdani’s fuzzy inference strategy and is represented as,
i=1

R, o muy
7

where, o is the measure of contribution of i rule to the fuzzy control action and p; is the grade of
membership of i possible control element. The weighing factor a; is usually expressed as,

Olf = Mei M Jleei

where, L. and L are the grade of memberships of i™ element in the error and change in error fuzzy
sets.

Finally all the fuzzy evaluated control rules are defuzzified into a single real value using centre of
gravity (COG) method [16],

1

- 1|.Lm1 {wi).wi

7
.Zi Leu (wi)

cu=
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where, w; is the support member value for the i element, and pe, (Wi) is the value of grade of
membership function for i"™ element.

The defuzzified, crisp control action is denoted as cu(k). Further the velocity fuzzy control algorithm
computes the control action applied to the process is as given below,

u = cu(k) +cu(k-1)

where, u is the final control value, cu(k) is present fuzzy computed control action and cu(k-1) is the
previous control action.

6. Software Development

The software development of a computer based fuzzy logic oven temperature control system is
presented in Fig 3 and Fig. 4. PID and fuzzy control algorithms have been implemented using ‘C’
Language. The software is based on the character user interface (CUI), it displays a text menu, which
enable the user to monitor current value of the parameter (speed) being measured and controlled, and
the controller parameters. It also features to enter the new set point; to enter filename to store measured
data; and tune the controller parameters etc.

7. Experimental Validation

Fuzzy logic based controller has been designed and fabricated for oven temperature control system.
The experimental system used in real time control application is shown in Fig. 5. The performance and
efficiency of the fuzzy controller for temperature control application is evaluated by applying several
tests over a wide range of operating conditions. The performance indexes (in terms settling time,
steady state error, overshoot, and under shoot) of the proposed controller are studied under no-load
application in comparatively with the PID controller.

A plot of comparison of step responses of PID and FLC for temperature control application is
presented in Fig. 6 wherein it is observed that the FLC has got better transient and steady state
responses. The numerical results are presented in Table 3. From the experimental study it is observed
that the FLC has got superior performance over PID controller hence, it is concluded that FLC is the
best choice for temperature control application.

Table 3. Experimental results of the computer based temperature control system in absence of load.

Oven Temperature Control System Results in Absence of Load
For a step size of 30 °C (30°C - 60°C)

Sampling Maximum Settling time Steady-State
Controller Interval Overshoot Undershoot (Mingtes) Error Remarks
(min.) (°C) (°C) (°C)
PID 0.01933 0.45 0.07 5.5873 0.19

7-member FLC 0.02283

(Bell function) 1.76 0.07 4.0041 0.19 Better
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Declaration of variables and
functions and initialization of
fuzzy variables and membership
boundaries

\ 4

Initialization of the system

hardware
(DIOT and AIC)

\ 4

Initially switch off heater & read
the current temperature through
AlIC

(Call A/D Conversion routine)
Temperature in °C =
2.618*(V*1000)+10.39 - 273.0

y

Display the measured temperature
& prompt the user to enter the
set-point temperature

&
l

A

y

Measure the current temperature
through AIC

(Call A/D Conversion routine)

Temperature in °C =
2.618*(V*1000)+10.39 - 273.0

A 4

Compute the error ‘E’ and change
in error ‘CE’
E = (set-point — measured value)/set-point

CE = present error — previous error

A

y

Fuzzy computation

Scale the fuzzy computed control

action (CU) to 16-bit DAC range

(Control action ‘CU’ =cu_1+ cu)
(Count = cu*2.0)

NO

YES

Send the same previous control
action

A 4

Send scaled fuzzy control action

(count) to the a

ctuator through

AIC

(Call D/A conversion routine)
h_byte = count/256 & |_byte = count%256

A 4

Display menu

on the monitor

(measured temperature, new set point
temperature, fuzzy parameters etc.)

A

y

Scan keyboard for a key press
(To enter change set-point temperature, fuzzy
controller tuning, write sampled data to a file,

quit the program, etc.)
If no key is pressed, dolnitiate conversion by

making R/ C

T.ow for 100 ns

A 4

Sample the temperature and time
into an array

A 4

Update fuzzy variables
(enl and cu 1)

Fig. 3. Flowchart of the computer based FLC oven temperature control system.
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¥
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DAC 1 hute =V %054

: i
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Fig. 5. Photograph of the experimental setup and working model of an oven temperature control system.

. 133, Issue 10, October 2011, pp. 65-73

v Fuzzification ¢
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v
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TEMPERATURE CONTROL SYSTEM

62 7 comparison of step inputresponses of PID and FLC
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Fig. 6. Comparison of step input responses of PID and FLC for temperature control application under no-load.

8. Conclusion

Experimental validation of the system concludes that fuzzy controller is better than PID controller.
Fuzzy controller exhibits better response in transient state and the steady state response of the fuzzy
controller and is also better comparable with the PID controller. Bell shaped membership function is
ideal for fuzzification. The computational speed is also reasonable for seven members bell shaped
fuzzification/defuzzification.

9. Future Enhancement

In future it is intended to study the performance of fuzzy controllers under consideration of load and
noise. Work extends to design CYGNAL C8051F020 microcontroller based fuzzy controllers for
process control and underwater control applications. And to design fuzzy hardware chips using
CPLD/FPGA devices using VHDL software.
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