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President’s Column : '

Prof. Okyay Kaynak
IES President

Dear |[ES Member:

My term as the IES President is going to be over in a few days. At this point in
time, | would like to thank you profoundly for your participation in the activities of
our society. It is thanks to your support that we have been making great progress on
many fronts. Our conferences now have much higher levels of participation, with a
measurable increase in the quality of the papers presented. We have initiated a new
series of conferences under the name Industrial Informatics and hope to have the
approval of |IEEE Board for the new transactions that we have proposed on the same
subject. As you may be aware it was us in |IEEE who started the mechatronics
activities, and now we are going to have a new series of conferences in this area
(please see the message below). For our chapters, we have increased our financial
support and plan to provide other types of backing in the future. For students, we have
been providing a considerable number of conference travel grants. | think we are one
of the very few societies who organize student forums.

What | have listed above are only a few items from a long list. In short, the past
two years have been full of rewarding excitements and we have exciting years in front
of us. Thisisan open invitation to you to play a more active role in our activities. This
can bein our conferences, in our technical activities, in our publications, chapters, etc.
Please contact the related Vice President.

I would like to take this opportunity to wish you a joyous holiday season and a
wonderful New Y ear.

With my warm regards,

Okyay Kaynak
Outgoing IES President

@lEEE THE INSTITUTE OF ELECTRICAL AND ELECTRONICS ENGINEERS, INC.
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Information for Authors

Announcements and letters to the editor are solicited
from the membership. Please submit materials for

consideration by the editor according to the

schedule:

Due Date Issue
February 15 March
May 15 June
August 15 September
November 15 December

Contributions Welcome

Material for Feature Articles, Opinions, Chapter

News, Professional Activities, and Abstracts of

Reports should be e-mailed directly to the editor by

the deadlines listed above.
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SOCIETY NEWS
New Date for INDIN'04

The INDIN'04 conference was postponed for one week
and will be held in Berlin from June 24 to June 26, 2004.

Manuscript submission for INDIN will be open in February
with manuscripts due at the beginning of March.

The conference Web siteis|ocated at http://www.indin.de/.

Next Administrative Committee Meeting for the Industrial Electronics Society

The first AdCom meeting in 2004 will be held in
conjunction with INDIN'04 on Saturday, June 26, 2004 in

Berlin, Germany. The tentative schedule will be posted as it
becomes available.

Photograph Gallery from IECON’03

The photographs taken at the conference banquet may be
viewed and downloaded courtesy of our Newsletter team.
Visit http://gdansk.bradley.edu/iephoto/iecon03/banquetf/. It
is becoming atradition that all guests can download and print
a high quality photograph of their table taken during the

banquet. (IECON’'02 banquet pictures are still available at
http://gdansk.bradl ey.edu/i ephoto/iecon02/banquet/.)

We hope to see you at next IECON - in South Korea in
November 2004. Please visit http://iecon04.pusan.ac.kr/.

IEEE Industrial Electronics Society Awards — 2003

Presented at 29th Annual Conference of the IEEE Industrial Electronics Society,
Roanoke, Virginia, USA, November 2-6, 2003

1. Dr.-Ing. Eugene Mittelmann Achievement Award
Recipient: Dr. Ramu Krishnan

Citation: To recognize outstanding technical contributions to
thefield of Industrial Electronics.

Prize: $3,000 and Certificate

R. Krishnan received his Ph.D.
in electrical engineering from
Concordia University, Montreal,
Canada. He is a professor of
electrical and computer engineering
at Virginia Tech. His research
interests are in electric motor drives
and applied control. His inventions
constituted founding technologies
for two start-up companies in the
U.S. Hedirects the Center for Rapid
Transit Systems pursuing unique, safe, high speed, energy
efficient and persona electric transit solutions. He is the
author of Electric Motor Drives (Prentice Hall), Feb 2001,
Chinese trandation (Pearson Education Taiwan) in 2002,
Indian Edition (Prentice Hal of India) in 2002 and
International Edition (Prentice Hall International Edition) in
2001, and Switched Reluctance Motor Drives (CRC Press),
June 2001 (first edition) and 2003 (second edition), and
coeditor of Control in Power Electronics (Academic Press),
Aug 2002. His coedited book Control in Power Electronics
won the best book award from Ministry of Education and
Sport, Poland, in 2003. He has been a recipient of three best
paper prize awards from IEEE Industry Applications Society
industrial drives committee. He received the first prize from
|EEE Transactions on Industry Applications for his paper. He
is a Fellow of the IEEE cited for his contributions to the
development of AC and Switched Reluctance Motor Drives.
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He is the Vice President (Publications) of IEEE Industria
Electronics Society.

2. Anthony J. Hornfeck Service Award
Recipient: Dr. Aleksander Malinowski

Citation: To recognize outstanding, meritorious services to the
|EEE Industrial Electronics Society

Prize: $1,000 and Certificate

Aleksander Malinowski rece-
ived his MS in electronics from the
Technical University of Gdansk,
Poland in 1990 and Ph.D. with
highest honors in Computer Science
and Engineering (also received
Binford Memorial Award) from the
University of Louisville, KY in
1996. He is an Assistant Professor
at the Electrica and Computer
Engineering Department of the Bl o M
Bradley University. Dr. Malinowski is also aSenlor Member
of IEEE and an officer in the |EEE Industrial Electronics
Society, a Newsletter Editor and a Webmaster for the society.
Recently he received the Anthony J. Hornfeck Service Award
from the Society.

Dr. Malinowski is the author of 5 journal papers and 43
other refereed publications. The areas of his main interests are
network computing, Web programming, monitoring and
control using computer networks, computer simulation and
modeling, and neural networks.

Aleksander "Olek" Malinowski was born in 1966 in
Gdansk, Poland. He is married to Dagmara and has one son,
Mateus. Currently he lives in Peoria, Illinois, USA. In his
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spare time he loves to travel, listens to the electronic music,
and takes alot of photographs.

3. Best Paper Award for the |EEE Transactionson
Industrial Electronics

Recipients. Dr. Ashwin M. Khambadkone and Dr. Joachim
Holtz

Citation: For the paper entitled, "Compensated Synchronous
Pl Controller in Overmodulation Range and Six-Step
Operation of Space-Vector-Modulation-Based  Vector-
Controlled Drives."

Prize: $1,000 and the certificate.
Ashwin M. Khambadkone received the B.E. (Hons)

degree in 1985 from the University of Bombay, India, M.
Tech degree in 1987 from the Indian Institute of Technology,
Kanpur, India and the Dr.-Ing. degree in 1995 from Wuppertal
University, Germany. He also holds a Graduate Certificate in
Education from University of Queensland, Brisbane,
Australia.

In 1987, he joined the Electrical Machines and Drives
Laboratory, Wuppertal University, as a Research Assistant. He
was involved in research in the areas of PWM methods, field-
oriented control, parameter identification, and sensorless

vector control. He was also involved in industrial development
of vector control drives. From 1995 to 1997, he was a lecturer
at the University of Queensland. He was also at the Indian
Ingtitute of Science, Bangalore, India in 1998. Since 1998 he
is an Assistant Professor at the National University of
Singapore. His research activities are in the control of AC
drives, Design and control of power electronic converters and
fuel cell based systems.

Dr. Khambadkone is the recipient of the Outstanding
Paper Award of the IEEE Transaction on Industria
Electronics for the year 1991.

Joachim Holtz graduated in 1967 and received the Ph.D.
degree in 1969 from the Technical University Braunschweig,
Germany. In 1969 he became Associate Professor and, in
1971, Full Professor and Head of the Control Engineering
Laboratory, Indian Institute of Technology in Madras, India.
He joined the Siemens Research Laboratories in Erlangen,
Germany, in 1972. From 1976 to 1998, he was Professor and
Head of the Electrical Machines and Drives Laboratory,
Wouppertal University, Germany. Heis currently a Consultant.

Dr. Holtz has authored more than 100 technical papers,
including 70 refereed publications in journals. He has also
authored 17 invited conference papers and 10 invited papers
published in journals. He has received nine Best Paper
Awards. He is the co-author of four books, and holds 30
patents.

Dr. Holtz is the recipient of the IEEE Industrial
Electronics Society Dr. Eugene Mittelmann Achievement
Award, the |EEE Industrial Applications Society Outstanding
Achievement Award, the IEEE Power Electronics Society
William E. Newell Field Award, the IEEE Third Millennium
Medal, and the IEEE Lamme Gold Medal. He is a Fellow of
the IEEE and Past Editor-in-Chief, the IEEE Transactions on
Industrial Electronics.

BOOK REVIEW

Fuzzy Logic for
Embedded Syslems
Applications

Fuzzy Logic for Embedded Systems Application is an
excellent textbook for students and a valuable reference book
for practicing engineers. It is Dr. Ibrahim's second book in the
area of Fuzzy Electronics. Although the author claims: "It is
intended for the intelligent reader with an aert mind", a casual
reader who simply wants to expand hisher knowledge base
can also profitably use it. As a matter of fact, one of the
desirable features of this book is that readers of varied

4

Fuzzy Logic for Embedded Systems
Applications by Ahmad M. Ibrahim

Newnes, an imprint of Elsevier, 2004
L 293 pages plus index, glossary, and CD
ISBN 0-7506-7605-1

Reviewed by Joe Kulathinal,
Professor at DeVry University, Toronto, Canada

backgrounds in fuzzy logic and embedded technology can
easily catch on with these subjects and proceed to the
application level with relative ease. The extensive
bibliography of printed material and the annotated Web links
would help the reader to acquire knowledge prerequisite or
otherwise in an economical way.

The book is divided into nine chapters each containing
many worked out examples, end of the chapter bibliography
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and list of Web resources. Mathematica symbols and
acronyms, circuit symbols of MOSFET devices, and the
glossary of terms provided towards the end of the chapter are
very helpful in accommodating readers with varied
backgrounds.

A comprehensive overview of embedded systems and
their implementation techniques is given in chapter 1. Fuzzy
sets, fuzzy operations, and fuzzy relations are introduced in
chapters 2 and 3. The discussions are geared towards
application avoiding mathematical details.

Simplified case studies are presented in chapter 4. Fuzzy
control systems are compared and contrasted with
conventional control systems. With the many examples and
discussions in this chapter the reader should be able to design
embedded fuzzy logic systems.

In Chapter 5 a critique of fuzzy logic is presented. Even
though this chapter is somewhat disconnected from the rest, it
gives a redlistic view of fuzzy logic, where it is most
advantageous to use fuzzy logic or to use other techniques.
This very useful topic is rarely deat with in technical

Chapter 6 presents the fundamentals of artificial neural
networks. The chapter introduces basic structures and
algorithms of neural networks.

Fuzzy Neuron and Neural Fuzzy Systems are presented in
Chapter 7. In Chapter 8, both andog and digita
implementations of fuzzy blocks are devel oped.

Chapter 9 gives an overview of numerous software tools
for fuzzy logic systems, neural networks, and neural-fuzzy
systems. The software reviewed includes C, C+ +, and Java
source codes and M-filesfor MATLAB.

Specia features of this book is the inclusion of review
quizzes and their solutions, as well as a CD with al the Web
resources mentioned throughout the book for more convenient
access.

| strongly recommend this excellent work as a reference
book for design engineers, engineering educators, scientists,
and students.

. L Joe Kulathinal,
literature. Here it is given in an easy to read format. DeVry University
NEW TECHNOLOGY

Ethernet Networks for Factory Automation

Abstract A survey on the application of Ethernet at all the levels
of an automated factory is presented, with special attention to the
device level wher e the exchange of data in real timeisaneed. The
recent enhancements giving the Ethernet networks real-time
capabilities are reviewed and the typical communication profile
of an Ethernet-based station is described. Then the use of
Ethernet at the higher levels of the shop is illustrated and its
extension to the device level is examined. A modification of the
station profile to accommodate real-time protocols is explored
and communication models suitable for real-time data exchange
are discussed. Latest developments regarding the Ethernet
networksfor the device level arereported.

. INTRODUCTION

Communication is extensively used in an automated
factory to integrate both the office and the shop equipment [1].
During the last two decades, the communication systems in
the shop have evolved at a rapid pace and are passed from the
traditional serial links to the fieldbuses. The latter ones have
been deliberately designed for real-time communication and
hence greatly differ from the Local Area Networks (LANS)
utilized for computer connection.

Numerous efforts have been undertaken by the competent
bodies to specify a common fieldbus protocol but they did not
succeed. As a matter of fact, the emanated standards contain a
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collection of fieldbuses incompatible each from another. The
most important standards are EN 50170 [2] and EN 50254 [3],
both issued by the European Committee for Electrotechnical
Standardization (CENELEC), and IEC 61158 [4], issued by
the International Electrotechnicall Committee (IEC). In
particular, standard EN50170 specifies five fieldbuses, namely
P-Net, Profibus, WorldFIP, Foundation Fieldbus and
ControlNet. Standard EN 50254, besides the acknowledgment
of two versions of fieldbuses included in EN50170, i.e.
Profibus DP and WorldFIP Profile 1, specifies a further
fieldbus, i.e. Interbus. Standard IEC61158 covers eight
fieldbuses, namely ControlNet, Profibus, P-Net, Foundation
Fieldbus, SwiftNet, WorldFIP, Interbus and the so-called IEC
Technical Specification, which was worked out within the
frame of a jointed project between the Instrumentation,
Systems and Automation Society (ISA) and |EC.

Ethernet, the well-known LAN standardized by IEEE [5],
has been largely used in the office since its appearance and,
from several years, at the higher levels of the shop as
backbone connecting different plant areas; in the shop floor,
on the contrary, it has been never used mainly because of its
non-deterministic behavior that, in certain situations, yields
somewhat long communication times. Recently, however,
Ethernet networks have gained red-time capabilities
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comparable to those of some fieldbuses, thus opening an
attractive scenario: the adoption of Ethernet in the shop floor
with the valuable result of having only one communication
standard within the factory.

The aim of the paper is to discuss this perspective, paying
particular attention to the device level. After going through the
communication tasks within a factory, Ethernet basics, their
enhancement and the typical profile of an Ethernet-based
station are described. Application of Ethernet to the higher
levels of the shop is then illustrated. Afterwards, extension of
Ethernet to the device level is discussed, focusing on the
solutions arranged to meet the rea-time communication
requirements posed by the manufacturing processes. Finaly, a
short review is given on research and standardization
developments relevant to the Ethernet networks for the device
level.

[I. FACTORY COMMUNICATION TASKS

An accepted model describing the hierarchy within an
automated factory is shown in Fig.1 [6], [7], [8]. It divides the
shop into three levels, commonly termed device, cell and plant
levels.

( N

[ we ) [ rs ][ sorerose )

Plant L l

\_Level J

Cell Controller Cell Controller
#1 #m
Cell

\_Level d

*—

4 C: C: N
Device Device Device
Controller # 1 Controller # 2 Controller # n
Device [ sensor | [ Actmor | [ sensor ]
\Level /

Fig.1. Hierarchical model of an automated factory

The main duty of the device level is the control of the
shop machinery, and the communication activities are
concerning with the exchange of operational data between
devices (i.e. sensors and actuators) and their controllers. As a
rule, the record of the exchanged data is small while the time
allowed for their transfer is short. Typical valuesfor the record
and time length are of some tens of bytes or less and of some
milliseconds, respectively.

The basic communication tasks running at the device
level are the cyclic data exchange and the urgent asynchronous
traffic. By the first task, the device controllers read the
guantities transduced by the sensors and send the commands
to the actuators. By the second task, an alarm generated by
either the devices or the device controllers interrupts the cyclic
data exchange.

The main duty of the cell level is the coordination of the
device controllers, and the communication activities are
intended for configuration, synchronization and monitoring
purposes. A typical communication task starts with the
download of configuration data from the cell to the device

6

controllers, followed by the dispatch of synchronization
commands to launch the shop floor operations; the task ends
with the dispatch of stop commands and the subsequent
upload of report data.

The record of data transferred at both downloading and
uploading is quite long (up to some tens of Kbytes) and often
has a structured form, commonly referred to as
communication object. Examples of communication object are
arrays of variables, domains (i.e. memory areas) and program
invocations (i.e. routines). The objects are transferred
according to the client-server model and the time allowed for
their transmission is of hundreds of milliseconds or more. The
data traffic generated by the synchronization/stop commands
isvery similar to that encountered at the device level.

The main duty of the plant level is planning and
scheduling the production process, and the communication
activities are data exchange between computers devoted to a
specific job, such as Manufacturing Resource Planning
(MRP), Production Scheduling (PS) and storehouse
management, and the cell controllers. Here the communication
networks transport very large records of dataand must do it in
areliable way but within non-critical time spaces.

[1l. ETHERNET ENVIRONMENT
A) Ethernet basics

The physical and data link layers of Ethernet have been
specified by |IEEE 802 Committee in the context of the LAN
standardization. The data link layer has been split into two
sublayers named Medium Access Control (MAC) and Logical
Link Control (LLC), with three different specifications
released for MAC and one for LLC. A map of the IEEE 802
standardsis shownin Fig.2.

Upper Layers

IEEE 802.2
Data LLC
Link
Layer " 10
MAC ol | = 2| 5
N2 |83 | oF
[ee] [ee] | [ee] i
] wi wg | wy
Physical w = m o m o
Layer S 8= | BE

Fig.2. IEEE 802 LAN standards

The original version of Ethernet is called shared Ethernet
and provides for either bus or star topology, and for a
maximum transmission speed of 10 Mbit/s. Operation of the
shared Ethernet is affected by collisions when concurrent
message are transmitted by two or more stations. When a
collision occurs, the stations retransmit their message after a
random delay calculated by means of an apposite algorithm.
The occurrence of collisons makes the protocol non-
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deterministic and discourages its usage in real-time
applications like those running at the device level of afactory.

B) Ethernet enhancement

Recently the performance of the Ethernet networks has
been significantly enhanced by both increasing the
transmission speed and building new units. As regards the
transmission speed, two versions with 100Mbit/s and 1 Ghit/s
are nowadays at disposal whilst the 10 Ghit/s version should
be available soon.

STATION
A

e
STATION / /
% T

SWITCH
Fig.3. Ethernet switch schematic

As regards the units, the enhancement is represented by
the switch, which is a component linking either single stations
or network segments in an intelligent manner. This means that
a switch recognizes the addresses of the stations connected to
it and redirects the messages only to the addressee stations
instead of to al the stations, according to the scheme of
principle of Fig.3.

-
[aed
|25
=N
[,
=)
m

BUFFERED

(b)

Fig.4. Ethernet switch:
a) basic and b) buffered configurations
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A switch reduces substantially the number of collisions
but does not eliminate them entirely. In fact, as outlined in
Fig.4a), a collision still occurs when two or more stations
transmit towards the same destination simultaneously. To
reckon with this situation, the buffered switch has been
introduced (Fig.4b)). It stores in inner buffers the concurrent
messages and delivers them sequentially to the addressee
stations soon after, thus avoiding the collisions.

C) Ethernet-based station communication profile

The typical communication profile of an Ethernet-based
station is shown in Fig.5, with the application protocols on the
top of the layer stack. Underneath there are the Transmission
Control Protocol (TCP) and the Internet Protocol (IP). TCP is
a connection-based protocol of the transport layer with built-in
techniques for checking the transmission errors and
controlling the data flow [9]. These techniques ensure the
correct data transfer but are not appropriate for real-time tasks
because they can postpone the message delivery excessively.
For instance, when a message is lost on a TCP connection, the
protocol retransmits it over and over again until a time-out is
reached, refusing to handle in the meanwhile the other
messages of that connection. The consequences may be
serious for the shop processes especialy if the connection is
used to poll acritical device.

Application Protocols

Transmission Control Protocol

Internet Protocol

Network Adapter

IEEE 802.3

Fig.5. Communication profile of an Ethernet-based station.

IP is a protocol of the network layer responsible for
segmentation, routing and reassembly of the message into data
packets [10]. Sometimes, IP is interfaced with MAC via a
network adapter, which implements the basic LLC functions
in a simplified manner. An example of a widespread network
adapter is the Network Driver Interface Specification (NDIS)
[11].

IV.ETHERNET AT HIGHER LEVELS
A) Plant level

Ethernet with proprietary application protocols has been
used at the plant level from several years. In recent timesit has
been supplemented by Internet applications on account of their
impressive growth. As a result, nowadays most of the plant
level networks rely on Ethernet networks enriched with
protocols like File Transfer Protocol (FTP) [12] and TCP/IP-
based HyperText Transfer Protocol (HTTP) [13]. These
networks are commonly referred to as Intranets and take
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advantage from the facilities of the World Wide Web.
Incidentally, Intranet networks may be arranged with physical
and MAC layer protocols different from the Ethernet standard,
the only requisite being the adoption of TCP and IP for the
higher layers.

Intranets can be easily accessed from the outside, owing
to the exportation of the web applications, thus making it
possible governing a factory by help of the same interfaces
from any remote location equipped with aweb browser.

B) Cell level

Communication requirements at the cell level have been
fulfilled by either fieldbuses or LANSs. The fieldbuses comply
with the requirements by a suitable arrangement of the
application layer. For example, Profibus and WorldFIP utilize
a subset of the Manufacturing Message Specification (MMS)
[14]. MMS is defined in Manufacturing Automation Protocol
(MAP) [15] and at the moment is the only international
standard released for the application layer of a factory
network.

Ethernet networks are frequently employed at the cell
level. However, MMS is not implemented on all the Ethernet
boards and is substituted for by proprietary solutions, most of
them devel oped for specific processes and often endowed with
Internet applications like FTP. An interesting product for the
cell level is documented in [16] and is constituted by an
Ethernet board implementing both MM S and TCP/IP.

V.ETHERNET AT DEVICE LEVEL

Communication at the device level is commonly executed
by fieldbuses incorporating real-time protocols. For example,
Profibus DP implements the real-time data exchange as a user
application that exploits the services offered by the Profibus
datalink layer.

Further to the enhancements described above, the
Ethernet networks have become capable of supporting real-
time communication. Their use at the device level would be
particularly appealing for the numerous advantages that could
be achieved. They can be summarized as follows:

e consistency with the other communication systems
installed in the factory

e short cycle-times due to the high transmission speed

e large availability of chips implementing the MAC
protocol

Another claimed advantage is the sharing of the same
hardware all over the factory. This advantage, however, must
be carefully weighted up because the employment of Ethernet
at the device level requires hardware components with more
severe properties in term of mechanical robustness, rejection
to electrical disturbances, protection from dust and smokes,
etc.

A) Real-time communication profile

Two communication profiles can be envisaged for an
Ethernet-based station supporting real-time data exchange at
the device level. The first profile, shown in Fig.6.a), puts the
real-time protocol directly on top of IEEE 802.3 protocol. By
this profile, the Ethernet performance is exploited at the best
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since al the available bandwidth is dedicated to real-time
communication. Conversely, the lack of a protocol for the
network level prevents the station from the execution of any
“general purpose” communication task such as the remote
access from the Internet. The latter problem is overcome by a
communication profile with both IP and the User Datagram
Protocol (UDP) [17]. UDP is a protocol of the transport layer
like TCP but, differently from the latter one, UDP does not
need the establishment of any connection prior to transfer the
data, tests the transmission correctness with a simple
technique and does not execute any data flow control.
Consequently, the communication overhead introduced by
UDP is small and this makes the protocol suitable for real-
time applications.

Application
protocols
HTTP, FTP, et

UDP TCP

Real-Time
Protocol

Internet Protocol

‘ Real-Time Protocol Network adapter

‘ IEEE 802.3 IEEE 802.3

! I

i, i,

@ (b
Fig.6. Communication profiles of an Ether net-based
station for the device level.

As pointed out in Fig.6.b), the presence of IP enables to
place TCP in parallel to UDP and to charge it of the general-
purpose communication tasks. When programming the station,
specia care has to be paid in order that the communication
sessions started by the application protocols upon TCP do not
dlow down the real-time data exchange.

B) Communication task implementation

The communication tasks at the device level can be
implemented according to two basic models. Message-based
and Producer-Consumer. The Message-based model
contemplates the existence of (at least) one master and some
daves. The cyclic data exchange runs as illustrated in Fig.7,
with the master that polls the slaves in sequence through a
message transmission. Ordinarily, the Message-based model
does not alow the slaves to access the network without the
master permission. Therefore the alarms are transmitted to the
master only when the slaves are polled.

[ Slave #1 ] [ Slave #2 ]

L
L
L

Fig.7. Message-based communication model
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The Producer-Consumer model, exemplified in Fig.8,
defines a priori the variables that can be exchanged on the
network. Each variable is distinguished by an identifier and is
generated by only one Producer whilst can be acquired by
more than one Consumer. The real-time protocols designed in
conformity with the Producer-Consumer model have a station
(called either scheduler or bus arbitrator), which issues the
request of producing a variable by help of a periodicity table
loaded on the station during the commissioning stage. The
cyclic data exchange is simply obtained by filling the table
with the desired variables together with their periodicities of
production. The asynchronous traffic takes place when a
station with the need of transmitting non-cyclic data notifies a
petition to the scheduler upon the request to produce a
variable; after that, the scheduler will grant the petitioning
station with the right to transmit the data in time intervals
fitted in between the cyclic activities.

Independently from the communication model, a real-
time protocol based on Ethernet is supposed to have better
throughput rate and smaller transmission delays than the
fieldbuses. This result accounts for the prevailing feature of
the transmission speed over the communication efficiency.
The transmission speed of the Ethernet networks is very high
so that they transfer data in much short time compared to
fieldbuses. On the other hand, their communication efficiency,
i.e. the ratio between the bits of the process variables and the
total bits transmitted, is quite poor. As an example, the
variables at the device level may be a few bytes long whilst
the minimum size of an Ethernet data unit is of 512 bits. A
comparison of the performance of two popular fieldbuses,
Profibus DP and WorldFIP, and two potential rea-time
protocols based on Ethernet can be found in [18].

Produicer |

‘The scheduler i sues the request of produd ng varizbleA
and the request is received by ll the stations

The producer of varidble A sendsits vdueon the
network and the onsumer acqu res it
Production of variable A

Fig.8. Example of the Producer-Consumer model
C) Short-term usage obstacles

A number of Ethernet-based products for the device level
have recently been advertised [19]-[22]. However, an
extensive application of them is not just round the corner for
the following reasons:

e arecognized standard as well as a settled communication
profile for the Ethernet stations at the device level are still
lacking

e the asserted chespness of the Ethernet chips is true only
for PCl bus output, which is of interest for Persona
Computer market; chips with general-purpose bus output,
necessary for connecting the industrial equipment, are less
widespread and hence costly; the switches are also costly

e 100 Mbit/s and 1 Ghit/s Ethernet networks support the
star configuration only; this leads to a complicated and
expensive cabling when the devices are disseminated on a
wide area
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o fieldbuses have been applied to the device level since a
long time; their replacement with Ethernet networks
necessitates money investment and technical training of
the users.

VI. CURRENT DEVELOPMENTS

The application of Ethernet to the device level is till a
matter of analysis, technica advancements, and
standardization.

Ethernet networks have been analyzed in severa papers.
For example in [23] and [24], models of the switch units are
formulated to evaluate both the dispatch delays and the latency
times due to their insertion. The purpose is to have at disposal
a tool for predicting the communication performance of
different configurations. In [25], a switched configuration for
an archetypal factory has been investigated in the case that
four different priorities are assigned to the messages. All the
above-mentioned papers make use of the calculus technique
proposed by R.Cruz [26], [27] to model communication
networks. The technique relies on the definition of certain
constraints on the traffic generated by real-time protocols that,
if satisfied, allow the computation of the worst-case delays
and residual backloads of a network. Since the data traffic
generated at the device level usualy is constrained, the
techniqueistailored to thiskind of analysis.

Apart from the increase of the maximum transmission
speed up to 10Ghit/s, a technical breakthrough in the Ethernet
networks is the supply of the attached devices by the twisted-
pair cable used for the communication. The solution,
commonly designated with Power on Ethernet (PoE), is
specified by the IEEE 802.3af Standard [28]. It requires a star
topology for the networks and makes use of powered devices
and powering units as central nodes of the star. The powered
devices differ from the traditional ones in the ability of
generating a specific electric signature. The powering units
deliver avoltage of 48V and anominal power of 15W at every
port. They operate as a switch that checks continuously its
ports and, when the signature of a powered device is detected,
starts supplying the power. If no any signature is detected, the
power is switched off. This assures that the traditional devices
are not damaged when connected to a powering unit so that
mixed networks, connecting both conventional and powered
devices, can be wired.

The design of well-liked application protocols for
implementing rea-time communication over Ethernet is
strictly consequentia to the definition of accepted regulations
for the services required at device level. Considering that
many fieldbuses have been aready acknowledged by the
standards, it has been straightforward to adapt to Ethernet the
application protocols of the existing fieldbuses. This has been
pursued by the IEC 61784 Standard [29], which contains the
Ethernet versions of some protocols originally conceived for
the fieldbuses.

VII. CONCLUSIONS

The application of Ethernet networks in the factory
automation is expected to grow rapidly to benefit by the
advantages deriving from the adoption of only one
communication standard within the factory. Prediction is for a
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massive proliferation of Ethernet networks at the higher levels.
At the device level the fieldbuses should be dominating in the
next few years whilst the Ethernet networks should be gaining
ground where the device level is tightly integrated with the
higher ones. If standardization and cost obstacles are
overcome, it is easy to guess that the Ethernet networks will
be employed more and more until to replace the fieldbuses.
The contemporary availability of high-speed communication
networks such as the Gigabit Ethernet networks and high-
powerful controllers such as the hundreds-mip processors
foreshadow an epochal change in the factory automation. On
the one hand, the communication networks will be able to
support the data transfer at both the cell and the device level
without impairment of the communication performance. On
the other hand, the controllers will be able to execute most of
the control tasks of the cell level, besides those of the device
level. These circumstances could lead to the reassignment of
the duties within a factory, with the merge of the cell level
partly into the plant level and partly into the device level, and
with the emergence of two automation levels: an upper level
where the production is planned and coordinated, and a lower
level where the machinery is handled and controlled.
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AROUND THE WORLD
Report from ISIE 2003 in Rio de Janeiro, Brazil

Carlos Couto and Walter Suemitsu
General Co-Chairmen

The 2003 International Symposium on Industrial
Electronics was held in Rio de Janeiro, at the Rio Othon
Palace Hotel, from 9 to 11 June. The general chairmen for this
edition were Prof. Carlos Couto, from University of Minho,
IES Vice-President for Conferences and Prof. Walter
Suemitsu, from Graduate Programs in Engineering (COPPE)
of the Federal University of Rio de Janeiro.

The Technical Program Committee, chaired by Prof.
Okyay Kaynak, IES President and Prof. Edson Watanabe,
from COPPE, made an effort to attract high quality papers and
have selected 219 papers, involving authors form 34 countries.

Five tutorials were presented:

e Modern Electronic Design Automation Techniques
Applied to Power Systems Holistic Modelling by Prof.
Marcian Cirstea, Montfort University, UK

e Power Electronics and Motor Drives - Recent
Technologies Advances by Prof. Bimal K. Bose,
University of Tennessee, USA

e Variable Structure Systems Theory Based Training
Strategies for Computational Intelligent Systems by Prof.
Okyay Kaynak, Bogazici University, Turkey

e Information Aggregation in Intelligent Systems by Prof.
Imre Rudas, Budapest Polytechnic, Hungary

ISIE’ 03 - Opening Session

ISIE’03 - Student Forum
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ISIE’03 - Dinner

e Genetic Algorithms by Prof. Michael Greene, Auburn
University, USA.

The technical program was completed with the Student
Forum, chaired by Prof. Marco Liserre, from Polytechnic of
Bari, Italy; Prof. Fernando Lizarralde, Federal University of
Rio de Janeiro, Brazil and Prof. Maria Ines Valla, Nationa
University of La Plata, Argentina. The Student Forum was
organized in one Ora Session with five best papers
preliminary selected by the Student Forum Co-Chairs and a
Poster Session programmed for 11 papers.

Even the sun shining in the beach of Copacabana, just in
front of the Conference Hotel, the attendance for tutorials and
technical sessions was very good and the | SIE 2003 was really
atechnical success.

To complete the conference, a socia program was
organized. It consisted of a Welcome Session on Monday
evening, a the Hotel, and a diner at a typica Brazilian
restaurant, with a beautiful view of Sugar Loaf. The
participation on the social events was also very great, enabling
the exchange of cultural experiences. We think that the ISIE
2003 left many good souvenirsto al the participants.

ISIE’03 - Dinner
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ICIT'03 - Successful conference in Maribor, Slovenia

Karel Jezernik, General Chair

The 2003 |IEEE International Conference on Industrial
Technology took place in Maribor, Slovenia from 10 to 12
December 2003. All conference activities were housed in the
very comfortable and exclusive Hotel Habakuk, situated in
natural surroundings on the slopes of Pohorje.

This year's conference was sponsored by the IEEE
Industrial Electronic Society and the University of Maribor.
The main goals of the conference were achieved amost
totally: the scientific program was rich and of a high scientific
and technical quality. It included 3 plenary lectures, 41
technical sessions and 2 panel discussions.

297 papers were submitted and 230 of those were
accepted. Over three days 19 Specia Sessions (102 papers)
and 22 Regular Sessions (128 papers) were attended by 218
participants from 26 countries. The technical program was
divided into seven tracks. Computational Intelligence (17
papers), Mechatronics (52 papers), Signal Processing and
System Control (43 papers), Industriad Information
Technology (41 papers), Power electronics (55 papers),
Teleoperation (11 papers) and Embedded Systems (11 papers).

The conference started with the Opening Ceremony on
December 10, during which the participants were welcomed
by Prof. Karel Jezernik, Conference general chair, Prof.
Kouhei Ohnishi, IES Vice President for Technical Activities
and Prof. Igor Tiéar, Dean of the Faculty of Electrical
Engineering and Computer Science, University of Maribor.

The three plenary lectures were: “Humanoid and its
potential applications’” presented by Prof. Kazuo Tanie,
“Technology and design of integrated circuits for up to 50 V
applications’ presented by Dr. Richard M. Forsyth and
“Software dependability considered as the main problem of
embedded systems” presented by Prof. Wolfgang A. Halang.

A very interesting panel discussion on the topic “Modern
University Study of Engineering” was held on the second
conference day and a panel discussion on the topic “The Role
of IEEE as a Connection between Industry and Academia’
was carried out on the last conference day.

In a pleasant atmosphere the participants enjoyed the
hospitality of the ICIT'03 organizer. Their program included a
welcome reception on Wednesday and a banquet on Thursday
evening. Furthermore two local tours and a technical visit to
the laboratories of the Institute of Robotics were organized.

Many people made ICIT'03 possible through their
extraordinary efforts before and during the conference. The
enthusiastic local team staff did a fantastic job rendering the
ICIT'03 smooth and pleasant for all the participants and they
were aso extremely successful at solving inevitable
difficulties.

It was a truly exciting experience for al conference
attendees and especially for me to serve as General Chair. |
am most pleased to pass the gavel to Farhat Fnaiech, General
Chair of ICIT'04 to be held in Hammamet, Tunisia.

Figure 1. Karel Jezernik, General Chair and Igor Tiear, Dean of the FEECS at the Opening Ceremony

Figure 2. Kazuo Tanie giving his Plenary Lecture
Figure 3. The ICIT'03 audience at the Plenary Session
Figure 4. At the Panel Discussion

Figure 5. Dan Wilamowski, |ES President in discussion with students

Figure 6. Folk dance at the Banquet
Figure 7. ICIT’ 03 participants performing “hat dance”
Figure 8. Pleasant atmosphere at the Banquet
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Background: As industrial systems become more intelligent, automated, and
distributed, and as monitoring and control shift more to the Internet, the
information technology components of industrial processes become of primary
importance. Industrial Information Technology is now something very much
discussed. This conference is intended to continue the series initiated with
INDIN"03 in Canada to be held annually with very close cooperation of
industry.

Objectives: Since the automation is being more and more pervasive, the
vision of intelligent and collaborative industrial environments with dynamic,
flexible, agile and reconfigurable organisational structures, becomes a reality.
The development, management, control and operation of this hew generation
of industrial environments are, as a consequence, a multidisciplinary task that
counts on the involvement of experts from industry and academia working
towards the development of enabling control, information, knowledge
management, and communication infrastructures. This conference aims to
bring together these experts.

Topics: The conference will be organized around the following main tracks.
Collaborative Systems

Flexible factory automation

Distributed network-based industrial control systems

Internet-based supervisory control systems

Real-time control software for industrial processes

Java and Jini in industrial environments

Control and supply of wireless sensors and actuators
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Integration of control, knowledge management, communication and information
technologies

Systems interoperability and human machine interface

Security and safety in networked industrial automation systems

Applications of informatics in different industrial environments, like

e  Production automation

Building automation

Energy and power / generation - distribution — management

Logistics
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More information about the topics to be covered within the conference can be
found on the web site.

Paper submission: Prospective participants are invited to electronically submit
a full paper of their work following the instructions available at the web site of
the conference. Selected papers will be published afterwards in a special IEEE
transaction.
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Notification of acceptance 15 April 2004
Camera-ready submission of full papers 1 May 2004
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Call for Papers

Many embedded systems require innovative and intelligent
solutions in order to satisfy the challenging demands such
as increasing functionality, real-time operation and
constraints concerning cost, size and power consumption.
This workshop is intended as a forum for students,
researchers and practitioners interested in the advances in
and the application of intelligent methods in embedded
systems engineering. Itis organized in cooperation with the
Telematik-Ingenieur-Verband (T1V).

We are soliciting submissions on all aspects of intelligent
solutions in embedded systems including the design,
implementation and application of smart embedded
systems as well as solutions at the hardware-, software- and
system-level.

Topics of interest include, but are not limited to:

Smart embedded systems

Pervasive computing & multi-sensor systems
Power-, location-, and context-awareness
Fault tolerance and robustness

Real-time computing

Soft computing in embedded systems

Important Dates

Manuscript Submission: March 15, 2004

Notification of Acceptance: May 3, 2004
Pre-Registration: May 21, 2004
Camera-Ready Paper Submission: May 21, 2004

Workshop: June 25, 2004

Submission Instructions

Manuscripts should be full papers or extended abstracts
(minimum 700 words). Full papers are limited to a length of
5000 words. Submissions will only be accepted
electronically via the workshop homepage at
www.wises04.TUGraz.at in PDF format.

Accepted papers will be published in printed proceedings
and made accessible via world-wide web. Each paper must
be presented by one of the authors at the workshop.
Selected papers will be published in a special-issue of the
Telematik magazine.


http://www.wises04.TUGraz.at/



http://www.mechrob.de

IEEE Industrial Electronics Society Calendar

2003 IEEE International Conference on Industrial Technology (ICIT'03) , Hotel Habakuk in Maribor, Slovenia,
December 10-14, 2003; Home-page: http://www.ro.feri.uni-mb.si/ICITO3/; Contact: Prof. Karel Jezernik, University of
Maribor, Maribor, Slovenia; Telephone: +386-2-220 7300; Fax: +386-2-220 7315; E-mail: karel.jezernik@uni-mb.si

The 8th IEEE International Workshop on Advanced Motion Control (AMC'04) , Kawasaki, Japan, March 25-27,
2004; Home-page: http://www-oml.sum.sd.keio.ac.jp/AMCO04/; Contact: AMC2004 Secretariat, Ohnishi lab., Department
of System Design Engineering, Keio University, 3-14-1, Hiyoshi, Kohoku-ku, Yokohama, 223-8522, Japan; Telephone:
+81-44-580-1582; Fax: +81-44-580-1583; E-mail: amc04@sum.sd.keio.ac.jp

2004 IEEE International Symposium on Industrial Electronics (ISIE'04), Palais des Congras Expositions, Ajaccio,
France, May 4-7, 2004; Home-page: http://www.isie04.iut-amiens.fr/; Contact: Prof. G.A. Capolino, IUP GEIl — 33 rue
Saint Leu - 80039 Amiens Cedex 1 — France; Telephone: +33-3-22-827820; E-mail: isie04@iut-amiens.fr

Workshop on Intelligent Solutions in Embedded Systems (WISES 2004) , Graz University of Technology, Austria,
June 25th, 2004; Home-page: http://fitipc017.tu-graz.ac.at/WISES04/; Contact: Prof. Wilfried Elmenreich, Vienna
University of Technology; E-mail: wises04@iti.tugraz.at

IEEE International Conference on Mechatronics (ICM'04) , Istanbul Hilton, Istanbul, Turkey, June 3-5, 2004; Home-
page: http://mecha.ee.boun.edu.tr/icm04/; Contact: Prof. Okyay Kaynak, UBogazici University, bebek, 34342, Istanbul,
Turkey; Telephone: +90-212-287-2475; Fax: +90-212-287-2465; E-mail: kaynak@boun.edu.tr

2nd IEEE International Conference on Industrial Informatics (INDIN'04) , Berlin, Germany, June 24-26, 2004;
Home-page: http://www.indin.de/; Contact: Dr. Ing. habil. Ronald Schoop, Vice-President, Industrial Automation
Architecture and HUB Product Department, Schneider Electric, 245 Route des Lucioles, FR - 06903 BP147 Sophia
Antipolis Cedex, Germany; E-mail: ronald.schoop@modicon.com

SICE Annual Conference 2004 , Hokkaido Institute of Technology, Sapporo, Japan, August 4-6, 2004; Home-page:
http://www.sice.or.jp/~sice2004/; Contact: The Society of Instrument and Control Engineers (SICE), 1-35-28-303,
Hongo Bunkyo-ku, Tokyo, 113-0033, Japan; Telephone: +81-3-3814-4121; Fax: +81-3-3814-4699; E-mail:
sice2004@sice.or.jp

2nd International Conference on Computational Cybernetics 2004 (ICCC 2004) , Vienna University of Technology,
August 30-September 1, 2004; Home-page: http://www.vmars.tuwien.ac.at/iccc04/; Contact: see Web site;

Mechatronics & Robotics 2004 (MechRob 2004) , Aachen, Germany, September 13-15, 2004; Home-page:
http://www.mechrob.de/; Contact: Prof. Dr.-Ing. Paul Drews, A P S, European Centre for Mechatronics, Reutershagweg
4, 52074 Aachen, Germany; Telephone: +49 241 8864 122; Fax: +49 241 875 715; E-mail: drews@aps-mechatronik.de

8th International Conference on Intelligent Engineering Systems 2004 (INES 2004) , Technical University of Cluj-
Napoca, Romania, September 19-21, 2004; Home-page: http://www.ines-conf.org/ines-conf/2004.htm; Contact: Aniko
Szakal, Budapest Polytechnic, Hungary; E-mail: szakal@bmf.hu

2004 IEEE/RSJ International Conference on Intelligent Robotics and Systems (IROS 2004) , Sendai International
Center, Sendai, Japan, September 28 - October 2, 2004; Home-page: http://www.iros2004.org/; Contact: see Web site;

The 30th Annual Conference of the IEEE Industrial Electronics Society (IECON'04) , Paradise Hotel, Busan, Korea,
November 2-6, 2004; Home-page: http://iecon04.pusan.ac.kr/; Contact: Fumio Harashima, Tokyo Denki University,
Japan; E-mail: F. Harashima@ieee.org

2004 IEEE International Conference on Industrial Technology (ICIT'04) , Hotel Le Royal, Hammamet, Tunisia,
December 8-10, 2004; Home-page: http://www.icit2004.com/; Contact: IEEE ICIT 2004 Secretariat, Ecole Superiere
des Sciences et Techniques, University of Tunis, 5 Ac Taha Hussein, 1008 Tunis, Tunisia; Fax +216 1 391166; E-mail:
Farhat.Fnaiech@esstt.rnu.tn
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