
http://www.sensorsportal.com/HTML/DIGEST/Journal_Subscription_2012.htm


  
  

SSeennssoorrss  &&  TTrraannssdduucceerrss  

  

Volume 136, Issue 1 
January 2012 

wwwwww..sseennssoorrssppoorrttaall..ccoomm  ISSN 1726-5479 

 

Editors-in-Chief: Sergey Y. Yurish, tel.: +34 93 413 7941, e-mail: editor@sensorsportal.com 
 

Editors for Western Europe 
Meijer, Gerard C.M., Delft University of Technology, The Netherlands 
Ferrari, Vittorio, Universitá 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 South America 
Costa-Felix, Rodrigo, Inmetro, Brazil 
 

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.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 
Ko, Sang Choon, Electronics. and Telecom. Research Inst., Korea South 
Kotulska, Malgorzata, Wroclaw University of Technology, Poland 

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 
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 
Sandacci, Serghei, Sensor Technology Ltd., UK 
Saxena, Vibha, Bhbha Atomic Research Centre, Mumbai, India 

http://www.sensorsportal.com/


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

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 
Soleymanpour, Ahmad, Damghan Basic Science University, Iran 
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 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 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 136 
Issue 1 
January 2012 

www.sensorsportal.com  ISSN 1726-5479 

 
 

Research Articles 
 

Digital Sensors and Sensor Systems: Practical Design  
Book Review………………………………………………………………………………………………….. I 
  
Fast and Simple Measurement of Position Changes 
White Paper, iC-Haus GmbH……………………………………………………………………………….. IV 
  
A Novel Method of Linearizing Thermistor Characteristic Using Voltage Controlled 
Oscillator 
Narayana K. V. L and Bhujanga Rao A..............................................................................................  1 
  
A Data Acquisition System Based on DSP for Mechanical Nanoscale Displacement Sensor 
Yong Yu, Qian Wu, Hanyu Sun, Zhengwei Li and Yunjian Ge ..........................................................   12 
  
Modified AC Wheatstone Bridge Network for Accurate Measurement of Pressure Using 
Strain Gauge Type Pressure Sensor 
Subrata Chattopadhyay, Mahuya Banerjee and Sagarika Pal...........................................................  25 
  
Fingerprint Sensors: Liveness Detection Issue and Hardware based Solutions 
Shahzad Memon, Nadarajah Manivannan, Azad Noor, Wamadeva Balachadran,  
Nikolaos V. Boulgouris .......................................................................................................................  35 
  
Fiber Optic Vibration Sensor Using Pmma Fiber for Real Time Monitoring 
P. Kishore, D. Dinakar , D. Sen Gupta, P. Saidi Reddy, M. Sai Shankar, K. Srimannarayana ..................   50 
  
ARM Processor Based Multisensor System Design for the Measurement  
of Environmental Parameters 
NarasimhaMurthy Yayavaram, Soundara Rajan, Vishnu Vardhan....................................................  59 
  
A Decoupling Algorithm Based on Homotopy Theory for 3-D Tactile Sensor Arrays 
Junxiang Ding, Yunjian Ge, Yuan Wang, Zhaohui Wang ..................................................................  72 
  
Digital Imaging and Piezo-dispenser Actuator in Automatic Flocculation Control 
Jani Tomperi, Markus Honkanen, Pasi Kallio, Kauko Leiviskä, Pentti Saarenrinne, Iiris Joensuu, 
Marjatta Piironen ................................................................................................................................  83 
  
An Embedded Web based Real Time Application for Remote Monitoring & Controlling of 
MST RADAR Transmitters 
Nagabhushan Raju Konduru, Lakshmi Narayana Roshanna, Rajendra Prasad Thommundru, 
Chandrasekhar Reddy Devanna ........................................................................................................  96 
  
Advanced Oscilloscope Triggering Based on Signal Frequency 
Shakeb A. Khan, Alka Nigam, A. K. Agarwala, Mini S. Thomas, T. Islam 105 
  
Pyramidal Traceability Hierarchy for Pressure Measurements and Calibrations  
at NIS- Egypt 
A. A. Eltawil.........................................................................................................................................  118 

http://www.sensorsportal.com/


  
Fuzzy Logic Based Autonomous Traffic Control System 
Muhammad Abbas, M. Saleem Khan, Nasir Ali and Syed Fazil ........................................................  132 
  
Potential of Piezoelectric Sensors in Bio-signal Acquisition 
Dipali Bansal.......................................................................................................................................  147 
  
Measurement and Analysis of Sodium in Vegetables Using ATmega16 Microcontroller 
Based Spectrophotometer 
K. Murugananthan and P. Neelamegam.. ..........................................................................................  158 
  

 
 

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/Inertial_Combo_Sensors_Market.htm
http://www.sensorsportal.com/HTML/Detectors_for_Thermography.htm


  
  

  
  

  
 

http://www.iaria.org/conferences2012/SENSORDEVICES12.html
http://www.iaria.org/conferences2012/SENSORCOMM12.html
http://www.iaria.org/conferences2012/CENICS12.html


Sensors & Transducers Journal, Vol. 136, Issue 1, January 2012, pp. 158-165 

 158

   
SSSeeennnsssooorrrsss   &&&   TTTrrraaannnsssddduuuccceeerrrsss  

ISSN 1726-5479
© 2012 by IFSA

http://www.sensorsportal.com   
 
 
 
 
 
 

Measurement and Analysis of Sodium in Vegetables  
Using ATmega16 Microcontroller Based Spectrophotometer 

 
K. Murugananthan and 1 P. Neelamegam 

PG and Research Department of Physics, A.V.V.M Sri Pushpam College (Autonomous), 
Poondi-613 503, Thanjavur, Tamil Nadu, India 

1 Department of Electronics & Instrumentation Engineering, SASTRA University,  
Thanjavur – 613 402, Tamil Nadu, India 

Email:drkmsys@yahoo.com, neelkeer@yahoo.com 
 
 

Received: 5 October 2012   /Accepted: 24 January 2012   /Published: 28 January 2012 
 
 
Abstract: ATmega16 microcontroller based portable and inexpensive spectrophotometric system is 
developed to determine sodium ion concentration in vegetable samples. Light Emitting Diode 0f wave 
length 530 nm as light source and photodiode as light detector are used for measurement. The 
developed instrument is used to measure the absorbance, calculate the concentration of sodium in the 
sample and display the result. This method is based on the reaction between sodium ion with reagent 
and form a brownish colored complex which gives the maximum absorbance at 530 nm of wavelength. 
Statistical analyzes are carried out to check the performance of the developed instrument. Linear 
regression analysis reveals the excellent correlation with correlation coefficient (r) of 0.99864. The 
developed system shows the good performance characteristics and the results are in good agreement 
with 98 % of confidence level in comparison with current clinical spectrophotometric method. 
Copyright © 2012 IFSA. 
 
Keywords: Microcontroller, LED, Spectrophotometer, Sodium, Vegetables sample. 
 
 
 
1. Introduction 
 
Sodium is the one of the primary electrolytes which involved in the regulation of water content in the 
body and help to preserve the electrolyte balance inside and outside of cells [1]. It is essential to 
maintain the correct balance of the body fluids and it is important in nerves and muscles to work. 
Eating vegetable is one of the tried and true recommendations for a healthy diet. Although all 
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vegetables likely contribute to benefit, green leafy vegetables such as lettuce, spinach, Swiss chard, 
and mustard greens; cruciferous vegetables such as broccoli, cauliflower, cabbage, Brussels sprouts, 
and kale make important contributions [2, 3]. Eating plenty of sodium rich vegetables helps to reduce 
heart disease and stroke, control blood pressure, avoid a painful intestinal ailment called diverticulitis, 
and guard against cataract and macular degeneration are the two common causes of vision losses. 
Health benefits of consuming vegetables have been well documented [4]. Further, greater consumption 
of high sodium vegetables has been shown to be associated with a reduced risk of cardiovascular 
disease (heart attack and stroke), kidney disease due to the additional retention of sodium and water 
necessary for the kidney to excrete excessive amounts of salt [5], and type-2 diabetes. The high sodium 
intake has been shown negative impact on health sometime. Excessive intake of sodium increases 
blood pressure and leads to the resulting risk of hypertension [6]. 
 
Previous research works have suggested that, the embedded system based instrument for the 
measurement of nutritionally important mineral sodium concentration is very few. Hence the present 
work deals with the development of embedded system based spectrophotometer instrument to 
overcome the difficulties, which prevail in the conventional methods. The designed instrument obeys 
Beer-Lambert’s law. The developed instrument takes the full advantages of microcontroller features 
and its reprogrammable facility 
 
 
2. Experimental 
 
2.1. Design of Hardware 
 
The Block diagram of microcontroller based spectrophotometric instrument to measure sodium ions in 
vegetable samples is shown in the Fig. 1 and the circuit diagram of the instrumentation set up is shown 
in Fig. 2. Block A contain monochromatic light source LED of 530 nm of wavelength. LEDs offer a 
number of advantages compared to existing light sources in optoelectronic applications [7]. These 
include increased lifetime, low cost, reduced power consumption, higher brightness, rugged 
construction, flexible configuration, enhanced spectral purity, small size, and breadth of spectral range 
(LEDs in the spectral range ca. 247-1550 nm are commercially available) [8, 9]. The sample holder 
used to hold the test tube of solutions containing blank, standard and the unknown sample solutions, is 
kept in Block B. The Block C work as a signal conditioning unit consists of S1336-8BQ photodiode 
and CA 3140 (PDIP, SOIC) operation amplifier. The optical sensor S1336-8BQ (Si photodiode -
HAMAHATSU PHOTONICS) is used to detect the amount of transmitted light from the solutions. 
These Si photodiode also has sensitivity in the UV to near IR range. Active area of photodiode is  
5.8 - 5.8 and photosensitivity of the diode is 0.12 (A/W). It has excellent linearity with respect to 
incident light, low noise, wide spectral response range and long life [10]. The pins of the photodiode 
are connected to the inverting and non-inverting input (Pin No 2 and 3) of the CA3140 operational 
amplifier. The CA3140 is integrated circuit operational amplifiers that combine the advantages of high 
voltage PMOS transistors with high voltage bipolar transistors on a single monolithic chip. It is a low 
cost, low inverting current noise op-amp compared with wideband current feedback op amps. High 
slew rate, very high input Impedance, very low input current and directly replaces industry type 741 in 
most applications [11]. The Op-Amp convert the current from photo diode to voltage and the output 
voltage is connected to pin PA0 (ADC0) of the microcontroller (pin number 37). 
 
Block D consists of ATmega16 microcontroller. It is a 44 pin microcontroller (TQFP/QFN/MLF) with 
In-System Programmable (ISP) facility. It is a low-power CMOS 8-bit microcontroller based on the 
AVR enhanced RISC architecture. By executing powerful instructions in a single clock cycle, the 
microcontroller ATmega16 achieves throughputs approaching 1MIPS per MHz allowing the system to 
optimize power consumption versus processing speed. It has 32 bidirectional I/O lines namely Port 
A(PA0-PA7), Port B(PB0-PB7), Port C(PC0-PC7) and Port D(PD0-PD7). It has 16 Kb of Flash 
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Program memory with read-while-write capabilities, 512 Byte of EEPROM, 1KB SRAM data storage, 
32 general purpose working registers, a JTAG interface for Boundary-scan, On-chip Debugging 
support and programming, three flexible Timer/Counters with compare modes and PWM, Internal and 
External Interrupts, a serial programmable USART, a byte oriented Two-wire Serial Interface, an  
8-channel 10-bit analog to digital convertor (ADC) with optional differential input stage with 
programmable gain [12,13]. It is used to read the voltage for the blank, standard and the sample from 
the output of operation amplifier. 
 
 

 
 

Fig. 1. Block Diagram of ATmega16 Microcontroller based sodium ion analyzer. 
 
 

 
 

Fig. 2.The circuit diagram of ATmega16 microcontroller based designed instrument setup. 
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Block E consists of FM51 temperature sensor. Throughout the measurement system, temperature is 
measured and controlled at 37 ºC which is essential for/to incubate the sample for better reagent and 
sample contact. The FM51 is a high-precision CMOS temperature sensor that provides a cost-effective 
solution for applications requiring high accuracy temperature monitoring and high drive current. The 
FM51 output voltage ramp is extremely linear and has a slope of 10 mV/°C [14]. It is typically 
accurate to ±1 °C over a temperature range of -40 °C to 125 °C. The signal is generated by the FM51 
temperature sensor output (pin number 3 of FM51) is fed to PA7 (ADC7) of the microcontroller (pin 
number 30). Block F consists of solid-state power controller is constructed with optocoupler MC2TE, 
BDX33C transistor, and Heater. An optocoupler MCT2E is used to isolate temperature controller 
section from the microcontroller circuit. Temperature is controlled by on/ off control signal from 
microcontroller to pin 2 of optocoupler through switching transistor. The temperature is controlled at 
any temperature by proper command from the PB0 (pin number 40) of ATmega16 microcontroller. 
 
The user enters experimental variables, modes of operation and selection of menu into the system 
through a 4x4 matrix keypad, which is interfaced with the microcontroller through Port C (PC0-PC7) 
(Pin number 19 to 26) ,which is kept in Block G. Block H is a four rows twenty characters 
alphanumeric LCD (Liquid Crystal Display) to display the experimental results. Port PD4 to PD7 (pin 
number 13-16) lines are connected to MSB nibble of LCD connector (D4 – D7), PD3 is connected to 
Register select and PD2 is connected to Enable pin of the LCD. 8 MHz crystal is connected between 
Pin 7 and 8 of microcontroller. XTAL1 and XTAL2 are input and output of an inverting amplifier 
which can be configured for use as an On-chip Oscillator. An external reset is generated by a low level 
(Low active) on the RESET (pin 4). Reset pulses longer than the minimum pulse width will generate a 
reset, even if the clock is not running. Shorter pulses are not guaranteed to generate a reset. Pull up 
resistor is connected between +Vcc and pin 4 of microcontroller. 
 
 
2.2. Reagent 
 
All reagents are analytical grade and use without any further purification. Precipitating reagent, 
standard reagent are the reagent for measuring sodium ion. The color reagent and the precipitating 
reagent are taken in the pipette of 1 ml and 0.02 ml respectively. These are mixed well and allowed it 
to stand at room temperature for 5 minutes. The mixed solution is used for the measurement and to 
calculate the absorbance of blank. All reagents are stable at 2-8 C temperature till the expiry 
mentioned on the labels. The reagent kit is purchased from Medsource ozene biomedical, Haryana, 
India. 
 
 
2.3. Solutions Preparation 
 
Sodium standard 0.01 ml and precipitating reagent 1ml are taken in the test tube. These are mixed well 
and allowed it to stand at room temperature for 5 minutes with shaking intermediately and it is 
centrifuge at 2000 to 3000 RPM for 2 minutes to obtain clear supernatant. The supernatant of 0.02 ml 
and color reagent of 1 ml is taken in the test tube and then shacked well. This prepared solution is used 
to determine the absorbance of standard. 
 
Widely consumable and easily available different vegetables samples such as onion, beetroot, beans, 
cabbage, potato, tomato, radish, carrot and turnip are purchased from local market. Fresh vegetables 
are cleaned with water and external moisture wiped out with a dry cloth. The edible portion of the 
individual vegetable is separated, dried in a hot air oven at 50 0C for 1hour. Then, it is boiled in a water 
bath, extracts it into a test tube and it is filtered using filter paper and it is centrifuge at 2000  
to 3000 RPM for 2 minutes to obtain clear sample solution. From the prepared sample solution of  
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0.02 ml and 1.0 ml of color reagent are taken in the test tube and then shacked well. This prepared 
solution is used to determine the absorbance of unknown vegetable sample. 
 
 
2.4. Measurements 
 
The prepared solutions are used to measure the absorbance and concentration of sodium. Blank 
solution is taken in the test tube and is placed in to sample holder. ”V” is the measured voltage of the 
blank solution. Standard solution is taken in the test tube and is placed into sample holder and “Vs” is 
measured. The sample solution is placed in test tube and “Vt” is measured. 
 
 Absorbance of standard = )/(10log VsVo  (1)

 
 Absorbance of sample = )/(10log VtVo  (2)

 
 

Sodium concentration (mmol/l) =. )/(10log

____________

)/(10log

VsVo

CS

VtVo

 

(3)

 
CS is the standard sodium concentration (150 mmol/l) 
 
 
2.5. Software 
 
When the system is powered up, the microcontroller jumps to the memory location ‘0000’H, resets all 
variable values, ports are oriented and the main menu is displayed on the LCD screen. All commands 
of the microcontroller to control the experimental process are programmed using ‘C’ language as well 
as in assembly language. This includes to initialize ports, conversion of analog input into digital, to 
read blank, standard and sample voltage, to read temperature, to control the temperature of heater at 
370C, to accept the data from keypad, setting 4800 baud rate for data transfer/receive with PC, 
manipulation of data and calculation of concentration, to store and display the result in LCD. Using in-
system programmable (ISP) facility, the developed program code is downloaded from PC to 
microcontroller through PB5 to PB7 (MOS1, MSO and SCK). 
 
 
3. Results and Discussion 
 
The performance of the microcontroller based instrument in measuring the sodium ions concentration 
in vegetable samples is investigated. Table 1 shows the sodium concentration of vegetable samples for 
the designed and conventional instrument ELDEX-3.8. From the Table 1, it is observed that, the 
sodium concentration of vegetables ranged from 0.13 to 12.38 mmol/l. The onion has low amount of 
sodium ion concentration of 0.13 mmol/l and corn has high amount of sodium ion 12.38 mmol/l. The 
graph is drawn between conventional instrument and designed instrument forms a straight line (Fig. 3) 
which shows the accuracy of the designed instrument. It is observed that the sodium ion concentration 
is high in corn, Beans, carrot, cauliflower, potato and low in onion, tomato and beetroot. The measured 
absorption and concentration are compared with the conventional instrument and is found to agree well 
with correlation coefficient r = 0.99864. 
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Table 1. Concentration of Sodium ion for various vegetables sample using designed  
and conventional instrument. 

 

Vegetables 
Concentration of sodium ion using 

designed instrument (mmol/l) 
Concentration of sodium ion using 
conventional instrument (mmol/l) 

Onion 
Tomato 
Beetroot 
Cabbage 
Potato 
Cauliflower 
Carrot 
Beans 
Corn 

0.132 
0.311 
0.443 
0.826 
1.047 
1.315 
1.584 

11.604 
12.387 

0.191 
0.393 
0.512 
0.913 
1.114 
1.414 
1.718 

11.493 
13.369 

 
 

 
 

Fig. 3. Regression line for comparison of designed and convention Sodium analyzer. 
 
 

4. Statistical Analysis 
 
4.1. Linear Regression 
 
The accuracy of the developed system is evaluated by comparing the results with those obtained by 
using a conventional Instrument. Linear regression attempts to model the relationship between two 
variables by fitting a linear equation that comes closest to fitting a collection of data points. The most 
common method for fitting a regression line is the method of least-squares. In simple linear regression, 
the model function represents a straight line. Linear regression analysis is performed and tested for 
lack of fit to the linear model. The equation for linear regression analysis is follows: 
 
 BxaY   (4)
 
The values of intercept a = 0.052796, b = 1.033486 and correlation coefficient r = 0.99864 which 
closes to 1 indicating the perfect correlation. For the developed instrument the standard deviation is 
4.959134 and for conventional instrument the standard deviation is 5.132159. The Relative standard 
deviation (RSD) of designed and conventional instrument is 1.505352 and 1.484379 respectively.  
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Fig. 3 shows the linear regression drawn (using software ULTIMACALC) between the designed 
instrument and the conventional instrument, which shows the accuracy of the designed instrument. The 
developed system produces 99 % of reproducible and also reflected in the results and average 
differences between these two methods are very small. 
 
 
4.2. Chi-Square Test for Significant 
 
Chi-square test is used to test the goodness of fit. The test enables to find out whether the difference 
between the designed instrument concentration and standard analyzer concentration value is significant 
or not. From the Table 1, value at 1% level for 9 df is 2.088. The results are compared statistically with 
those obtained by ELDEX-3.8 by t-test and F-test. From the test, no significant differences are 
observed. The value of t-test and F-test is 0.473092 and 0.925096 respectively. The results measured 
with the developed system are in good agreement with the value obtained with the ELDEX-3.8. 
Statistical analyses of measurement with the developed system is best satisfying and produce 98 % 
confidence level keeping all the measurement errors within limits. 
 
 
5. Conclusion 
 
ATmega16 microcontroller based optoelectronic instrument is designed and developed to measure the 
concentration of the sodium ions in vegetables. ATmega16 microcontroller together with another 
carefully selected low power electronics devices in a design results a system with inexpensive, 
minimal optical requirement, application specific, over conventional tungsten light spectrophotometer 
design. The overall relative standard deviation of the measurement is less than 1.5 %, reveals excellent 
precision properties of the developed instrument. In addition t-test and F-test results show good 
accuracy and better precision with value of 0.473092 and 0.925096 respectively. The measurement 
range is found to be linear and accurate with 1 % variation within run. The instrument is advanced one 
and human involvement is less and the results are more accurate. The designed instrument is 
measuring concentration of sodium is tested with different samples. Accuracy can be increased by 
using 12 bit A/D converter can be increase the accuracy of concentration of sodium. By changing the 
wavelength and software, it can be used to measure the concentration of other minerals for various 
samples. 
 
 
References 
 
[1]. Gibson, J., G. Armstrong, and H. McIlveen, A Case for Reducing Salt in Processed Foods, Nutrition and 

Food Science, 30, 4, 2000, pp. 167-173. 
[2]. Hung H. C., Joshipura K. J., Jiang R., et al. Fruit and vegetable intake and risk of major chronic disease,  

J Natl Cancer Inst., 96, 2004, pp. 1577–84. 
[3]. He F. J., Nowson C. A., Lucas M., MacGregor G. A., Increased consumption of fruit and vegetables is 

related to a reduced risk of coronary heart disease: meta-analysis of cohort studies, J. Hum Hypertens, 21, 
2007, pp. 717–28. 

[4]. Dietary Guidelines Advisory Committee on the Dietary Guidelines for Americans, A report prepared for 
the USDHHS and USDA, 2010. 

[5]. Evilly, C. M., The Role of Salt in Health, British Nutrition Foundation Nutrition Bulletin, 27, 2002,  
pp. 135–138. 

[6]. Vollmer, W. M., F. M. Sacks, J. Ard, L. J. Appel, G. A. Bray, D. G. Simons-Morton, P. R. Conlin,  
L. P. Svetkey, T. P. Erlinger, T. J. Moore, and N. Karanja, Effects of Diet and Sodium Intake on Blood 
Pressure: Subgroup Analysis of the DASH-Sodium Trial, Annals of Internal Medicine, 135, 2001,  
pp. 1019-1028. 



Sensors & Transducers Journal, Vol. 136, Issue 1, January 2012, pp. 158-165 

 165

[7]. Dasgupta, P. K., Eom, I.-Y., Morris, K. J., Li, J. Light emitting diode-based detectors, Absorbance, 
fluorescence and spectroelectrochemical measurements in a planar flow-through cell, Analytica Chimica 
Acta, 500, 2003, pp. 337-364. 

[8]. Kovac, J., Peternai, L., Lengyel, O. Advanced light emitting diodes structures for optoelectronic 
applications, Thin Solid Films, 433, 2003, pp. 22-26. 

[9]. Mohammad-Hossein Sorouraddin, Masoud Saadati, Simple, cheap, and portable colorimeter for 
introductory analytical chemistry laboratories, Chemistry, Vol. 18, Issue 6, 2009. 

[10]. Si photodiode S1336-8BQ data sheet, august 2009, http://www.hamamatsu.com 
[11]. CA3140 operational amplifier data sheet, July 11, 2005, http://www.intersil.com 
[12]. ATmega16 microcontroller data sheet, 2005, http://www.atmel.com/literature 
[13]. Julio Cesar B. Fernandesa, Graciliano de Oliveira Netob, Jarbas José R. Rohweddera and Lauro T. Kubotaa 

J. Braz., Chem. Soc., Vol. 11, No. 4, 2000, pp. 349-354. 
[14]. FM51 Low Voltage High Drive Temperature Sensor, April 2001, http://www.fairchildsemi.com 
 

___________________ 
 
2012 Copyright ©, International Frequency Sensor Association (IFSA). All rights reserved. 
(http://www.sensorsportal.com) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

http://www.sensorsportal.com/HTML/IFSA_Newsletter_January_2012.htm


 
 
 

 
 
 

 

http://www.iaria.org/conferences2012/GlobeNet12.html
http://www.iaria.org/conferences2012/BioSciencesWorld12.html
http://www.sensorsportal.com/HTML/DIGEST/february_2011/Sensor_Tool_Kit.htm


Sensors & Transducers Journal

 
 

Guide for Contributors 
 

 
 
Aims and Scope 
 
Sensors & Transducers Journal (ISSN 1726-5479) provides an advanced forum for the science and technology 
of physical, chemical sensors and biosensors. It publishes state-of-the-art reviews, regular research and 
application specific papers, short notes, letters to Editor and sensors related books reviews as well as 
academic, practical and commercial information of interest to its readership. Because of it is a peer reviewed 
international journal, papers rapidly published in Sensors & Transducers Journal will receive a very high 
publicity. The journal is published monthly as twelve issues per year by International Frequency Sensor 
Association (IFSA). In additional, some special sponsored and conference issues published annually. Sensors & 
Transducers Journal is indexed and abstracted very quickly by Chemical Abstracts, IndexCopernicus Journals 
Master List, Open J-Gate, Google Scholar, etc. Since 2011 the journal is covered and indexed (including a 
Scopus, Embase, Engineering Village and Reaxys) in Elsevier products. 
 
 
Topics Covered 
 
Contributions are invited on all aspects of research, development and application of the science and technology 
of sensors, transducers and sensor instrumentations. Topics include, but are not restricted to: 
 

 Physical, chemical and biosensors; 
 Digital, frequency, period, duty-cycle, time interval, PWM, pulse number output sensors and 

transducers; 
 Theory, principles, effects, design, standardization and modeling; 
 Smart sensors and systems; 
 Sensor instrumentation; 
 Virtual instruments; 
 Sensors interfaces, buses and networks; 
 Signal processing; 
 Frequency (period, duty-cycle)-to-digital converters, ADC; 
 Technologies and materials; 
 Nanosensors; 
 Microsystems; 
 Applications. 

 
 
Submission of papers 
 
Articles should be written in English. Authors are invited to submit by e-mail editor@sensorsportal.com 8-14 
pages article (including abstract, illustrations (color or grayscale), photos and references) in both: MS Word 
(doc) and Acrobat (pdf) formats. Detailed preparation instructions, paper example and template of manuscript 
are available from the journal’s webpage: http://www.sensorsportal.com/HTML/DIGEST/Submition.htm Authors 
must follow the instructions strictly when submitting their manuscripts. 
 
 
Advertising Information 
 
Advertising orders and enquires may be sent to sales@sensorsportal.com Please download also our media kit: 
http://www.sensorsportal.com/DOWNLOADS/Media_Kit_2012.pdf 

http://www.sensorsportal.com/


http://www.sensorsportal.com/HTML/BOOKSTORE/Digital_Sensors.htm

