


  
  

SSeennssoorrss  &&  TTrraannssdduucceerrss  
  

Volume 97 
Issue 10 
October 2008  

www.sensorsportal.com  ISSN 1726-5479 

Editor-in-Chief: professor Sergey Y. Yurish, phone: +34 696067716, fax: +34 93 4011989, 
e-mail: editor@sensorsportal.com 

 
Editors for Western Europe 
Meijer, Gerard C.M., Delft University of Technology, The Netherlands 
Ferrari, Vittorio, UUnniivveerrssiittáá  ddii  BBrreesscciiaa,,  IIttaaly 
 
Editors for North America 
Datskos, Panos G., OOaakk  RRiiddggee  NNaattiioonnaall  LLaabboorraattoorryy,,  UUSSAA 
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 

 

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 
Bahreyni, Behraad, University of Manitoba, Canada 
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 
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 
Chen, Jiming, Zhejiang University, China 
Chen, Rongshun, National Tsing Hua University, Taiwan 
Cheng, Kuo-Sheng, National Cheng Kung University, 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 
Dimitropoulos, Panos, University of Thessaly, Greece 
Ding Jian, Ning, Jiangsu University, China 
Djordjevich, Alexandar, City University of Hong Kong, Hong Kong 
Ko, Sang Choon, Electronics and Telecommunications Research Institute, 

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, University 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 
Hashsham, Syed, Michigan State University, USA 
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 
Khan, Asif, Aligarh Muslim University, Aligarh, India 
Kim, Min Young, Koh Young Technology, Inc., Korea South 



Korea South 
Kockar, Hakan, Balikesir University, Turkey 
Kotulska, Malgorzata, Wroclaw University of Technology, Poland 
Kratz, Henrik, Uppsala University, Sweden 
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, Genxi, Nanjing University, China 
Li, Hui, Shanghai Jiaotong University, China 
Li, Xian-Fang, Central South University, China 
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, Universidade NOVA de Lisboa, Portugal 
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 
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 Autónoma de Puebla, 

Mexico 
Moradi, Majid, University of Kerman, Iran 
Morello, Rosario, DIMET, University "Mediterranea" of Reggio Calabria, 

Italy 
Mounir, Ben Ali, University of Sousse, Tunisia 
Mukhopadhyay, Subhas, Massey University, New Zealand 
Neelamegam, Periasamy, Sastra Deemed University, India 
Neshkova, Milka, Bulgarian Academy of Sciences, Bulgaria 
Oberhammer, Joachim, Royal Institute of Technology, Sweden 
Ould Lahoucin, 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 
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 
Seif, Selemani, Alabama A & M University, USA 
Seifter, Achim, Los Alamos National Laboratory, USA 
Sengupta, Deepak, Advance Bio-Photonics, India 
Shearwood, Christopher, Nanyang Technological University, Singapore 
Shin, Kyuho, Samsung Advanced Institute of Technology, Korea 
Shmaliy, Yuriy, Kharkiv National University of Radio Electronics, 

Ukraine 
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., Northwestern University, USA 
Stefan-van Staden, Raluca-Ioana, University of Pretoria, South Africa 
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, Zhiqiang, Central South University, China 
Suri, C. Raman, Institute of Microbial Technology, India 
Sysoev, Victor, Saratov State Technical University, Russia 
Szewczyk, Roman, Industrial Research Institute 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 
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 
Vaseashta, Ashok, Marshall University, USA 
Vazques, 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, Advanced Micro Devices, 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 University 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, Tao, University of California, Irvine, USA 
Yang, Dongfang, National Research Council, Canada 
Yang, Wuqiang, The University of Manchester, UK 
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 
Zagnoni, Michele, University of Southampton, UK 
Zeni, Luigi, Second University of Naples, Italy 
Zhong, Haoxiang, Henan Normal University, China 
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 
Zhou, Zhi-Gang, Tsinghua University, China 
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 CD-ROM. Copyright © 2007 by International Frequency Sensor Association. All rights reserved. 



  SSeennssoorrss  &&  TTrraannssdduucceerrss  JJoouurrnnaall   
  

  

CCoonntteennttss  
  

Volume 97 
Issue 10 
October 2008  

www.sensorsportal.com  ISSN 1726-5479 

 
 

Research Articles 
 

An Artificial Neural Network Based System for Measurement of Humidity and Temperature 
Using Capacitive Humidity Sensor and Thermistor 
Debangshu Dey, Sugata Munshi........................................................................................................  1 
  
A Soft Technique for Fault Detection and Identification in Mechanical Systems 
Sunan Huang, Kok Kiong Tan, Tong Heng Lee.................................................................................   11 
  
Genetic Algorithms for Level Control in a Real Time Process 
S. M. GirirajKumar, R. Sivasankar, T. K. Radhakrishnan, V. Dharmalingam and N. Anantharaman  22 
  
Performance of Globally Linearized Controller and Two Region Fuzzy Logic Controller on a 
Nonlinear Process 
N. Jaya, D. Sivakumar, R. Anandanatarajan......................................................................................  34 
  
Instrumentation to Estimate the Moisture Content in Bread Using Electrical Impedance 
Spectroscopy 
Chintan M. Bhatt And J. Nagaraju......................................................................................................  45 
  
Producing Gas-selective Electrochemical Microsensors by Tuning Solid Electrolyte 
Composition 
Erika Shoemaker Ellis, Michael C. Vogt.............................................................................................  55 
  
Electrical and gas Sensing Properties of SnO2 Thick Film Resistors Prepared by Screen-
printing Method 
R. Y. Borse and A. S. Garde. .............................................................................................................  64 
  
Humidity Sensor Studies on Dy1-xSrxCrO3 (0 ≤ x ≤ 0.1) Synthesized by Microwave Assisted 
Combustion Method 
D. Lakshmi and R. Sundaram ............................................................................................................  74 
  
Influence of Moisture Absorption and Content of Graphite Filler on Electrical Property of 
Sensors and Transducers Enclosures and Phenomena of Electrostriction in Glass- Epoxy 
Composites 
B. Shivamurthy, Siddaramaiah, M. S. Prabhuswamy, B. S. Shailesh, T. K. Basak and  
N. A. Jnanesh .....................................................................................................................................  80 
  

 
 
 
 
 

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). 



Sensors & Transducers Journal, Vol. 97, Issue 10, October 2008, pp. 1-10 

 1

   
SSSeeennnsssooorrrsss   &&&   TTTrrraaannnsssddduuuccceeerrrsss  

ISSN 1726-5479
© 2008 by IFSA

http://www.sensorsportal.com   
 
 
 
 
 
 

An Artificial Neural Network Based System for Measurement 
of Humidity and Temperature Using Capacitive Humidity 

Sensor and Thermistor 
 

Debangshu Dey, Sugata Munshi 
Dept. of Electrical Engg., Jadavpur University 

Kolkata-700032, India 
E-mail: debangshudey80@gmail.com, smunshi@ee.jdvu.ac.in 

 
 

Received: 25 March 2008   /Accepted: 22 October 2008   /Published: 31 October 2008 
 

 
Abstract: The present paper reported a system for simultaneous measurement of humidity and 
temperature, employing a capacitive humidity sensor and a thermistor placed in a 555 linear circuit 
operating in the astable multivibrator mode. The output of the circuit, after further conditioning, is 
processed by an appropriately trained artificial neutral network (ANN) to yield the % relative humidity 
and temperature values. The efficiency of the system has been tested by numerical simulation studies. 
The versatility of the arrangement from the point of view of accuracy and cost-effectiveness has been 
established by comparison with other reported schemes for humidity and temperature measurement. 
Copyright © 2008 IFSA. 
 
Keywords: Capacitive humidity sensor, Thermistor, Artificial neutral network, 555 timer 
 
 
 
1. Introduction 
 
Knowledge of humidity is not only important for weather-related measurements but also for the 
operation and/or automatic control of many industrial process and a few domestic appliances as well. 
The domain extends from pharmaceutical food processing industries to the humidity control 
mechanisms for microwave ovens, tumble dryers and humidifiers. Many of such applications require 
the simultaneous sensing of temperature and humidity. 
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Earlier, mechanical hydrometers were extensively used for measurement of humidity. [1] However with 
the rapid development of electronic instrumentation systems, and also with the spurt in the sensing 
related to humidity control applications, mechanical hygrometers could not evade the all-pervading on-
slaught of electronics. People started looking for electronic sensors which are both inexpensive and 
reliable. This triggered the development of a bunch of parametric humidity sensors over decades, 
ranging from variants of resistive sensors and capacitive sensors [2-9] also commonly referred to as 
humistors. An electronic version of the dry and wet bulb hygrometer was also developed [10], which 
employed quartz crystal as temperature sensors and utilized an EPROM based look-up table to yield 
the relative humidity from the dry and wet temperatures. On the other hand, recent advances in soft-
computing methods have resulted in their successful applications in different fields of engineering. One 
of the important applications of these techniques is in single or multidimensional nonlinear 
mathematical fitting for pattern classification or function approximation. In particular, artificial neutral 
networks (ANN) have been quite successful in this area. ANNs can therefore be conveniently utilized 
also in the realm of sensor signal processing. As the simplest example, the output of the transducer 
may be processed by a properly trained ANN to yield the value of the physical variable under 
measurement. Since in this application, the incorporation of the trained neutral network effectively 
results in system with quasi-linear transfer characteristic, it is often referred to as the linearizer. 
 
The present paper proposes a novel scheme for simultaneous measurement of relative humidity and 
temperature by employing a capacitive humistor and a theirmistor with negative temperature 
coefficient (NTC) placed in a 555 timer circuit working in the astable mode. The circuit output, after 
further conditioning, is processed by an ANN. It is can be easily programmed in a microcontroller and 
the arrangement is thus within the means of common users. The performances of the arrangement has 
been assessed by numerical simulation and compared with that of a novel low-cost ANN based 
psychrometer already reported by the authors. 
 
 
2. Capacitive Humidity Sensor – an Overview 
 
The capacitive humidity sensor (often known by the acronym humistor) consists of a dielectric that has 
the ability to absorb water and the permittivity is dependent on humidity [4, 5, 9, 11]. The dielectrics 
that are usually used are aluminium oxide or special type of polymer. One or both of the electrodes 
consist of a metal which is permeable to water vapour. In one variety, the dielectric is coated on both 
sides with gold, so as to form a parallel plate capacitor and the configuration is housed in a perforated 
plastic case. In another variety, one electrode is a layer of tantalum deposited on glass substrate and the 
other is a thin layer of chromium under high tensile stress, so that it takes into a fine mosaic. In both 
cases, water molecules pass into the dielectric through the perforated electrodes, and capacitance 
becomes a function of the humidity of the environment to which the sensor is exposed. As humidity 
increases the capacitance also increases, but not in a linear manner. Revolutionary advancements in 
thin film technology and advent of highly efficient software for optimizing sensor geometries have 
enabled the manufacturers to come up with capacitive humistors with considerably reduced 
nonlinearity of the transfer characteristics. 
 
The capacitive sensors for humidity measurement are characterized by high stability and most air 
pollutants, except some solvents e.g. acetone, alcohol, benzene and ethyl alcohol etc, have almost no 
effect on their performance. However, for such sensors, temperature is an important interfering 
physical variable, which calls for appropriate compensation techniques. The capacitance value 
increases with increase in temperature. 
 
 
 
 



Sensors & Transducers Journal, Vol. 97, Issue 10, October 2008, pp. 1-10 

 3

3. The Proposed Scheme 
 
3.1. Underlying Principle 
 
The 555 timer is a multipurpose but low cost IC which serves as the basic building block for wide 
variety of circuits. In the present application, the IC is used in the astable multivibrator mode [12, 13] 
and the circuit for such operation is shown in Fig. 1. 
 
 

 
 

Fig. 1. 555 Timer in Astable mode 
 
 

The frequency or the repetition rate of the output pulses from 555 timer circuit in astable mode is 
determined by the values of the two resistors R1 and R2 and by that of the timing capacitor C. The 
frequency is approximately, 
 
 f = 1.44 / [(R1+R2) C] (1) 
 
The duration T1 of the HIGH level (ON time) and duration T2 of the LOW level (OFF time) of the pulse 
train as indicated in Fig. 2, are approximately given by, 
 
 T1 = 0.69 (R1+R2) C (2) 
 
and 
 
 T2 = 0.69 R2C (3) 
 
The capacitive humistor Cs forms the timing capacitor C and an NTC thermistor (Th1) forms the 
resistor R1. The ambient temperature sensed by the thermistor is one of the measurands, and it is also 
utilized for compensating the temperature–dependence of the humistor capacitance. R2 is a fixed 
resistance, appropriately chosen, so that the frequency of output pulse train of the astable circuit lies 
within the operating frequency range of the 555 timer IC. 
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 Time 
 

Fig. 2. Output Waveform from 555 timer Output Pin. 
 
 
Here, since R2 is fixed, the measured values of ‘ON TIME’ and ‘OFF TIME’ have direct dependence 
on the values of C and R1 and hence on humidity and temperature. The values of T1 and T2 are 
extracted by appropriate means and they are processed by a multilayered ANN to yield the relative 
humidity and temperature of the ambient. In the present case, since the humidity sensor of even a 
cheap variety has a transfer characteristic with reasonably decent linearity, and the nonlinear 
psychrometric curves are dispensed with the task of neural computation is easier, the only other 
nonlinearity being that of the thermistor characteristic. Thus in this work a much simple error-
compensated and unified measurement arrangement has been developed involving the humidity and 
temperature sensors, the resulting in a low-cost and compact transducer for simultaneous measurement 
of humidity and temperature. 
 
 
3.2. The Complete Measurement System 
 
Block diagram representations of two possible realizations of the complete measurement set-up are 
shown in Fig. 3. 
 
The implementation depicted in Fig. 3(a) assumes that the ‘ON’ time and ‘OFF’ time values of the 
astable multivibrator output are obtained using digital hardware (referred to as the signal conditioning 
circuit) and these values are processed by the ANN linearizer programmed in an ANN chip. The circuit 
for time duration measurement usually utilizes a known high frequency pulse train and calculates the 
time interval under measurement by counting the number of high frequency pulses accommodated 
within such interval [14, 15]. 
 
In the alternative shown in Fig. 3(b) it is intended that the output of the astable circuit will be taken to 
microcontroller or PC based system. Here, a software module will determine the values of T1 and T2 
which will be utilized as before, by an ANN linearizer for further processing. 
 
In both the cases considered, linearization by artificial neural network utilizes the ability of such 
networks to learn during the calibration phase, the complex relation between a set of input variables 
and a set of output variables (measurands) and thereby to predict the unknown values of measurands 
corresponding to known values of the input variables [16]. Here the measurands are the ambient 
temperatures (Td) and the % Relative Humidity, while the input variables are the ‘ON’ time (T1) and 
‘OFF’ time (T2) determined either by hardware or by software technique. Thus one possibility is to have 
the astable multivibrator circuit comprising the sensors followed by the hardware arrangement for 
measuring T1 and T2 and subsequently by an ANN algorithm programmed in an ANN chip, 
constituting a complete system. Another option is to combine the multivibrator with the sensors and 
the preprocessing software (for obtaining T1 and T2) and ANN processing algorithm programmed in a 



Sensors & Transducers Journal, Vol. 97, Issue 10, October 2008, pp. 1-10 

 5

microcontroller, to form a ready-to-use system. The third and simplest alternative is to only have the 
astable circuit containing the sensors as the hardware unit and relevant software for the neural 
linearizer. The users of this product may then couple this hardware unit to their own computer or 
microcontroller, where the program for the neural signal processing should also be loaded. 
 
 

 
 

Fig. 3. Block Diagram Representations of the Proposed Scheme. 
 
 
4. ANN Linearizer 
 
Artificial neural networks (ANN) are processing elements based on the principle of work of human 
brain [17, 18]. An ANN consists of a set of artificial neurons or processing units and their connections 
which are called weights and biases. ANN learns i.e. adjusts its weights and biases from input-output 
data called examples. As ANNs are model-free estimators, it is not necessary to presume a model 
function that relates the input-output data pairs. Artificial neural networks are extensively useful in a 
wide spectrum of applications such as signal and image processing, pattern recognition [19], control 
systems [20] and instrumentation also [21]. As ANNs possess nonlinear characteristics, they are very 
useful in solving complex and nonlinear problems. They provide better and more accurate results as 
compared to linear techniques. 
 
In both the schemes in the present work a multi-layered (2-20-2) feed forward neural network has been 
considered. It has input layer with two input node, a hidden layer ANN with twenty nodes and output 
layer with two nodes. Each hidden node multiplies every input by its weight and sums the product and 
then passes the sum through the sigmoid function. The outputs from the output layer of the neural 
network are compared to the target value of the training data function to calculate the error. 
 
 
5. Algorithm for Training the Artificial Neural Network 
 
It is evident that adjusting the weights and biases during the training of an ANN is a problem of 
optimization. The training algorithm optimizes the weight and bias values of the network such that it 
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understands the underlying relation of the input and output data pattern. So any local or global 
optimization technique can be applied for the training of a feed forward neural network. But the 
problem with local optimization methods lie in the fact that, if the error surface is highly corrugated 
i.e. there exists many local minima, then the local optimization methods can converge to a local 
solution. Therefore the quality of training i.e. how good the trained network will perform depends on 
several factors, like dimensionality of the objective function, nature of the error surface for a given 
problem and network structure [22]. If gradient information of error surface is available gradient based 
algorithms can be successfully used. The most popular one among these is the gradient based back 
propagation algorithms. If gradient information is not available and also the function of the error 
surface is non-differentiable then some different approach, like stochastic algorithms may be applied. 
Simulated annealing is used for networks with non differentiable transfer functions in [23]. An 
alternative way is to use evolutionary algorithm based global optimization techniques such as 
Differential Evolution (DE) [24] for this purpose. The differential evolution based training method is 
successfully applied and discussed in [25] and a generalized approach using evolutionary methods for 
evolving neural networks is investigated in [26]. For large feed forward neural networks the most 
popular training methods like back propagation etc, become inefficient because of local minima and 
also for a very large computational load that increase execution time and memory usage. On the other 
hand stochastic algorithms posses slow convergence characteristics. As a solution hybrid of gradient 
based optimization methods and evolutionary algorithms is studied in [27, 28]. Better initialization of 
the gradient based algorithms may also be a solution. In this work evolutionary algorithm based 
Differential Evolution (DE) algorithm is used for ANN training. Thus the weights and biases of the 
network are initialized with DE and thereafter this initialized network is again trained with the help of 
Levenberg-Marquadt algorithm. 
 
 
6. A Novel ANN Based Psychrometer 
 
The author have already reported [29] an intelligent psychrometer for humidity and temperature 
measurement, which is a variant of the present scheme. The core of the psychrometer is the same 555 
IC based astable multivibrator. R1 and R2 are two NTC thermistors for sensing dry temperature (td) and 
wet temperature (tw) respectively. A timing capacitor C of suitable value is used. On variation of 
humidity and temperature, R1 and R2 and consequently T1 and T2 will change. Thus on measuring T1 
and T2, the thermistor resistances R1 and R2 can be calculated and a prior-knowledge of the resistance-
temperature data of the thermistors will subsequently give td and tw respectively. From standard 
psychrometric data, the relative humidity can then be obtained the relative humidity and ambient 
temperature (td) values. The ANN used in the psychrometer is exactly similar is structure to the ANN 
used in the present work and identical training methodology has been deployed. 
 
 
7. Simulation and Results 
 
The simulation and testing of the schemes have been carried out using SIMULINK and Neural 
Network Toolbox of MATLAB 6.5 in a Pentium 4 processor based PC. UUA 33J4 thermistors of 
Omega Engineering have been considered as temperature sensors and their resistance-temperature data 
obtained from the manufacturer [30] have been utilized for simulation. 
 
Capacitive humidity sensor 2322 691 90001 of PHILIPS has been considered here [6]. The capacitance 
vs. %RH characteristic of the sensor has a certain amount of nonlinearity, but not to a great extent as 
shown in the Fig. 4. The transfer curve of the sensor considered here is far more nonlinear compared to 
the other variants of capacitive humistors which are more costly. The pleasure of using a cheaper 
humistor could be afforded since the linearity of the transfer relation sacrificed as a consequence, does 
not pose any appreciable problem, because neural computation is used to predict the humidity. 
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Fig. 4. Transfer Characteristic of 2322 691 90001(PHILIPS) Capacitive Humidity Sensor. 
 
 
The capacitance of the humistor and the humidity are related by the equation 
 
 Cs/Cs(12%) =0.985+0.34(Hrel / 100)1.4 , 
 
where Hrel is the percentage relative humidity (%RH); Cs is the capacitance value of the sensor; Cs(12%) 
is the capacitance value of the sensor at 12% RH(Hrel=12%). 
 
The capacitance value has a temperature coefficient of 0.1%/K. During training of the ANN in both the 
schemes100 epochs (iterations) are used for initialization of the weights and biases of the network by 
DE algorithm and the initialized network is then trained using 350 epochs (iterations) with Levenberg-
Marquadt algorithm. 
 
The errors in the measured (i.e. predicted by the ANN) values of ambient temperature and relative 
humidity have been expressed as percentage of the full scale values of the measurands. The error curves 
for the proposed scheme are given in Figs. 5 and 6. The percentage full scale errors in %RH and 
Temperature for both the schemes are compared in Table 1 and in Table 2 respectively. 
 
As revealed by the results tabulated in Table-1, the performance of the proposed capacitive humistor 
based scheme, with respect to humidity measurement, is much superior to than that of the 
psychrometer reported by the authors. This is not contrary to expectation, since the capacitive humistor 
has a transfer characteristic with decent linearity while the psychrometer uses two NTC thermistors 
which have highly nonlinear resistance-temperature characteristics. However, the performances of 
both the arrangements as regards temperature measurement are almost same. 
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Fig. 5. Percentage Full-scale Error variation with % RH for present scheme. 
 
 

 
 

Fig. 6. Percentage Full-scale Error variation with Temperature for present scheme. 
 
 

Table 1. Comparison between full scale errors of the measurement schemes for %RH. 
 

%Full Scale Error in the measured value of %Relative Humidity 
 Present Scheme Intelligent Psychrometer 
Max Error (positive) 0.0157 0.07 
Max. Error (negative) -0.0115 -0.09 
RMS Error 0.0033 0.023 

 
 

Table 2. Comparison between full scale errors of the measurement schemes for Temperature. 
 

 

%Full Scale Error in the measured value of Temperature 
 Present Scheme Intelligent Psychrometer

Max Error (positive) 0.046 0.063 
Max Error (negative) -0.057 -0.083 
RMS Error 0.0258 0.0198 
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8. Conclusions 
 
In this work a simple scheme for measurement of relative humidity and temperature has been devised 
and its performance has been tested by simulation. It can be easily appreciated that the scheme is not 
only practically feasible but can also be expected to be manufactured commercially because of its case 
of implementation and low cost. The assessed errors have been substantially low, thereby guaranteeing 
fairly accurate measurements. The humidity measurement is much more accurate compared to that by 
author novel, low cost system developed by the authors, while the temperature measurement errors are 
comparable. However the cost of the system in this paper is higher. In another work by A. Chatterjee et 
al [16] the RMS (% full scale) error in humidity measurement is 0.0576, while in the present scheme it 
is only 0.0033. Finally it is worthy to mention that though a system for simultaneous measurement of 
humidity and temperature with lower error had been reported [7] such a system is much costly than its 
proposed system. Thus the efficacy of the system presented in this paper is evident. 
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