ISSN 1726-5479

SENSORS 74

TRANSDUCERS

SENSOINEIWOIKS
ANA WINeIeSSISENsor Networks

International Frequency Sensor Association Publishing éﬁ



http://www.sensorsportal.com/HTML/DIGEST/Journal_Subscription_2011.htm

T

g—"
Sensors & Transducers

Volume 130, Issue 7, www.sensorsportal.com ISSN 1726-5479

July 2011

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

Editors for Western Europe

Editors for North America

Meijer, Gerard C.M., Delft University of Technology, The Netherlands Datskos, Panos G., Oak Ridge National Laboratory, USA

Ferrari, Vittorio, Universita di Brescia, Italy
Editor South America
Costa-Felix, Rodrigo, Inmetro, Brazil

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

Fabien, J. Josse, Marquette University, USA
Katz, Evgeny, Clarkson University, USA

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

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

Editorial Advisory Board

Abdul Rahim, Ruzairi, Universiti Teknologi, Malaysia

Ahmad, Mohd Noor, Nothern University of Engineering, Malaysia

Annamalai, Karthigeyan, National Institute of Advanced Industrial Science
and Technology, Japan

Arcega, Francisco, University of Zaragoza, Spain

Arguel, Philippe, CNRS, France

Ahn, Jae-Pyoung, Korea Institute of Science and Technology, Korea

Arndt, Michael, Robert Bosch GmbH, Germany

Ascoli, Giorgio, George Mason University, USA

Atalay, Selcuk, Inonu University, Turkey

Atghiaee, Ahmad, University of Tehran, Iran

Augutis, Vygantas, Kaunas University of Technology, Lithuania

Avachit, Patil Lalchand, North Maharashtra University, India

Ayesh, Aladdin, De Montfort University, UK

Azamimi, Azian binti Abdullah, Universiti Malaysia Perlis, Malaysia

Bahreyni, Behraad, University of Manitoba, Canada

Baliga, Shankar, B., General Monitors Transnational, USA

Baoxian, Ye, Zhengzhou University, China

Barford, Lee, Agilent Laboratories, USA

Barlingay, Ravindra, RF Arrays Systems, India

Basu, Sukumar, Jadavpur University, India

Beck, Stephen, University of Sheffield, UK

Ben Bouzid, Sihem, Institut National de Recherche Scientifique, Tunisia

Benachaiba, Chellali, Universitaire de Bechar, Algeria

Binnie, T. David, Napier University, UK

Bischoff, Gerlinde, Inst. Analytical Chemistry, Germany

Bodas, Dhananjay, IMTEK, Germany

Borges Carval, Nuno, Universidade de Aveiro, Portugal

Bousbia-Salah, Mounir, University of Annaba, Algeria

Bouvet, Marcel, CNRS — UPMC, France

Brudzewski, Kazimierz, Warsaw University of Technology, Poland

Cai, Chenxin, Nanjing Normal University, China

Cai, Qingyun, Hunan University, China

Campanella, Luigi, University La Sapienza, Italy

Carvalho, Vitor, Minho University, Portugal

Cecelja, Franjo, Brunel University, London, UK

Cerda Belmonte, Judith, Imperial College London, UK

Chakrabarty, Chandan Kumar, Universiti Tenaga Nasional, Malaysia

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

Changhai, Ru, Harbin Engineering University, China

Chaudhari, Gajanan, Shri Shivaji Science College, India

Chavali, Murthy, N.1. Center for Higher Education, (N.I. University), India

Chen, Jiming, Zhejiang University, China

Chen, Rongshun, National Tsing Hua University, Taiwan

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

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

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

Chowdhuri, Arijit, University of Delhi, India

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

Corres, Jesus, Universidad Publica de Navarra, Spain

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

Courtois, Christian, Universite de Valenciennes, France

Cusano, Andrea, University of Sannio, Italy

D'Amico, Arnaldo, Universita di Tor Vergata, Italy

De Stefano, Luca, Institute for Microelectronics and Microsystem, Italy

Deshmukh, Kiran, Shri Shivaji Mahavidyalaya, Barshi, India

Dickert, Franz L., Vienna University, Austria

Dieguez, Angel, University of Barcelona, Spain

Dighavkar, C. G., M.G. Vidyamandir’s L. VV.H. College, India

Dimitropoulos, Panos, University of Thessaly, Greece

Ding, Jianning, Jiangsu Polytechnic University, China

Djordjevich, Alexandar, City University of Hong Kong, Hong Kong

Donato, Nicola, University of Messina, Italy

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

Drljaca, Predrag, Instersema Sensoric SA, Switzerland

Dubey, Venketesh, Bournemouth University, UK

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

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

Estrada, Horacio, University of North Carolina, USA

Faiz, Adil, INSA Lyon, France

Fericean, Sorin, Balluff GmbH, Germany

Fernandes, Joana M., University of Porto, Portugal

Francioso, Luca, CNR-IMM Institute for Microelectronics and Microsystems, Italy
Francis, Laurent, University Catholique de Louvain, Belgium
Fu, Weiling, South-Western Hospital, Chongging, China
Gaura, Elena, Coventry University, UK

Geng, Yanfeng, China University of Petroleum, China

Gole, James, Georgia Institute of Technology, USA

Gong, Hao, National University of Singapore, Singapore
Gonzalez de la Rosa, Juan Jose, University of Cadiz, Spain
Granel, Annette, Goteborg University, Sweden

Graff, Mason, The University of Texas at Arlington, USA
Guan, Shan, Eastman Kodak, USA

Guillet, Bruno, University of Caen, France

Guo, Zhen, New Jersey Institute of Technology, USA

Gupta, Narendra Kumar, Napier University, UK

Hadjiloucas, Sillas, The University of Reading, UK

Haider, Mohammad R., Sonoma State University, USA
Hashsham, Syed, Michigan State University, USA

Hasni, Abdelhafid, Bechar University, Algeria

Hernandez, Alvaro, University of Alcala, Spain

Hernandez, Wilmar, Universidad Politecnica de Madrid, Spain
Homentcovschi, Dorel, SUNY Binghamton, USA

Horstman, Tom, U.S. Automation Group, LLC, USA

Hsiai, Tzung (John), University of Southern California, USA
Huang, Jeng-Sheng, Chung Yuan Christian University, Taiwan
Huang, Star, National Tsing Hua University, Taiwan

Huang, Wei, PSG Design Center, USA

Hui, David, University of New Orleans, USA
Jaffrezic-Renault, Nicole, Ecole Centrale de Lyon, France
Jaime Calvo-Galleg, Jaime, Universidad de Salamanca, Spain
James, Daniel, Griffith University, Australia

Janting, Jakob, DELTA Danish Electronics, Denmark

Jiang, Liudi, University of Southampton, UK

Jiang, Wei, University of Virginia, USA

Jiao, Zheng, Shanghai University, China

John, Joachim, IMEC, Belgium

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

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

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

Ke, Cathy, Tyndall National Institute, Ireland

Khelfaoui, Rachid, Université de Bechar, Algeria

Khan, Asif, Aligarh Muslim University, Aligarh, India

Kim, Min Young, Kyungpook National University, Korea South
Ko, Sang Choon, Electronics. and Telecom. Research Inst., Korea South
Kotulska, Malgorzata, Wroclaw University of Technology, Poland
Kratz, Henrik, Uppsala University, Sweden

Kockar, Hakan, Balikesir University, Turkey


http://www.sensorsportal.com/

Kong, Ing, RMIT University, Australia

Kumar, Arun, University of South Florida, USA

Kumar, Subodh, National Physical Laboratory, India

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

Lacnjevac, Caslav, University of Belgrade, Serbia

Lay-Ekuakille, Aime, University of Lecce, Italy

Lee, Jang Myung, Pusan National University, Korea South

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

Lei, Hua, National Starch and Chemical Company, USA

Li, Genxi, Nanjing University, China

Li, Hui, Shanghai Jiaotong University, China

Li, Xian-Fang, Central South University, China

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 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

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 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

Sandacci, Serghei, Sensor Technology Ltd., UK

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

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

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

Sengupta, Deepak, Advance Bio-Photonics, India

Seif, Selemani, Alabama A & M University, USA

Seifter, Achim, Los Alamos National Laboratory, USA

Shah, Kriyang, La Trobe University, Australia

Silva Girao, Pedro, Technical University of Lisbon, Portugal

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

Slomovitz, Daniel, UTE, Uruguay

Smith, Martin, Open University, UK

Soleymanpour, Ahmad, Damghan Basic Science University, Iran

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

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

Srivastava, Arvind K., NanoSonix Inc., USA

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

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).
Available in electronic and on CD. Copyright © 2011 by International Frequency Sensor Association. All rights reserved.



Sensors & Transducers Journal /-

‘—-—’ f
Contents
Volume 130 Www_sensorsportaLcom ISSN 1726-5479
Issue 7
July 2011

Research Articles

Effects of Rayleigh Fading on Energy Level Performance of Adaptive Power Based WSN
Arnab Nandi and SUMIt KUNAU .........oooiiiiiii e 1

Interfacing SAW Resonators for Wireless High Temperature Applications
Mohammad Javadian Sarraf, M. N. Hamidon, Maryam Mohd. Isa, Alyani Ismail, Amir Reza Zarabi 11

Outage and Energy Performance of Layered CDMA Wireless Sensor Network with Space
Diversity
U. Datta, P. K. Sahu, SUMIt KUNGU ...euiiiiiiei et e e e ee e e e e s e e ea s e e e e e 23

Optimization of Energy Consumption of Rain Gauge Network Using MSG Infrared Image
Mourad Lahdir, Mohand Tahanout, Mourad Laghrouche, Soltane Ameur............cccccceeeeiiiiiiiiiineen. 38

Application of Swarm Intelligence Based Routingprotocols for Wireless Adhoc Sensor
Network
MIULYUNJAYA PANOA. .. .ttiiiiiii i iecareeeeeeseesaattnreeeeeeaseaastaseeeeeeaaasasssnsesssessaanasssnssseseessnnassensenes 48

Extending Coverage and Lifetime of K-coverage Wireless Sensor Networks Using Improved
Harmony Search
Shohreh Ebrahimnezhad, Hoda Jalal Kamali and Mohsen Ebrahimi Moghaddam ................cc......... 61

Switching and Release Time Analysis of Electrostatically Actuated Capacitive RF MEMS
Switches
S. Shekhar, K. J. Vinoy, G. K. ANANtNASUrESh ........cc.uuiiiiiiiei et 77

Calibration Model for Industrial Load Cells
Y (o] o ST Vo T Y] o] g =Y o I 91

A New Shape Memory Alloy Based Smart Encoder for Sensing of Direction and Angular
Motion
Bishakh Bhattacharya and Om Prakash Patel ............cccceeiiiiiiiiiiiie e 103

An Analytical Method to Determine the Response of a Micro Capacitive Pressure Sensor
Ashwin Simha, S. M. Kulkarni and S. MeenatChisundaram .............ccceeveieiiieiiiiiieieeeeeeeee e 118

Thickness Effect of Micro Speaker Copper Coil Fabrication Process
F. L. Ayat, M. MOghavvemi, A. ALLBIAN........couiiiiiiiie ittt e e e e e e e e e e e e s eanbeeeaeas 127

Design, Simulation and Analysis of Cantilever Sensor for in-Vitro LDL Detection
Dr. S. Hosimin Thilagar, A. R. KaIAIAIASH ...........ccccuiiiiiiee et a e enanrane e 136

Improvement on the Lifetime of the WSN Using Energy Efficiency Saving of Leach Protocol
(New Improved LEACH)
Muneer Bani Yassein, Hassan MiSTar€ehi .......cocooiiiveuiiiiiii ettt 142


http://www.sensorsportal.com/index.html

Sensors & Transducers Journal, Vol. 130, Issue 7, July 2011, pp. 48-60

T Sensors & Transducers

e ISSN 1726-5479
www.sensorsportal.com © 2011 by IFSA
http://www.sensorsportal.com
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for Wireless Adhoc Sensor Network
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Abstract: The enormous growth of wireless sensor network (WSN) research has opined challenges
about their ease in implementation and performance evaluation. Efficient swarm intelligence based
routing protocols that can be used to obtain the application specific service guarantee are the key
design issues in designing a WSN model. In this paper, an experimental testbed is designed with 100
sensor nodes deployed in a dense environment to address the scalability and performance issues of
WSN. In this paper, we use Flooded Piggyback (FP) and SC-MCBR ant colony based routing along
with AODV and MCBR Tree in order to design an efficient WSN model. Finally, simulation results
are presented with various performance measures to understand the efficacy of the proposed WSN
design. Copyright © 2011 IFSA.

Keywords: Wireless sensor network, Ant-colony, Swarm intelligence, Energy, Latency, Throughput.

1. Introduction

Wireless Sensor Network (WSN) consists of large number of small nodes with sensing, computation
and communication capabilities [1] which are deployed in such a manner that they can satisfy the
phenomena of interest [2]. Recent developments in wireless communication networks and with the
invent of MEMS (Micro Electro Mechanical Systems) technology [3] make it possible to obtain tiny
sensors with low power consumption and short range communication capabilities with less production
costs for a wide range of applications. The areas of application behind the WSN research are military,
medical, intrusion detection and environmental applications.
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The main working principle of the sensor node (also called as motes) is to sense and collect the
valuable information from the domain of interest, process them and then finally transmit it to the sink
for necessary application at the end. So, various routing protocols are designed for the efficient data
managements amongst the various sensor nodes deployed in an environment with maximum energy
efficiency and to incur minimum connection errors [4]. To move in this line, various social insect
colonies based WSN protocols are proposed in [5-6]. The main motivation of this paper is to design
and implement various sensor network protocols based on Ant colonies and power aware routing
protocols are proposed in the experimental testbed. A generalized framework for the wireless sensor
network is shown in Fig. 1.

It can be seen from the Fig. 1 that the sensor nodes are deployed largely in a network for its low cost
and can communicate with each other either directly or through other nodes and thus form an
autonomous intelligent network. The information gathered by the sensor nodes must be transmitted to
a control center called the Base Station (BS) either directly or through other sensor nodes. The base
station is fixed and located far away from the sensors. The base station can then communicate with the
end users either directly or through the existing wired network.

The rest of the paper is organized as follows. Section 2 discusses about the literature review in this
area of research followed by the factors of the routing protocol design in Section 3. Section 4 discusses
about our experimental testbed with various proposed routing protocols. The experimental results with
discussion are provided in Section 5. Finally, we conclude with future scope in Section 6.

B ase Station

Users Extemal Metwork

@ SersorNodes

() cCluster Heads

Fig. 1. Wireless sensor network architecture [7].

2. Literature Search
In this section, we provide a brief overview of the literature available in WSN research.

The authors have evaluated the performance of various routing protocols in NS-2 environment using
AODV, DSR, DSDV, and TORA [8]. A modified routing algorithm for reducing congestion in
wireless sensor network is proposed in [9]. In [10], the authors presented a novel routing protocol
based on ant colony optimization to design a WSN and discuss its effectiveness to achieve a dynamic
and adaptive routing in order to compensate the nodes power consumption and increase the network
life time as far as possible. Performance evaluation of CSMA-MAC based WSN by considering
various radio channels are discussed in [11]. The authors presented a cross layer design based self-
optimized ant colony routing protocol for WSN in order to improve the overall data delivery ratio [12].
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In [13], the authors analyze the performance of distributed energy efficient clustering protocol in
context to network life time, and energy balancing. In [7], a new power aware, adaptive, hierarchical
and chain based protocol (CCPAR) is proposed for ensuring the power dissipation evenly amongst all
the nodes.

3. Design Factors for Routing Protocols

Since a distributed network has multiple nodes and services many messages, and each node is a shared
resource, many decisions must be made. The following are some of the important factors affected by
routing protocols that should be considered with great attention for an efficient WSN design.

3.1. Latency

Latency of a packet is a measure of the time delay of the packet to reach the base station (sink node)

from its source node. For any sink, latency is obtained after arrival of n packets as Z—', where d;is
—n

the latency of the i™ packet and the latency of the network is then averaged by the total number of
sinks. We use latency rather than the number of hops as the metric because of its relation not only with
the number of hops traversed, but also with the length of the transmission queues and delays
introduced randomly at the MAC layer including delays that is introduced to minimize the collision
errors thereof.

3.2. Energy Consumption

It is defined as sum of energy of all nodes, where the energy used for a node is the sum total of the
energy used for the communication, that includes transmitting, receiving and idling [14]. As sensor
nodes are having the limited energy, routing strategies need to be processed dynamically for obtaining
the highest efficiency of the sensor nodes.

3.3. Throughput

Throughput is used to measure the number of data packets received at the sink node per second [15].
This counts only the desired data packets for obtaining the effectiveness of the WSN model.

3.4. Scalability

Scalability depends upon the total number of sensor nodes that are deployed in a wireless sensor
network, in terms of hundreds and thousands etc. Hence, it is desirable that the proposed routing
algorithms must be scalable enough to respond all the events for efficient data handling in such a dense
environment.

3.5. Quality of Service (Qo0S)

The quality of service is a measure of excellence while designing a particular application in terms of
network life span, energy efficiency, collaborative processing and location awareness that are highly
affected by the proper selection of the routing protocols [16].
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3.6. Success Rate

The success rate is obtained by looking at the total number of packets received at all the destinations
vs. the total number of packets sent from all the sources.

3.7. Loss Rate

It is defined as the number of lost packets vs. the total expected number of packets for that destination.

4. Methodologies and Experimental Setup

In this section, we discuss about the proposed routing protocols followed by the experimental set up
for WSN design. We use swarm intelligence based routing protocols for WSN that falls under three
categories. First one is Ant-Colony based (ACO) consists of SC-ant, FF-ant and FP-ant routing;
secondly bee colony based (for example beesensor routing) and third one slim mold based.

4.1. Flooded Piggybacked Ant Routing (FP Routing)

Flooded piggybacked routing approach provides a new ant species to forward ants such as data ants
carrying the forward list, where as control of the flooded forward ants are treated same as in case of
flooded forward ant routing [17]. This is found suitable in designing a complex, dynamic and highly
distributed wireless sensor network. Single path routing tends to have high loss rates, due to dynamic
and asymmetric properties of sensor networks. Multi-path routing such as flooding is very robust and
has high success rate. In FP, we combine forward ants and data ants, using constrained flooding in the
previous algorithm to route the data and to discover good paths at the same time.

4.2. MCBR Tree Routing

The term MCBR is used to indicate the term message-initiated Constrained based Routing for routing
mechanism with constraint-based destinations and objectives specified in messages [18]. One
advantage of the MCBR routing is its accurate initial objective estimate based on its specifications.
The objective functions are used to estimate the minimum cost along the path, while the destination
constraints are basically used to estimate the minimum number of hops to the destinations. With the
separation of routing specification from routing strategies, general purpose Meta routing strategies can
be thought of for MCBR routing tree implementation with QoS support, in comparison to the most
existing ad-hoc routing strategies, which do not support QoS to their account.

4.3. Sensor-driven and Cost-aware Ant Routing (SC)

One of the problems of the basic ant-routing algorithm is that the forward ants normally take a long
time to find the destination, even when a Tabu list is used (i.e., no repeating nodes if possible). That
happens because ants initially have no idea where the destination is. Only after one ant finds the
destination and traverses back along the links will the link probabilities of those links change. In SC,
we assume that ants have sensors so that they can smell where the food is even at the beginning [19].
That is not an unrealistic assumption for sensor networks, since feature-based routing dominates
address-based routing in that space. Some features, such as geographic location, have a natural
potential. If the destination does not have a clear hint, pre-building the feature potential is sometimes
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still efficient. Cost awareness generalizes the objective of shortest path length so that ants can apply
other routing metrics as well, e.g., energy-aware routing.

4.4. AODV Routing

The AODV (Adhoc on-demand distance vector routing) [20] is a reactive routing protocol, where
routes are determined only on demand. AODV avoids problems similar to count-to-infinity. For this,
AODV uses a technique of assigning sequence numbers to all the updates. AODV is also found
suitable in restrictive environments because of its ability to intercommunicate with the end points
which cannot be accessed directly. It finds the route through which the message can be forwarded and
also find the shortest path to the end point.

4.5. Experimental Setup

We implemented several routing protocols simulation using Prowler [21] and Rmase [22] in
MATLAB 7.0 environment to evaluate the performance of the wireless sensor network.

In this, we used a square sensor field of 10 x 10 square unit areas. Initially, all the nodes are placed in a
grid placed uniformly, where the coordinates of each node were shifted by a uniform random
distribution with range [-0.5, +0.5]. In this, a node which is closest to the center of the sensor field was
referred to as the base station.

4.6. Radio Channel Modeling

The radio model used by Prowler provides a radio propagation model with CSMA -MAC protocol
using MICA motes. In this, we use a simple deterministic radio channel, where a packet is received
successfully only when the received signal strength is greater than a pre-defined threshold limit. In
situations, when two simultaneous transmission are received with signal strength satisfy the above
conditions at one node of consideration, collision occurs. A packet is lost only when there is some
collision occurs. In all our simulations, the data rate of wireless links is set to be 40 Kbps with
maximum length of a packet as 960 bits.

4.6.1. Propagation and Fading Models

The current implementation uses a basic model for radio propagation with two different fading models.
In both cases the signal propagation is modeled by an ideal propagation function, and disturbing
components. The ideal propagation function defines the signal strength vs. the distance between the
transmitter and receiver. The disturbance components model the fading effect. The f(x) is the ideal
propagation function. The ideal received signal strength is P_rec_id =P_transmit*f(x), where x is the
distance.

4.6.2. Fading Model 1 (Line of Sight)

This model describes scenarios where the motes have direct line of sight. The fading is modeled by
adding noise components to the ideal received signal strength .The received signal strength is:
P_rec=P_rec_id*(1+alpha(x))*(1+beta (t)), where alpha and beta are random variables with normal
distributions N(0, s_alpha) and N(O, s_beta), respectively. Here, P_rec is forced to be non-negative. In
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this, alpha models location-dependent effects, while beta models time-dependent effects. The
magnitude of the fading effect modeled by alpha remains constant during the simulation (unless
location of the node changes, when it is recalculated), while the magnitude of the effect modeled by
beta changes in time.

4.6.3. Fading Model 2 (Rayleigh Fading)

This model describes scenarios where the motes do not have direct line of sight. The fading is modeled
by randomly modulating P_rec_id: P_rec=P_rec_id*R, where R is a random variable with exponential
distribution (mean = 1). There is a consistency time parameter (tau) defining the time while the fading
can be considered constant. P_rec is recalculated for every transmitter mote in every tau time period. If
the position of a mote changes, the corresponding P_rec values are recalculated. An additional
transmission error p_error is defined for both models. It models all other sources/effects that may lead
to an unsuccessful transmission.

4.6.4. Radio Channel Models

The simulator contains two different models to describe radio transmissions, receptions, and collision
avoidance.

Channel Model 1 (simple)

This simple model is fast, although not very accurate. Transmitters check the channel before starting
transmission. The channel is considered idle if MRP<RECEPTION_LIMIT, where MRP is the
maximum received power at the time of the idle check.

Channel Model 2 (more detailed)

This model provides more accurate results at a somewhat slower speed. The Signal to Noise and
Interference Ratio (SINR) is defined by SINR=P_rec/(P_noise+P_int), where P_rec is the power of the
received (useful) signal, P_noise is the receiver's noise variance (RNV), and P_int is the total
(summed) interference from all the undesired transmitters. The signal is successfully received if
SINR > SINR_LIMIT, during the time of the reception. Transmitters check the channel before starting
transmission. The channel is considered idle if TRP < P_noise * IDLE_LIMIT_CONSTANT, where
TRP is the total received power (TRP) at the time of the idle check.

5. Experimental Results and Discussion

We perform all our simulations with a simulation time of 50 seconds. The radio connectivity obtained
from different routing protocols and radio channel under our investigation are presented in Fig. 3
below, in order to have an understanding about the simulation environment. Fig. 2 (a) shows the radio
connectivity for MCBR ant routing with Rayleigh fading followed by the MCBR ant routing with
SINR in Fig. 2 (b). Further, Fig. 2 (c) and Fig. 2 (d) presents the radio connectivity scenario for FP
based ant routing with SINR and Rayleigh fading taken into consideration.

Various performance evaluations such as Latency, energy and throughput with respect to simulation
time in seconds for the proposed routing protocols are obtained and presented in Fig. 3, Fig. 4, and
Fig. 5 respectively. From Fig. 3(a), it can be observed that MCBR tree routing provides better latency
in comparison to others; where as in all other case as is evident from Fig. 3 (b) and Fig. 3 (c) that
Flooded piggybacked routing (FP) performs better and AODV routing is at the bottom, need some
enhancement for a suitable WSN design.
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Fig. 2 (a-b). Instances of radio connectivity for swarm based routing with fading.
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Fig. 2 (c-d). Instances of radio connectivity for swarm based routing with fading.
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Fig. 3. Comparison of different routing algorithms in case of a normal radio channel.

From Fig. 4, it can be observed that MCBR tree with Rayleigh fading has high latency in comparison
to categories. It suddenly rises from zero to 1.0256 and then reduced to 0.751 for many and then
finally settled at 0.7719 seconds. However, in case of MCBR ant routing with SINR, the constant
latency achieved.
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Fig. 4. Latency comparison in channel fading environment.

In is quite evident from Fig. 5 that MCBR ant routing with Rayleigh fading consumes more energy in
Joules per packet in comparison to all other types. It consumes 3.456 joules per packet initially and
then finally consumes 48.864 joules per packet at the simulation time of 50 seconds. However, AODV
routing with Rayleigh fading and with SINR provides lowest energy consumption varying from 0
joules per packet to 15.072 and 11.88 joules per packet respectively.
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Fig. 5. Energy consumption.

Fig. 6 shows that in case of MCBR ant routing with Rayleigh fading, throughput remains unchanged
throughout the simulation period, where as on case of MCBR tree with SINR, it rises from 0 to 2.9467
data packets per seconds. The FP ant routing with both Rayleigh fading and SINR cases, provides
better throughput finally of 1.5529 and 1.1874 respectively.
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Fig. 6. Throughput.

As can be seen from Fig. 7, loss rate in case of MCBR tree with Rayleigh fading is high, ranges from
0 to 0.9807 through 0.9718. However, in case of MCBR ant routing with Rayleigh fading and AODV
routing with SINR maintains the constant loss rate. FP ant routing with Rayleigh fading and SINR
provides loss rate ranging from 0 to 0.610 and 0 to 0.696 respectively.
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Fig. 7. Loss rate.

The success rate for MCBR tree with SINR is the highest among all ranging starting 0 to 0.7347
finally, as can be seen from Fig. 8. Further, this shows that AODV with SINR and MCBR ant routing
with Rayleigh fading provides the constant success rate. In this case, FP ant routing with Rayleigh
fading rises from 0 to 0.4167 and then finally settled at 0.3877. Similarly FP ant routing with SINR
provides success rate varying from 0 during first simulation time to 0.301 at 45" simulation time and
finally at 0.296 in 50" simulation time.
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Fig. 8. Success rate.

5. Conclusion and Future Scope

Wireless sensor networks are an emerging area of research that finds many applications in every walk
of life. Researches are going on to either developing the new or enhance the existing technologies for
making the WSN application more viable to the people. However, before implementation and actual
production, all these techniques are to be properly tested and verified. As the real world
implementation and test-beds are some what difficult to obtain, the modeling and simulation is the
only solution to achieve such a WSN design.

In this paper, we have concentrated on to implement various routing protocols based on ant routing
and power aware routing in order to model an efficient wireless sensor network in terms of their
latency, energy consumption, throughput, loss rate and success rate. Through the simulation
experiments conducted in this research, we conclude that in case of normal radio channel, power aware
routing MCBR tree is better in case of latency comparison to ant based routing where as in case of the
other scenarios; the reverse has been true for designing a WSN. Similarly, while considering radio
channels with Rayleigh fading and SINR for WSN design, MCBR tree with Rayleigh fading provides
high latency, MCBR ant routing with Rayleigh fading consumes more energy, MCBR tree with SINR
with highest throughput, loss rate in case of MCBR tree with Rayleigh fading is high and finally
MCBR tree with SINR has the highest success rate, in comparison to all others. Our future work is to
define some new protocols for efficient WSN design and then to formulate an anomaly detection
framework.
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Technologies & Markets - 2010 Report

Disruptive technologies are paving the way _ \Bhofers =
to the future of digital imaging industry !

Image sensors have come a long way since the first introduction of CCD sensor technology in the 1990°s. They made

a big jump In the 2000's with the introduction of CMOS sensor technology which gave birth to the low-cost, high volume
camera phone market. Image sensors are now part of our everyday life: from cell-phone cameras, to notebook webcams,
digital cameras, video camcorders to security & surveillance systems. In the future, new markets are also emerging
such as sensors for medical applications, automotive security features, but also gaming and home TV webcams ...

The reason why we are now releasing our first report on the CMOS image sensor industry is that we feel that we are

at an historic turning point for this young, but still maturing industry.

http:/ /www.sensorsportal.com/HTML/CMOS_Image_Sensors.htm
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Sensors & Transducers Journal /
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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 2011.pdf
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International Frequency Sensor Association Publishing

The Handbook of Laboratory Measurements and Instrumentation presents
experimental and laboratory activities with an approach as close as possible to reality,
even offering remote access to experiments, providing to the reader an excellent tool for
learning laboratory technigues and methodologies. Book includes dozens videos,
animations and simulations following each of chapters. It makes the title very valued
and different from existing books on measurements and instrumentation.

This unique methodological book comprises
13 chapters. Each one presents a clearly

IO

w

13

i Handbook defined leamning objective, the essential
i of Laboratory Measurements concepts and a step-by-step guide for
and Instrumentation performing the experimental activity, various
complementary multimedia contents and a
e final synthesis. The set of open questions
T that closes each module is intended to

Atttk Mendes. Lopes provide formative assessment.

The Handbook of Laboratory
Measurements and Instrumentation
significantly contributes to the
dissemination of experimental activity in
engineering education and to facilitate the
conception, tuning and exploration of
experimental systems for laboratory
training. The full technical description of the
equipment is provided to make the setups
easily reproducible. Engineers, technicians
and students who are working in measuring
laboratories will find plenty of practical
information here for solving daily problems.
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Order online:
http://lwww.sensorsportal.com/HTML/BOOKSTORE/Handbook_of Measurements.htm

www.sensorsportal.com
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