SENSORS 3

TRANSDUCERS

o ‘- 3
— w_ﬁ ‘

. = / ///////Iﬁ\\ S

Smart Sensors and Systems

International Frequency Sensor Association Publishing a-ﬁ



~IEeR

‘—-"'

Sensors & Transducers

Volume 77
Issue 3
March 2007

Www.sensorsportal.com

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

Editors
Ferrari, Vitorio, Universita di Brescia, Italy
Katz, Evgeny, Clarkson University, USA

Editors for North America
Datskos, Panos G., Oak Ridge National Laboratory, USA
Fabien, J. Josse, Marquette University, USA

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

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

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

Editorial Advisory Board

Abdul Rahim, Ruzairi, Universiti Teknologi, Malaysia

Ahmad, Mohd Noor, Nothern University of Engineering, Malaysia

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

Arcega, Francisco, University of Zaragoza, Spain

Arguel, Philippe, CNRS, France

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

Arndt, Michael, Robert Bosch GmbH, Germany

Ascoli, Giorgio, George Mason University, USA

Atalay, Selcuk, Inonu University, Turkey

Atghiaee, Ahmad, University of Tehran, Iran

Augutis, Vygantas, Kaunas University of Technology, Lithuania

Avachit, Patil Lalchand, North Maharashtra University, India

Ayesh, Aladdin, De Montfort University, UK

Bahreyni, Behraad, University of Manitoba, Canada

Baoxian, Ye, Zhengzhou University, China

Barford, Lee, Agilent Laboratories, USA

Barlingay, Ravindra, Priyadarshini College of Engineering and
Architecture, India

Basu, Sukumar, Jadavpur University, India

Beck, Stephen, University of Sheffield, UK

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

Binnie, T. David, Napier University, UK

Bischoff, Gerlinde, Inst. Analytical Chemistry, Germany

Bodas, Dhananjay, IMTEK, Germany

Borges Carval, Nuno, Universidade de Aveiro, Portugal

Bousbia-Salah, Mounir, University of Annaba, Algeria

Bouvet, Marcel, CNRS — UPMC, France

Brudzewski, Kazimierz, Warsaw University of Technology, Poland

Cai, Chenxin, Nanjing Normal University, China

Cai, Qingyun, Hunan University, China

Campanella, Luigi, University La Sapienza, Italy

Carvalho, Vitor, Minho University, Portugal

Cecelja, Franjo, Brunel University, London, UK

Cerda Belmonte, Judith, Imperial College London, UK

Chakrabarty, Chandan Kumar, Universiti Tenaga Nasional, Malaysia

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

Changhai, Ru, Harbin Engineering University, China

Chaudhari, Gajanan, Shri Shivaji Science College, India

Chen, Rongshun, National Tsing Hua University, Taiwan

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

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

Chowdhuri, Arijit, University of Delhi, India

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

Corres, Jesus, Universidad Publica de Navarra, Spain

Cortes, Camilo A., Universidad de La Salle, 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

Kang, Moonho, Sunmoon University, Korea South

Dickert, Franz L., Vienna University, Austria

Dieguez, Angel, University of Barcelona, Spain

Dimitropoulos, Panos, University of Thessaly, Greece

Ding Jian, Ning, Jiangsu University, China

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

Donato, Nicola, University of Messina, Italy

Donato, Patricio, Universidad de Mar del Plata, Argentina

Dong, Feng, Tianjin University, China

Drljaca, Predrag, Instersema Sensoric SA, Switzerland

Dubey, Venketesh, Bournemouth University, UK

Enderle, Stefan, University of Ulm and KTB mechatronics GmbH,
Germany

Erdem, Gursan K. Arzum, Ege University, Turkey

Erkmen, Aydan M., Middle East Technical University, Turkey

Estelle, Patrice, Insa Rennes, France

Estrada, Horacio, University of North Carolina, USA

Faiz, Adil, INSA Lyon, France

Fericean, Sorin, Balluff GmbH, Germany

Fernandes, Joana M., University of Porto, Portugal

Francioso, Luca, CNR-IMM Institute for Microelectronics and
Microsystems, Italy

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 Ros, Juan Jose, University of Cadiz, Spain

Granel, Annette, Goteborg University, Sweden

Graff, Mason, The University of Texas at Arlington, USA

Guan, Shan, Eastman Kodak, USA

Guillet, Bruno, University of Caen, France

Guo, Zhen, New Jersey Institute of Technology, USA

Gupta, Narendra Kumar, Napier University, UK

Hadjiloucas, Sillas, The University of Reading, UK

Hashsham, Syed, Michigan State University, USA

Hernandez, Alvaro, University of Alcala, Spain

Hernandez, Wilmar, Universidad Politecnica de Madrid, Spain

Homentcovschi, Dorel, SUNY Binghamton, USA

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

Hsiai, Tzung (John), University of Southern California, USA

Huang, Jeng-Sheng, Chung Yuan Christian University, Taiwan

Huang, Star, National Tsing Hua University, Taiwan

Huang, Wei, PSG Design Center, USA

Hui, David, University of New Orleans, USA

Jaffrezic-Renault, Nicole, Ecole Centrale de Lyon, France

Jaime Calvo-Galleg, Jaime, Universidad de Salamanca, Spain

James, Daniel, Griffith University, Australia

Janting, Jakob, DELTA Danish Electronics, Denmark

Jiang, Liudi, University of Southampton, UK

Jiao, Zheng, Shanghai University, China

John, Joachim, IMEC, Belgium

Kalach, Andrew, Voronezh Institute of Ministry of Interior, Russia

ISSN 1726-5479



Kaniusas, Eugenijus, Vienna University of Technology, Austria

Katake, Anup, Texas A&M University, USA

Kausel, Wilfried, University of Music, Vienna, Austria

Kavasoglu, Nese, Mugla University, Turkey

Ke, Cathy, Tyndall National Institute, Ireland

Khan, Asif, Aligarh Muslim University, Aligarh, India

Kim, Min Young, Koh Young Technology, Inc., Korea South

Ko, Sang Choon, Electronics and Telecommunications Research Institute,
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

Laurent, Francis, IMEC , Belgium

Lay-Ekuakille, Aime, University of Lecce, Italy

Lee, Jang Myung, Pusan National University, Korea South

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, Michigan State University, USA

Liu Changgeng, Louisiana State University, USA

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

Liu, Songqin, Southeast University, China

Lodeiro, Carlos, Universidade NOVA de Lisboa, Portugal

Lorenzo, Maria Encarnacio, Universidad Autonoma de Madrid, Spain

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

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, Benemirita Universidad Autonoma de Puebla,
Mexico

Moradi, Majid, University of Kerman, Iran

Morello, Rosario, DIMET, University "Mediterranea” of Reggio Calabria,
Italy

Mounir, Ben Ali, University of Sousse, Tunisia

Mukhopadhyay, Subhas, Massey University, New Zealand

Neelamegam, Periasamy, Sastra Deemed University, India

Neshkova, Milka, Bulgarian Academy of Sciences, Bulgaria

Oberhammer, Joachim, Royal Institute of Technology, Sweden

Ould Lahoucin, University of Guelma, Algeria

Pamidighanta, Sayanu, Bharat Electronics Limited (BEL), India

Pan, Jisheng, Institute of Materials Research & Engineering, Singapore

Park, Joon-Shik, Korea Electronics Technology Institute, Korea South

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

Reig, Candid, University of Valencia, Spain

Restivo, Maria Teresa, University of Porto, Portugal

Rezazadeh, Ghader, Urmia University, Iran

Robert, Michel, University Henri Poincare, France

Sensors & Transducers Journal (ISSN 1726-5479) is a peer review international journal published monthly online by International Frequency Sensor Association (IFSA).

Rodriguez, Angel, Universidad Politecnica de Cataluna, Spain

Rothberg, Steve, Loughborough University, UK

Royo, Santiago, Universitat Politecnica de Catalunya, Spain

Sadana, Ajit, University of Mississippi, USA

Sandacci, Serghei, Sensor Technology Ltd., UK

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

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

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

Seif, Selemani, Alabama A & M University, USA

Seifter, Achim, Los Alamos National Laboratory, USA

Shearwood, Christopher, Nanyang Technological University, Singapore

Shin, Kyuho, Samsung Advanced Institute of Technology, Korea

Shmaliy, Yuriy, Kharkiv National University of Radio Electronics,
Ukraine

Silva Girao, Pedro, Technical University of Lisbon Portugal

Slomovitz, Daniel, UTE, Uruguay

Smith, Martin, Open University, UK

Soleymanpour, Ahmad, Damghan Basic Science University, Iran

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

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

Srivastava, Arvind K., Northwestern University

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 Institute for Automation and
Measurement, Poland

Tan, Ooi Kiang, Nanyang Technological University, Singapore,

Tang, Dianping, Southwest University, China

Tang, Jaw-Luen, National Chung Cheng University, Taiwan

Thumbavanam Pad, Kartik, Carnegie Mellon University, USA

Tsiantos, Vassilios, Technological Educational Institute of Kaval, Greece

Tsigara, Anna, National Hellenic Research Foundation, Greece

Twomey, Karen, University College Cork, Ireland

Valente, Antonio, University, Vila Real, - U.T.A.D., Portugal

Vaseashta, Ashok, Marshall University, USA

Vazques, Carmen, Carlos 111 University in Madrid, Spain

Vieira, Manuela, Instituto Superior de Engenharia de Lisboa, Portugal

Vigna, Benedetto, STMicroelectronics, Italy

Vrba, Radimir, Brno University of Technology, Czech Republic

Wandelt, Barbara, Technical University of Lodz, Poland

Wang, Jiangping, Xi'an Shiyou University, China

Wang, Kedong, Beihang University, China

Wang, Liang, Advanced Micro Devices, USA

Wang, Mi, University of Leeds, UK

Wang, Shinn-Fwu, Ching Yun University, Taiwan

Wang, Wei-Chih, University of Washington, USA

Wang, Wensheng, University of Pennsylvania, USA

Watson, Steven, Center for NanoSpace Technologies Inc., USA

Weiping, Yan, Dalian University of Technology, China

Wells, Stephen, Southern Company Services, USA

Wolkenberg, Andrzej, Institute of Electron Technology, Poland

Woods, R. Clive, Louisiana State University, USA

Wu, DerHo, National Pingtung University of Science and Technology,
Taiwan

Wu, Zhaoyang, Hunan University, China

Xiu Tao, Ge, Chuzhou University, China

Xu, Tao, University of California, Irvine, USA

Yang, Dongfang, National Research Council, Canada

Yang, Wugiang, The University of Manchester, UK

Ymeti, Aurel, University of Twente, Netherland

Yu, Haihu, Wuhan University of Technology, China

Yufera Garcia, Alberto, Seville University, Spain

Zagnoni, Michele, University of Southampton, UK

Zeni, Luigi, Second University of Naples, Italy

Zhong, Haoxiang, Henan Normal University, China

Zhang, Minglong, Shanghai University, China

Zhang, Qintao, University of California at Berkeley, USA

Zhang, Weiping, Shanghai Jiao Tong University, China

Zhang, Wenming, Shanghai Jiao Tong University, China

Zhou, Zhi-Gang, Tsinghua University, China

Zorzano, Luis, Universidad de La Rioja, Spain

Zourob, Mohammed, University of Cambridge, UK

Auvailable in electronic and CD-ROM. Copyright © 2007 by International Frequency Sensor Association. All rights reserved.



Sensors & Transducers Journal /-

Contents

YO'UmSe 7 www.sensorsportal.com ISSN 1726-5479
ssue

March 2007

Research Articles

System Verification
= Y= (o 1Y 0] (o] o T= o O PP 1020

High Temperature Humidity Sensor for Detection of Leak Through Slits and Cracks in
Pressurized Nuclear Power Reactor Pipes
Debdulal Saha, Kamalendu SENQUPTA ... e e e e e 1025

Mathematical Formulation for Strain and Pressure Mapping Fiber Bragg Grating Sensors
Pandey N. K., Tripathi ANUPamM ... .....oiii i e e e e e e e e e e e e e e e aeeeans 1032

Lifetime Based Temperature Sensing
Nirupama Rai, VINeet KUMAN RaI ... ...iviui it it i et e e e e et e e e e e e e rea e aes 1040

A New Concept of Theory and Technique for Remote Strain Measurement
Tapan Kumar Maitl, ASIM Kar. ... e e e e e e et e e e e e e te et e e eaenenenns 1045

Using RF Smart Points for the Improvement of Metrological Activities
Claudio de Capua, Emilia Romeo, Antonino Battaglia, Bruno Piccolo.................ccovviiiviiienicin, 1051

Data Acquisition and Digital Filtering for Infrasonic Records on Active Volcanoes
José Chilo, Thomas LINADIAd ........ooouuiiii e e e e e e e e e e e, 1058

Real-Time Air Pollution Monitoring in Urban Environment Using In-Situ Measurements

Using WO; Gas Sensors and Satellite Imagery Through Internet GIS
O. Pummakarnchana, V. Phonekeo, A. Vaseashta .............cooii i e 1065

Authors are encouraged to submit article in MS Word (doc) and Acrobat (pdf) formats by e-mail: editor@sensorsportal.com
Please visit journal’s webpage with preparation instructions: http://www.sensorsportal.com/HTML/DIGEST/Submition.htm

International Frequency Sensor Association (IFSA).



Sensors & Transducers Journal, Vol.77, Issue 3, March 2007, pp.1051-1057

W w4 Sensors & Transducers

" ISSN 1726-5479
www.sensorsportal.com © 2007 by IFSA
http://www.sensorsportal.com

Using RF Smart Points for the Improvement
of Metrological Activities

Claudio de Capua, Emilia Romeo, Antonino Battaglia, Bruno Piccolo
Department of Computer Science and Electrical Technology, University “Mediterranea”
Reggio Calabria, Italy
E-mail: decapu@unirc.it, emilia.romeo@unirc.it, battaglia_antonino@hotmail.com,
bruno.piccolo@unirc.it

Received: 6 January 2007 / Accepted: 15 March 2007 / Published: 26 March 2007

Abstract: This work describes the realization of a “radio-frequency identification system” for the
improvement of the activities of a metrological laboratory. Some radio-frequency modules, called by
the authors RF Smart Points (“radio-frequency smart points™), have been designed to store into their
memories all data which are necessary for the instruments tracking (the type of instruments, their
identification numbers or serial numbers, the manufacturer, the date when they have been admitted to
the installed base of the laboratory, their working state, the elapsed time from the last calibration
procedure).

The insertion of the data and the inquiry of the instruments are executed by the technical staff of the
laboratory through a PDA (Personal Digital Assistant) or a PC, which manage the radio-frequency
communication by using the RS 232 interface for sending messages to a RF Transceiver. The
executable software for managing the communication between the Smart Points and the “PDA/PC-
Controllers” is realized in LabVIEW graphical programming environment. Copyright © 2007 IFSA.

Keywords: RF Communications, Smart Instruments, RF Identification Systems

1. Introduction

The last years have been characterized by the necessity to make the objects smarter and more versatile,
with the aim of increasing their capability to be useful in human activities. The technological growing
up of the last decade has aimed at distributing the abilities of devices and systems assigned to the
localization, visualization, and data collecting to get information about the evolution of the phenomena
of the real world. The ref. [1] shows that wireless network nodes are becoming more and more self-
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sufficient, so to make lighter the duty of the controller for the centralized management of the
processes. The measuring field, as an example, records the tendency to realize and to put on the market
devices able to furnish their position and even an electronic version of the data related to their
accuracy (in 2005 National Instruments and leading Sensor Vendors released more than 3200
transducer electronic data sheet smart sensors). There are fields in which the applications are mobile
by definition, as in the event of a technical worker moving within and industrial facility (indoor or
outdoor mobile). In such case it needs to facilitate as well as possible the capture of the information
assuring timeliness, congruence and completeness of the data, achieving a management of the events
on the spur of the moment in which they occur.

To capture and to manage the information on field implies the use of suitable tools: according to input
type, output type, physical and functional characteristics, type of connectivity. The technology that
exploits the RF communication has lately been considered of great interest in the scientific
communities, thanks to the wide diffusion that the RFID (radio frequency identification) devices are
having at the present, as one may see in ref. [2] and [3]. They're systems able to notice data, events and
changes of state, as a natural result of the fact that a structured set of information (variables) is made
available in a certain instant on board of the objects. The transponder, or RFID tag, can be compared to
a dynamic memory file that can contain useful information for the management of the processes of the
supply chain (the tracking related to the consignment of the goods, as an example, may reside directly
on the container). As a matter of fact a RFID-based management system is nothing else but a RF
system which is alerted when the transponder notices the field produced by the antenna connected to
the RFID reader. A RFID-based management system is nothing else but a RF system which is alerted
when the transponder notices the field produced by the antenna connected to the RFID reader. A lot of
applications, even in “automotive and security” sector (as the unpublished [4]), use the RFID
technology, and so design engineers working on RFID designs are becoming more and more.

Nevertheless in some cases it is interesting to be able to consider the possibility that the “controlled”
device (without being inquired by the reader) advices the controller of possible changes of state, and
this asks for a continuous and non-stop transmission.

The authors of the present work have examined the case of a metrological laboratory, in which the
tracking of the instrumentation endowed with a device (the realized RF Smart Points) is achieved in an
automatic and immediate way. The RF Smart Points are small elaboration units supplied by the electric
network which have to be attached to the instrumentation. For their realization some RF transceivers
are used; they work with the typical antenna powers of a low consumption radio-receiver, so the power
required for their feeding is compatible (from an electromagnetic point of view) with all the
equipments present in the laboratory.

2. Statement of the Problem

The instruments of a metrological laboratory may undergo state changes during their vital cycle;
they’re due to different motivations: i) the instrument is requested by another department of the same
laboratory, and therefore it changes room up to the carrying out of the assignment for which it has
been in demand (internal displacement); ii) the instrument doesn't correctly work and therefore it
leaves the laboratory because it needs the service assistance (faults are detected); iii) the instrument
has to be recalibrated, because its reliability level doesn’t match a specific target of quality; it means
that its measuring results can no more be evaluated by using the calibration certificate by which the
instrument is equipped.

Up to now these information have been made available from processes of centralized cataloguing and
data collecting on the technical card of the specific instrument; the documentation is furnished
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therefore on papers that can encumber or take the risk of dismaying. Besides, manual labeling
processes for the individualization of a specific instrument inside the laboratory are necessary. Imagine
for instance the case in which an instrument is not present, for error, in one determined area or division
to which it had been assigned. With the methods till now used, once the lack of the aforesaid
equipment has been noticed, a visual inspection is in demand for tracing it (with notable losses of
time).

This paper deals with a metrological laboratory constituted by instruments which are made smart
thanks to the application of a RF Smart Point on them; this last one is able to furnish a detailed report
(when inquired) about: a) the really state of service, and that is the divisions of the laboratory in which
the instrument has been employed, with indication of the time of use; b) the really working state, and
that is the indication around the good or bad working of the instrument; c) the elapsed time to the next
calibration of the instrument, according to a methodical maintenance planning based on the search of
the optimum calibration intervals, as described in ref. [5]; d) the collocation of the instrument.

The terminal of control can question one or more tools contemporarily, which are classified and
gathered for typology, metrological characteristics, working state, and other parameters which may be
selected by the user/technician.

In practice it is possible to be provided, from time to time, with a list of the instruments that
correspond to the selected requisite of search.

In Fig. 1 one may observe a simple configuration of the realized system of radio-identification, which
makes smarter the typical instrumentation of an Electronics Measurement Laboratory.

Measuring
Instruments with RF
Smart Point

PDA with RF Transceiver

Fig. 1. The RF identification system based on RF Smart Points.

3. The RF Smart Point

A. RF Identification System Architecture
Each RF Smart Point (see the circuital schematics of Fig.2) consists of six principal components: a) A
I°C 1Mb EEPROM Microchip 24AA1025 PDIP 8; b) A microcontroller PIC17F877A PDIP 40 pins;
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c) A RF Transceiver (433MHz); d) a Dallas Semiconductor DS1338 Real Time Counter with backup
battery; e) A buzzer, status leds, and generic control buttons.

The microcontroller has got a UART (Universal Asynchronous Receiver Transmitter) port for the
serial communication with the RF module at 9600 baud/rate. The formality of working of the same
module is managed by the microcontroller, realizing the transmission, receipt or stand-by operation of
the radio-frequency devices.

Metrological data characterizing the instrument, to which the RF Smart Point is attached, are available
(read/write) in the 1 Mbit EEPPROM Microchip 24C1025 in ASCII code; the memory has a 1°C
(2-wire) interface at 400 kHz.

The RTC device, communicating with the microcontroller through the 12C sharing with the EEPROM,
deals with the scanning of the time furnishing information on the date and on the current time;
operations are guaranteed for months also in absence of the external feeding thanks to the presence of
a backup battery.

Finally some reset and configuration buttons are present on the RF Smart Point, together with status
leds and a buzzer, which can be activated for the localization of the instrument within the laboratory or
within a depository.

The management of the peripheral of the microcontroller is committed to a simple but efficient system
of interrupt software implemented in C code. The PIC recognizes the application sent to the consumer
or technical supervisor through PDA or PC and answers or performs some operations, in function of
the data which are present in the memory.

- antenna
1 microcontroller
YL ED CONTR
g
a
= Rx RF Module
433MHz
SDA
Tx
EEPROM
SCL RTC
Vee=5V -

Fig. 2. Circuital schematics of the RF Smart Point unit.

B. The Anti-collision protocol

To avoid the contemporary transmission of data to/from more devices (it causes the well known
problem of the collision of information), each RF Smart Point is questioned previous the dispatch of an
identifiable code (it is univocal), that establishes which instrument has to send/receive the message. In
the case in which an application to the RF Smart Point ends with a transmission of information to the
user, an acknowledgement message of confirmation is provided; it closes the communication and
informs the RF Smart Point that the transmission has gone successfully. On the contrary case the
procedure is again performed for a determined number of times, until it doesn't conclude with positive
result.
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C. The Application-oriented Software

The RF Smart Point unit is questioned by a PDA/PC terminal which executes an application-oriented
software implemented in NI LabView™ (vers. 7.1) environment. It manages the RS232
communication with the RF Transceiver (it is a smart module “read and write” which consists in the
same circuital schematics depicted in Fig. 2, but of the EEPROM) as showed in Fig. 1.

As a default condition, all the RF Smart Points reached by the signal send their ID Code (instrument
serial number) stored in the EEPROM of their microcontrollers, every hour (under the condition of RF
Smart Points supplied, and the application in execution). And so the user is provided of a list of all the
devices which are present in the laboratory division which is selected in the front panel of the software,
as in Fig. 3. Each time a change in the composition of the laboratory occurs, it is detected by the
microcontroller of the RF Transceivers module, and then is notified in the front panel of the software
interface with an alarm signal.

TERMINAL FRONT PANEL
Insert Purchase Date (dd/mm/vy)
Select the Type of Instrument  Insert Serial Number (0 for all TDs) blank for all
e e | 50 |

Insert the last Calibration Date
Select the Manufacturer (el /mm/yy )-blank for all Received Data

Scan for Instruments
[N |
Irsert data | Cuestion the Trstrument
Select the button
Trvsart Serkal Nusidser
< Localiration #o

General Information

Signal the position
)

Rrcoived Data

Send Query

4

TERMINAL FRONT PANEL
Date (dd/mm/yy )

Insert Purchase
Select the Type of Instrument  Insert Serial Number (0 for all 10s) blank for all
_trscoscope | o { =

Insert the last Calibration Date
Select the Manufacturer (el /rram /v )-blank for all Received Data
aglert - - .

Sean lor Instruments
Lo ]
Insert data | Question the Instrument

Select the desired application|
o item [ Fauits [ L O

| 1 —y
Send Insertion Datal bl L.

Fig. 3. The front panel of the application-oriented software used for the RF communication. In the first
figure (above) the mask for questioning the instrument is showed. In the second one is presented the
menu of data insertion.

A stack of records is stored in the non-volatile memory of the terminal, and these records are
structured in fields as expressed in the following logic schematization.

- INSTRUMENT s a record with the fields: ID (serial number of the instrument), TYPE OF
INSTRUMENT, MANUFACTURER, DATE OF PURCHASE, DATE OF THE LAST
CALIBRATION, ACCURACY, SERVICE STATE, CONDITION OF WORKING.
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- LABORATORY is a record of the fields: LABORATORY DIVISION (electric measurements,
electronic measurements, and telecommunication measurements), MAINTENANCE, ID (ID code of
the instruments present in the laboratory).

- DISPLACEMENT is the record of the fields: IN/OUT (identifies if a movement is related to an
admission or to a coming out of the instruments), ID, DATE.

The Laboratory Management System involves the processes which are synthesized by the Data Flow
Diagram of Fig. 4.

When the technician cannot find an instrument in the division under its supervision, he may personally
inspect the other departments of the laboratory with the PDA, or may direct its request to the other

Asks for information about the admissions
{new instruments and returnad ones)

i S—

LABORATORY |
Technician

" |

'|' Inserts Data of New instruments

ADMISSION
Management

Admissions informeation

-

L . J

Data Request

Inserts Data of Retuming
DATA instruments

I DelaReques | COMING
Cuulil\g

olt informtion out N Applies for caibration
Management procedure

T Applies for maintenance

SENDS DATA
about SENDS INFORMATION about the
ADMITTANCES laboralory management

SENDS DATA
about COMING
out

REQUESTS INFORMATION about the
laboratory management

Fig. 4. The Data Flow Diagram for the proposed Laboratory management System.

superintendents (of the other divisions), who are, in turn, provided with PDA/PC communicating with
RF Transponders. Once the instrument asked for has been detected (see Fig. 3), a sound signal is
uttered from the RF Smart Point attached to it by pressing the “Signal the position” button.

4. Future Applications

The presented application implies very low costs and encourages the authors to search for future
applications. Taking the project of realization of a distributed remote laboratory (as described in ref.
[6]) as a starting point for giving a hint in this direction, the authors suggest to consider the RF
transponders as remote resources of the online laboratory. In Fig. 5 the double client-server
architecture for an online experiment system is showed.
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Fig. 5. The Remote Laboratory for online experiments. The RF Smart Points are attached to the Instruments and
a RF Transponder is considered a remote resource of the online laboratory.

The user who wants effect the online experiments with the remote instruments may question their RF
Smart Points for obtaining accuracy data. He connects to the online laboratory management system
using a web browser. The first architecture client-server is related to the communication between the
hosts and the web server. The second client-server architecture is between the online laboratory
division management system and the distributed resources. Web Services are used for communication
between the online laboratory and the remote resources.

5. Conclusions

In this work the authors have presented the realization of a radio-frequency identification system with
the aim of furnishing a sensible help in the typical activities of a metrological laboratory. The “RF
identification system architecture”, the anti-collision protocol, and the PDA/PC facility are described.
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