ISSN 1726-5749

S&ENSORS 127

TRANSDUCERS

VIoGern sensing 1ecnnologiesiil

International Frequency Sensor Association Publishing és-i




T

g—"
Sensors & Transducers

Volume 9, Special Issue,
December 2010

www.sensorsportal.com

ISSN 1726-5479

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

Editors for Western Europe
Meijer, Gerard C.M., Delft University of Technology, The Netherlands
Ferrari, Vittorio, Universita di Brescia, Italy

Editor South America
Costa-Felix, Rodrigo, Inmetro, Brazil

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 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

Bahreyni, Behraad, University of Manitoba, Canada

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

Baoxian, Ye, Zhengzhou University, China

Barford, Lee, Agilent Laboratories, USA

Barlingay, Ravindra, RF Arrays Systems, India

Basu, Sukumar, Jadavpur University, India

Beck, Stephen, University of Sheffield, UK

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

Benachaiba, Chellali, Universitaire de Bechar, Algeria

Binnie, T. David, Napier University, UK

Bischoff, Gerlinde, Inst. Analytical Chemistry, Germany

Bodas, Dhananjay, IMTEK, Germany

Borges Carval, Nuno, Universidade de Aveiro, Portugal

Bousbia-Salah, Mounir, University of Annaba, Algeria

Bouvet, Marcel, CNRS — UPMC, France

Brudzewski, Kazimierz, Warsaw University of Technology, Poland

Cai, Chenxin, Nanjing Normal University, China

Cai, Qingyun, Hunan University, China

Campanella, Luigi, University La Sapienza, Italy

Carvalho, Vitor, Minho University, Portugal

Cecelja, Franjo, Brunel University, London, UK

Cerda Belmonte, Judith, Imperial College London, UK

Chakrabarty, Chandan Kumar, Universiti Tenaga Nasional, Malaysia

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

Changhai, Ru, Harbin Engineering University, China

Chaudhari, Gajanan, Shri Shivaji Science College, India

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

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

Kockar, Hakan, Balikesir University, Turkey

Kotulska, Malgorzata, Wroclaw University of Technology, Poland

Kratz, Henrik, Uppsala University, Sweden

Kumar, Arun, University of South Florida, USA



Kumar, Subodh, National Physical Laboratory, India

Kung, Chih-Hsien, Chang-Jung Christian University, Taiwan
Lacnjevac, Caslav, University of Belgrade, Serbia

Lay-Ekuakille, Aime, University of Lecce, Italy

Lee, Jang Myung, Pusan National University, Korea South

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

Lei, Hua, National Starch and Chemical Company, USA

Li, Genxi, Nanjing University, China

Li, Hui, Shanghai Jiaotong University, China

Li, Xian-Fang, Central South University, China

Liang, Yuanchang, University of Washington, USA

Liawruangrath, Saisunee, Chiang Mai University, Thailand

Liew, Kim Meow, City University of Hong Kong, Hong Kong

Lin, Hermann, National Kaohsiung University, Taiwan

Lin, Paul, Cleveland State University, USA

Linderholm, Pontus, EPFL - Microsystems Laboratory, Switzerland
Liu, Aihua, University of Oklahoma, USA

Liu Changgeng, Louisiana State University, USA

Liu, Cheng-Hsien, National Tsing Hua University, Taiwan

Liu, 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

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

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

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

Sengupta, Deepak, Advance Bio-Photonics, India

Shah, Kriyang, La Trobe University, Australia

Sapozhnikova, Ksenia, D.I.Mendeleyev Institute for Metrology, Russia
Saxena, Vibha, Bhbha Atomic Research Centre, Mumbai, India

Seif, Selemani, Alabama A & M University, USA

Seifter, Achim, Los Alamos National Laboratory, 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

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

Srivastava, Arvind K., Northwestern University, 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, 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 © 2010 by International Frequency Sensor Association. All rights reserved.



Sensors & Transducers Journal /“

Contents

Volume 9 www.sensorsportal.com ISSN 1726-5479
Special Issue

December 2010

Research Articles

Modern Sensing Technologies - lll
Subhas Chandra Mukhopadhyay, Aime Lay-Ekuakille, Anton FUChS ..., I

Composition and Detection Rate of a Symmetry Axis Localization Algorithm for Digital Images
Norbert Eidenberger, Daniel C. H. Schleicher and Bernhard G. Zagar .........cccccccooviiivvieeeeeeeseeccnnnnee, 1

Formulation and Characterization of Cu Doped ZnO Thick Films as LPG Gas Sensor
A. V. Patil, C. G. Dighavkar, S. K. Sonawane, S. J. Patil and R. Y. BOIS€ ........ccooevcvvviveeeeeeeiicinnnn, 11

Characterization of Microbubble Contrast Agents for Echographic Imaging through Time-
Scheduled Size Distribution Measurements
Francesco Conversano, Roberto Franchini and Sergio CasCiaro...........ooouuvvieeeieeniiiiiiiieieeee e 21

Production and Characterisation of Multifunctional Textile for Masonry Retrofitting and Health
Monitoring
Angela Coricciati, Paolo Corvaglia, Alessandro Largo, Michele Arturo Caponero, Giovanni Fardin. 28

Al-doped TiO, Thick Film Resistors as H2S Gas Sensor
Chandrakant Dighavkar, Arun Patil, Sunil Patil and Ratan BOrSe.........cccccceveeeeeiiiiciiiiieece e 39

Ultrasound Signal Analysis Applied to Determine the Optimal Contrast Dose for Echographic
Examinations
Roberto Franchini, Francesco Conversano, Antonio Greco, Raffaella Verrienti, Sergio Casciaro.... 48

Extended Phase Accordance Method: A Real-time and Accurate Technique for Estimating
Position and Velocity of Moving Objects using Ultrasonic Communication
Tomohiko Sato, Shigeki Nakamura, Masanori Sugimoto and Hiromichi Hashizume ........................ 56

Magneto-inductive Sensors for Metallic Ropes in Lift Application
Aldo Canova, Francesco Ficili and Dani€l ROSSI..........ucuiiieiiiiiiiiiiiiie e 71

Studies on Gas Sensing Performance of Pure and Surface Chrominated Indium Oxide Thick
Film Resistors
D. N. Chavan, V. B. Gaikwad, S. D. Shinde, D. D. Kajale, G. E. Patil, G. H. Jain ............ccccceevunneen. 82

Effect of Annealing Temperature on Gas Sensing Performance of SnO, Thin Films Prepared by
Spray Pyrolysis
G. E. Patil, D. D. Kajale, S. D. Shinde, R. H. Bari, D. N. Chavan, V. B. Gaikwad, G. H. Jain ........... 96

Measurement Using Conductive Polymeric Fibers in a Wearable Sensor Platform
Ram Manoj Sarda, Thomas Donnely, Mansour Taherinahzahdi and Michael Haji-Sheikh ............... 109

Three Dimensional Measurement of Aquatic Organisms Using a Single Video Camera
Kikuhito Kawasue, Satoshi Nagatomo and YUIChir0 OYa..........ccueeiiiiiiiiiiiiiiieiiiiee e 118

127



Pain Sensing System for Animals
Ibrahim Al-Bahadly, Subhas Mukhopadhyay and Khalil AlKhumaisi..............cccccoiniiiiiiiiiie,

Experimental Assessment of a Pneumatic Level-sensing Method for Closed Tanks Applied to
Water and Wooden Pellets
Gert Holler, Rudolf Brunnader, Bernhard Schweighofer, Hannes Wegleiter ...........cccoevvvvvveeeeeninnns

Synthesis and Characterization of Nanostructured ZnO Thick Film Gas Sensors Prepared by
Screen Printing Method
R. Y. BOrse and V. T. SAIUNKE........ouuiiiiiiiiiiie ittt e e e e e s s e e e e e s e s snbe e e e e e ennnenneees

Sensitivity Limits of a Magnetometer with an Air-core Pickup Coil
Kunihisa Tashiro, Shin-ichiro Inoue and Hiroyuki Wakiwaka .............ccccoooiiiiiiiiiiiiiii

A Survey on Unobtrusive Measurements of the Cardiovascular Function and their Practical
Implementation in Wheelchairs
Eduardo Pinheiro, Octavian Postolache, Pedro GIr80 ..........ccoviuiiieiiiiiiiiiiiiee i

Multi-Sensor SLAM Approach for Robot Navigation
Sid Ahmed Berrabah, Yvan Baudoin, Hichem Sahli ..........cccooooiiiiiiiiiiiee e

ZigBee Test Harness: An Innovative Tool for ZigBee Node Testing
Andrea Ranalli, Claudio BOIEAN ..........coi ittt e et e e e e e et e e e e e e e e e e eneeeeeas

Effect of Firing Temperature on the Composition and Structural Parameters of Screen Printed
ZrO2 Thick Film Sensors
S. J. Patil, A. V. Patil, C. G. Dighavkar, R. Y. BOISE .......cccocuiiiiii ittt e

Wide-band Induction Magnetometers Stability
Vira Pronenko and YEVNEN VASIlIEV ..........uuuiiiiiiiiii ittt e s e e e e e e e eneee s

Experimental Performance Measurements of Home Photovoltaic Plants: A Case Study
C. Calo, C. Chiffi, G. D'Aniello, A. Lay-Ekuakille, P. Vergallo, A. Trotta .......ccccoevevieerieeiiiee e,

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).

151

161

171

182

200

214

223

233

240

Benefits and rewards of being an IFSA author:

2) Quick Publication.

IFSA recognizes the value to our customers of

timely information, so we produce your book 4) Published Format: pdf (Acrobat).
quickly: 2 months publishing schedule

Portal.

minutes.

Also edited survey books, state-of-the art or state-of-the-technology, are of interest to us.

1) Royalties. 3) The Best Targeted Marketing and Promotion.

International Frequency Sensor Association Publishing

Call for Books Proposals =
Sensors, MEMS, Measuring instrumentation, etc. ot b

Today IFSA offers most high royalty in the  Asaleadingonline publisherin sensors related fields,
world: you will receive 50 % of each book sold  IFSA and its Sensors Web Portal has a great
in comparison with 8-11 % from other expertiseand experience to marketand promote your
publishers, and get payment on monthly basis ~ book worldwide. An extensive marketing plan will be
compared with other publishers' yearly basis. developed for each new book, including intensive

promotions in IFSA's media: journal, magazine,

newsletter and online bookstore at Sensors Web

compared with other publishers' 5-18-month When you publish with IFSA your book will never go
schedule. out of print and can be delivered to customers in a few

You are invited kindly to share in the benefits of being an IFSA author and to submit your book proposal
or/and a sample chapter for review by e-mail to editor@sensorsportal.com These proposals may
include technical references, application engineering handbooks, monographs, guides and textbooks.




The Third International Conference
on Bioinformatics, Biocomputational Systems and Biotechnologies

BIOTECHNO 2011

May 22-27, 2011 - Venice, ltaly

T

-

- Biocomputing
- Genetics

www.sensorsportal.com

Tracks:

A. Bioinformatics, chemoinformatics,
neuroinformatics and applications

- Bioinformatics

- Advanced biocomputation technologies
- Chemoinformatics

- Bioimaging

- Neuroinformatics

- Microbiology

- Biodevices

B. Computational systems
- Bio-ontologies and semantics

- Molecular and Cellular Biology

C. Biotechnologies and biomanufacturing
- Fundamentals in biotechnologies

- Biomedical technologies
- Biological technologies
- Biomanufacturing

Important deadlines:

Submission (full paper) January 10, 2011

Notification February 20, 2011
Registration March 5, 2011
Camera ready March 20, 2011

http://www.iaria.org/conferences2011/BIOTECHNO11.html

The Seventh International Conference
on Networking and Services

ICNS 2011

May 22-27, 2011 - Venice, ltaly

o ene

-

www.sensorsportal.com

Important deadlines:
Submission (full paper)
Notification
Registration

Camera ready

January 10, 2011
February 20, 2011
March 5, 2011
March 20, 2011

http://www.iaria.org/conferences2011/ICNS11.html

Tracks:

- ENCOT: Emerging Network Communications and Technologies

- COMAN: Network Control and Management

- SERVI: Multi-technology service deployment and assurance

- NGNUS: Next Generation Networks and Ubiquitous Services

- MPQSI: Multi Provider QoS/SLA Internetworking

- GRIDNS: Grid Networks and Services

- EDNA: Emergency Services and Disaster Recovery of Networks and Applications
- IPv6DFI: Deploying the Future Infrastructure

- IPDy: Internet Packet Dynamics

- GOBS: GRID over Optical Burst Switching Networks

The Sixth International Conference on Systems

ICONS 2011

January 23-28, 2011 - St. Maarten,
The Netherlands Antilles

el

www.sensorsportal.com

Important deadlines:
Submission (full paper)
Notification
Registration

Camera ready

September 25, 2010
October 20, 2010
November 5, 2010
November 5, 2010

http://www.iaria.org/conferences2011/ICONS11.html

Tracks:

- Systems’ theory and practice

- System engineering

- System instrumentation

- Embedded systems and systems-on-the-chip

- Target-oriented systems [emulation, simulation, prediction, etc.]

- Specialized systems [sensor-based, mobile, multimedia, biometrics, etc.]
- Validation systems

- Security and protection systems

- Advanced systems [expert, tutoring, self-adapting, interactive, etc.]

- Application-oriented systems [content, eHealth, radar, financial, vehicular, etc.]
- Safety in industrial systems

- Complex Systems




Sensors & Transducers Journal, Vol. 9, Special Issue, December 2010, pp. 127-150

T Sensors & Transducers
e ISSN 1726-5479
www.sensorsportal.com © 2010 by IFSA

http://www.sensorsportal.com

Pain Sensing System for Animals

Ibrahim AL-BAHADLY, Subhas MUKHOPADHYAY and Khalil ALKHUMAISI
School of Engineering and Advanced Technology
Massey University, Palmerston North, New Zealand

Received: 27 September 2010 /Accepted: 30 November 2010 /Published: 30 December 2010

Abstract: Castration, tail docking and ear tagging are examples of painful process that the lambs in
New Zealand undergo in their early life. Massey University is conducting a research to measure the
pain sensitivity in animals based upon applying mechanical force. The research will help in better
understanding the development of pain sensitivity in the animal, and hence improving the welfare of
the lambs and other animals. The traditional measurement system is pneumatic and it has some
associated drawbacks such as; inaccuracy in measuring the applied force, inconsistent rate of force
application, leaks in the system, and issues of impracticality and safety.

This paper presents a new pain sensing system based on the use of stepping motor for applying force
and flexiforce sensor for measuring the applied force. The new sensing system was successfully tested
on a frozen lamb leg and then on life sheep. Copyright © 2010 IFSA.

Keywords: Pain sensing, Flexiforce, Stepping motor.

1. Introduction

There have been strong relationships between animals and human throughout the centuries. As we rely
on them in many life aspects such as: sports and recreation, food, companionship, fertilizer, cloths and
other products that support and facilitate the living of human in earth. New Zealand economy relies
heavily on exporting animal products and life animals. Therefore, a good understanding of animal
behaviour and problems that they encounter would guarantee a more efficient production practices
[12].

Many problems and difficulties encounter researchers when they study animal behaviour or diseases.
One of these problems is to know how much an animal suffer during a certain process such as
lameness episode, tail docking, ear tagging or how efficient is the analgesics on the animal.
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In UK claw lameness in dairy cows is causing a major welfare problem, where the UK national
incidence has announced difficulty in measuring it. Therefore, a study was carried out to develop a
better understanding of the claw lameness in heifers. The study was conducted during heifers first
parturition to find out the development of claw lameness after the first parturition and to find the
relationship between claw pathology, gait score and hyperalgesia, as indicated by nociceptive
threshold [8].

The mechanical nociceptive was pressed against the dorsal aspect of the metatarsus until a clear leg lift
was detected. By carrying these tests to a number of cows it was possible to obtain information about
the nature of the sensitization. However, by applying mechanical nociceptive it is not possible to
differentiate between a peripheral sensitization and spinal sensitization, but it confirms that the
locomotion changes are likely to be as a result of the animal’s hyperalgesic state [8].

Another example where mechanical nociceptive was applied and measured was in domestic cats. The
reason behind the experiment of applying pain and measuring it was to gain better understanding of the
effect of analgesia in cats, which would lead to a better control of pain in cats. The device used for the
experiment was pneumatic having 3 pins within a bracelet on the forearm. The three pins are advanced
simultaneously by manual bladder inflation [5].

There are many benefits behind pain measurement; these benefits can be summarized in the following

points:

e Finding out at what age the species feels more pain.

e Measuring the pain intensity or level of disability in the measured part of the species.

e Assigning the appropriate treatment according to the pain measurement results. For example, if the
species got very intense pain and little disability then analgesic treatment should be given first [15].

e Testing the efficiency of a treatment. This is by looking at what force would the species respond
when the medication is taken and checking the effectiveness period of the medication [15].

2. Traditional System

At Massey University, research is being conducted based upon applying measurement of mechanical
nociceptive thresholds (MNT) in sheep and other large farm animals. Measurement of MNTSs involves
applying a mechanical stimulus to the animal and measuring the force required to see a behavioural
response. The device currently used to apply the mechanical stimulus and measure the pain threshold
is shown in Fig. 1.

The device uses pressurized gas to push a blunt-ended pin onto the leg of the subject animal with
constantly increasing force. The actuator itself comprises a plastic syringe barrel and modified plunger
carrying the pin. As the pressure of the gas in the system increases, it pushes the plunger down the
barrel of the syringe, increasing the force with which the pin is pushed onto the animal’s leg.

This device is pneumatic and uses compressed oxygen from a size E cylinder to power the equipment.
The oxygen passes through a micro-adjustable needle valve, which functions as a variable resistor to
control the flow of the oxygen going to the device and to allow changes in the rate of force applied by
the pin [10].

After the needle valve, the oxygen passes through a solenoid three way valves. When the power to the
solenoid is on the oxygen flows to the reservoir then to the pressure transducer and then to the actuator
at the animal end. The transducer is connected by a strain gauge amplifier to computer. When the
power to the solenoid is off, the end of the device is open to the atmospheric pressure and the
compressed oxygen does not flow to the actuator [10].
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Fig. 1. Mechanical device for applying and measuring pain in sheep [10].

To reduce the likelihood of tissue damage on the sheep’s leg, the MNT device was ‘programmed’ to
limit the maximum force on the pin to 25 N; the force was to be constantly increased to reach this
maximum in 1 minute. To achieve this, the regulator was set to limit the gas pressure to that
corresponding to 25 N of force on the pin and the needle valve set so that the rate of increase in force
was 25 N/min.

The mechanical/pneumatic device currently used to apply the noxious stimulus and measure the force
at which the subject responds (pain threshold) has several problems. These problems can be
summarized in the following points:

Friction in the system, particularly between the syringe plunger and barrel, results in inconsistent
rate of force application.

Indirect and inaccurate measurement of the force applied to the animal. As, it is the pressure of the
gas at the point of the transducer that is measured, not the actual force applied through the pin to the
leg of the animal.

Leaks in the system. When the regulator is set to limit the gas pressure to 25 N of force on the pin,
and the needle valve is set so that the rate of increase is 25 N/min. It is noticed that after 40 seconds
of application, the graph shows that the force begins to level off just below 25 N.

Device is impractical and dangerous to use. This is because of the large size of the components and
the unwieldy design. The existing pneumatic MNT device is impractical and can only be used in
carefully controlled environments. In addition, because the actuator is not remote, the application of
the device is also limited to restrained animals. The use of compressed gas to drive the pin is
problematic and potentially dangerous.

Other problems are slippage of the holder used to attach the actuator to the animal's leg. This means
that the pin isn’t consistently positioned over the bone of the lower leg, which could have a
significant impact on the force required to elicit a withdrawal response. Moreover, frequent damage
to connection between the actuator and the rest of the system limits the use of this device.
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e In addition, a trembler switch used to be used to switch off the device when the animal moved its
leg as a result of the pain. However, this switch was abandoned as it could not differentiate between
a normal movement and a response to the stimulus.

There were two different approaches taken in account to solve the existing problems:

1- Improving the existing pneumatic/mechanical device.

2- Replacing the pneumatic device with an electrical one (Motor replaces pressure in pushing the pin
on animal).

The decision on what approach should be taken was mainly based upon which approach would best
minimize the existing problems.

After searching and analyzing the problems it was found that most of the problems exist in the current
device can be minimized. However, the electrical proposed model (motor) would have the advantage
of being small, portable and the ability to put everything in small box, which could go to the top of the
animal back as shown in Fig. 2.

Stepper driver
circuit with
microcaontrller

'\-\_-’k\
Muotor

Fig. 2. Proposed model for pain measurement system.

3. Proposed System

The approach taken to solve the existing problems is to replacing the pneumatic device with an
electrical one (Motor replaces pressure in pushing the pin on animal). A linear stepper-motor has been
chosen in which a pin is fixed in the shaft of the motor.

The movement of the shaft will allow the pin to touch and apply force to the leg muscle of the animal.
The motor is fixed on the leg of the animal with the help of flexible holder. Fig. 3 shows a block
diagram for the proposed system.

The stepper motor is driven by a standard driver. The drive signal is controlled from the applied force
information. A force sensors from Flexiforce [7] has been used to measure the applied force to the
animal. The force sensor is mechanically inserted between the motor and the pin which applied force
on to the animal.

The force is measured with the help of a embedded microcontroller. The microcontroller has been used

with the aim of extending the capability of the system such as remote controlled , fast reversing, quick
release of force etc.
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Fig. 3. Block diagram of the proposed system.

3.1. Stepper Motor

A stepper motor is an electromechanical brushless device that converts electrical pulses into precise
movement. The speed and the length of the stepper motor are directly proportional to the applied
frequency of the input pulses. This direct relationship between input pulses and the speed and length
movement gives the stepper motor the advantage of being controlled precisely without feedback [11].

Stepper motor consists of two main parts: rotor and stator. The rotor part is a magnet rotating shaft,
while stator is the electromagnetic part that surrounds the motor. The stepper motor rotating shaft turns
or steps when one of the stator electromagnet is powered, which consequently makes the gear’s
(rotor’s) teeth magnetically attracted to the electromagnet’s teeth. To make the rotor shaft moves to the
next step then the first electromagnet is deactivated and the next electromagnet in stator is powered,
which makes rotor teeth align with the next electromagnetic. Stator electromagnets are energized by
external circuit; this process is illustrated by Fig. 4 [14].

Fig. 4. The rotational process of stepper [13].

There are two types of stepper motor in terms of winding arrangement: unipolar motor and bipolar
motor. The Table 1 summarizes the fundamental differences between the two different motors:

The principle operation of linear stepper motor is very similar to rotary stepper motor. However, in the
case of the linear stepper motor the rotary motion is translated into linear movement; this can be done
by many ways such as: rack & pinion, belt and pulleys, but the best conversion is the one happening
inside or within the motor.
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Table 1. The differences between unipolar and biploar stepper motor.

Unipolar stepper motor Bipolar stepper motor
Two winding per phase, one for each direction | One winding per phase
2 windings mean, no need to change current | Reversing requires switching current in the
direction to reverse the motor reverse direction in the winding
Driving circuit can be very simple for each | The driving circuit is usually more complicated
winding
less powerful than the Bipolar motor with the | More powerful than the Unipolar motor with
same weight the same weight

Fig. 5 shows a method of converting rotor motion into linear movement within the motor. This
translation process requires thread, nut and lead screw. The rotor is threaded and the shaft is replaced
with the lead screw, so that when rotor is in a rotation motion it moves the lead screw in a linear
motion, and to reverse the lead screw the rotor change the rotation direction [14].

- ers

P

(N

S ..-""

Fig. 5. Translation of rotational motion to linear movement [14].

The distance the lead screw travels is determined by several factors: step angle of the rotary, pitch size
of the rotor thread and thread size of the lead screw.

Several studies have showed that applying various loads into cartilage play roles in metabolic
regulation; this is because of the ability of the fluid pressure to stimulate cartilage metabolism. Since
the role of pressure force without the fluid is unknown a study was carried out to find the relationship
between the shear force and compression applied to the cartilage and its improvement and
maintenance. To apply the different forces that are required to analyze the problem the device in Fig. 6
was created [9].
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Fig. 6. Shear/compression apparatus [9].

The device in Fig. 6 has a dimension of 30 cm high x 25 cm x 20 cm, and the main parts it consists of:
Top, bottom and adjustable stainless steel plates

Linear stepper motor, marked as A in Fig. 6

IM483 stepper driver

Sample chamber, part C in Fig. 6.

Rotary position table part R.

Variable differential transformer(VDT)

The stepper motor has axial and rotational resolution of 50 nm and 0.0005° relatively. The axial and
the linear displacement are measured using Linear Variable Differential Transformer (LVDT). From
this example it can be seen that the stepper motor is used for applying compression and shear forces in
medical and scientific researchers [9].

Knowing some properties of the animal tissue is of an interest to many researchers especially in the
medical field as it carries much useful information such as: age, gender and whether the organ is
healthy or not. Some of the important tissue properties are viscosity, passion ratio and the most
important one is stiffness since it is directly related to the composition of the tissue [7].

The device in Fig. 7 is created to measure the elasticity of a tissue. There many tools that measure
elasticity like: imaging using X Ray, coherent radiation (laser, sonar, and ultra sound), tactile sensing
and Atomic force microscopy (AFM), however their high price was against their wide spreading.
Tactile testing depends upon imitating the sense f touch, and it is the one performed by the device in
Fig. 7 [7].

The main parts that the system consists of are shown in Fig. 7 and they are: FSR sensor, rigid bar,
stepper motor, motion converter and supporting base. This device works by applying the force via the
stepper motor to the specimen and the FSR sensor attached to the specimen measures the force which
is then processed to the PC to be plotted as stress-strain curve [7].
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Fig. 7. Tactile probe parts with a specimen in its place [7].

4. System Design

An important part of the project was the mechanical design of the device. The mechanical design has
to be robust in order to eliminate the problems existing with the pneumatic device, and to withstand in
the testing environment (like animal kicking it). The mechanical design consists of:

e The linear stepper motor

Stepper motor driver board

Motor casing

Motor casing holder

Wiring and casing the stepper motor driver board

The traditional sensing system was able to apply a force up 25N, and it does not go beyond this force
as that might cause some tissue damage to the animal. Therefore one important characteristic that has
to be taken in account when finding the appropriate motor is the range of force the motor can apply.

The size and the weight of the motor is an important aspect of the design. Since the device is going to
be attached to the animal leg with different range of age, then the device size and weight have to be
reduced as much as possible, to ensure that it can be carried by the sheep.

Another consideration that was taken in account is the requirement of having linear motion. This is
because the type of the force required to be applied to the animal is compression or pressure, but
having cycling motion with compression would change the nature of testing.

There were to options available to obtain linear motion of motors. The first one is to find a rotational
motor, and translate the rotational motion into linear motion by building an external motion converter.
The advantage of this option is giving more variety of motor to choose from. However, the big
disadvantage of it is having a bigger system, which is against the important aspect of the design which
is keeping it small.

The second option was looking for linear actuator. The advantage of this option is minimizing the size
and the weight of the device and the internal motion converter is more effective. The only
disadvantage of this option is limitations of choose, as there are few types of linear actuators especially
in New Zealand stocks.
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Taking all these design aspects into consideration, the purchased motor was four phase unipolar linear
stepper motor.

The output force of the motor is between 27 and 45 N, has a weight of 90 g, a diameter of 46 mm and a
height of 56.4 mm including the shaft. A picture of the stepper motor is shown in Fig. 8.

Fig. 8. Linear stepper motor used for the device [4].

4.1. Stepper Motor Driver Boards

Stepper motor driver board is responsible for controlling the stepper motor (forward, reverse, speed)
by providing the appropriate pulses. The driver board has the major role in improving the performance
characteristics of the motor.

There was the possibility of building the stepper motor driver circuit in the lab, but to concentrate more
in solving the existed problems, instead of spending time on building the driver board, it was decided
to buy a ready stepper motor driver. The most important point to take in account when buying the
driver board is that it is compatible with stepper motor. The purchased stepper motor is 4 phase
unipolar motor drive. The driver board is compatible with the most stepper motors up to 2 A, and it got
full step and half step driving mode.

The driving board gives the option of using external clock source or making on board oscillator by
assembling the required components into the place. The second option was chosen in this project.
Fig. 9 is showing the stepper motor driver board.

Fig. 9. The driver board used to run the motor [3].
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The only disadvantage of the purchased driver board in this design is that it has a large size relatively.
The dimension of the driver board is 168 x 100 x 15 mm. On the other hand the driver board has
several advantages such as: being able to run the motor with two different speeds, the first speed is the
starting running speed, and the second speed is the running speed. These two different speeds were
used in the design to run the motor forward at low speed and fast when the motor is reversing. The
other advantage is having a variable resistor to change the speed of the motor; this was important in
order to set the required forward and reverse speed.

Part of the oscillator design is building an external board that is responsible for alternating the speed of
the motor using VR2 as shown in the schematic in Fig. 10. The circuit also has an ON and OFF power
switch. The circuit has two drawbacks: first the ON and OFF switch cuts the power going to the driver
board, but it does not cut the power going to the motor, as a result the motor keeps receiving power
which leads to motor getting very hot. The second drawback is that the circuit only provides one
speed, but it was found later that there is a requirement for two different set of speeds one for the
forward direction and one for the motor when it is reversing.
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Fig. 10. The circuit is part of the oscillator system, this circuit on and off switch
but only provide one speed.

In order to solve the two problems a little change was made on the existing circuit, and a new circuit
was made shown in Fig. 11. The ON and OFF switch was taken out of the circuit and pin 5 is
connected to ground so that it is always ON. Then, an external ON and OFF switch was made to
control the power going to both the stepper motor and the driver board. The second problem was
solved by connecting a switch between the running speed and the ground, so that two speeds are
provided by the stepper motor driver. The slow speed or base speed is ON when pin three (speed) is
grounded, and the running speed (fast) is ON when pin three is connected to the speed control
potentiometer.

4.2. Motor Casing

When designing the motor case there many design aspects that have to be taken into account; these

aspects can be summarized in the following points:

1- Weight and size of the case, so it was very important to find appropriate and light material to build
the motor.

2- The case must be designed to protect the motor. This is important to protect it against impact
resulting from animal kicking and movement.

3- The case should be easily attached to the belt which is going to be attached to the sheep leg.
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Fig. 11. The circuit is part of the oscillator system; this circuit got a switch that is responsible
for providing two different speeds.

Trying to take all these points into consideration a motor case was designed as shown in Fig. 12 a.
However, after machining it in a CNC machine, it appeared that it could be more improved in terms of
size and shape. Therefore a new case design was made which is shown in Fig. 12 b.

Fig. 12. The motor case, (a) was designed first, (b) the improved design of the case.

Case two is different in terms of having shape that is very close to the motor so that it fits it tightly,
and the second thing is the opening for the belt is through the case, which would prevent the belt
slippage, instead of being at the top surface of the case.

4.3. Motor Case Holder

The motor case holder seems to be very simple thing, but it plays a big role in reducing experimental
errors and making the experiment consistent. One of the problems that faced the pneumatic device is
slippage, so in order to solve or reduce the problem effect a good design for the holder is required.

Some of the points that need consideration when designing the holder are: the method required to stick
the motor case with holder, and the simplicity of getting the holder around the sheep leg.

Due to the difficulties in finding the appropriate material to make the holder, and the requirement for a
tailor to sew the holder together, it was suggested to utilize some of the ready made parts. After search
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it was found that wrist belt or wrist support best fit the application of case holder. This is because of
the material is made of: stretch nylon with neoprene, and because it consists of two parts strip and a
band. The strip used to lock the band and they both provide compression which helps in making holder
stable on the sheep leg (the two parts of the wrist support are shown in Fig. 13).

Fig. 13. Motor case holder.

After finding the appropriate holder for the case motor, the next step was finding a suitable and
efficient way to combine the holder with the stepper motor case. One thing to take in account when
thinking of combining the motor case and the holder is that the pushing pin which is attached to the
stepper motor shaft has to be at zero point or just little of the sheep skin.

Since the motor shaft is about 21.5 mm long and the pin is a round 5 mm long then a piece of material
of 26.5 mm long is required between the motor case and the holder. Since it is important to keep the
weight of the device light a styrofoam material was used. This material was glued with both the motor
case and the belt as shown in Fig. 14.

Fig. 14. First design of the motor case and the holder.
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After testing the design it was found that gluing the parts together is not good option as it is not

durable. There were many points suggested and implemented to improve the design:

1- Change the motor case design which was mentioned in part 2.3 of the report

2- To decrease the size of the system shown in Fig. 15 a big part of the motor shaft was cut and only
5 mm of it remains to allow the attachments of the pin to it.

3- Changing the styrofoam with plastic part.

4- Instead of gluing parts together, screwing them together makes it more durable and flexible,
especially if there is any requirement of taking any piece of the system out.

Furthermore, trying to reduce the weight of the system especially the motor case, some extra milling
and drilling was done on the case in order to allow for weight reduction. In the motor case there was
also a small slot for the motor wire. This slot is important for wires’ protection as leaving the wires at
the edge of the case could result in wires getting damage especially that sheep usually try to kick the
device against the cage. Fig. 15 shows the design of the new case and the way the case is connected to
the belt.

Fig. 15. The improved motor case, and the way of attaching the motor case with the case holder.

Compact design of a system and ease of use are both very important and fundamental requirement for
a device. To enhance the protection of the system and to make it ready to be used in the filed, the
stepper motor driver board was cased and included some appropriate interface for the user to deal with.

Most of the wiring between the driver board connection and the user interface (switches & motor
connection) was done using Vero board. The user interface included two switches: the first one is
single pole, double switch which is responsible for switching the device ON and OFF, and the second
switch is double pole double throw and is responsible for changing the direction and speed of the
motor together, so that when the motor is switched to the forward direction it goes slowly at the rate of
10 mm /60 s, and when it is reversed the speed changes to the rate of 100 mm/4s.

To connect the motor with its driver board a 9 pin serial port was used. The last port in the driver board
interface is the dc power connection. The power to the motor can be supplied by either using two 9 V
batteries in series or any other form of dc power supply that can provide a minimum of 12 V and
0.4 A. Fig. 16 shows the driver board case and the available interface.
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Fig. 16. Driver board case.

5. Force Measurement

Force measurement is the most important aspect of the system, since the purpose of the device is
measuring the force at which the animal exhibits behavioural response. The first method purposed for
measuring force was the distance or time of stepper motor movement versus force.

One of the advantages of using stepper motor is the ability of identifying its distance travel without a
feed back loop. This is because the speed of travel of the stepper motor is directly proportional to the
frequency supplied by the driver board. Since this is the case then it is quite easy to identify the travel
distance at any time.

The idea of measuring force depending upon the time travel of the stepper motor requires calibration to
see the relation ship between time and force appearing in the scale. However, this method is found to
be unpractical for measuring the force applied to the sheep for two reasons.

The first reason is that the relationship between distance traveled and force depends upon the pushed
body. Say for example that there is two parts one made of cotton and the second one is made out of
wood. When it comes to pushing the cotton the motor might travel the maximum distance, which does
not mean that the motor has pushed with maximum force. On the other hand, when it comes to pushing
the wood part that might require the maximum force of the motor but the distance travel of the motor
does not exceed few millimeters.

An experiment was carried out to illustrate the relationship between distance and force for three
different materials: Styrofoam, wood, and harsh washing sponge. The experiment was done using
milling machine that has digital display of the z axis movement (drill) and scale. A picture of the
experiment setup and the result are shown in Fig. 17 and 18 respectively.

Calibrating the stepper motor travel distance versus force on a lamb leg will reflect the true relation
between distance travel and force to some extent especially if there consistency in placing the stepper
motor at the same location on lamb leg every time.

The second reason for not being able to use distance for force measurement is the difficulties to find a
method to calibrate the distance traveled by the motor versus a force when it is attached to the lamb

leg.
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Being unable to use distance to measure force required a search for an alternative method. After
searching it was found that the best method that can be taken to measure the force applied to the
animal is using a force sensor, and the proposed sensor for this application was flexiforces sensor.

Fig. 17. Setup done to find the relationship between distance and force for three different materials.
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Fig. 18. Distance versus weight of different materials.

5.1. Flexiforce Sensor

Flexiforce sensor is very thin, resistive sensor that can measure the force between two surfaces.
Flexiforce sensor works as a resistor in a circuit when the sensor is unloaded then the sensor resistivity
is very high, and by loading the sensor its resistance decreases resulting in more voltage coming out.
Flexiforce sensor has circular active sensing area of 0.375 centimeter diameter [2] (Flexiforce sensor is
pictured in Fig. 19).
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Fig. 19. Flexiforce sensor.

Flexiforce sensor is used in many application including: medical equipment manufacturing, high
temperature application, Automotive manufacturers and recreational and entertainment industry. One
example of using flexiforce sensor in medical equipment is the use of sensor in CPR training [1].

In first aid Cardiopulmonary resuscitation (CPR) is one of the most important part that can save the
life of the casualty. To help in improving the first aid course and to check whether the trainees are
applying the force in the right place, a flexiforce sensor was integrated into the manikins. The
flexiforce sensor helped the trainer and trainees by pinpointing the position of hand compression in the
manikins.

Flexiforce sensor was chosen to be used for this project due to its operation characteristics such as
linearity (the relationship between the applied load and the sensor output being linear), repeatability
(the sensor response is the same when applying the same load) and its small and thin structure, which
makes it easily integrated in many applications and one of them is this project.

However, one of the disadvantages of the flexiforce sensor is being very sensitive in terms of the force
location applied on the active sensing area. For example if a force was applied by a pin to the center of
the active sensing area and the same pin used to apply the same force but in the different location on
the active sensing area then the output reading would be different. To eliminate the effects of this
problem it has to be ensured that the force applied on the active sensing area is always applied in the
same location.

To integrate the flexiforce sensor into the mechanical design and make it measure the force applied to
the sheep a good design and considerations were requires like: the size and weight of the design, being
easily attached to the motor shaft and making sure that the force is always applied to the same point on
the active sensing area.

5.2. Attaching Flexiforce Sensor With The Motor Shaft

Before designing the electronic circuit for the sensor and testing its response, it is very important to
check first whether the flexiforce sensor can be integrated practically with the mechanical design of
the device.

At first it seemed very difficult to insert the flexiforce sensor into the design; especially the device is
going to be mounted into a moveable or non static part which is the lamb leg. However, after searching
it was found to use and implement the following design. The design consists of three main parts which
are shown in Fig. 20.
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Fig. 20. Mechanical design for flexiforce sensor.

1- Part (a) is the one that is going to be connected to the motor shaft, and its bottom circular disc has a
dimension similar to the active sensing area of the flexiforce sensor. This part pushes against the
flexiforce sensor active area during the movement of the stepper motor against the lamb leg. The
part when connected with the motor shaft and part (b) and (c) is very close to the surface of part (c)
where the sensor is located so that when the connection between the lamb leg and the pin is
achieved it only takes few seconds for the part to push the sensor.

2- Part (b) is the part that encloses every thing together. It got an upper hole to allow for the motor
shaft to connect with part (b).

3- Part (c) consists of the pin that is used to apply force to the lamb leg the pin has a diameter
of 1.25 mm. The pin is screwed to the main part, and the main reason behind screwing not welding
it is the simplicity of changing it if there is a need for that or bringing the pin forward or sending it
backward. Part (c) also consists of a thin slot to allow the entrance of the flexiforce circuit. This slot
is made exactly at the top surface of the part, so that it is more stable and ready for the force coming
from part (a). The area of the part has been made carefully to exactly fit the square area of the
sensor .This is important for ensuring that the sensor is static and does not move.

5.3. Designing the Circuit for Flexiforce Sensor

After successfully designing the parts required for integrating flexiforce sensor with the rest of the
mechanical design, the next step was designing an amplifier circuit for the sensor.

The amplifier circuit is important in the design to amplify the signal coming out of the flexiforce
sensor and is also used to convey the amplified signals to the microcontroller. Before making printed
circuit board (PCB) of the amplifier circuit, it is first built in bread board and tested for linearity and
repeatability.

The first circuit used for amplifying the signal produced by flexiforce sensor is shown in Fig. 21. The
flexiforce sensor in this circuit is driven by -5 V DC excitation voltage. An inverter operational
amplifier is used in this circuit to produce analogue output based upon the change in resistance of the
sensor and the fixed Rf (reference resistance) [1, 2].

After the circuit was built in bread board, it was tested to check its linearity and repeatability. The test
was done by applying a force from 0-8 kg, the output voltage was read from the oscilloscope. The
experiment was repeated three times and the average was plotted. The tools used for sensor calibration
and the output graph are shown in Fig. 22 and 23 respectively.
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Fig. 21. First proposed amplifier circuit for the sensor.

Fig. 22. Tools used for sensor calibration.

To make sure that the load is distributed evenly on the active sensing area two discs were used. These
two discs are well polished, one of the discs is place under the active sensing area and the second is
placed at the top of the sensing active area. Moreover, to ensure that the load is always placed in the
same way (little different in weight position would change the reading) a red mark has the same
diameter as the disc was made in the bottom of the pot.
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Fig. 23. Result of sensor calibration (Vo Vs. Force).

After the circuit has proven to give a linear relationship between applied force and voltage output, a
schematic circuit was made to be printed in a circuit board. The hardest part of making the circuit was
producing negative 5 and negative 9 volt. However, this problem was solved by using the 555 timer

and set of diodes as shown in Fig. 24.
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Fig. 24. Circuit design for the sensor amplifier.
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After printing the circuit and testing it there were several problems found to be in this circuit which
are:

1- the 555 timer produces a lot of noise;

2- there are many components used in this circuit which could be eliminated.

For these reasons it was suggested to change the circuit into a simpler one especially if an alternative
circuit can be made without -9 V and 9 V. A new circuit was made showing in Fig. 25. The new circuit
is also driven by -5 V DC excitation and an inverter operational amplifier is used to produce analogue
output based upon the change in sensor resistance and fixed reference voltage.
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Fig. 25. Schematic of the second amplifier circuit used for the sensor.

In this circuit the 555 timer and set of diodes used to produce -5 V were replaced by single inverter
(max 828), and the 5 V is obtained by using 5 V regulator. In the circuit the sensitivity of the sensor
can be controlled by either the reference resistor or/and the drive voltage. The sensitivity of the sensor
increases by increasing the reference resistance and/or drive voltage, and it decreases its active force
range.

5.4. Sensor Calibration

In the calibration stage it was tried to simulate the real situation, in terms of motor is pushing or
applying the force to the sensor. This is just to make sure that the calibration is accurate enough and it
is close to the real situation.

Equipments used for calibration are: drill, scale, and the device. The stepper motor was hold on the
scale using the drill, and it was important to make sure that before starting the calibration the reading
of the sensor is zero which means that the motor is still not pushing the sensor.

After finishing the setups for calibration, the motor is run from 0 kg — 3 kg and stopped in every 250 g

interval to take the reading of the microcontroller. This process is repeated three times and then the
average reading is plotted against the force. The calibration output graph is shown in Fig. 26.
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Fig. 26. Calibration result, ADCO output vs. force.

The calibration was done twice one with 1 meter long wire between the sensor and the amplifier
circuit. After that it was required to extend the wire to 3.5 meter which means a little increase in
resistance and as consequent a slight change in reading. Therefore another calibration for the sensor
was done.

From the output graph it was clear that the sensor is very linear. After the calibration the slope
equation was written into the microcontroller program to transfer the ADCO outputs appearing in the
microcontroller LCD screen to force in Newton units.

6. Testing

Once it has been proven that the system is ready mechanically and electronically, the next stage was testing
the device.

6.1. Testing on Frozen Lamb
The device was firstly tested on a frozen lamb leg as shown in Fig. 27.

The main reason behind this testing was to see the performance of the device and to check if there are
any drawbacks in the system that can be fixed before implementing it on life sheep.

After testing it was found that there are some problems which need consideration which are:

1. It took the pin around 45 seconds until it comes in contact with the leg

2. The reverse speed of the motor was still slow and needs to be fixed before trying it in life sheep;
this is to minimize the pain experienced by the sheep.

3. There was some worry if the connection between the sensor and its amplifier circuit would hold
when using it with a life sheep.

The first problem was solved by advancing the pin responsible of applying force. The second problem
was solved by changing the circuit in the driving board, and using one switch to control both the speed
and direction was achieved.
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Fig. 27. Testing the system on a frozen lamb leg.

6.2. Testing on Life Sheep

After fixing the problems found when testing the device on the frozen lamb leg, the next step was
testing it on life sheep as shown in Fig. 28.

Fig. 28. Testing the system on life sheep.

There were three sheep available for testing, but only two of them were used due to the long time the
testing took. The test started by placing the motor on the sheep leg, and it was left on the leg
for 5 minutes or more before running the motor so that the sheep get used to it. After that the device is
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turned ON and the force and time took the sheep to respond to pain were recorded. Three tests were
done on each sheep. Table 2 shows the result of the 6 testes done on the two sheep.

Table 2 shows that there are some consistency in terms of time and force reading especially in the
second and third run on each trail. The first run of the first trial was very up normal as the motor ran
for 30 seconds and the force reading in microcontroller was still zero. There was no clear explanation
for this phenomenon, but it might be a loss connection.

Table 2. Result of force measurement obtained by trying the system on sheep.

Time | Force

Sheep () (N) Observation
1 30 0 clear
1 30 9 "

1 (first reaction) 34 10 "
1 (2nd reaction) 39 19 "

2 22.5 9 "
2 24 5 "
2 27 5 "

After testing the device on life sheep the following points were observed:

1- The device performed very well mechanically as there was no problem of wires coming out and the
motor was placed on the sheep successfully and it was accepted by the sheep.

2- Force measurement was acceptable, especially the second and third run of each trial as there was
clear repeatability.

7. Conclusion

The new pain sensitivity measurement system consists of six main parts which are: stepper motor,
stepper motor driver board, motor case, motor case holder, force measurement system and
microcontroller.

Testing the device on frozen lamb leg and on life sheep it was fond that the device performed very
well mechanically, as there was no wiring coming out, the lamb accepted the system to be placed on its
leg and the lambs did not show any weird movement as a result of the motor sound when the motor
was first turned on.

The force measurement part of the system was first calibrated in the lab and the relationship between
force and the microcontroller ADC output was obtained. The ADC output was then changed to
Newton. When the force measurement system was tested on two life sheep it was found that the
system worked as expected.
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