ISSN 1726-5479

SENSORS 37

TRANSDUCERS

IVSICAI A CHEMICAISENSOIS

SV ITEIESSISENSOr NEetWorks

International Frequency Sensor Association Publishing dﬁ



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

T

g—-’ q
Sensors & Transducers

Volume 14-2, Special Issue www.sensorsportal.com ISSN 1726-5479

March 2012

Editors-in-Chief: Sergey Y. Yurish, tel.:

Editors for Western Europe

+34 93 413 7941, e-mail: editor@sensorsportal.com

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

Bouchikhi, Benachir, University Moulay Ismail, Morocco

Bousbia-Salah, Mounir, University of Annaba, Algeria

Bouvet, Marcel, CNRS — UPMC, France

Brudzewski, Kazimierz, Warsaw University of Technology, Poland

Cai, Chenxin, Nanjing Normal University, China

Cai, Qingyun, Hunan University, China

Calvo-Gallego, Jaime, Universidad de Salamanca, Spain

Campanella, Luigi, University La Sapienza, Italy

Carvalho, Vitor, Minho University, Portugal

Cecelja, Franjo, Brunel University, London, UK

Cerda Belmonte, Judith, Imperial College London, UK

Chakrabarty, Chandan Kumar, Universiti Tenaga Nasional, Malaysia

Chakravorty, Dipankar, Association for the Cultivation of Science, India

Changhai, Ru, Harbin Engineering University, China

Chaudhari, Gajanan, Shri Shivaji Science College, India

Chavali, Murthy, N.I. Center for Higher Education, (N.I. University), India

Chen, Jiming, Zhejiang University, China

Chen, Rongshun, National Tsing Hua University, Taiwan

Cheng, Kuo-Sheng, National Cheng Kung University, Taiwan

Chiang, Jeffrey (Cheng-Ta), Industrial Technol. Research Institute, Taiwan

Chiriac, Horia, National Institute of Research and Development, Romania

Chowdhuri, Arijit, University of Delhi, India

Chung, Wen-Yaw, Chung Yuan Christian University, Taiwan

Corres, Jesus, Universidad Publica de Navarra, Spain

Cortes, Camilo A., Universidad Nacional de Colombia, Colombia

Courtois, Christian, Universite de Valenciennes, France

Cusano, Andrea, University of Sannio, Italy

D'Amico, Arnaldo, 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. V.H. College, India

Dimitropoulos, Panos, University of Thessaly, Greece

Ding, Jianning, Jiangsu Polytechnic University, China
Djordjevich, Alexandar, City University of Hong Kong, Hong Kong
Donato, Nicola, University of Messina, Italy

Donato, Patricio, Universidad de Mar del Plata, Argentina
Dong, Feng, Tianjin University, China

Drljaca, Predrag, Instersema Sensoric SA, Switzerland

Dubey, Venketesh, Bournemouth University, UK

Enderle, Stefan, Univ.of Ulm and KTB Mechatronics GmbH, Germany
Erdem, Gursan K. Arzum, Ege University, Turkey

Erkmen, Aydan M., Middle East Technical University, Turkey
Estelle, Patrice, Insa Rennes, France

Estrada, Horacio, University of North Carolina, USA

Faiz, Adil, INSA Lyon, France

Fericean, Sorin, Balluff GmbH, Germany

Fernandes, Joana M., University of Porto, Portugal

Francioso, Luca, CNR-IMM Institute for Microelectronics and Microsystems, Italy
Francis, Laurent, University Catholique de Louvain, Belgium
Fu, Weiling, South-Western Hospital, 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
James, Daniel, Griffith University, Australia

Janting, Jakob, DELTA Danish Electronics, Denmark

Jiang, Liudi, University of Southampton, UK

Jiang, Wei, University of Virginia, USA

Jiao, Zheng, Shanghai University, China

John, Joachim, IMEC, Belgium

Kalach, Andrew, Voronezh Institute of Ministry of Interior, Russia
Kang, Moonho, Sunmoon University, Korea South

Kaniusas, Eugenijus, Vienna University of Technology, Austria
Katake, Anup, Texas A&M University, USA

Kausel, Wilfried, University of Music, Vienna, Austria
Kavasoglu, Nese, Mugla University, Turkey

Ke, Cathy, Tyndall National Institute, Ireland

Khelfaoui, Rachid, Université de Bechar, Algeria

Khan, Asif, Aligarh Muslim University, Aligarh, India

Kim, Min Young, Kyungpook National University, Korea South
Ko, Sang Choon, Electronics. and Telecom. Research Inst., Korea South
Kotulska, Malgorzata, Wroclaw University of Technology, Poland
Kockar, Hakan, Balikesir University, Turkey


http://www.sensorsportal.com/

Kong, Ing, RMIT University, Australia

Kratz, Henrik, Uppsala University, Sweden

Krishnamoorthy, Ganesh, University of Texas at Austin, USA

Kumar, Arun, University of Delaware, Newark, USA

Kumar, Subodh, National Physical Laboratory, India

Kung, Chih-Hsien, Chang-Jung Christian University, Taiwan

Lacnjevac, Caslav, University of Belgrade, Serbia

Lay-Ekuakille, Aime, University of Lecce, Italy

Lee, Jang Myung, Pusan National University, Korea South

Lee, Jun Su, Amkor Technology, Inc. South Korea

Lei, Hua, National Starch and Chemical Company, USA

Li, Fengyuan (Thomas), Purdue University, USA

Li, Genxi, Nanjing University, China

Li, Hui, Shanghai Jiaotong University, China

Li, 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

Pugno, Nicola M., Politecnico di Torino, Italy

Pullini, Daniele, Centro Ricerche FIAT, Italy

Pumera, Martin, National Institute for Materials Science, Japan

Radhakrishnan, S. National Chemical Laboratory, Pune, India

Rajanna, K., Indian Institute of Science, India

Ramadan, Qasem, Institute of Microelectronics, Singapore

Rao, Basuthkar, Tata Inst. of Fundamental Research, India

Raoof, Kosali, Joseph Fourier University of Grenoble, France

Rastogi Shiva, K. University of ldaho, USA

Reig, Candid, University of Valencia, Spain

Restivo, Maria Teresa, University of Porto, Portugal

Robert, Michel, University Henri Poincare, France

Rezazadeh, Ghader, Urmia University, Iran

Royo, Santiago, Universitat Politecnica de Catalunya, Spain

Rodriguez, Angel, Universidad Politecnica de Cataluna, Spain

Rothberg, Steve, Loughborough University, UK

Sadana, Ajit, University of Mississippi, USA

Sadeghian Marnani, Hamed, TU Delft, The Netherlands

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

Sandacci, Serghei, Sensor Technology Ltd., UK

Saxena, Vibha, Bhbha Atomic Research Centre, Mumbai, India

Schneider, John K., Ultra-Scan Corporation, USA

Sengupta, Deepak, Advance Bio-Photonics, India

Seif, Selemani, Alabama A & M University, USA

Seifter, Achim, Los Alamos National Laboratory, USA

Shah, Kriyang, La Trobe University, Australia

Sankarraj, Anand, Detector Electronics Corp., USA

Silva Girao, Pedro, Technical University of Lisbon, Portugal

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

Slomovitz, Daniel, UTE, Uruguay

Smith, Martin, Open University, UK

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-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 © 2012 by International Frequency Sensor Association. All rights reserved.



Sensors & Transducers Journal /“

‘.——’ f
Volume 14-2 Www_sensorsporta| .com ISSN 1726-5479
Special Issue
March 2012
Research Articles
Information Extraction from Wireless Sensor Networks: System and Approaches
Tariq Alsboui, Abdelrahman Abuargoub, Mohammad Hammoudeh, Zuhair Bandar, Andy Nisbet ... 1

Assessment of Software Modeling Techniques for Wireless Sensor Networks: A Survey
John Khalil Jacoub, Ramiro Liscano, Jeremy S. Bradbury ........ccccvveeieeeiiiiiiiiiieee e e e 18

Effective Management and Energy Efficiency in Management of Very Large Scale Sensor
Network
Moran Feldman, Sharoni FEIAMAN ..........oooiviiii e e e e 47

Energy Efficient in-Sensor Data Cleaning for Mining Frequent Itemsets
Jacques M. Bahi, Abdallah Makhoul, Maguy MedI]..............cooriiiiiiiiiiiiiee e 64

IPv6 Routing Protocol for Low Power and Lossy Sensor Networks Simulation Studies
Leila Ben Saad, Cedric Chauvenet, Bernard TOUranChEaU ..........ccooooviiiiviiiiiiiiiiiieiee e 79

Self-Powered Intelligent Sensor Node Concept for Monitoring of Road and Traffic
Conditions
Sebastian Strache, Ralf Wunderlich and Stefan Heinen...........cccccce oo 93

Variable Step Size LMS Algorithm for Data Prediction in Wireless Sensor Networks
Biljana Risteska Stojkoska, Dimitar Solev, Danco DAVCEV ..........ccceeeiiiiiiiiiiiiieeeiieiieieee e 111

A Framework for Secure Data Delivery in Wireless Sensor Networks
Leonidas Perlepes, Alexandros Zaharis, George Stamoulis and Panagiotis Kikiras..............cccuuuee... 125

An Approach for Designing and Implementing Middleware in Wireless Sensor Networks
Ronald Beaubrun, Jhon-Fredy Llano-Ruiz, Alejandro QUINEIO...........cccvvvvereeee i 150

Mobility Model for Self-Organizing and Cooperative MSN and MANET Systems
Andrzej Sikora and Ewa NiewiadomsKa-SZYNKIEWICZ............cevieeiiiiiiiiieieeee s csiiriee e e e e e e ssinaneeeeae e 164

Evaluation of Hybrid Distributed Least Squares for Improved Localization via Algorithm
Fusion in Wireless Sensor Networks
Ralf Behnke, Jakob Salzmann, Philipp Gorski, Dirk TIMmermann ...........cccccceeiiiiiiieieeeee e 179

An Effective Approach for Handling both Open and Closed Voids in Wireless Sensor
Networks
Mohamed Aissani, Sofiane Bouznad, Abdelmalek Hariza and Salah-Eddine Allia ..................uuun..... 196

Embedded Wireless System for Pedestrian Localization in Indoor Environments
Nicolas Fourty, Yoann Charlon, EriC CampPO........cc.uuuiiiieeiiiiiiiiieiisee et ee e s sseveee e e e e e e s snnrenee e 211

Neighbourtables — A Cross-layer Solution for Wireless CiNet Network Analysis and
Diagnostics
Ismo Hakala and Timo HONQGEIL ..........eeeiiee et e e e eee e 228


http://www.sensorsportal.com/

A Column Generation based Heuristic to extend Lifetime in Wireless Sensor Network
[N T 1 (S B ITXod a1 g1 T 242

Adapting OLSR for WSNs (iOLSR) Using Locally Increasing Intervals
Erlend Larsen, Joakim Flathagen, Vinh Pham, Lars Landmark............ccccocvvieeeiiiiiiciiieee e, 254

Risk Assessment along Supply Chain: A RFID and Wireless Sensor Network Integration

Approach
Laurent Gomez, Maryline Laurent, Ethmane El MOUSLaINE ...........ccoooiiiiiiiiiiie e 269

Structure Crack Identification Based on Surface-mounted Active Sensor Network with
Time-Domain Feature Extraction and Neural Network
Chunling Du, Jiangiang Mou, L. Martua, Shudong Liu, Bingjin Chen, Jingliang Zhang, F. L. Lewis. 283

Efficient Gatherings in Wireless Sensor Networks Using Distributed Computation of
Connected Dominating Sets
Vincent Boudet, Sylvain Durand, Laszlé Gonczy, Jérbme Mathieu and Jérbme Palaysi.................. 297

Secure Packet Transfer in Wireless Sensor Networks
YEeNUMUIA B. REUAY ......eeiiiiiiiiieiiiee ettt ettt ettt ettt e e s bt e e st e e s bbb e e e sbbe e e e snneeeas 308

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).

IMAGE SENSORS 2012

TWO DAY INTERTECHPIRA CONFERENCE PLUS EXPERT PRE-CONFERENCE WORKSHOPS

PRES SENTATIONS FROM.

8 ppE @

Fensyztoms

SIEM

P = ENS
for life raytnxoo

Q Boscu 0.

1 ledi
o SAFRAM

[ '
Al

T e ol
.rgHuE a2,

SRS 3
) TNRS?QMM{
w;Es umn A NEWM*“" aL
— 2 - B N S
wHY ATTEND @ 0

e B\
_p_._n-w-r"

IMAGE SENSORS 2012 [

20-22 March =
Hotel Russell RISy
London


http://www.image-sensors.com/home.aspx

The 6th International Conference on Sensor Technologies and Applications

A SENSORCOMM 2012

IARIA
19 - 24 August 2012 - Rome, Italy
Deadline for papers: 5 April 2012

Tracks: Architectures, protocols and algorithms of sensor networks - Energy, management and control of sensor networks -
Resource allocation, services, QoS and fault tolerance in sensor networks - Performance, simulation and modelling of sensor
networks - Security and monitoring of sensor networks - Sensor circuits and sensor devices - Radio issues in wireless sensor
networks - Software, applications and programming of sensor networks - Data allocation and information in sensor networks -
Deployments and implementations of sensor networks - Under water sensors and systems - Energy optimization

in wireless sensor networks
http://www.iaria.org/conferences2012/SENSORCOMM12.html l

The 3rd International Conference on Sensor Device Technologies and Applications

19 - 24 August 2012 - Rome, ltaly
Deadline for papers: 5 April 2012

.—I—

Tracks: Sensor devices - Ultrasonic and Piezosensors - Photonics - Infrared - Geosensors - Sensor
device technologies - Sensors signal conditioning and interfacing circuits - Medical devices and sensors
applications - Sensors domain-oriented devices, technologies, and applications - Sensor-based
localization and tracking technologies .

http://www.iaria.org/conferences2012 /SENSORDEVICES1 2.html

Pl i
) ! il

o T TT AT

The 5th International Conference on Advances in Circuits, Electronics and Micro-electronics

CENICS 2012

19 - 24 August 2012 - Rome, ltaly
Deadline for papers: 5 April 2012

IARIA

Tracks: Semiconductors and applications - Design, models and languages - Signal processing
circuits - Arithmetic computational circuits - Microelectronics - Electronics technologies - Special
circuits - Consumer electronics - Application-oriented electronics

http://www.iaria.org/conferences2012/CENICS1 2.html


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

Sensors & Transducers Journal, Vol. 14-2, Special Issue, February 2012, pp. 269-282

" Sensors & Transducers

www.sensors;ortal.com ISSN 1726'5479
© 2012 by IFSA
http://www.sensorsportal.com

Risk Assessment along Supply Chain:
A RFID and Wireless Sensor Network Integration Approach

'Laurent GOMEZ, > Maryline LAURENT,  Ethmane EL MOUSTAINE
"SAP Research, MOUGINS, France
*CNRS Samovar UMR 5157,
Institut Telecom, Telecom SudParis
E-mail: laurent.gomez@sap.com, Maryline.Laurent@it-sudparis.eu,
Ethmane.EIMoustaine@it-sudparis.eu

Received: 15 November 2011 /Accepted: 20 December 2011 /Published: 12 March 2012

Abstract: Wireless Sensor Networks together with Radio Frequency Identification are promising
technologies for supply chain management systems. They both provide supply chain players with
goods tracking and monitoring functions along the chain. Whereas RFIDs are rather focusing on
identification of goods (e.g., identification, classification), WSNs are meant to monitor and control the
supply chain environment. Nevertheless, despite the interest for the supply chain management systems,
their integration is often deterred due to the lack of interoperability. In this paper, we propose a
software framework which makes easier the integration of both RFIDs and WSNs into supply chain
management systems. Copyright © 2012 IFSA.

Keywords: RFID, Wireless sensor network, Supply chain management.

1. Introduction
1.1. Context

Both WSN (Wireless Sensor Networks) and RFID (Radio Frequency IDentification) are very
promising technologies for supply chain management as they introduce automation of product tracking
and monitoring, and as such, they reduce the cost of the whole supply chain [1]. Today, there are only

few attempts, mostly from industrial initiatives, that aim at integrating WSN and passive RFID tags
[2-5].
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Similarly, in the scope of the RESCUEIT project [6], we address the integration of RFIDs and WSNs
into supply chain management systems. Together with major industrials such as K+N [7], Group
Casino [8], REWE [9], Dr Oetker [10], we identify a clear need for secure and efficient tracking of
goods along the supply chain. Supported by the integration of WSNs and RFIDs either within
packaging or at pallet level, good tracking empowers supply chain players with tools for risk
assessment along the supply chain, but also with mechanisms for identification of responsibility in
case of incident.

1.2. Motivation

The benefit of such integration for supply chain management could be significant as data collected
from RFID and sensors are complementary and could serve for enriching the range of supported
services like monitoring and real time traceability. Whereas RFID is rather focusing on identification
of goods (e.g., identification, classification), WSNs are meant to monitor and control the supply chain
environment. To some extent, RFID are not restricted to unique identification of goods along the
supply chain, but can be associated to information related to the classification, and dangerousness of
goods. Based on those classifications, and with regards to the regulations (e.g., safety [11], quality),
the handling, storage, and transport constraints are identified. In this context, WSNs are meant to
enforce those constraints (e.g., incompatibilities with other products, flash points). Based on the sensed
supply chain context at runtime, sensors tend to evaluate mismatches between the constraints defined
by regulations and the current context. Any mismatch is therefore reported to the supply chain
management system as a risk of incident.

As depicted in Fig. 1, we propose a distribution of sensors into the supply chain, as foreseen in
RESCUEIT [6]. Fig. 1 shows an integration of RFID and sensor nodes only at pallet level. This
assumption has been validated with end users of the project, like K+N [7] and the Casino Group [8]. In
this case, we are addressing only low valuable products (e.g., household, gardening products), which
explain the fact that neither goods nor packages are equipped with RFID or sensors. Nevertheless,
goods and packages are still identified with barcode. In addition, depending on the value of the
product, RFID and sensor can be integrated either at package or even product level.

W s *

Container @

N
Palett
Package
@
Good

Fig. 1. RFID and WSN integration.
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1.3. Problem Statement

Although the integration of RFID and WSNs appears to be promising for supply chain management
systems, it can be deterred due to a lack of interoperability. First they are considered as disjoint
networks. The EPCglobal network is designed for supporting RFID only; there is no standard targeting
the integration of RFID and WSN into one network. Second, from a technological point of view, RFID
are rather supporting single-hop communication between tag and reader, while WSNs supports a larger
variety of communication (e.g., single to multi-hop communications). Third, they have different
objectives. RFID are used for products identification and traceability. They rely on the information
stored within the EPCGlobal infrastructure [12]. This information is related to the characterization of
tagged assets. On the opposite, sensors have the objective to control and monitor the physical
environment of assets, but not specifically associated to assets. Moreover they are able to self-store the
useful information and regularly report that information to some supervision platform.

Due to different technological capabilities and uses and different objectives, a direct communication
between RFID and sensor nodes is barely conceivable. That is why, we propose a software architecture
that supports both RFID, especially very low-cost RFID systems, and WSN with the objectives to
control, supervise and monitor both the environment of assets and the assets themselves.

1.4. Overall Approach

Our technical approach aims at integrating both WSN and RFID at the software layer. For that
purpose, we propose to use EPCIS (Electronic Product Code Information Services) for RFIDs
management and a mediation layer for the WSNs management. EPCIS is usually in charge of giving
the list of all the features associated to an RFID product. In order to ease the interaction of RFID and
sensor nodes, we use a mediation layer, Middleware for Device Integration (MDI), a SAP Research
prototype. It serves for the activation of adequate monitoring and controlling mechanisms on the
sensors, and to implement interactions with RFID.

As described previously, RFID and sensor are meant to be associated to a single product, package or
pallet. In that context, RFIDs have two major roles: (i) identifying automatically goods along the
supply chain - as made possible by the EPCglobal standard [12] for RFID but not with sensors - and
including their classification, (ii) and tracing RFID for keeping sensors informed of the activity along
the supply chain (e.g., storage, transport). As such, RFID are used for their fundamental identification
and traceability functions, but also through EPCIS data basis to automatically raise the awareness of
sensors about some (transport, storage) constraints (e.g., humidity, temperature) for the tagged good,
with respect to the effective regulations. In addition, the traceability function enabled by RFID makes
it possible to dynamically inform the sensor of any change of activity in the supply chain (e.g.,
transport, storage), so sensors can automatically adapt its constraints. Together with classification of
goods, and update on supply chain activities, sensor nodes can therefore adapt their monitoring and
controlling mechanisms according to regulations.

In this context, both EPCIS and MDI are considered as agents, each having interactions with RFID
tags and sensors. As such, this architecture is of great help to make RFID and sensors systems interact
through the MDI which handles data from RFIDs and sensors. Note that this approach is very
attractive as no new integrated nodes are needed since the whole collaboration process between RFID
and sensors is done at the software layer.
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1.5. Outline

The remainder of this paper is organized as follows. We present the related work in section II. We
describe our approach in section III, together with architecture for the integration of RFIDs and WSN5s
into supply chain management systems. Finally, we conclude in section IV, with an outlook on our
ongoing activities.

2. Related Works

To the best of our knowledge, integration of RFID and WSN did attract the interest of only few
researchers [23, 24]. RFID and sensor networks are both under development but with no interactions in
between. Sensors are generally an open system contrary to RFID passive tags that are generally
considered as a closed system where modification of their behavior is barely possible. Moreover,
whereas sensors support multi-hop communications, current RFID systems are affording only single-
hop communications, so no communication among tags is possible. Many issues are to be solved
before integrating RFID technology with sensor networks. These issues include protocol design,
energy consumption, security and privacy [13].

Moreover, the RFID technology benefits from the standard framework EPCglobal Network [12] that
defines a network for managing the RFID product information. This framework serves for trading
partners to share product data. It is based on several key network elements including: EPCIS (EPC
Information Services) and ONS (Object Naming Service). EPCIS hosts and facilitates access to
serialized product information generated by EPC-tagged products. ONS is a centralized authoritative
directory that routes information requests about particular EPCs likely to the well known Domain
Name System (DNS).

The integration of RFID technology and wireless sensor networks provides promising perspectives as
both of them can be used for tightly coupling the physical and virtual worlds.

Few research works are targeting integration of RFID passive tags and sensors. We distinguish two
types of integration: hardware and software. On the hardware side, several commercial solutions are
provided, which integrate RFID and WSNss in a single device (see Section 2.1). On the other side, and
similar to our approach, existing research works address the integration of RFID and WSNs at the
software level (see Section 2.2).

2.1. Hardware Integration

Integrating sensors into an RFID tag is used only for sensing few parameters. These sensor tags can be
passive, semi-passive or active depending on the monitored phenomena. Generally, they only support
single-hop communications.

The sensor passive tags draw power from the reader to perform operations. They are activated only
when sensing data are required. They can be used to sense photo detection [14], acceleration [15],
temperature [14, 16], etc.

The semi-passive sensor tags contain an on-board battery that is exclusively utilized for computation

(and not for communication). They can perform measurements independently of the reader, but the
energy supplied by the reader is always necessary for communication.
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SensTAG [2] is a highly configurable semi-passive sensor tag. It operates at 13.6 MHz, and can be
used to monitor a variety of sensor options, like temperature, humidity, strain, shock and light, etc.

The sensor active tags contain a battery from which they draw power for computation, sensing
functions, and for communication to readers. They may be compliant with RFID standards, or they can
use protocols based on wireless protocols such as ZigBee or WLAN.

Evigia [3], Savi [4] and Crossbow [5] develop many active sensor tags that integrate many embedded
sensors like temperature, humidity, light sensor, etc.

Several companies ([4] [5]) also provide active RFID tags embedded with sensors nodes (e.g.,
temperature, light, presence detection). In the best case, those devices are equipped with GSM/GPRS
communication capabilities which make them totally independent from supply chain player’s IT
infrastructure.

2.2. Software Integration

In [17], the authors propose a new architecture made of RFID tags and sensors. It consists in adapting
the Application Level Event middleware (ALE) within the EPCglobal Network so that the filtering
originally done over tag data is extended to sensor data. The main idea of this architecture is to
distinguish data and control mechanisms in both RFID and WSN by introducing a reader management
component that provides a uniform interface. This component is able to include WSN by adopting a
Universal Plug and Play (UPnP) and the Simple Network Management Protocol (SNMP). As such, the
WSN data are delivered to upper layers exactly like for RFID data, because the reader management
component is able to handle data coming from RFID and WSN.

2.3. Conclusion

Regarding hardware integration within a single device, the exposed approaches often lack of
integration with business applications. Those hardware solutions still require specific development for
their integration into supply chain management specific.

Our solution belongs to this category, this type of integration offers advantages, as no new integrated
nodes are needed. Moreover this solution provides a common infrastructure to link RFID system and
WSN together.

So far, there are no standards proposing the integration of separate RFID and WSN into one network.
To the best of our knowledge, our approach is the first combining sensors and RFID passive tags for
specific needs for securing supply chains.

3. Our Approach

As introduced in Section 0, our approach aims at integrating RFIDs and WSNs through the
establishment of a communication channel between EPCIS, for RFIDs, and a mediation layer, the
Middleware for Device Integration (MDI), for WSNS.

For that purpose, we use the MDI as an interface between RFIDs and WSNs. The main idea of our
approach is to integrate RFID and sensors at the software layers. To do this, we make interacting two
software elements: the EPCIS (designed for RFID as part of the RFID standards) and the MDI
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middleware (originally designed by industrials specifically for WSN). These elements support
authentication of the tagged products and activation of the monitoring mechanisms within the sensors.

The integration at the software layer is necessary within this solution because we use very low-cost
passive RFID tags with existing standards like EPC to authenticate the products whereas we use WSN
to monitor products along the supply chain.

3.1. Architecture

As depicted in Fig. 2, our architecture is organized in three main components: (i) a palett equipped
with an RFID and a sensor node, (ii) an EPCIS component, and (iii) the MDI.
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Fig. 2. UI of the Site Manager.

3.1.1. Description of EPCIS

The EPCIS module is a special web service interacting with the whole RFID system (reader, tags, and
database) and serving as an RFID system interface by the rest of our platform. That is, it gives access
to serialized product information generated by EPC-tagged products and available in the backend
database. In other words, the EPCIS module is like a gateway between any requester of tag
information and the database containing that information. EPCIS is able to handle large volumes of tag
data coming from numerous RFID readers.
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3.1.2. Middleware for Device Integration

As mediation layer between EPCIS and sensor nodes, we use a mediation layer called the Middleware
for Device Integration (MDI). The Middleware for Device Integration (MDI) is a mediation layer
developed by SAP Research [18] for the integration of smart items (e.g., WSNs, RFID) into business
applications. Based on an OSGi Service Platform, MDI is an agent-based middleware which enables
both monitoring and controlling of smart items. All agents deployed within a node run in an OSGi
environment [19] (Eclipse Equinox) which enables dynamic code deployment without restart. Only
required agents are deployed at the node. This OSGi functionality enables a minimal footprint for the
run time while allowing growing this foot print according to changing requirements. MDI is comprised
of a design time environment, the Site Manager, and a run time environment. The Site Manager
(Fig. 2.) is the design time tool for configuration. The Site Manager connects to the Central Instance
which centrally holds the master copies of all configuration data and run time agent code.

The run time consists of one or more nodes. Each node is a system running one or more agents
responsible for device connectivity and/or integration logic. Nodes are able to communicate in a peer-
to-peer fashion (e.g. an agent in one node may subscribe to events dispatched by an agent that runs on
a different node). However, in most cases each node communicates directly with one or more business
systems. Each node is directly managed by the Central Instance (see Fig. 2.).

All real-world entities that MDI communicates with are modeled as objects. The MDI comes with a
number of pre-defined object types but also allows the user or system integrator to add custom object
types. All objects are organized in a tree structure. The object hierarchy (also referred to as the asset
hierarchy) is entirely defined by the user and depends on the use case.

In Fig. 3, the MDI hosts three agents: the sensor interface, the update, and the alerting service. The
sensor interface enables communication with nodes, and the alerting service triggers alerts to users.

[ PalettiPackaging \ / Middleware for Device Integration \

<t o
Sensor O Sensor Interface O Alerting Service
¢ R
R
|k ,
Monitaring and Controlling Constraints
RFID Updater Database
k \ : T /
R
Q v
R
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EFCIS O
Web Service
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Fig. 3. Overall Architecture.
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In addition the updater agent is in charge of the update of monitoring and controlling constraints on the
sensor nodes. Depending on the classification and activity update from RFID, this agent updates on the
nodes the constraints to be evaluated. For example, an alert whenever temperature reaches a given
threshold can be activated. The same alert can be further on deactivated, in case of activity changes
along the supply chain. For example, pallet fall alerting must be evaluated during storage in
warehouse, but deactivated whenever the pallet is manipulated.

In Fig. 4, we identify the following relationships: constraints, based on regulation, depend on asset’s
classification and activity along the supply chain execution. In addition, risk is depending on mismatch
between constraints on goods and their context in the supply chain. If a constraint on temperature is
defined, the probability on incident occurrence is depending on a mismatch with the context of the

asset.
i ioted t o ..
.

df\?ff‘l‘?@i defines
~

.
~.

-

nys
. H b d
s m

\\\
,
aﬁm d s
efines efifes
\\\ /f

&

,
,
\'\ /

\|z

Fig. 4. Risk Assessment.

To that purpose, our updater agent enablement service is in charge of maintaining a monitoring
database, based on the nature of the products, and the status of the supply chain process. Accordingly
constraints to be evaluated are pushed to sensor nodes.

3.2. Interactions between RFID/Sensor Systems

The sensor node on the pallet is capable of in node processing, and is able to measure different
contextual information (e.g., temperature, humidity). On the other hand, RFID is passive. As explained
in Section 0, the EPCIS service stores in its database all the information relative to the RFID tagged
pallets: i.e. the SSCC 0 information (e.g. identifier of the pallet along the supply chain), CLP
classification of goods (Classification, Labeling and Packaging of substances and mixtures) 0). Also,
the RFID identification is mapped manually to the identifier of the sensor attached to the pallet during
the initialization phase of the EPCIS database. Table 1 gives the adopted EPCIS data model.

Upon reading a tagged pallet, an RFID reader must send the RFID ID to the EPCIS service. EPCIS is
then in charge of informing the MDI that the sensor identified by sensorld monitors a good classified
according to the CLP norm. Based on that classification, the service enablement within the MDI
extracts a set of constraint to be enforced on the sensor ID node. Those constraints are described in the
constraint database, as shown in Table 2. Finally constraints are pushed to the sensor nodes via the
MDI.
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Table 1. EPCIS data model.

RFIDID | SSCC | CLP | Sensor ID |

Table 2. Service enablement data model.

| Classification | Status | Set of constraints |

For example, for a chemical and anytime along the supply chain, a flash point of 13 Celsius degrees is
defined by safety regulation. In addition, and only during storage, a constraint on acceleration of the
pallet is activated, in order to prevent any pallet fall.

Also upon detecting a status change along the supply chain, the RFID system registers that information
to its own database and forwards the new status with the RFID ID to the MDI. Status change is then
pushed to the sensor nodes.

3.3. Implementation

Our architecture has the advantage of leveraging standardized XML messaging frameworks for
communications between EPCIS and MDI.

EPCglobal/ISO 18000-6C is the RFID standard for supply chain. It defines a standard interface to
enable EPC-related data; it does not specify how the service operations (there is no standard definition
of an EPCIS implementation) or database should be implemented. EPC Information Services (EPCIS)
are a part of this standard. EPCIS can host and facilitate access to, serialized product information
generated by EPC-tagged products. This means different EPCIS servers can be configured to access
and/or aggregate related EPC data.

The EPCIS layer is at the highest level of the EPCglobal architecture and it communicates with readers
using the Reader Protocol. RFID tag communicates with the reader using the EPC Generation 2
protocol. EPCIS has specific interfaces like EPCIS ALE (Application Level Event) interface, EPCIS
Query interface. EPCIS database stores all the product information like the traceability information,
etc. Fig. 5 illustrates the EPCIS architecture and the integration with MDI.

In our solution, we focus and implement the specifications of EPCIS in the language Java EE
(Enterprise Edition) and MySQL server to assure management of the RFID access layer. Moreover,
EPCIS works and exchanges information with MDI through a common interface (EPCIS Query
Interfaces) thanks to web service. Data like good’s status are captured using the EPCIS Capture
Interface and they are queried or transmitted to MDI using the EPCIS Query interfaces

We give in Fig. 6 the good’s related information in EPCIS database. As described in figure, upon

detecting a status change along the supply chain, EPCIS register that information to its own database
and forwards the new status with the good ID to the MDI.
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Fig. 6. A good’s related information in EPCIS database.

3.3.2. EPCIS and MDI

When the EPCIS/Database authenticates the products, it informs the MDI about the nature of the pallet
content, but also other tag data (e.g., sensor ID associated to the same pallet than the tag ID) and the
product location (e.g., truck, warehouse, latitude, longitude). Then the MDI is enabled to activate
adequate monitoring mechanisms on the sensors. This way, the logistician is able to monitor products
along the supply chain. The MDI is able to handle large constraints coming from different EPCISs.
Our approach consists in distinguishing the data and control mechanisms in both RFID and WSN in
two different software layers. The proposed architecture has the advantage of leveraging standardized
Web Service messaging frameworks Error! Reference source not found. for communications
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between EPCIS and MDI.

The monitoring and controlling updater exposes a web service method for the update of a good, based
on its classification and its status in the supply chain. The web service method signature is defined as
follows:

ErrorCode updateSensor(Integer Sensorld, String GoodClassification, String Activity),;

3.3.3. Middleware for Device Integration and Sensors

As depicted in Fig. 2, three agents are running into the MDI. The updater agent is in charge of the
update of constraints to be evaluated on nodes. An additional alerting agent is dedicated to the
collection of alerts form the nodes, and the forwarding of alerts to end users. Finally a dedicated agent
enables the communication between sensors and the two former agents. With respect to the targeted
sensor node, a dedicated agent has to be implemented. In our case, we are focusing on crossbow 0
sensor node, which requires a dedicated agent. This agent has to be able to: (i) acquire information
(e.g., alert, raw sensor data) from sensor nodes, and (ii) to push information (e.g., commands,
constraints) to nodes.

4. Use Case

In the following use case, we describe in detail our approach, from the good’s status update through
the EPCGlobal infrastructure, to the constraint evaluation on sensor nodes. In this use case, a pallet is
equipped with a RFID tag and a sensor node. The latter is able to acquire a set of sensor data type such
as temperature, humidity, or light.

In
Fig7, an operator reads the RFID tag attached to the pallet for registering a specific operation done
over the pallet (e.g. shipping). The information is forwarded to the EPICS service. It handles an EPCIS
database maintaining the status, good ID, classification, SSCC, attached sensor ID and good’s status,
(cf. section 3.2). Depending on the tag reader ID, good’s status is updated in the EPCIS database.
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Fig. 7. Good's status update.

In Fig. 8, a good’s update message is sent to the monitoring and controlling updater with the
classification and the sensor node ID monitoring the pallet.
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|4, ‘
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Updater Database
L
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Fig. 8. Good's update to the monitoring and controlling service.

The monitoring and controlling component extract the constraints to be evaluated on the sensor node
based on the good’s classification. The monitoring and controlling component then deploys those
constraints on to the sensor node, and starts their evaluation, as depicted in Fig. 9.

Middleware for Device Integration

Temp > 20; not
Class1 container opening

Fig. 9. Constraints deployment.

In case of constraint violation, an alert is sent to the supply chain management system.
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5. Conclusion and Future Works

As a conclusion, this paper proposed a framework for integrating RFID and sensor within the supply
chain management systems. With this approach, we firstly aim at demonstrating the benefit of
integrating RFID and WSNs. RFID are in charge of identifying good, their classification, and the
status within the supply chain process. WNSs, embedded with monitoring and controlling capabilities,
are meant to mismatch between regulation on goods, depending on their classification and on the status
in the supply chain process. Therefore, WSNs depends on RFID information in order to run adequate
alerting service on nodes.

We are planning an evaluation of our approach through a prototype in the scope of the RESCUEIT
project. In addition, we are currently working of the design of security mechanisms for mutual
authentication between RFID and tags reader, risk assessment delegations to nodes, and secure and
efficient tracking of goods along the supply chain. Our goal is to address security requirement
regarding the integration of RFID and WSNs for supply chain management systems.

5. Disclaimer

The research was partially funded by the German Federal Ministry of Education and Research under
the promotional reference 011SO7009 and by the French Ministry of Research within the RESCUE-IT
project [6]. The authors take the responsibility for the content.
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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:

e Physical, chemical and biosensors;

e 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
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Digital Sensors and Sensor Systems: Practical Design will greatly benefit undergraduate and at
PhD students, engineers, scientists and researchers in both industry and academia. It is especially
suited as a reference guide for practicians, working for Original Equipment Manufacturers (OEM)
electronics market (electronics/hardware), sensor industry, and using commercial-ofi-the-shalf
components, as well as anyone facing new challenges in technologies, and those involved in the
design and creation of new digital sensors and sensor systems, including smart and/or intelligent
sensors for physical or chemical, electrical or non-electrical quantities.

“It is an outstanding and most
completed practical guide about how to
deal with frequency, period, duty-cycle,
time interval, pulse width modulated,
phase-shift and pulse number output
sensors and ftransducers and quickly
create various low-cost digital sensors
and sensor systems ..." (from a review)

Sergey Y. Yurish /

Digital Sensors
and Sensor S}fstems.
Practical Design

Order online:
http:/fwww.sensorsportal.com/HTML/BOOKSTORE/Digital_Sensors_htm
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