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1. My name is June Ann Munford. | am over the age of 18, have personal
knowledge of the facts set forth herein, and am competent to testify to the

Same.

2. | earned a Master of Library and Information Science (MLIS) from the
University of Wisconsin-Milwaukee in 2009. | have over ten years of
experience in the library/information science field. Beginning in 2004, |
have served in various positions in the public library sector including
Assistant Librarian, Youth Services Librarian and Library Director. | have

attached my Curriculum Vitae as Appendix CV.

3. During my career in the library profession, | have been responsible for
materials acquisition for multiple libraries. In that position, | have cataloged,
purchased and processed incoming library works. That includes purchasing
materials directly from vendors, recording publishing data from the material
In question, creating detailed material records for library catalogs and
physically preparing that material for circulation. In addition to my
experience in acquisitions, | was also responsible for analyzing large

collections of library materials, tailoring library records for optimal catalog



search performance and creating lending agreements between libraries

during my time as a Library Director.

. I 'am fully familiar with the catalog record creation process in the library
sector. In preparing a material for public availability, a library catalog record
describing that material would be created. These records are typically
written in Machine Readable Catalog (herein referred to as “MARC”) code
and contain information such as a physical description of the material,
metadata from the material’s publisher, and date of library acquisition. In
particular, the 008 field of the MARC record is reserved for denoting the
date of creation of the library record itself. As this typically occurs during
the process of preparing materials for public access, it is my experience that

an item’s MARC record indicates the date of an item’s public availability.

. Typically, in creating a MARC record, a librarian would gather various bits
of metadata such as book title, publisher and subject headings among others
and assign each value to a relevant numerical field. For example, a book’s
physical description is tracked in field 300 while title/attribution is tracked in
field 245. The 008 field of the MARC record is reserved for denoting the
creation of the library record itself. As this is the only date reflecting the

inclusion of said materials within the library’s collection, it is my experience



that an item’s 008 field accurately indicates the date of an item’s public

availability.

6. | have reviewed Exhibit EX1013, "Distributed rapid prototyping - a
framework for Internet prototyping and manufacturing” by Francis E.H. Tay,

et al as published in Integrated Manufacturing Systems November 2001.

7. Attached hereto as Appendix TAYO1 is a true and correct copy of the
MARC record for Integrated Manufacturing Systems as held by the
University of Pittsburgh Library. | secured this record myself from the
library’s public catalog. The MARC record contained within Appendix
TAYO01 accurately describes the title, publisher and ISSN number of
Integrated Manufacturing Systems. The Location Items field present on page
2 of this record indicates the library's collection includes the November 2001
issue of Integrated Manufacturing Systems containing "Distributed rapid

prototyping - a framework for Internet prototyping and manufacturing".

8. Attached hereto as Appendix TAYO02 is a true and correct copy of
"Distributed rapid prototyping - a framework for Internet prototyping and
manufacturing™ as published in Integrated Manufacturing Systems as held

by the University of Pittsburgh Library. These scans were secured from the



library’s collection. In comparing Exhibit EX1013 to Appendix TAY02, itis
my determination that Exhibit EX1013 is a true and correct copy of
"Distributed rapid prototyping - a framework for Internet prototyping and
manufacturing” by Francis E.H. Tay, et al as published in Integrated

Manufacturing Systems.

9. The 008 field of the MARC record in Appendix TAYO01 indicates the date of
record creation. The 008 field of Appendix TAYO01 indicates the University
of Pittsburgh Library first acquired Integrated Manufacturing Systems as of
August 20, 1998 and held the journal in perpetuity until the publication of
"Distributed rapid prototyping - a framework for Internet prototyping and
manufacturing”. Considering this information, it is my determination that
Integrated Manufacturing Systems November 2001 and therefore
"Distributed rapid prototyping - a framework for Internet prototyping and
manufacturing" was made available to the public shortly after its initial

publication in November 2001.

10.1 have reviewed Exhibit EX1006, "The Development of Internet Accessible
Rapid Prototyping System" by Ren C. Luo, et al as published in Proceedings
of IECON '99: The 25th Annual Conference of the IEEE Industrial

Electronics Society.



11.Attached hereto as Appendix LUOOQ1 is a true and correct copy of the
MARC record for Proceedings of IECON '99: The 25th Annual Conference
of the IEEE Industrial Electronics Society as held by the Linda Hall Library.
| secured this record myself from the library’s public catalog. The MARC
record contained within Appendix LUOO1 accurately describes the title,
publisher and ISBN number of Proceedings of IECON '99: The 25th Annual

Conference of the IEEE Industrial Electronics Society.

12.Attached hereto as Appendix LUOQ?2 is a true and correct copy of "The

Development of Internet Accessible Rapid Prototyping System™ as published
in Proceedings of IECON '99: The 25th Annual Conference of the IEEE
Industrial Electronics Society as held by the Linda Hall Library. These scans
were secured from the library’s collection. In comparing Exhibit EX1006 to
Appendix LUOQ2, it is my determination that Exhibit EX1006 is a true and
correct copy of "The Development of Internet Accessible Rapid Prototyping
System" by Ren C. Luo, et al as published in Proceedings of IECON '99:

The 25th Annual Conference of the IEEE Industrial Electronics Society.

13.The 008 field of the MARC record in Appendix LUOOQL1 indicates the date of

record creation. The 008 field of Appendix LUOOL indicates the Linda Hall



Library first acquired Proceedings of IECON '99: The 25th Annual
Conference of the IEEE Industrial Electronics Society as of February 2,
2000. Considering this information, it is my determination that Proceedings
of IECON '99: The 25th Annual Conference of the IEEE Industrial
Electronics Society and therefore "The Development of Internet Accessible
Rapid Prototyping System" was made available to the public shortly after

February 2, 2000.

14.1 have reviewed Exhibit EX1015, "Defect Detection in Indirect Layered
Manufacturing™ by lzzat Bakhadyrov, et al as published in Proceedings of

the 1998 IEEE International Conference on Systems, Man and Cybernetics.

15.Attached hereto as Appendix BAKHADYROVOL1 is a true and correct copy
of the MARC record for Proceedings of the 1998 IEEE International
Conference on Systems, Man and Cybernetics as held by the Linda Hall
Library. I secured this record myself from the library’s public catalog. The
MARC record contained within Appendix BAKHADYROVO01 accurately
describes the title, publisher and ISBN number of Proceedings of the 1998

IEEE International Conference on Systems, Man and Cybernetics.



16.Attached hereto as Appendix BAKHADYROVO02 is a true and correct copy

of "Defect Detection in Indirect Layered Manufacturing" as published in
Proceedings of the 1998 IEEE International Conference on Systems, Man
and Cybernetics as held by the Linda Hall Library. These scans were secured
from the library’s collection. In comparing Exhibit EX1015 to Appendix
BAKHADYROVO02, it is my determination that Exhibit EX1015 is a true
and correct copy of "Defect Detection in Indirect Layered Manufacturing”
by lzzat Bakhadyrov, et al as published in Proceedings of the 1998 IEEE

International Conference on Systems, Man and Cybernetics.

17.The 008 field of the MARC record in Appendix BAKHADYROVO01
indicates the date of record creation. The 008 field of Appendix
BAKHADYROVO01 indicates the Linda Hall Library first acquired
Proceedings of the 1998 IEEE International Conference on Systems, Man
and Cybernetics as of October 26, 1998. Considering this information, it is
my determination that Proceedings of the 1998 IEEE International
Conference on Systems, Man and Cybernetics and therefore "Defect
Detection in Indirect Layered Manufacturing™ was made available to the

public shortly after October 26, 1998.



18.1 have been retained on behalf of the Petitioner to provide assistance in the
above-illustrated matter in establishing the authenticity and public
availability of the documents discussed in this declaration. | am being
compensated for my services in this matter at the rate of $200.00 per hour
plus reasonable expenses. My statements are objective, and my

compensation does not depend on the outcome of this matter.

19.1 declare under penalty of perjury that the foregoing is true and correct. |
hereby declare that all statements made herein of my own knowledge are
true and that all statements made on information and belief are believed to
be true; and further that these statements were made the knowledge that
willful false statements and the like so made are punishable by fine or
imprisonment, or both, under Section 1001 of Title 18 of the United States

Code.

Dated: 12/12/2024

. =
£ gpa—l :

June Ann Munford
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June A. Munford
Curriculum Vitae

Education

University of Wisconsin-Milwaukee - MS, Library & Information Science, 2009
Milwaukee, WI

e Coursework included cataloging, metadata, data analysis, library systems,
management strategies and collection development.
e Specialized in library advocacy, cataloging and public administration.

Grand Valley State University - BA, English Language & Literature, 2008
Allendale, Ml

e Coursework included linguistics, documentation and literary analysis.
e Minor in political science with a focus in local-level economics and
government.

Professional Experience

Researcher / Expert Witness, October 2017 — present
Freelance e Pittsburgh, Pennsylvania & Grand Rapids, Michigan

e Material authentication and public accessibility determination.
Declarations of authenticity and/or public accessibility provided upon
research completion. Experienced with appeals and deposition process.

e Research provided on topics of public library operations, material
publication history, digital database services and legacy web resources.

e Past clients include Alston & Bird, Arnold & Porter, Baker Botts, Fish &
Richardson, Erise IP, Irell & Manella, O'Melveny & Myers, Perkins-Coie,
Pillsbury Winthrop Shaw Pittman and Slayden Grubert Beard.

Library Director, February 2013 - March 2015
Dowagiac District Library @ Dowagiac, Michigan

e Executive administrator of the Dowagiac District Library. Located in
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Southwest Michigan, this library has a service area of 13,000, an annual
operating budget of over $400,000 and total assets of approximately
$1,300,000.

e Developed careful budgeting guidelines to produce a 15% surplus during
the 2013-2014 & 2014-2015 fiscal years while being audited.

e Using this budget surplus, oversaw significant library investments
including the purchase of property for a future building site, demolition of
existing buildings and building renovation projects on the current facility.

e [ed the organization and digitization of the library's archival records.

e Served as the public representative for the library, developing business
relationships with local school, museum and tribal government entities.

e Developed an objective-based analysis system for measuring library
services - including a full collection analysis of the library's 50,000+
circulating items and their records.

November 2010 - January 2013
Librarian & Branch Manager, Anchorage Public Library ® Anchorage, Alaska

e Headed the 2013 Anchorage Reads community reading campaign
including event planning, staging public performances and creating
marketing materials for mass distribution.

® Co-led the social media department of the library's marketing team,
drafting social media guidelines, creating original content and instituting
long-term planning via content calendars.

e Developed business relationships with The Boys & Girls Club, Anchorage
School District and the US Army to establish summer reading programs for
children.

June 2004 - September 2005, September 2006 - October 2013
Library Assistant, Hart Area Public Library
Hart, MI

e Responsible for verifying imported MARC records and original MARC

12



cataloging for the local-level collection as well as the Michigan Electronic
Library.

e Handled OCLC Worldcat interlibrary loan requests & fulfillment via
ongoing communication with lending libraries.

Professional Involvement

Alaska Library Association - Anchorage Chapter
® Treasurer, 2012

Library Of Michigan
e [ evel VII Certification, 2008
e Level II Certification, 2013

Michigan Library Association Annual Conference 2014
e New Directors Conference Panel Member

Southwest Michigan Library Cooperative
e Represented the Dowagiac District Library, 2013-2015

Professional Development

Library Of Michigan Beginning Workshop, May 2008
Petoskey, Ml

e Received training in cataloging, local history, collection management,
children’s literacy and reference service.

Public Library Association Intensive Library Management Training, October 2011
Nashville, TN

e Attended a five-day workshop focused on strategic planning, staff
management, statistical analysis, collections and cataloging theory.

Alaska Library Association Annual Conference 2012 - Fairbanks, February 2012
Fairbanks, AK

e Attended seminars on EBSCO advanced search methods, budgeting,
cataloging, database usage and marketing.
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Depositions

2019 e Fish & Richardson

Apple v. Qualcomm (IPR2018-001281, 39521-004211P, IPR2018-01282
and 39521-004211P2)

2019 e Erise IP
Implicit, LLC v. Netscout Systems, Inc (Civil Action No. 2:18-cv-53-JRG)

2019 e Perkins-Coie
Adobe Inc. v. RAH Color Technologies LLC (Cases IPR2019-00627,
IPR2019-00628, IPR2019-00629 and IPR2019-00646)

2020 e O’Melveny & Myers
Maxell, Ltd. v. Apple Inc. (Case No. 5:19-cv-00036-RWS)

2021 e Pillsbury Winthrop Shaw Pittman LLP
Intel v. SRC (IPR2020-1449)
2022 e Perkins-Coie
Realtek v. Future Link (IPR2021-01182)
2023 e Fish & Richardson
Neuroderm Ltd. v. Abbvie, Inc (Case No. PGR2022-00040)
2023 e Fish & Richardson
Nearmap US Inc. v. Pictometry International Corp. (IPR2022-00735)
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Limited Case History & Potential Conflicts

Alston & Bird
e Ericsson

v. Collision Communications (IPR2022-01233)

e Nokia
v. Neptune Subsea, Xtera (Case No. 1:17-cv-01876)

Arnold & Porter
e lvantis
v. Glaukos (Case No. 8:18-cv-00620)
® Samsung

V. Jawbone (Case No. 2:21-cv-00186)

Benesch Friedlander Coplan & Aronoff
e \oyis
v. Cathx (Case No. 5:21-cv-00077-RWS)

Erise I.P.
e Apple

v. Ericsson Inc. (IPR2022-00715)

v. Future Link Systems (IPRs 6317804, 6622108, 6807505, and
7917680)

v. INVT (Case No. 20-1881)
v. Navblazer LLC (IPR2020-01253)

v. Qualcomm (IPR2018-001281, 39521-004211P, IPR2018-01282,
39521-004211P2)

v. Quest Nettech Corp (Case No. 2:19-cv-00118-JRG)
v. Telefonaktiebolaget LM Ericsson (IPR2022-00275)
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e Fanduel

V. CGT (Case No. 19-1393)
e Garmin

v. Phillips North America LLC (Case No. 2:19-cv-6301-AB-KS)
e Netscout

v. Longhorn HD LLC (Case No. 2:20-cv-00349)

v. Implicit, LLC (Civil Action No. 2:18-cv-53-JRG)
e Sony Interactive Entertainment LLC

v. Bot M8 LLC (IPR2020-01288)

v. Infernal Technology LLC (Case No. 2:19-CV-00248-JRG)
e Unified Patents

v. GE Video Compression (Civil Action No. 2:19-cv-248)

Fish & Richardson
e Apple
v. AliveCor (3:21-cv-03958)
v. LBS Innovations (Case No. 2:19-cv-00119-JRG-RSP)
v. Koss Corporation (IPR2021-00305)

v. Masimo (IPR 50095-0012IP1, 50095-00121P2, 50095-00131P1,
50095-00131P2, 50095-0006IP1)

v. Neonode (Case No. 21-cv-08872-EMC)

v. Qualcomm (IPR2018-001281, 39521-004211P, IPR2018-01282,
39521-004211P2)

e Dell
v. Neo Wireless (IPR2022-00616)
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e Dish Network
v. Realtime Adaptive Streaming (Case No. 1:17-CV-02097-RBJ)
v. TQ Delta LLC (Case No. 18-1798)
e Evapco Dry Cooling
v. SPG Dry Cooling (IPR2021-00688)
e Genetec
V. Sensormatic Electronics (Case No. 1:20-CV-00760)
e Huawei
v. Bell Northern Research LLC (IPR2019-01174)
e Kianxis
v. Blue Yonder (Case No. 3:20-cv-03636)
e LG Electronics
v. Bell Northern Research LLC (Case No. 3:18-cv-2864-CAB-BLM)
e Metaswitch
v. Sonus Networks (IPR2018-01719)
e Microsoft
v. Throughputer Inc (IPR2022-00757)
e MLC Intellectual Property
v. MicronTech (Case No. 3:14-cv-03657-SI)
e Nearmap Inc
v. EagleView Technologies (IPR2022-01009)
e Neuroderm Ltd.
v. Abbvie, Inc (Case No. PGR2022-00040)
e Realtek Semiconductor
v. Future Link (IPR2021-01182)
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e Quectel
v. Koninklijke Philips (Case No. 1:20-cv-01710)
e Samsung
v. Aire Technology (IPR2022-00877)
v. Bell Northern Research (Case No. 2:19-cv-00286-JRG)
v. Communication Technologies Inc (IPR2022-01221)
v. Jawbone Innovations (IPR2022-00865)
v. MemoryWeb LLC (IPR2022-00885)
v. Telefonaktiebolaget LM Ericsson (IPR2021-00615)
e Texas Instruments
v. Vantage Micro LLC (IPR2020-01261)
e Xilinx

v. Sentient Sensors LCC (Case No. 1:22-cv-00173)

Irell & Manella

e Curium

O’Melveny & Myers
e Apple
v. Maxell (Case No. 5:19-cv-00036-RWS)

Perkins-Coie
e Heru Industries
v. The UAB Research Foundation (IPR2022-01148)
e Realtek Semiconductor

v. Future Link (IPR2021-01182)
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e Twitter Inc
v. VOIP-Pal.com (Case No. 3:20-cv-02397-JD)
e TCL Industries

v. Koninklijke Philips NV (IPR2021-00495, IPR2021-00496
and IPR2021-00497)

Pillsbury Winthrop Shaw Pittman

e Intel
V. FG SRC LLC (Case No. 6:20-cv-00315)

e (Gravel Rating Systems

v. Costco (Case No. 4:21-cv-149)

v. Lowe’s Home Centers (Case No. 4:21-cv-150)
v. T-Mobile USA (Case No. 4:21-cv-152)

v. Kohl’s Inc. (Case No. 4:21-cv-258)

v. Under Armor (Case No. 4:21-cv-356)
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Subseribers to this journal benefit firom access
1o a fully searchable knowledge resource
stretehing far beyond the current volume and
issue. Integrated Manufacturing Systems
onling is enhanced with a wealth of features to
mect the need for fast, effortless, and instant
access to the core body of knowledge.
Furthermore, this user-friendly electronic
library may be networked throughout the
subseribing orpanization to maximize the use
and value of the subscription. This is
augmented with advanced search facilities and
“choice of access” through a variety of online
databases.

| Online access includes:

Institution-wide Licence
Our liberal licence allows everyone within
vour institution to access the journals via the
Internet, making vour subscription more cost-
effective. It has been designed to provide a
comprehensive, simple system with minimum
administration. Access can be granted by IP
range or username and password. ATHENS
authentication is enabled.

Current Issue + Journal Archive
Internet access via Emerald Intelligence +
Fulltext to Information as it becomes available
online and to material from past volumes.
Users can choose 1o browse the database for
relevant articles or search using the powerful
search engine provided.

Reference Linking
Direct links from the journal article references
to abstrocts of the most influential articles
cited. Where possible, this link is to the full text
af the article.

Emerald WIRE
A fully searchable subject-specific database,
brought to you by Emerald Reviews, providing
article abstracts from the world's top
management, computing and engineering
Journals. Directly relating to the journal
subject area, the database s updated monthly
and gives users details of how to obtain the full
text of original articles.

Key Reading
Abstracts of articlés, relating to Keywords, are
selected to provide readers with current
awareness of interesting articles from other
publications in the field. The abstracts are
available online and are updated regularly
upon publication of the latest issue.

E-mail Alerting Service
The table of contents E-mail Alerting Service
will email you the contents page of any chosen
Journal whenever the latest issue becomes
available online. For further information
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Integrated Manufacturing Systems online \
(1)

- An advanced knowledge resource for the entire organization
Access via the Emerald Library - http://www.emerald-library.com

please go to httpe//www.emerald-library.com
alerts

Library and User Training Resources
A comprehensive range of resources are
avallable online that help users learn how to
effectively use online information resources
and that help information professionals marke
resources to their users. For further
information please go to hitp://www.emerald
library.com/resources

Choice of Access
Electronic access to this journal is available v
& number of channels, enabling end users®
libraries to reach the content through their
preferred delivery system.

The Emerald Library - httpy/ www.emerald
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Development of a digital manual for a
manufacturing system - a case study
Richard Greenough, Devendra Fakun and
John Kay

Keywords Maintenance, Manufacturing,
Information systems, Manuals

This paper describes the development and
evaluation of an information system to
identify spare parts associated with an
automated assembly machine that is part of a
Ford engine assembly line. The information
system is a digital manual, similar to a class
of document called an integrated electronic
technical manual. The requirements of teams
of users in the engine plant are described
before explaining the use of multimedia tools
to ereate a suitable information system. The
result is a collection of digital documents
connected by hyperlinks to form a digital
manual. Usability trials indicated that
maintenance technicians and line operators
would actually use such a manual in the
factory. Ford maintenance managers
indicated that such a manual would benefit
them and the benefits are presented in detail.
A version of the manual was developed for
data collection and it is suggested that, in
future, such manuals might be the factory
users' interface to a computerised
maintenance management system.

Technology enablers for supply chain
management
Nourredine Boubekri

Keywords Supply chain, Scheduling,
Enterprise resource planning, Cycle time,
Product life cycle, Logistics

This paper describes the current business
conditions and the four key factors that need
to be integrated in order to improve the
supply chain. The paper discusses how
enterprise resource planning (ERP) is
increasingly being used as a technology
enabler for supply chain management and
problems associated with its implementation,
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Establishment and use of virtual
layouts for manufacturing
Ramazan Yaman

Keywords Manufacturing, Virtual reality,
Factories, Production planning

This study offers a new type of
manufacturing approach. This approach may
be called virtual manufacturing layouts. The
study concerns basic themes of the approach.
These are descriptions, elements, and use of
the virtual layouts. The approach has been
exemplified with a case study, Advantages
and disadvantages of this type of layouts
have also been summarised.

Distributed rapid prototyping - a
framework for Internet prototyping and
manufacturing

Francis E.H. Tay, Yadav P. Khanal,

Kwok Kuen Kwong and Kim Cheng Tan

Keywords Internat, Rapid prototyping,
Manufacturing

This paper focuses on the development of a
distributed rapid prototyping system via the
Internet to form a framework of Internet
prototyping and manufacturing for the
support of effective product development.
The proposed methodology is targeted at a
wide audience using a disparate range of
computer systems to access remotely located
rapid prototyping facilities via the Internet
for prototype fabrication. The methodology is
useful for both educational research for
teaching evolving rapid prototyping
technologies and remote scientific
visualization. This approach is based on the
merger of object-oriented modular software
architecture and client server
communications for the remote control of
rapid prototyping hardware (called fused
deposition modeling) via the Internet. Other
Weh tools are used to allow the remote user
to have higher interactivity with the server
applications that have a direct link with the
front-end terminals controlling the rapid
prototyping hardware.
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| Introduction

Manufacturing and design technologies are
gradually gravitating towards Internet
integrated technology to cope with emerging
challenges such as the need for shorter time
to market, reduced lead time in the supply
chain of new products, reduced cost and
higher quality. The merging of Internet and
manufacturing technologies has resulted in
the bridging of the gap between enginecring
technology (such as rapid prototyping
hardware system) and the information
system to enable the remote control of
engineering resources. As such, geographical
consiraints can be overcome. In order to
realize this concept, more advanced support
software such as Java (Sivan ef al,, 1997) is
being developed to integrate manufacturing
technology (Jacobs and Prioleou, 1996) with
the Internet so that various manufacturing
processes can be controlled online. In
particular Java has made it possible to
integrate interoperable, modular and
extensible distributed application together to
monitor and control a physical environment
(Grimaldi ef al., 1998). As to date, there are a
number of researches in the application of
Internet infrastructure for engineering
purposes (Tan et al., 1998; Brown ef al., 1998).
Maost of the research work Is mainly focused
on the utilization of this technology for
virtual reality (Toung ef al., 1997) and for
faster and effective communieations only.
However, these approaches cannot fully
address the real life engineering problems
where real models have to be formed as a
result of synthesis of time and resources and
where the global market competition of
supplying better quality products is very
crucial.

The concept of distributed systems has
long been widely used in the manufacturing
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and design industries to facilitate
manufacturing and product development
operations. However, traditional distributed
systems are hardwired and limited to a
particular location and resources and
accessibility is limited to a particular
location only. Recently, there is considerable
interest in the area of Internet enabled
distributed systems, Examples of these works
include the application of the Internet
infrastructure for virtual reality (Broll, 1997)
and online measurement (Grimaldi et afl.,
1948), The proposed methodology is different
from others in that it focuses on the
formation of physical models online via the
Internet when a geographical distance
separates the end user and the physical
hardware. This approach is applicable for a
wide spectrum of end users due to its
interoperability, modular functionality and
scalability, The targeted audiences include
users in the educational sectors who can use
the framework for online teaching of new
manufacturing technology such as rapid
prototyping technology, and secondly for
parties involved in product development who
can use the facility to view and analyze the
prototyping concurrently. In addition,
professional prototyping centers can serve as
rapid prototyping service providers for low
volume manufacturing organizations to
utilize the rapid prototvping facilities. The
potential applications are numerous and
especially so as this technology advances and
new challenges arise.

| Distributed rapid prototyping via
the Internet

In recent years, new technologies have
emerged to facilitate the rapid prototyping of
3D CAD models so that complex and
aesthetically shaped prototypes can be
formed both for end use and for the analysis
of design and manufacture as a part of the
product development process. For efficient
product development and fast return on
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invesiment, there is a need for a rapid
product development cycle that is made
possible by decreasing the eyele time for
product design and analysis. Produet design
in the product development cycle is the mosi
critical phase where iterative prototyping is
required for various analyses. Traditional
prototyping is very slow and ineffective in
resources utilization. Consequently, new
rapid prototyping technologies have emerged
in the last few vears and most of the cost
effective prototyping nowadays is carried out
by rapid prototyping technique. Complex and
aesthetically shaped models can be rapidly
fabricated using these rapid prototyping
technologies, which resulted in their
extensive use by design and manufacturing
organizations. However, no technology can
stay suecessful in its stand-alone form in a
dynamic and competitive global market. The
same applies to the rapid prototyping
technology as well. In order to enhance the
accessibility of available rapid prototyping
services to a broader community of users
(organizations or individuals) involved in the
product development, research or scientific
visualization process either for educational
or commercial purpose, an approach has
been developed so as to integrate the rapid
prototyping technology with the Internet. In
this approach, use of interoperable, modular
and platform independent application has
been developed to integrate the rapid
prototyping technology with the Internet
infrastructure for integrating the global
resources online.

This current effort aims at providing
manufacturing facilities to geographically
separated partners in low and high volume
manufacturing organizations, research
Institutes and others involved in the field of
product development or scientific
visualization using rapid prototyping
technologies by means of remote access via
the Internet. The methodology is based on the
prineiple of Internet based distributed
system and is commonly termed as Internet
Manufacturing (IMAN). The approach
focuses on various aspects of manufacturing
and design literature. Firstly, geographically
disintegrated resources can be synthesized
online for real-time manufacturing.
Secondly, geographically separated product
development team members can work
concurrently for the new product
development process. Thirdly, aesthetically
shaped complex prototypes can be fabricated
remotely for the purpose of rapid tooling,
scientific visualization and analyses.
Through IMAN, commercial organizations
can be engaged in prototype development and
customization through a professional rapid
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prototyping center without the need for thejr
own investment for setting up costly
prototyping facilities,

| Brief description of IMAN system

The Internet based distributed rapid
prototyping architecture is a common client
sarver model, which centers an object-
oriented application model using Java and
common Web tools, The four basic
components of the approach are:

1 Internet: as the standard communications
infrastructure;

2 Java: as the object-oriented
implementation language both for client
and server applications;

3 Other Web tools (e.g. Virtual Network
Computing, Web Cam); as an access and
configuration tool for a remote server
system; and

4 Fused Deposition Modeling (FDM): as the
rapid prototyping hardware.

A major benefit of choosing Java (Sivanefal,,
1997) is the achievement of portable and
object-oriented software (i.e. the developed
application is completely platform
independent, easy to maintain and extend),
Java implementation relies on native
methods and driver libraries and the non-
portable parts relate only to interface bus
drivers of the rapid prototyping hardware. In
addition, it delivers a platform neutral
framework for the construction of the human
computer interface (HCI) (Chen ef al., 15998).

Network speed is an important factor to be
considered in order to fully harness the
advantages of IMAN, With the current trend
towards high-speed network development,
the IMAN system performance will be better
redlized with the increasing high-speed
network facilities. At this point the
mechanism is kept simple to realize a
sufficient performance level under the
current commercial network links available.
Nevertheless it has been ensured that the
current architecture is general enough not to
limit the potential application areas in the
future with the continuous development of a
high-speed network such as “Very High
Speed Backbone Network Service” (vBNS)
(IEEE Spectrum, 1998) that has higher
bandwidth capability.

Though the concept has been developed
using FDM, the same concept is applied to
other rapid prototyping technologies such as
Selective Laser Sintering (SLS), Stereo-
Lithography Apparatus (SLA) and
Laminated Object Manufacturing (LOM). A
major benefit of choosing FDM as our test
tool for IMAN is the capability of FDM to
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make a complex and aesthetically shaped
prototype and also because of its open
architecture,

A general architecture (see Figure 1) of
IMAN consists of a set of server and front-end
terminals {only one is shown in Figure 1),
The client and server applications are linked
to one another via the Internet. In addition,
other common Web tools, such as Web cam
and video conferencing software that run
independently of each other, are also
incorporated in the rapid prototyping center,
The client interface is also designed to be
very transparent and user friendly so that
the user does not need to download and
install extra plug-ins to run the application.
A peneral-purpose machine such as Win9x/
NT or Sun Solaris with common Web tools
installed will be sufficient to support IMAN.

A client interface is also designed to host,
on demand, the human computer interface
required for configuring and monitoring the
remote prototyping system.

| Object-oriented architecture of the
IMAN system

A distinctive feature of the approach is the
adoption of object-oriented software
architecture for the development of the
IMAN svstem on both the client and server
side. The core module of client server
interaction has been developed using Java
and is completely object-oriented and
platform independent. Java offers versatile,

Figure 1
IMAN framework on the Intemnet

clean and type free object-oriented
mechanisms for building the system. It also
provides client/servernetworking facilities
for Internet based communications.

The IMAN system is a three-tier client
server architecture consisting of the client
interface, server applications and front-end
terminal applications dedicated to the rapid
prototyping hardware. The front-end
terminal is directly connected to the rapid
prototyping hardware and is dedicated to the
hardware for its locally intensive data
manipulation process.

The distributed rapid prototyping system
consists of two major Java components,
namely, the client application and server
application. The client application has been
developed using the Java Abstract Window
Toolkit (AWT) package that furnishes the
graphical user interface (GUI) services,
During its lifetime, the client interface
interacts with the server partner application
running on the server (see Figure 2). The
server component of the distributed rapid
prototyping system relies on Java
object-oriented mechanisms and on the
capability of directly interfacing with the
native methods of a standard interface driver
library of the rapid prototyping hardware.

In reality, as one can see from Figure 2, an
application is structured into two sub-
components, namely, a Java Server
component written in Java and listener
threads within the server program. The
server component is multi-threaded. It
constantly runs and listens for a client asking
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Figure 2

Client, server and front-2nd termina! interaction

for a connection to a port number
representing a particular client instance to
form a socket connection for bi-directional
interactions with the client. The Internet
protocol such as the transfer control protocol
and Internet protocol (TCP/IP) is
implemented for data transfer process. The
receiver server socket is synchronized for
each client instance. Until a client instance is
completed, no other client’s request will

be processed.

From the viewpoint of the client
application, the socket connection is active
only for data transfer and invoeation of the
rapid prototyping hardware. Other audio and
visual feedback from the remote location
where the server and rapid prototyping
hardware are resided can be obtained by the
use of Web cam and video conferencing (see
Figure 3). Normally, only one single client
connection can exist at any one time to a
given port. This complies with the constraint
that only one single client request can be
processed for using a given set of rapid
prototyping hardware at any one time.
Interference problems due to concurrent
accesses (o a shared bus of the rapid
prototyping hardware can be handled by
mutual exclusion mechanisms (synchronized
methods). At the termination point of
previous client operation, the socket
connection is closed and the server can
accept a new connection on the same port,
thus starting a new instance of client server
connection and so forth.

In a slightly different scenario, multiple
clients could be allowed to watch the same
fabrication process for discussion and
analysis. This facility may be required in a
distributed system where the active process
needs to be instantaneously viewed by
several people at different client stations for
concurrency (Roy and Bharadwaj, 1997;
Yoshimura er al., 1988).

The client interface is designed to enable
the client to interact with the server
transparently. Clients are required to have
common Web tools such as Netscape
Communicator browser. The use of server
component and other Web tools to run

Front-end

Listening to a client
thrcad

Listening to Server

thread
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independently isolates the two kinds of tasks
in the rapid prototyping center, These are
critical tasks such as data transfer to the
front-end terminal via the server and non-
critical ones such as video conferencing and
concurrently viewing of the rapid
prototyping status. This kind of isolation
frees up the burden of the server to handle
extra loads for these lower value-added jobs
while concentrating more on other server
and front-end terminal intensive tasks such
as data conversion to machine format with
the QuickSlice. Access to the QuickSlice is
synchronized for one client at a time, As a
security measure the distributed rapid
prototyping system is designed to disallow
multiple user-access to a single or a limited
number of physical hardware at anyone time.

| Tests and results

Tests were carried out in collaboration with
Osaka University (Osaka, Japan). The main
concerns were to validate reliable data
transfer (see Figure 4) and successful access
to the remotely located server applications
for data conversion to machine format,
remaote fabrication of prototype and
validation of the quality of the fabricated
prototype. To validate the reliability of data
transfer, network performance reliability
was monitored in the rapid prototyping
laboratory, Figure 4 shows the average
distribution of network traffic in a week
recorded in the rapid prototyping laboratory.
The Internet connection from the laboratory
to Osaka University is via the Asia and
Pacific Advanced Network (APAN) link with
a4 nominal 2 Megabit per second bandwidth.
The network route is as shown in Figure 4.
The multi-routed connection had
heterogeneous transfer mode in each hub and
obviously it was much slower in the
international traffic from Singapore to the
hub 203.181.248.217 (Osaka, Japan). Despite
the heterogeneous data transfer, the quality
of the fabricated prototype was very
consistent. This implies that the data
integrity is not dependent upon the
heterogeneous data transfer mocde.

The main factor of the validation is the fact
that the converted CAD data should maintain
its integrity to avoid any flaws over the long
distance transmission so that its conversion
to the machine format by the QuickSlice
translator is not misinterpreted to form a bad
prototype. It is shown that the quality of the
prototype fabricated using the IMAN system is
not susceptible to varying conditions of the
network link, especially the data transfer mode.
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distributed rapid prototyping via the
| Conclusion pep e

Distributed rapid prototyping using the
Internet is a powerful tool in the product
development process and scientific
visualization field to enable the distributed
resourees (o communicate in real time both
virtually and physically. In this project,
IMAN, which is based on modular software
architecture, was developed to enable
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Internet. The approach is targeted at a wide
range of audiences with disparate research
and commercial interests in using rapid
prototyping technologies remotely via the
Internet. In particular, platform
independency was a critical factor (o ensure
that end users using different computer
systems can interact with the rapid
prototyping center effectively. The modular
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Figure 4

software architecture for the IMAN system is
also highly scalable for further research and
development. With IMAN, it becomes
possible to collaborate in real time between
two geographically distributed resources
(partners). More effective utilization of
geographically distributed resources is
realized using one at the cheapest source of

— data carrier - the Internet as the means of

communications. In the global
manufacturing and design arena, industrial
competition through successful product
development based on efficient prototyping
can be further enhanced by the use of the
distributed rapid prototyping system via the
Internet for remote prototyping to
considerably reduce the product
development lead time.

Network link and performance reliability
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| Future research works

The proposed distributed rapid prototyping
system is presently being developed for other
prototyping hardware other than FDM. A
highly interactive GUI will also be designed
to communicate with the Programmable
Logic Controller that will be connected to the
front-end terminal to achieve more
intelligent functions of the system remotely.
Current research work also involves the
development of object-oriented collaborative

CAD on the Internet. These two approaches

will be merged in the near future to facilitate

collaborative product development using

the Internet.
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Abstract

Automated tele-control of Rapid Prototyping
Machine via Internet for the application of
tele-manufacturing system is presented. The
main features of this system are that users just
need a general-purpose computer and a World
Wide Web browser for commanding the rapid
prototyping machine in a remote location
through Internet and Home Page. Hardware
configuration of this architecture includes a
thermal extrusion based layer-deposition rapid
prototyping machine and several controllers,
each of them is able to communicate with others
via computer network. Software design includes
the user interface, model slicing process, model
support generation, and fool path generation.
The system has extensive capabilities for
teleoperation and other multimedia services. The
system allows users to directly control our rapid
prototyping machine via the Internei and access
our Home Page through a friendly user interface.
Also the remote user can receive real time
images eg. the completed rapid prototyping
model paris captured by a CCD camera that is
mounted on the rapid prototyping machine.

Introduction

Various remote control systems had been
performed for manufacturing, underwater
manipulation, space exploration, satellite repair
[2-3], etc. The control commands and remote
sensing measurements.

As mentioned previously, RP machine
becomes a powerful tool for increased
productivity, however, rapid protolyping
machine is still too expensive to offer many
companies, Therefore, it can be very useful and
cffective if we can let RP manufacturing to the
universal access via Internet and make prototype
production cheaper and easier. The key feature
of this system is to make it transparent and
simple enough to give users good results each
time [4). User «can upload STL
(stereolithography Interface) files of models they
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have designed to our WWW server remotely.
There are several pre-processes need (o be
performed before building up model, which
include model slicing, support creating, and the
working path generation for the rapid
prototyping machine. Afier completing these
pre-processes, user can send a model building
command to the server and the server can then
control the rapid prototyping machine to build
up a physical model locally. When the RP model
is completed, the remote user can examine the
RP model through live image via Internet
transmitted form the CCD camera mounted on
the RF machine.

2. Hardware System Configuration

The hardware system configuration of this
system, as shown in Figure 1, includes thermal
extrusion based Rapid Prototyping machine
developed in the Intelligent Automation Lab at
National Chung Cheng University, the WWW
server, CCD cameras and remote computer
accesses, several computers.

The Rapid Prototyping machine uses ABS
powder as object building material. The main
features of this system are to build up a physical
object model through the deposition of filling
materials extruded from the thermal barrel and
processed layer by layer.

A general-purpose computer is used as a
server which receives client’s request from
remote world wide network. World Wide Web
users can use IBM PC, Macintosh, workstation,
ete to communicate with the server via Internet,

2.1 Brief Description of Tllie
Thermal Extrusion Based Rapid
Prototyping Machine

The basic hardware configuration of the
Rapid Prototyping machine structure are
illustrated in Figure 2. It includes three
independent axes working table, a thermal
extrusion head, a temperature control system,

=
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and a PC-based control system. XYZ Three axes
are equipped with high precision ball screw and

are driven through AC servomotor.
= = =
Warkstation /.. /

Figure 1. The Hardware Configuration of The

Figure 2. The Configuration of the Thermal
Extrusion Based Rapid Prototyping System.

In order to mechanically build-up each
successive layer, three AC servo motors are
provided to selectively move the base platform
and the thermal extrusion head relative to each
other in a predetermined pattern along "X and
"Y" axes while the model building material is
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being thermally extruded. Relative vertical
movement along "Z" axis is carried out after the
completion of each layer to achieve desired layer
shape and thickness.

2.2 Motion Control System

We have used a PC-based motion control
card to control the 3-axes motion of the working
table of the RP machine. It consists of an
intelligent motherboard populated with four
intelligent plug-in function moduoles. There are
on-board linear interpolation, circular contouring,
and continuous path motion functions and
dual-ported memory for high-speed
communications.

2.3 Vision System

The wision hardware consisis of an
onboard image processor and a single camera
mounted in Rapid Prototyping machine. The
image processor is a S0MHz TMS320C44 DSP
and it has a PCI supporting bus master mode for
fast data transfers to the host PC. It allows us to
perform all the computation of vision program
on board. As a result, the vision algorithm will
not occupy the time of main processor system.

3. Software Design

Based on the hardware configuration,
software design of the system consists of the
assignment of the server, communication
between WWW Server and Rapid Prototyping
Machine, and the user interface.

User just need to upload STL file of CAD
model from remote site to our server, The STL
file which is a standard format for transferring
the CAD data 1o rapid prototyping machines
uses a faceted description of the computer model.
The STL file is a list of triangular facets
representing the surfaces of the object to be built
together with a unit normal vector associated
with the outer surface of each triangle.

Our Rapid Prototyping machine requires
that physical model be stabilized during layer
fabrication to prevent the distortion of
unsupported areas. Therefore, the fabrication
processes require that a separale support
structure be designed, added to the model
geometry file, and then fabricated as a part of the
physical model concurrently.

To start the model building process the
three dimensional representation of the object
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are converted into a series of thin cross sectional
layers by intersecting a series of planes with the
STL file representation in & process called
"Slicing". Each two dimensional cross section is
a set of closed areas that must be filled with a
soiid materiai. A physicai modei is formed by
sequentially building and stacking the thin two
dimensional layers to form a complete three
dimensional object.

The motion control consists of
Applications Programming Interface (API)
which provides a high level function call
interface to PC-based motion control card. The
API can be programmed in C or C++,

3.1 Assignment of the WWW Server

The WWW server is responsible for the
commands sent from remote user and call the
CGl (Common Gateway Interface) programs
comespond to the receiving command. The CGI
programs is then executed to transmit the related
commands to the RP softwares, such as slicing,
support creating, path generation program, and
motion control of rapid profotyping machine.
During the model building process and after the
completion of the physical RP model, the sever
can transmit the image data through Internet to
the remote Web browser.

3.2 User Interface

The user interface is shown is Figure 3
captured from a Web Browser of Microsoft
Internet Explorer when we perform remote
control via a LAN (Local Area Network). There
are four major parts in the interface, which
include Homepage Title, Model STL file or
Slicing Mlustration, Process Control Window,
and Estimate Building Time of Physical Model.
There are six hyperlinks which include
Upload .STL File, Support Creating,
Slicing .STL File, Generate Machine Working
Path, Build up Physical Model, and Show Image
of the Physical Model in the Process Control
Window. The Flow Diagram of the remote
control system is illustrated in Figure 4.

First, user clicks the hyperlink of Upload
STL File and it links to a program, which will
ask user to upload a STL file format and save it
in the hard disk of the server. Then the STL file
will be illustrated in left window of the interface.
User can orient the STL file with moving,
rotation or scaling commands and the illustration
of STL file will be refreshed by the orienting.
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Figure 3. The User Interface for Remote Control
of Rapid Prototyping System.

[]=u:=upm.m file to WWW server H

L1

Slicing the .STL file

— -
S—_

= i
Creating support of model's requirement
L1l
Genersting RP machine tool path ’l
o
Building physical model by RP machine W
<1

|| Get live image of physical model

Figure 4. The Flow Diagram of the Remote
Control for the Rapid prototyping System Flow
Diagram.

When wuser click the hyperlink of
Slicing .STL File, it links to a program which
will analyze the STL file part which defines the
model to be fabricated and slices the model into
iayer cross-seciions. Each siice consisis of one
or more curves that follow the shape of the part
at the particular height. The description of the
slicing algorithm is briefly described in Section
4. The illustration of the STL file slicing
illustration will be displayed in the left window
of the interface.

User clicks the hyperlink of Create
Support of Model and it links to a program,
which can generate support required to build the
physical model.
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Afier performing Support Generation, user
clicks the hyperlink of Generate Machine Tool
Path and it links to a program, which makes up
extrusion head's tool path which can fill the
cross-section boundaries. The working path data
and extrusion of the thermal extrusion head will
be saved as a filee The program will also
estimate building time of the physical model.
Building time will be displayed in the bottom
window of the Interface.

When user click the hyperlink of Build up
Physical Model and it links to a program, which
includes the motion control API for the motion
control card. It will read the working path file
and control the motion of the rapid prototyping
machine,

User can click the hyperlink "Show Image
of the Physical Model" and it will link to a CGI
program. This program can show live images
captured by the CCD in our rapid prototyping
machine, And the image can be displayed in a
new web browser. User can examine the
physical model through the image display
remotely.

4, Slicing Algorithm

The cross section boundaries required for
the rapid prototyping process are generated from
intersecting a plane with the STL file object.
This is generally referred to as the slicing
process. From a geometric modeling perspective,
the intersection process should result in the
formation of a boundary representing the wall of
the object at that layer.

The slicing algorithm works as follows.
The layers are defined as the geometric
intersections of planes horizontal to the platform
of rapid prototyping machine with object. As the
plane moves up from the base of the object,
successive layers are defined and the thermal
extrusion head traces out a contour defining the
cross section on each layer. Basic analytical
geometry is used to determine the intersections,
which are then stored in & dynamic array. Each
facet that inforsects the plane will form o
directed line segment on the planar slice. These
intersection lines will define the contour. The
intersections are not found in any particular
order, so the vectors must now be sorted in
head-to-rail fashion in order to derive a closed
contour on that slice.

5. Tool Path Generation
The generation of the tool path is the final
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stage before fabricating the part. The first step in
the process of generating the final tool path is to
define a general path pattern; there are three
types of tool path patterns: Linear, Zig-Zag and

Spiral .(Figure 5)
]

(s)-
Figure 5, Three Types of Tool Path. (a)Linear;
(b)Zig-Zag; (c)Spiral

[Tool Path Algorithm] Generation of Zig-Zag
tool path

(1) For each layer, put its contour edges in a
single list.

(2) For all contours in one layer, we define
x_min as lefi boundary and x_max as right
boundary. Make a set of successive infinite
parallel lines in the region of
[x_min,x_max]. The distance of the parallel
lines is equal to the diameter of the
deposited material(d).

infinite parallel lines: x=x_min+d*i
where

X mins X Sx_max

ieinteger

(3) Generate intersection points by intersecting
the contours with the infinite lines. The
used_flags of all intersection points are set
to be “False™.

(4) After read in the intersecting points of
intersecting zone #i, we define the
intersecting points as Py , P , ..., P by its
value of y coordinate.

(5) From the result of observation, we find

PuPiz . PaPu . ...are working segments
and PoPa . PuPu are not working
segments, So we get the following result:
The working segments :
Piox « nPige + 2 » 0,12, ...
{6) From the left boundary of working segments,
we first connect Py P2 in intersecting

zone #1. If there is a point P3; (in
intersecting zone #2) on the same contour

with point Pj;, connect P12P» and then

PxPa . Following this procedure, we can
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connect the intersecting points in the same
working area with Zig-Zag tool path. Until
there is no adjacent point on the same
contour, working area | is discovered. [see
Figure 6(a)]

(7) If not all the intersecting-zones are
processed, point o the next
intersecting-zone and find Zig-Zag tool path
of the next working ares as step 6,
Otherwise, carry out the next step.

(8) Set the used flag of the connected points as
“True™. If not even one single working area
is found, terminate the procedure. Otherwise,
read in the intersecting-zones from the very
beginning and start a new working area.

The final results of working areas are

shown in Figure 6(b).

Py

0N

T

=

Pin)

Py

Py

Pl

Py

P,,"{I'

LI

(b)
Figure 6. Tool Path Generation Process
6. Experimental Implementation:

To demonstrate the concept, we have
created a 3D model with a CAD software-

1502

PRO/ENGINEER, and exported it as a STL file,
It is shown in Figure 7.

Figure 7. A Model of STL Format .

Then we upload the file to WWW server of
remote control interface. It is shown in Figure 3.
The model of STL file is shown in left window
of the interface. Slicing Process can analyze the
model part that defines the model to be
fabricated and slices the model into layer by
layer cross-sections. Since the model needs
support to avoid model structural fail or collapse,
SUpport crealing process can generate support
during model building process. The cross
sections are shown in left window of the
interface as shown Figure 8,

Figure 8. Illustration of Model Slicing.

Then the Generate Machine Tool Path Process
generates the Tool path and extrusion of the
thermal extrusion head. Those data will be saved
as a file. When the re-process finished, the
server sends command to control the rapid
prototyping machine to build up physical model.
We can get a live image of physical model in
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rapid prototyping machine by CCD as shown in
Figure 9.

When the model is completed, we can
remove the support part and get the physical
model as shown in Figure 10.

Figure 9. A Live Image of Physical Model in
Rapid Prototyping Machine.

Figure 10. Completed Physical Model.

6. Conclusions

Rapid prototyping system has been used
for a variety of applications extensively. The
remote control system has proven iiself as a
feasible and useful tool to share our rapid
prototyping machine with others via Internet,
Through the World Wide Web browser one can
directly build a physical model with rapid
prototyping machine, and receives the live
images of the physical model in the rapid
prototyping machine.

The main features of the system can be
described as follows:

1. A Rapid Prototyping machine can be
shared and accessed through Intemet to

reduce the capital investment on expensive
RP machine,

2. No restrictions of computer platform on
remote user site,

3. The client will need only 3D CAD software
and WWW browser on the client site o
create 8 3D model as STL file, no special
software is required.
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Evaluating the Quality of Human-computer Interfaces
According to Specific Contexts

Jose Eustaquio R. de Queiroz, Federal Universiry of

Paraiba; Maria de Fatima Q.V. Turnell, Federal

University of Paraiba, Brazil ...............
Collective Asset Display for Commander's Decision
Making

Celestine A. Nruen and Eui H. Park, North Carolina A

& T State University, USA; Maranda E. McBribe,

Lucent Technology, USA; William Marshak, Daniel N.

Mountjoy and Philip L. Yarbrough, Sytronics Inc.,

USA

WAO05: Human-Computer Interaction in Engineering
Modeling Systems

Chair: Laszlo Horvath

90

Fuzzy Rule Base Interpolation Based on Semantic Revision
Péter Baranyi, Sdndor Mizik, Laszlé T. Kéczy and
Istvdn Nagy, Technical University of Budapest,
Hungary; Tamds D. Gedeon, University of New South

Wales, Australia . . ..........covvvvvnnnenn 1306
Description of Design Intent in Product Models

Lédszlé Horvdrh and Imre J. Rudas, Bdnki Dondr

Polytechnic, Hungary .................... 1312

Interpolation-based Fuzzy Logic Controller, as a Simplified

Way for Constructing the Fuzzy Rulebase of the Path

Tracking and Collision Avoidance Strategy of an AGV
Szilveszter Kovdcs, University of Miskole, Hungary;
Ldszlé T. Kéczy, Technical University of Budapest,

Hungary 1317

Human-Computer Interaction in Flatness Control - an
Intranet-based Approach
George Fodor, ABB Industrial Systems, Sweden;
Lars-Erik Mattsson, Jan Mortstrand, Christer Sjogren
and Olle Keijser, ABB Industrial Products AB, Sweden;
Jan-Erik Karlsson, Semcon Engineering AB,
Sweden

WP05: Human-Machine Interaction: Design Methods

Chair: H. Takagi
Co-Chair: Robin R. Penner

The Effects of Information Utilization in New Product
Design
Kyungsuk Oh, Osaka University; Norihisa Komoda,
Osaka Uinversity, Japan; Jinwoo Kim, Yonsei
University, Japan: ......ccceiciiiviivaisdens
A New Modeling Method for Symbiosis Phenomena
Naohiro Kusumi, Kyushu University; Kotaro
Hirasawa, Jinglu Hu and Masaaki Takesue, Kyushu
University, Japan .......c:iceveseiveenae o 1335
Support of Teamwork in Human-agent Teams
Mike Lewis, Terri Lenox, Emile Roth, Linda Roberts,
Rande Shern and Tom Rafalski, University of
Piltsburgh, USA ... i viiniorsnnrnsnarnass
An Object-oriented Modeling Approach based On
Entity-relationship Diagrams and Petri Nets
Antonio Boccalatte, DIST-University of Genova;
Davide Giglio and Massimo Paolucci, DIST-University
of Genova, Italy 1347

WQO05: Implementation Issues in Human-Machine
Interaction




Chair: A. Zahedi
Co-Chair: Y. Xiao

Automatic Error Recovery in the Natural Language
Interface
MasamiShishibori, The Um'ver.rfn of Tokushima;
Kazuaki Ande, Masao Fukeia and Jun-ichi Aoe, The

University of Tokushima, Japan 1353
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............

A Reactive Approach to Classifier Systems
Jose M. Malina, Universidad Carlos IIf de Madrid;
Carlos Sevilla, Pedro Isasi and Araceli Sanchis,
Universidad Carlos Il de Madrid, Spain

Language Formation Experiments in Virtual Worlds
Christopher Landauer, The Aerospace Corporation;
Kristie L. Bellman, The Aempace Corporation,
A, AR S e SR S S

Issues of Controlling Public Kiosks and Other Self Service

Machines using Gesture Recognition
Charles J. Cohen, Cybernet Systems Corporation;
Glenn J. Beach, George Paul, Jay Obermark and Gene
Foulk, Cybernet Systems Corperation, USA ... 1371

MAO6: Architecture for Next-Generation Intelligent
Control: Multigranular Control with a Hierarchical
Architecture

- Chair: Shigeyasu Kawaji

- Flexible Intelligence Machine Controll and Its Application
1o Jacket Tank Temperature Control

Masaki Arao, New Business Center, OMRON
Corporation, Japan; Toshihiro Tashima, Katsuyuki
Inage, Hiroshi Soma and Sachihiro Saito, New
Business Center, OMRON Corporation, Japan;
Shigeyasu Kawaji, Kumamoto University,

RN 1 e 1376

Computing (Immune Networks) In Artificial

Yasuhiko Dote, Muroran Institute of Technology
.................................. 1382

ontroller Design using Multigranular Architecture of
"lizzy Inference and Petri Nets
- Takeshi Furuhashi, Nagoya University, Japan; J.
Peters and W. Pedrycz, University of Manitoba,
e e s S
I0logically-Inspired Dynamic Reconstruction of
“Erceptual States using Concept Formation Technique
Tetsuo Sawaragi and Osamu Katai, Kyoto University,
 Japan; Satoshi Iwaisu, Mitsubishi Electric Corp.,

R N ¢

Developing an Intelligent Controller for Integrated
Manufacturing Rosource Planning
Wayne J. Davis, University of lllinois ar
Urbana-Champaign

Intelligent Multivariable Adaptive Fault Tolerant Control
Systems
Ming Rao, University of Alberta; Xi Sun, The
Universiry of Alberta, Canada

MP06: Intelligent System Development and
Applications

Chair: Ming Rao
Co-Chair: John R. Budenske

Architecture of Integrated Distributed Intelligent
Multimedia System for On-line Real-time Process
Monitoring
Ming Rao, University of Alberta; Jinming Zhou and
Heming Yang, University of Alberta, Canada .. 1411

The Use of a Gaussian Cost Function in Piecewise Linear
Modelling
Jim Zurcher, Weyerhaeuser Canada Led. . . . ..
Conlflict Solving into the Multi-agent Distributed Planning
R. Mandiau and S. Piechowiak, LAMIH - Universite de
Valenciennes, France ..................... 1421

Design of a Walking Machine Structure using Evolutionary
Strategies
J. Juarez-Guerrero, Universidal Nacional Autonoma
de Mexico,; S. Munoz-Gutierrez and Walterio Mayol
Cuevas, Universidal Nacional Autonoma de Mexico,
Mexico 1427

................................

MQ06: Panel Discussion on Failures of Intelligent
Control

Chair: Ming Rao
Co-Chair: John R. Budenske

Panel Discussion: Failures of Intelligent Control
Ming Rao, University of Alberta; Max Meng,
University of Alberta, Canada; Fei-Wue Wang,
Canada; Jim Zurcher, Weverhaeuser Canada Ltd.,
Canada; William Gruver, Simon Fraser University,
Camada - o R S e e e s e e e s L
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TAO06: Logical-Dynamic and Knowledge-Based
Systems, Analysis and Control -1

Chair: Stanislav Vassilyev

Methods of Proving, Hypothesizing and Time Reasoning
for Real-time Control of Moving Objects
Stanislav N. Vassilyev, Institute of System Dynamics
and Control Theory of SB RAS, Russia ....... 1433
Telescope Guidance via Automatic Theorem Proving
E. Cherkashin and S. Vassilyev, Institute of System
Dynamics and Control Theory of SB RAS,

R T et e e R 1439
Learning Finite-Automat Based Control Systems

V. V. Novorussky, The Irkutsk Institute of Railway

Transport, Bussia .o iae i Dassaiiida oali 1445

The Method of Synthesis of Derivability Conditions for
Horn Formulas and Some Other Formulas
Stanislav N. Vassilyev, Institute of System Dynamics
and Control Theory of SB RAS, Russia 1451

TP06: Logical-Dynamic and Knowledge-Based
Systems, Analysis and Control -11

Chair: Stanislav Vassilyev

Hybrid Models of Switching Circuits and Logical Lyapunov
Functions

P.K. Kuznetsov, Samara Federal Technical University,

Russia; A.V. Lakeyev and 5.N. Vassilyev, Institute of

System Dynamics and Control Theory of SB RAS,

RMESEE ol soe e i i (3w 58] e e e R 18
Automata Dynamics Preserved under Homomorphism:
Connectness, Reachability, Optimality

S. Sivasundaram, Embry-Riddle Aeronautical

Universiry, USA; 8. Vassilyev, Institute of System

Dynamics and Control Theory of SB RAS,

RUMA oo v s wat s Al e e s e
Nonlinear Problems of Optimal Management of
Environmental Protection

A.A. Moskalenko, A.l. Moskalenko and S.N. Vassilyev,

Institute of System Dynamics and Control Theory of 5B

RS RSB . oo v n i sieis s nss 1467
Using Relevant Reasoning to Solve the Relevancy Problem
in Knowledge Discovery in Databases

Jingde Cheng, Kyushu University; K.A. Gouda, Kyushu

University, Japan 1473

........................
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TQ06: Intelligent Training and Learning Systems

Chair: M. Rao
Co-Chair: John Budenske

An Experimental Study on Distributed Virtual Environment
for Integrated Training System on Machine Maintenance

Michiya Yamamoto, Kyote Universiry; T. Mitani, N.

Ichiguchi, T. Tezuka and H. Yoshikawa, Kyvoto

University, Japan . .. ......ciooiiininiaes
Reward-penalty Reinforcement Learning Scheme for
Planning and Reactive Behavior

Aluizio F.R. Araujo, Sao Paule University; Arthur P.S.

Braga, Sao Paulo University, Brazil ......... 1485
Integrating Symbolic Knowledge in Reinforcement
Learning

Hailu Getachew, Christian Albrechts University; G.

Sommer, Christian Albrechts Universiry,

g e e e e R s e
A Construction of an Intelligent Environmental Language
Learning System with Interactive 3D Quasi Environment

Ryo Okamoto, Kochi University; Masafumi

Sawamaisu, Kochi University, Japan ........
A Framework for Dynamic Visualisation in Simulation
Based Instructional Training

Venky Shankararaman and Bjoern Helfesrieder,

University of Hertfordshire, UK

WAOD6: Intelligent Hybrid Systems

Chair: D.S. Yeung
Co-Chair: Tharam Dillon

Evaluation of Printed Circuit Board Assembly
Manufacturing Systems using Fuzzy Colored Petri Nets
Simon C.K. Shiu, Eric C.C. Tsang and Martin B. Lam,
Hong Kong Polviechnic Universiry, Hong Kong;
Daniel 8. Yeung, Hong Kong Polytechnic University,
Hong Komp < vc it iog it siiee o5 saceari S imi ot 1506
Refining Local Weights and Cenainty Factors using a
Fuzzy Neural Network
Eric C.C. Tsang and Daniel S. Yeung, Hong Kong

Polytechnic Universiry, Hong Kong 1512



Refinement of Knowledge Representation Parameters in
Fuzzy Production Rules by Genetic Algorithms
Eric C.C. Tsang, Daniel S. Yeung and John W.T. Lee,
Hong Kong Polytechnic University,
Hong Kong
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Ching-Hung Wang, Chunghwa Telecommunication
Lab., Taiwan, R.0.C.; Ming-Bae Chang and
Shian-Shyong Tseng, National Chiao-Tung University,
Taiwan, R.0.C.; Tzung-Pei Hong, I-Shou University,

Taiwan, RO e v iismes srasie e 1524
The Integration of Connectionist Models with
Knowledge-based Systems: Hybrid Systems

Alfred Ultsch, Philipps Universitat Marburg 1530

Hybrid Intelligent Techniques into Autonomous Control
Systems
I. Dumitrache, C. Buiu and C. Ceconvciuc, Politehnica
University of Bucharest, Romania 1536

-----------

WP06: Expert and Knowledge-based Systems

Chair: 5. Sugiyama
Co-Chair: B. Turksen

NKSS: A Network-based Knowledge System Shell
Boon Toh Low, The Chinese University of
Horg Kowg. ..o nnn i s o grmey

Solving Contradiction in Knowledge-base without

Interaction
Kouichi Katsurada, Osaka University; Makoto
Koyama, Kouzou Ohara, Noboru Babaguchi and
Tadahire Kitahashi, Osaka University,

Japan

Improving Incremental Construction of Knowledge Bases
by Using Terminological Logic Resources
Rita Maria de Silva Julia, Federal University of
Uberlandia; Antonio Eduarde Costa Pereira,
Wilmaondes M. Arantes Jr. and Alex Marcelo
Samaniego Guillen, Federal University of Uberlandia,
T R s e e S 1552
Non-monotonic Inference System Handling Knowledge
Allowing Classified Exceptions
Kouzou Ohara, Osaka University; Noboru Babaguchi
and Tadahiro Kitahashi, Osaka University,

Rule-based Information Distribution Systems:
Near-optimal Rule Sets Generation
Moataz Ahmed, SONEX Enteprises, Inc.; David C.

Rine, George Mason University, USA ... _ .. .. 1564
The Expert Systems Approach to Total Quality
iMianagemeni

Edson Paladini, Universidade Federal de

Santa Cararing ..........cveeeevensnsenenn 1570

WQO06: Technologies for Intelligent Systems: Retrieval
(Database) Technologies

Chair: Liya Ding

A Generalized Relational Database Model
Hairong Yu and Arthur Ramer, University of New

South Wales, Australia ...............c.... 1576
The Reasoning of Rotation and Reflection in Spatial
Database

Been-Chian Chien, I Shou University, Taiwan,

ROC ...rrivniercenrannnnnsenes . 1582

Designing an Experimental Expert System for Lung

Tuberculosis Diagnostics using Fuzzy Set Theory
Nguyen Hoang Phuong, Institute of Information
Technology, Vietnam; Dang Huu Hung and Do Trung
Tuan, National University of Hanoi, Vietnam; Nguyen
Viet Co, Bui Duc Duong, Pham Tien Thinh, Nguyen
Phuong Hoa and Nguyen Nhat Linh, National Institute
of Tuberculosis and Lung Diseases, Vietnam 1587

Enhancing Recognition Systems through an Integrated
Processing of Visual and Audio Information
Eric Postma and Haap Van den Herik, University of
Maastricht, The Netherlands; Nikola Kasabov,
University of Otago, New Zealand . .. .......
Approximate Case-based Learning for Object Recognition
by Recall
Liya Ding, National University of Singapore,
Singapore; Jiankang Wu, Kent Bridge Digital Lab,

Singapore 1597

Fuzzy PD Iterative Learning Control Algorithm for
Improving Tracking Accuracy
Yang-Ming Pok, Ngee Ann Polytechnic, Singapore;
Kok-Hwa Liew, National University of Singapore,
Singapore
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MAO07: Computational Intelligence: Neural Networks
and Evolutionary Programming

Chair: Walker H. Land, Jr.

The Normalized Radial Basis Function Neural Network
Felix O. Heimes, Lockheed-Martin Control Systems,
USA: Bram van Heuveln, Binghamton University,

USA 1609

An Oracle Based on the General Regression Neural
Network
Timothy Masters, TMAIC, USA; Walker H. Land, Jr.
and Suchindram Maniccam, Binghamton University,
BIBR ) ottt g e e o e b 1615
Breast Cancer Screening Using Evolved Neural Networks
Walker H. Land, Jr. and Lawrence E. Albertelli,

Binghamton University, USA ............... 1619
Optimal Clustering usinng Neural Networks

Jung-Hua Wang and Chung-Yun Peng, National

Taiwan Ocean University, Taiwan, R.O.C. .... 1625

Parameter Determination of an Evolving Neural Network
Approach in Unit Commitment Solution
Y.K. Wong, M.H. Wong and T.S. Chung, Hong Kong
Polytechnic University .........ccoucieaens 1631

A New Technique for Reinforcement Learning for Control
William Armstrong and Darwin Li, University of
Alberta, Canada .......cccoiviviaiinreanns 1637

MP07: Computational Intelligence: Kalman Filters
and Adaptive Critics in Neural Network Training

Chair: Lee Feldkamp

Extended Kalman Filter Neural Network Training:
Experimental Results and Algorithm Improvements
Felix O. Heimes, Lockheed-Martin Control Systems,
DA e v s e e et e 1639

The Square Root Kalman Filter Training of Recurrent
Neural Networks
Kenneth A. Marko and Pu Sun, Ford Motor Company.

ETSA i e i b S e e e e e i 1645
Adaptive Critic Control and Functional Link Neural
Networks

R. Saeks and C. Cox, Accurate Automation

Corporation, USA . ........cooviiinrnnnans 1652
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Analyzing for Lyapunov Stability with Adaptive Critics
Danil V. Prokhorov and Lee A. Feldkamp, Ford Motor
Company, USA ...vocivvereanenciinaicaans 1658

An Adaptive Multilayer Neural Network for Trajectory

Tracking Control of a Pneumatic Cylinder

David C. Gross, Veridian - Veda Operations; Kuldip 5.
Rattan, Wright State University, USA 1662

MQ07: Computational Intelligence: Advanced
Concepts for Machines to Understand Natural
Language

Chair: John Salerno

Learning to Extract and Classify Names from Text
Ralph Weischedel, Richard Schwartz, Rebecca Stone
and Ralph Weischedel, GTE/BBN Technologies, USA;
Walter Gadz, Air Force Research Lab/IFED,
o e VL il el ey i
The Chronological information Extraction SyStem
(CHESS)
Paul O'Neil, Air Force Research Laboratory, USA;

Woajin Paik, TextWise, LLC, USA .......... 1674
Neural Networks: Life after Training

John J. Salerno, Air Force Research Laboratory,

DI e i v A AT e AT s 1680

Inductive Learning Performance Changing with Relevant
Inputs
Young S. Kwon, Carnegie Mellon University; Jung M.
Yoon, Dongguk University, Korea; Nam H. Kim, State
University of New York, USA .. ............. 1686

Calculation of Cramer Rao Maximum a Posteriori Lower
Bounds From Training Data
Cheng-Hsiung Hsieh and Ting-Cheng Chang,
Chien-Kuo J. College of Technology & Commerce,
Tainwan, R.0.C.; Michael T. Manry, University of
Texas at Arlingion, USA .. ..........coanns 1691

TAO07: Neural Control Technologies

Chair: Kotaro Hirasawa
Co-Chair: J. P. Urban

Direct Self Control of Induction Motor based on Neural
Network
K.L 5hi, T.F. Chan and Y.K. Wong, Hong Kong
Polytechnic University ........cc.covvenans



WAO7: Adaptive and Learning Systems

Chair: Andrew Sung
Co-Chair: D. Fogel

Emergence of Learning Rule in Neural Networks Using

Genetic Programming Combined with Decision Tree
Eiichiro Tazaki, Toin University of Yokohama; Noboru
Matsumoto, Toin University of Yokohama,

e e R e T 1801
A Biologically Based Competition Model for
Self-organizing Neural Networks

R. Athinarayanan, Northern llinois

UIVErsTEy o i i i s e e e e 1806

Neural Networks as an Aid to Iterative Optimization
Methods

Andrew H. Sung, New Mexico Tech; H.J. Li, W.W.

Weiss and 5.C. Wo, New Mexico Tech, USA ... 1812
Generalization Ability of Universal Learning Network by
using Second Order Derivatives

Min Han, Kyushu University; Kotaro Hirasawa, Jinglu

Hu and Junichi Murata, Kyushu University,

T T
A Review on Merging Some Recent Technigues with
Artificial Neural Networks

Manish Sarkar and B. Yegnanarayana, Indian Institute

of Technology, India . ..........ccvvvevne-. 1824
Design of Adaptive Organizations

Yuri N. Levchuk, University of Connecticut; Krishna R.

Pattipati and David L. Kleinman, University of

Conneticut, USA

.........................

WP07: Advances in Neural Networks

Chair: P. Borne
Co-Chair: Jian Chen

Implementing Neural Network In Custom Computers
Vera Y.Y. Chung, Queensland University of
Technology; Man To Wong, Neil W. Bergmann and
Mohammed Bennamoun, Queensland University of
Technology, Australia 1836

....................
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The Grey Entropy and its Application in Weighting
Analysis

Kun-Li Wen, Ting-Cheng Chang and Mei-Li You,

Chien-Kuo J. College of Technology & Commerce,

Taiwan=RIE L s 3 s ima et srevie
On the Approximation Capability of Neural Networks using
Bell-Shaped and Sigmoidal Functions

Ion Ciuca, Research Institute for Informatics,

ot o T e N R A A PG S S
A Highly Linear Voltage Controlled Resistor for Neural
Chip

Sung-Dae Lee, Ansan Technical College; Won-Hyo Lee

and Kang-Min Chung, Sung KyunKwan University,

o B P e e e S 1851
CMOS Artificial Neuron on the Base of B-Driven
Threshold Element

Victor Varshavski, The Universtity of Aizu . ... 1857

WQO07: Neural Networks for Model-Based Fault
Diagnosis

Chair: Jian Chen
Co-Chair: N. Mani

Network of Dynamic Neurons in Fault Detection Systems
Jozef Korbicz, Andrzej Obuchowicz and Krzysztof
Patan, Technical University of Zielona Gora,
Poland 5vsivsnvsrisinanas s e e e

Time Series Prediction using RNN in Multi-dimension

Embedding Phase Space
Jun Zhang, City University of Hong Kong; K.F. Man,
City University of Hong Kong, China ........ 1868

Machine Learning Algorithms for Fault Diagnosis in

Analog Circuits
Vivek Rajan, University of Connecticut; Jie Ying,
Sumangal Chakrabarty and Krishna Pattipati,
University of Connecticut, USA .............

Fault Detection and Isolation for Robotic Systems Using a

Multilayer Perceptron and a Radial Basis Function Network
Marece Henrigue Terra and Renato Tinds, University of
Sao Paulo, Brazil .....cveeovivissnnsvssnse 1880

Neural Networks Realization of Searching Models for Nash

Equilibrium Points and their Application to Associative

Memories :

Ryota Horie, Keio University; Eitaro Aiyoshi, Keio
University, Japan 1886

........................
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A Three-Stage Greedy and Neural-Network Approach for
the Subgraph Isomorphism Problem
Nobuo Funabiki, and Junji Kumcm, Osaka
University, Japan . ........0......ccc0uuns

MADB: Design of Fuzzy Logic Controllers

Chair: M. G. Singh
Co-Chair: Faroog Azam

Hybrid Fuzzy Two-stage Controller for Induction Motor
K.L Shi, T.F. Chan and Y.K. Weng, Hong Kong
Polytechnic University ........ccvoveuunnn.

An Hybrid Digital Neuro-Fuzzy Board for Control of
Complex Systems
Marcello Chiaberge, Eduardo Miranda and Leonardo
Reyneri, Politecnico di Torino, Italy . ........ 1904
Derivation and Analysis of Three-input Inference for Fuzzy
PID Controllers
G.K.I Mann, Memorial University of Newfoundland
BaoGang Hu, Institute of Automation, China; R.G.
Gosine, Memorial University of Newfoundland,
DA i i i i i 0 5 e B

Nonlinear Variation Analysis of One-input Fuzzy PID
Controllers
BaoGang Hu, Institute of Automation; G.K.I. Mann
and R.G. Gosine, Memorial University of
Newfoundland, Canada .................. .. 1916

A New Approach to Design of an Adaptive Fuzzy Logic
Coniroi Sysiem
Branko Novakovic, Bozo Vranjes and Dario
Novakovic, FSB- University of Zagreb,
e e B B e

MP08: Fuzzy Data, Models and Automata

Chair: M. Jamshidi
Co-Chair: C.-H. Wang

Knowledge Acquisition from Input-Output Data by
Fuzzy-Neural Systems
Chen-Sen Ouyang and Shie-Jue Lee, National Sun

Yat-Sen University, Taiwan, R.O.C. 1928

Generation of Fuzzy Models via Evolutionary Strategies
Thomas Sudkamp and Daniel Spiegel, Wright State
University, UUSA 1934

.........................

Fuzzy Data Recall using Polynominal Bidirectional
Hetero-correlator
Chua-Chin Wang, National Sun Yat-Sen University;
Cheng-Fa Tsai, National Sun Yar-Sen University,
TAIWIN oioroimiireisis smaians s s ps e ey e s 1940

State Minimization of Fuzzy Automation
Maw-Sheng Horng, National Taipei Teachers
OMERE oo e o i e e e st 1946

On-Line Quantification of the Continuous-Discrete
Structure of Reactive Real Time Systems using Hybrid
Fuzzy-Boolean Automata
Janos L. Grantner and Hamed Shakouri, Western
Michigan University, USA; George Fodor, ABB

Industrial Systems AB, USA ................ 1950
On System Identification via Fuzzy Clustering for Fuzzy
Modeling

Hsuan-Shih Lee, National Taiwan Ocean

University ...... o M B TR 1956

MQO8: Semantic and Logic

Chair: Shigeki Sugiyama
Co-Chair: Burham Turksen

Fuzzy System Identification Method for Cognitive and
Decision Processes
P. Varlaki, L.T. Koczy and L. Nadai, Technical

University of Budapest, Hungary . ........... 1962
Stochastic Bi-directional Training

T.D. Gedeon, University of New South H’ahrs.

Australia ....... ... 1968

Skill-Based PID Control by using Neural Networks
Sigeru Omaru and Michifumi Yoshioka, Osaka
Prefecture University, Japan; Takeshi Iwasa, Anan

Technical College Japan . ... ............. 1972
Self Evolving Dynamic Knowledge Base
Shigeki Sugiyama, Softopia Japan, Japan . . . .. 1978

Intelligent Information Retrieval using Fuzzy Approach
Laszlo T. Koczy and Peter Baranyi, Technical
University of Budapest, Hungary; Tamas D. Gedeon,
The University of New South Wales,

ABStralia: oo i v R S e e S

TAO8: Advances in Fuzzy Logic Control
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Chair: S. Hayat
Co-Chair; S. Kawaji

On SMC-based Indirect Adaptive Fuzzy Control
Jen-Yang Chen, China Institute of Technology and
COMMETEE ivsiwiavs s s wiaisle o wm woalwnielm

Lateral Guidance of an Autonomous Vehicle by a Fuzzy

Logic Controller
Zyed Zalila, University of Technology of Compiegne;
Frederic Bonnay, University of Technology of
Compiegne, France; Florent Coffin, Renault -
Research Division, France .................

Fuzzy Logic Control of Flexible Link Manipulators -

Controller Design and Experimental Demonstrations
James X. Lee, Canadian Space Agency; George
Vukovich, Canadian Space Agency, Canada ... 2002

Domain Decomposition for the Fuzzy Modeling of

Dynamic Systems with Periodic Forced Oscillations
Ellen Applebaum, University of Colorodo . . . ..

Qualified Decision-making using the Fuzzy Relation

Inequalities
Hayae Mivagi, University of the Ryukyus; Ichico Kinjo
and Yiping Fan, University of the Ryukyus,

Japan

.................................

TP08: New Developments in Fuzzy Logic Methods

Chair: M. H. Smith
Co-Chair: Jim Zurcher

A New Resolution of Fuzzy Regression Analysis

Rajan Alex, West Texas A&M University, USA; P.Z

Wang, AEI, West Texas A&M University,

B e i e e e e
Extending Fuzzy Inference Model by Both Grey Relational
Method and Extension Theory

Yo-Ping Huang, Dayeh University; Hong-Jin Chen,

Tatung Institute of Technology, Taiwan . ... .. 2022
Fuzzy-Rough Membership Functions

Manish Sarkar and B. Yegnanarayana, Indian Institute

of Technology, India . .................... 2028
The Credibilistic Fuzzy C Means Clustering Algorithm

Krishna K. Chintalapudi, Drexel University; Moshe

Kam, Drexel Universiry, USA 2034

A Simple theoretical Model to Understand Fuzzy Objects
Yosihiro Akivama, IBM Japan, Ltd.; Katsuhire
Higuchi, Hitachi-Chubu Ltd.
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Type-2 Fuzzy Logic Systems: Type-Reduction
Jerry M. Mendel, University of Southern California;
Nilesh N. Karnik, University of Southern California,
L/SA

TQO8: Fuzzy Reasoning in Decision Making

Chair: Thomas O. Boucher

Mean and Variance of Alternatives in Evidence Theory
F. Fred Choobineh, University of Nebraska-Lincoln,
USA; Andrew Langewisch, Concordia Universiry,

D - s e S e A el es 2052
Fuzzy Data Mining and Expert System Development

1. Burhan Turksen, University of Toronto,

CROMIR e e s 5o e aats b ks s s i 2057
Jury Evaluation of Design Safety

Thomas L. Ward and Gail W. DePuy, University of

Lovisville, USA «..ovvvveerrnnsusarsnnans 2063
A Comparison of 3 Judgment Elicitation Instruments
Applicable in Multi-Criteria Decision Making

Ozerk M, Gogus, AT&T, USA .........c.convn. .

A Type 2 Adaptive Fuzzy Inferencing System
R.I. John, De Montfort University; C. Czarnecki, De
Montfort University, UK 2068

WAODS: Soft Computing Methods for Advanced Control

Chair: Seppo J. Ovaska

Comparison of Conventional and Soft Computing-based
Control Methods in a Power Regulation Application
X.Z Gao and 8. J. Ovaska, Helsinki University of

Technology, Finland 2075

A Generalized Fuzzy Adaptive Control Method
Farooq Azam and H. F. VanLandingham, Virginia
Polytechnic Institure and State University,

USA 2083
Real Time Nonlinear Learning Conirol for Robotic
Manipulator using Novel Fuzzy Neural Network

Yasuhiko Dote, Muroran Institute of Technology,

FOINI 25 a6 b 8 b 6 o i s
Fuzzy Learning Control of Nonlinear Systems using
Input-output Linearization

Reda Boukezzoula, Sylvie Galichet and Laurent

Foulloy, Université de Savaie, France 2095



Adaptive Fuzzy Rough Approximate Time Controller
Design Methodology: Concepts, Petri Net Model and
Application
JF. Peters and K. Ziaei, University of Manitoba,
Canada; 8. Ramanna, University of Winnipeg,
Canada; S.A. Ehikioya, Brandon University,
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WP08: Fuzzy Rules and Knowledge Systems

& Chair: Eric C. C. Tsang

Co-Chair: S. Rubin

Size Reduction In Fuzzy Rulebases
Sylvie Galichet, Universite de Savoie; Laurent Foulloy,
Universite de Savoie, France . .............. 2107

FROCH: A Fuzzy Expert System with Easy Mainlenance
G.M. Shiraz, P. Compton and R. Martinez-Béjar, The
University of New South Wales, Australia ..... 2113

A Simplifying Diagrammatic Representation of Crisp and
Fuzzy Teleo-reactive Semantic Circuitry for Application in
Robotic Agent Task Control

Edward P. Katz, Stanford University ........

Knowledge Extraction and the Integration by Anrtificial Life
~ Approach

] Ryoji Sawa, Keio University; Masafumi Hagiwara, Yuji
Makita and Masafumi Haijiwara, Keio University,
L et e S A ST 2126
Design of Knowledge-based Integrated Software Process

- Improvement Tools

Yu-Whoan Ahn, Systems Engineering Research
Institute; Gil-Jo Kim, Ja-Kyong Koo, Hyun-Min Park
and In-Geol Chun, System Engineering Research
Institute, Korea

WQU08: Novel Applications of Fuzzy Logic

Chair: Yoshihiro Akiyama
Co-Chair: M.H. Smith

Parameter Identification of the Fuzzy Clusters' Membership
‘Grade Functions

Miroslav Pokorny, VSB-Technical University Ostrava;
Miroslav Holusa, VSB-Technical University Ostrava,
Czech Republic 2138

The Potential for Fuzzy Logic Questionnaires in
Management Studies

Allyson D. Adrian, Georgetown Universiry,
USA

‘Null Queries with Interval-valued Ambiguous Autributes
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University, Taiwan, RO.C. ................
Robot Navigation using Fuzzy Spatial Inference
M.H. Lee, The University of Wales; T.G. Williams, The
Universityof Wales, UK .................. 2154
Fuzzy Control of Queueing Systems with Removable
Servers
Runtong Zhang, Northern Jiaotong University; Yannis
A. Phillis, Technical University of Crete, Greece;
Xiaomin Zhu, Northern Jiaotong University,
China

MA09: Adaptive Computing Systems

Chair: Robert Popp

The Embedded Genetic Allocator - A System to
Automatically Optimize the Use of Memory Resources in
High Performance, Scalable Computing Systems
David Cousins, Mart Daily, Fred Roeber, Pamela
Schoeppner and Anne-Elise Tobin, BBN Technologies,
USA 2166

Dependable Adaptive Computing Systems - the ROAR
Project
Nirmal Saxena and Edward J. McCluskey, Stanford
Chaheersity, USA < conisisamannessmn. 2172

Adaptive Computing Technology: An Enabling Processing
Technology for Advanced Sensor Systems
James E. Hilger, U.S. Army CECOM Night Vision and
Electronic Sensors Directorate, USA ........ 2178
Automated Hardware Design Using Genetic Programming,
VHDL, and FPGAs
Robert L. Popp, Alphatech, Inc.; David J. Montana,
Gordon Vidaver and Suraj Iver, BBN Technologies,
USA; Richard R. Gassner, AFRLAFEA Fusion
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Blind Deconvolution Based on a Hybrid GA/SA Approach
Yen-Wei Chen, Universiry of the Ryukyus; Tatsuro
Enokura and Zensho Nakao, Unrvers:fy af the Ryukyus,
o et e e 2190
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Genetics-based Fuzzy Model for Inverse Kinematics
Solution of Robotic Manipulators

Al M. Eydgahi, University of Tehran; Subramaniam

Ganesan, Oakland University, USA ......... 2196
A Symmetry in Learning Automata Playing Multi-level
Games

Edward A. Billard, California State

University

..............................

MP09: Adaptive Computing Applications

Chair: Robert Popp

Mobile Agents in Adaptive Hierarchical Bayesian
Networks for Global Awareness
Kenneth N. Ross, Alphatech, Inc.; Ronald D. Chaney,
ALPHATECH, Inc., USA; George V. Cybenko and
Daniel J. Burroughs, Dartmouth CaHege. USA; Alan S.
Willsky, MIT, USA . ... < g 2207

Genetic Algorithms for Complex, Real-Time Scheduling
David Montana, Marshall Brinn, Sean Moore and
Garrert Bidwell, BBN Technologies /GTE
Internerworking,

USA

Efficient Information Retrieval On the World Wide Web
Using Adaptable And Mobile Java Agents
Robert L. Popp, Alphatech, Inc.; Bohdan P. Maksymiuk
and Michael R. Poreda, University of Connecticut,

USA 2219

A Genetic Algorithm to Solve Job Shop Scheduling
Problems With Alternate Routing

Mohammed F. Hussian, Pennsylvania State University;

Sanjay B. Joshi, Pennsylvania State University,
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An Efficient Implementation of Genetic Algorithms for
Constrained Vehicle Routing Problem

Minea Filipec, University of Zagreb; Davor Skrlec and

S!avko Krajcar, University of Zagreb,

................................

Neural Fuzzy Stochastic Resonance
Sanya Mitaim and Bart Kosko, University of Southern
California, USA 2237
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Computing System
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Chair: Chris Landauer
Co-Chair: Kirstie Bellman

A Bayesian Approach to Extracting Meaning from System
Behavior

William Dress, Oak Ru:!ge Narional mboramry,
Peering through a Dirty Window: A Bayesian Approach to
Making Mine Detection Decisions from Noisy Data

Stephen W. Kercel, Oak Ridge National Laboratory,
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Data, Information, Knowledge, Understanding: Compuling
Up the Meaning Hierarchy
Christopher Landauer, Aerospace Integration Science
ey TR e s e e e e e e 2255
Fault Tolerance in a Multiple Robots Organization Based
on an Organizational Learning Model
Keiki Takadama, University of Tokyo; Hitomi
Kasahara and Katsunori Shimohara, ATR Human
Information Processing Research Labs, Japan;

Shinichi Nakasuka, Univ. of Tokyo, Japan 2261
On a Generic Fusion Model in Situation Assessment
Processes Dealing with Disparate Sources

Marie-Claude Perron-Gitton, Onera . ........ 2267

Optimising Bayesian Belief Networks: A Case Study of
Information Retrieval Systems
B. Srinivasan, M.T. Indrawan, C.C Wilson and R.
Redpath, Menash University, Australia

TA09: Algorithmic Approaches to Complex Problems

Chair: Julia Adams
Co-Chair: Jan Eric Larsson

An Improved Genetic Algorithm using the Convex Hull for
Traveling Salesman Problem
Takenaka Yoichi, Osaka University; Nobuo Funabiki,
Osaka University, Japan . ................. 2279

A Routing Algorithm Based on the Greedy Neural Network
for Non-sequential Activation Scheduling Problems
Takayuki Baba, Osaka University; Nobuo Funabiki,
Osaka University, Japan . ................. 2285
Scheduling Cluster Tools in Wafer Fabrication using
Candidate List and Simulated Annealing
Seong Jin Yim, Korean Advanced Institute of Science
and Technalogy: Doo Yong Lee, Korean Advanced
Institute of Science and Technology, Korea 2291



A Novel Scheme to Determine the Required Architecture of
a Multi-layer Perceptron
Krishna K. Chintalapudi, Drexel University: N.R. Pal,
Indian Statistical Institute, India ............ 2297
Using Tolerance Results to Improve Reconfiguration
Process in Flexible Manufacturing Systems
Pascal Berruer, Laboratoire d'Automatique et
d'Informatigue Industrielle de Lille(L.A.ILL): A.K.A.
Toguyeni, 8. Elkhattabi and E. Craye, Laboratoire
d'Automatique et d'Informatique Industrielle de
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Case Studies

Chair: Luis Rabelo

Obtaining Fuzzy Membership Functions and Rule Sets in

Fuzzy Expert Systems with AHP
Anthony K. Mason and Sevil Korkmaz, California
Polytechnic State University, USA ........... 2315

Fuzzy Logic Control of a Model Airplane
Sema E. Alptekin and Jon C. Ervin, Cal Poly-San Luis
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Using A New Type of Nonlinear Integral for
Multi-regression: an Application of Evolutionary
Algorithms in Data Mining
Kebin Xu, The Chinese University of Hong Kong;
Zhenyuan Wang and Kwong-Sak Leung, The Chinese
University of Hong Kong, Hong Kong . ....... 2326

Self-organising Fuzzy Decision Trees for Robot Navigation:
an On-line Learning Approach
G.H.Shah Hamzei, Loughborough University, UK; D.J.
Mulvaney, ughborough University, UK . .. .... 2332

A Proposal of Multi-agent Type Adaptive Digital Filter
Tomonori Hashivama, Nagoya Industrial Science
Research Institute, Japan; Takeshi Kawashima,
DENSO Corporation, Japan; Takeshi Furuhashi and
Shigeru Gkuma, Nagoya University, Japan .... 2338

TQ09: Evolutionary Computation and Applications

Chair: T. Hogg
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The Importance of the Robusiness and Changeability in
Evolutionary Systems
Tetsuya Maeshiro, ATR Human Information
Processing Labs.

Modified Genetic Programming Based On Elastic Artificial
Selection and Improved Minimum Description Length
Motoki Korenaga, Keio University; Masafumi
Hagiwara, Keio University, Japan ... ... .. ..
Discovering Nonlinear-integral Networks from Databases
using Evolutionary Computation and Minimum Description
Length Principle
Kwong-Sak Leung, The Chinese University of Hong
Kong; M.L. Wong, W. Lam and Zhenyuan Wang, The
Chinese University of Hong Kong,
Hong Kong

Genetic Programming as an Integration Platform for Visual
Routines
Patrick Ziemeck, Bielefeld University; Helge Ritter,
Bielefeld University, Germany .............. 2360

Using Genetic Algorithms to Breed Competitive Strategies
in Management

G.M. Shiraz, Robert E. Marks and David F. Midgley,

The University of New South Wales, Australia; Lee G.

Cooper, University of California Los Angels,

L R e e e ke
Using Evolutionary Computation to Learn about Detection
Breast Cancer

David B. Fogel, Natural Selection, Inc.; Peter J,

Angeline and Vincent W. Porto, Natural Selection Inc.,

USA; Eugene C. Wasson, Maui Memorial Hospital,

USA; Edward M. Boughton, Hawaii Industrial

Laboratory, Inc, USA

.....................

WA09: Tabu Search Metaheuristics

Chair: Alessandro Giua
Co-Chair: Alessandra Fanni

Self-Organization in Cooperative Tabu Search Algorithms
Michel Toulouse and K. Thulasiraman, University of
Oklahoma, USA; Teodor Gabriel Crainic and Brunilde

Sanso, Universite de Montreal, Canada . . . . .. 2379
Generic Application of Tabu Search Methods 10
Manufacturing Problems

Andreas Fink and Stefan Voss, Technische Universitat

Braunschweig, Germany .................. 2385
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Commercial Applications of Tabu Search Heuristics
Ahmed S. Al-Mahmeed, Public Authority of Applied
Education and Training. Kuwait .. ... .. .. ... 2391

A General Purpose Tabu Search Code: an Application to
Digital Filters Design
Alessandra Fanni, Sergio Bibbo, Alessandro Giua and

Andrea Matta, Universita di Cagliari, Italy ... ... L
Tutorial: Recent Tabu Search Developments and
Evolutionary Method Links

Cesar Rego, ; Fred Glover, University of Colorado,
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WP09: Evolutionary Techniques in Computational
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Chair: Brian Carse
Co-Chair: Tony Pipe

Path Planning for Redundant Robot Manipulators : a

Global Optimization Approach using Evolutionary Search
J.C.W. Sullivan and A.G. Pipe, University of the West
of England, United Kingdom ............... 2396

Evolutionary Design of Gas Turbine Aero-Engine
Controllers
A.J. Chipperfield and P.J. Fleming, University of
Sheffield, England ....................... 2401
Evolution and Learning in Neural Networks - an
Experimental Study
Brian Carse, University of the West of England, United
Kingdom ............ccoiiiiiinnnnnnns. 2407

An Architecture for Building "Potential Field" Cognitive
Maps in Mobile Robot Navigation
A.G. Pipe, University of the West of England, United
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Evolutionary Approaches to Neural Control in Mobile
Robots
Jean-Arcady Meyer, AnimatLab - OASIS,
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Bacterial Evolutionary Algorithm for Fuzzy System Design
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Comparing Heuristic Search Methods and Genetic
Algorithms for Warehouse Scheduling
L. D. Whitley, A. E. Howe, S. Rana, J. P. Watson and
L. Barbulescu, Colorado State University . . . .. 2430

Neural Networks Training using Genetic Algorithms
Mu-Song Chen, Dayeh University; Fong Hang Liao,
Da-Yeh University, Taiwan ................ 2436

A Technique of Genetic Algorithm and Sequence Synthesis
for Multiple Molecular Sequence Alignment
Ching Zhang, University of Waterloo: Andrew K.C.
Wong, University of Waterloo, Canada . . . . . .. 2442

The Genetic Algorithm Based Route Finding Method for
Alternative Paths
Ki-Sung Seo, Seokyeong University; Gyoo-Seok Chei,
Chungnam Sanup University, Korea . ........ 2448

Fox-GA: An Intelligent Planning and Decision Support
Tool
Caroline Hayes, Univeristy of Minnesota; J.L.
Schlabach, The Pentagon, USA; C.B. Feibig,
University of Hlinois,

Scheduling of Direct Load Control by a Recursive Genetic
Algorithm
Leehter Yao, National Taipei University of Technology;
Kai-Chin Hsieh, National Taipei University of
Technology, China .............ccuuuvu...

Comparing Heuristic Search Methods and Genetic
Algorithms for Warehouse Scheduling
L.D. Whitley, A.E. Howe, S. Rana, J.P. Watson and L.
Barbulescu, Colorade State Universiry, USA 2466

WQ09: Genetic Algorithms and Applications

Chair: D. Fogel
Co-Chair: Susan Carlson

MA10: Decision Support Systems

Chair: Abdelkader El Kamel

Propagating Multi-Observations in Directed Belief
Networks
Boutheian Ben Yaghlane, Fédia Khalfallah and Khaled
Mellouli, LAROID - Institut Supérieur de Gestion de
Tunis, Tunisia .............cccccvvvn... 2472
The Fitness Function and Its Impact on Local Search
Methods
D. Duvivier, Ph. Preux, C. Fonlupt and D. Robillard,
LIL, Universite du Lettoral, France; E-G. Talbi, LIFL,
e L 2478
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Decision Support based on Weak Signals -Overcoming the
Implementation Gap of Strategic Early Warning Systems-

Markus Luken, Institut Fabrikbetrieb und

-automarisierung; Friedemann Baisch, Institut

Fabrikbetrieb und -automatisierung,

Germany 2484
TBRIM: Decision Suppon for Validation/Verification of
Requirements

Joseph J. Romano, Science Applications International

Corporation, Inc.; James D. Palmer, George Mason

University, USA ......................... 2489
A Genetic Algorithm based Tool for Generating
Organizational Architectures

Alexander H. Levis, George Mason University; Abbas

K. Zaidi and Shabbir Tayyab Ali, University of

Karachi, Pakistan .......................
Optimization In Distributed Controlled Markov Chains

Junjie Wang, The Hong Kong Uni versity of Science

and Technology; Xi-Ren Cao, The Hong Kong

University of Science and Technology,

Hong Kong

.............................

MP10: Information Systems: Research and
Applications

Chair: J -C. Jentina

A Group Management System Analysis of GRPC Protocol
for Distributed Network Management Systems

Jong-Kun Lee, Changwon National
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Processing Temporal Aggregates over Networked
Workstations
Xinfeng Ye, University of Auckland: John A. K eane,
BIMIST . ..o rriesnnsnnessansaissrs s 2513

Integration of Heterogeneous Multimedia Information for a
Strategic Planning System

Hiroshi Yajima, Hitechi, Lid.; Yoshiaki Yoshikawa,
Maki Tomano, Rei Itsuki and Tadashi Hirose, Hitechi,
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uating the Contribution of Information Systems to
izational Competitive Advantage

Jan Zurcher, Weyerhaeuser Canada Limited . . 2523

Development of Color Management System Prototype
Jin-Seo Kim, Electronics and Telecommunications
Research Institute; Byoung-Ho Kang, Chang-Rack
Yoon, Maeng-Sub Cho, Kyu-Seo Han and Hong-Kee
Kim, Electronics and Telecommunications Research
Institure, Korea 2529

MQ10: Cognitive Modeling of Tasks in Complex
Environment

Chair: Yan Xiao

Using Experiments to Construct Human Cognitive Models
of Intelligent Software Agents
Eileen B. Entin, Alphatech, Inc.; Elliot E. Entin,
Alphatech, Inc., USA ............ccccoonn... —

Cognitive Modeling of Intraoperative Critical Events
Yasser A. Sowb, University of California, Davis, USA:
Robert G. Loeb, University of Arizona, Tucson, USA;
Emilie M. Roth, Roth Cognitive Engineering,
L u S

Analyzing Railroad Dispaichers’ Strategies: A Cognitive
Task Analysis of A Distributed Team Planning Task
Emilie M. Roth, Roth Cognitive Engineering, USA;
Nicolas Malsch, Massachuserts Institute of Technology,
USA; Jordan Multer, Michael Coplen and Nora
Katz-Rho, Volpe National Transportation Systems
Center, USA ....... ..., 2539
Micro-Theory Methodology in Critical Incident Analysis
Yan Xiao and Colin F. Mackenzie, University of
Maryland, USA .........covovvvivunnn...
Cognitive Engineering for Decision Support Modeling of
Diagnostic Tasks in a Complex System
Celestine A. Ntuen, North Carolina A & T State
University, USA

.........................

TA10: Decision Making Methods and Applications

Chair: A. Levis
Co-Chair: A. El Kamel

The Preferred Alternative in a Tradeoff Study often
Depende on the Technique Used
A. Terry Bahill, University of Arizona
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The Biofunctional Decision Making Model
Jalal Baghdadchi, North Carolina A & T Stare
University; Abdollah Homaifar, North Carelina
A&TState University ........cveiviivneeinnannn *

Simulation Study of Decision Delays in Manufacturing
Systems Using Taguchi Methods
Rajar Bhagwat, INV University; Subhash Wadhwa,

Indian Institute of Technology, India . ........ 2562
On Noncooperative Equilibria In Ordinal Games

Chunhui Xu, Hiroshima Institute of

ST T T 2568

Decision-making Problem with the Vague Criteria based on
the Fuzzy Relation Equation
Yiping Fan, University of the Ryukyus; Hayao Miyagi
and Katsumi Yamashita, Universiry of the Ryukyus,
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Decision Tree Learning on Very Large Data Sets
Lawrence O. Hall, Nitesh Chawla and Kevin W.

Bowyer, University of South Florida, USA 2579

TP10: Process Support for the Systems Engineering
Enterprise

Chair: Azad M. Madni
Co-Chair: Jeffrey Koehler

Process Support for [IPPD-Enabled Systems Engineering
Azad M. Madni and Carla C. Madni, Intelligent
Systems Technology, Inc., USA; W. L. McCoy, Naval
Surface Welfare Center, USA .............. 2585

ProcessWebT: Web-enabled Process Support for Planning

the Formation of a Virtual Enterprise
Azad M. Madni and Carla C. Madni, Intelligent
Systems Technology, Inc., USA; Cliff Stogdill, Wright
Laboratory/Mfg Tech Division, USA ......... 2591

IDEONT/IPPD: An Ontology for Systems Engineering
Process Design and Management
Azad M. Madni, Carla Madni and Weiwen Lin,

Intelligenr Systems Technology, Inc., USA 2597
Joint Product and Process Development

Jeffrey O Grady, JOG System Engineering, Inc.,
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Formulation of a Generic Framework for Integrated Product
and Process Development
MengChu Zhou, New Jersey Institute of Technology;
Pingtaco Yan and Donald Sebastian, New Jersey
Institute of Technology, USA . ... ...........
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IPPD, Complex Electronic Systems and Distributed Design
Teams: a User Perspective
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Interfacing Three Complementary Technologies: Strategic
Planning, Process

Modeling, and System Dynamics
W.L. McCoy, Research and Technology Department,
Naval Surface Warfare Center, USA . ........ 2620

Web-enabled Collaborative Design Process Management:
Application to Multichip Module Design
Azad M. Madni and Carla C. Madni, Intelligent
Systems Technology, Inc., USA .............
Recent Advances in Process-Driven Intranets and Extranets
for Concurrent Engineering

Walt Scacchi, Fluor-Scacchi Associates,
DI hois s sn T e e s

A Study on Design Support System for Constructing
Machine-maintenance Training Environment based on
Virtual Reality Technology

Hirotake Ishi, Kyoto University; Tetsuo Tezuka and

Hidekazu Yoshikawa, Kvoto University,
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A Systems Approach for Evaluating the Availability of
Mission Systems

Marcel W. Ludema, Delft University of
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WA10: Frontiers in Cognitive Agents: Modelling
Human Cognition

Chair: Stanley P. Franklin
Co-Chair: Richard P. Evans

IDA: A Cognitive Agent Architecture
Stanley P. Franklin, Arpad Kelemen and Lee

McCauley, University of Memphis, USA ._ ... 2646
Damasio, Descartes, Alarms and Meta-Management

Aaron Sloman, University of Birmingham,
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Hierarchical Co-occurence Relations
T.D. Gedeon, University of New South Wales,
Australia; L.T. Koczy, Technical University of
Budapest, HUNGARY . ...................
A Clustering Model on Similarities for Dynamic Changes
Mika Sato-lic, University of Tsukuba, Japan .. 2756

Handling Fuzziness In Temporal Databases
Werasak Kurutach, Mahanakorn University of
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MQ11: Data Analysis and Informations II

Chair: Mika Sato-Ilic

Distance Space Evolutionary Algorithms for Protein
Folding Prediction
A. Piccolboni and G. Mauri, Universita™ di Milano,
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A Migration Scheme for the Genetic Adaptive Routing
Algorithm
Masaharu Munetomo, Yoshiaki Takai and Yoshiharu
Sato, Hokkaido University, Japan ...........

Image Retrieval System Using Impression Words
Kaori Yoshida, Kyushu Institute of
TechnologyElectrotechnical Laboratory, Japan;
Toshikazu Kato and Torao Yanaru, Khuo University,
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A General Extension of Fuzzy SVD Rule Base Reduction
Using Arbitrary Inference Algorithm
Péter Baranyi, Attila Martinovics, Szilveszter Kovdcs
and Domonkos Tikk, Technical University of Budapest,
HUNGARY:; Yeung Yam, Chinese Unwzrmj? of
HoNg RONE . oo veeiwnmnsnsa v s esss 2785

A Fast and Compact Data Structure of Storing
Multi-attribute Relations among Words
Kazuhiro Morita, University of Tokushima; Toru
Sumitomo, Masao Fuketa and Jun-ichi Aeo, University
of Tokushima, Japan 2791

TA11: Efficient Information Retrieval

Chair: Swart Rubin
Co-Chair: Laszlo T. Koczi

Fuzzybase: an Information - Intelligent Retrieval System
Michael H. Smith, University of California, Berkeley,
USA; Ljiljana Trajkovic, Simon Fraser University,
Canada; Stuart Rubin, Central Michigan Universiry,
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Mining Association Rules in Temporal Databases
Xinfeng Ye, University of Auckland; John A. Keane,
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Retrieval of Similarly Shaped Parts from a CAD Database
Michael M. Marefat, University of Arizona; Guddanti
Srinivas and Ernest D. Fasse, University of Arizona,
USA coedsivisnmitounneid iisisiasus

A Study on Knowledge Discovery Method in the Design of

the GI/G/s Network Systems
Takashi Okuda, Aichi Prefectural University .. 2815

Quantitative Association Rules Over Incomplete Data
Vincent Ng, Hong Kong Polytchnic University; John
Lee, Hong Kong Polytchnic University,
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Rule-based Text Categorization using Hierarchical
Categories
Minoru Sasaki and Kenji Kita, Tokushima University,
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TP11: Applications of Data Mining and Knowledge
Discovery

Chair: Donald E. Brown
Co-Chair: Burham Turksen

Using Intelligent Agents 1o Combine Heterogeneous
Distributed Data
Marie M.G. DeRico, United States Military Acadamy;
Ronald B. Byrnes, Joseph H. Schafer and John A.
Marin, United Stated Military Academy, USA; Michael
D. MCNett, United States Military Academy, USA;
George F. Stone, US Army Simulation and
Instrumentation Command . ...............
An Evaluation of High-End Data Mining Tools for Fraud
Detection
Dean W. Abbort and John F. Elder IV, Elder Research,
USA; I. Philip Matkovsky, Federal Data Corporation,
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Tracking Multiple Objects in Terrain
Edward Sobiesk, United States Military Acadamy; John
A. Hamilton and John A. Marin, United Stares Military
Academy, USA . ..:ccinsssmvivamvass weras 2842
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The Regional Crime Analysis Program(RECAP): A
Framework for Mining Data to Catch Criminals
Donald E. Brown, University of Virginia,
USA

TQ11: Databases and Information Systems

Chair: Susamma Barua
Co-Chair: Kevin Curran

A Semantic-based Transaction Model for Active
Heterogeneous Database Systems
Shi-Ming Huang, Tatung Institute of Technology;
Chien-Ming Huang, Tatung Institute of Technology,
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Reliable Remote Isochronous Applications Over the
Internet

Kevin Curran, University of Ulster; Gerard Parr,

University of Ulster, North Ireland .......... 2860

A Training Program for Building Client Server Systems and
its Evaluation Using WWW Browser
Shingo Honda, Osaka University; Avako Hiramatsu,
Osaka Sangyo University, Japan; Hiroko Yamamatsu
and Hiroshi Morihisa, Nippon Steel Information &
Communication Systems Inc.; Yoshitomo lkkai, Osaka
University, Japan
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An Interactive Electronic Tutorial on the Web for Computer
Organization and Architecture

Susamma Barua, California State University,

Fullertan ... ... .. s
An Efficient Dictionary Access Method for Morphological
Analysis

Kazuaki Ando, University of Tokushima; Takako Tsuji,

Masao Fuketa and Jun-ichi Ace, University of

Tokushima, Japan

.......................

WA1I1: Advances in Data Mining Technigues

& Chair: Donald E. Brown
- Co-Chair: Burnhan Turksen

‘A Methodology and Life Cycle Model for Data Mining and
- Knowledge Discovery in Precision Agriculture
Seok Won Lee, George Mason University; Larry

Kerschberg, George Mason University, USA .. 2882

IDM: An Intelligent Software Agent Based Data Mining
Environment
Ranjit Bose, University of New Mexico; Vijayan

Sugumaran, Le Moyne College, USA 2888
Computing with Words
Stuart Rubin, Central Michigan University .... 2894

A Self Growing Cluster Development Approach to Data
Mining
D. Alahakoon and B. Srinivasan, Monash University,
Australia; S. K. Halgamuge, University of Melbourne,
Australia ........ e i s s e e 2901

Agent-based Architecture for Exchanging Data Between
Legacy Applications
John R. Budenske, Architecture Technology
Corporation; Atig Ahamad and Eric R. Chartier,

Architecture Technology Corporation, USA ... 2907

WPI11: Applications of Data Mining

Chair: Peter Beling

Tensored Nearest Neighbor Classifiers
V. Chalasani and P. Beling, University of Virginia,

2913

Data Mining in Chemical Process Application
Joe Porter and Christina Mastrangelo, University of
Virginia, USA .........covoueuinenannnn.. 2917

Computing Budget Allocation for Ordinal Event Protection:
a Heuristicsbased Sequential Proceedure
HugLul, .. ..o rnnvenesssnsessanes
Evaluation of Fourteen Desktop Data Mining Tools
Michel A. King, Brian Gomolka, Eric Schmid,
Marguerite Summers and Kevin Toop, University of
Virginia, USA; John F. Elder IV, Elder Research,
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Spatial-temporal Event Protection: a New Model
fe 7T 1 L eV S e
Optimization-based Classifiers for Road Exiraction
V. Chalasani, P. Beling and D. Brown, Universiry af
Virginia, USA 2938
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Applications

Chair: Peter Beling
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An Application of Simulation for Large-scale Markov
Decision Processes to a Problem in Telephone Network
Routing
Christopher Zobel, University of Virginia; William T
Scherer, University of Virginia, USA ......... 2944

A Fast Symmetric Penalty Algorithm for the Linear

Complimentary Problem
Sushil Verma,

..........................

...........................

A Heuristic for the Topological Design of Two-tiered
networks

Peter ABeling, .........................
Induction of Rule-based Scoring Functions

S. Mullei and P. Beling, University of Virginia,

S o e
Preying on Optima: A Predatory Search Strategy for
Combinatorial Problems

Alexandre Linhares, National Space Research

Institute

...............................

MAI12: Real-Time Diagnostic and System Health
Management

Chair: Ann Patterson-Hine
Co-Chair: Krishna R. Pattipati

Design and Implementation of an Autonomous Control
Systems
R. Doraiswami, C.P. Diduch and Joel Kuehner, The
University of New Brunswick, Canada . . .. ... 2979
Fault Detection and Diagnosis in Rotating Machinery
Kenneth A. Loparo, Case Western Reserve University,
USA; Mohammed Abdel-Magied, Cairo University,
BEW oivvnas doavn s A AN e e 2986

A Hybrid SupervisedUnsupervised Neural Network
Architecture for Health and Usage Monitoring
R. Saeks, Accurate Automation Corporation, USA; J.
Pooley, AMTEC Corporation, USA . ......... 2992

Automated System Checkout to Support Predictive
Maintenance for the Reusable Launch Vehicle
Ann Partterson-Hine, Deepak Kulkarni and Yao Wang,
NASA-Ames Research Center, USA; Somnath Deb,
Qualtech Systems, Inc., USA .................. .

De-centralized Real-time Monitoring and Diagnosis
Somnath Deb, Qualtech Systems, Inc., USA ; Amit
Mathur, Qualtech Systems, Inc., USA; Peter K. Willett
and Krishna R. Pattipati, University of Connecticu,

T T i, 2998

Verification and Validation of High Integrity Software

Generated by Automatic Code Generators
Venkata N. Malepati, Hong Li, Krishna R. Pattipati
and 5. Deb, Univ. of Connecticur, USA; Ann
Patterson-Hine, NASA-Ames Research
Center ....uvnviiiinaininnenennninnnnns 3004

MPI12: Modeling Methodologies for System Fault
Diagnosis

Chair: Ann Patierson-Hine
Co-Chair: Krishna R. Pattipati

Coordinated Decentralized Protocols for Failure Diagnosis
of Discrete Event Systems
Rami Debouk, Stephane Lafortune and Demosthenis
Tenekerzis, University of Michigan, USA . .. . . 3010
Qualitative, Model-based Diagnosis of Complex Physical
Devices
Daniel J. Clancy, NASA-Ames / Caelum Research
Center, USA ...... ..o,

New Algorithms for MFM Alarm Analysis

New Algorithms for MFM Alarm Analysis
Jan Eric Larsson, Lund Institute of
Technology,Sweden; Fredrik Dahlistrand, Lund
Institute of Technology, Sweden

Multisignal Modeling for Diagnosis, FMECA, and
Reliability
Somnath Deb, Sudipto Ghoshal, Amit Mathur, Roshan
Shrestha and Krishna R. Pattipati, Qualtech Systems
Inc, USA ..o, 3026
Standard Representations of Diagnostic Models
W.R. Simpson, Institute for Defense Analysis, USA; J.
W. Sheppard, ARINC, USA ................ 3032
A Diagnosis Methodology for Continuous Time
Measurements using Hierarchical Signal Representations
Lee A. Belfore, Old Dominion University, USA; M.
Borahan Tumer and Kristina M. Ropella, Marquene
University, USA ................. ... e 3038
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Multidisciplinary Design Optimization of Aircraft Wing
Planform Based on Evolutionary Algorithms
Shigeru Obayashi, Tohoku Universiry, Japan .. 3148
A Generic and Symbolic Model-Based Diagnostic Reasoner
with Highly Scalable Properties
Gregory Provan, Rockwell Science Center. USA: Amit
Misra and Gabor Karsai, Vanderbilt University, USA;
George Bloor and Ethan Scarl, Boeing Defence and
Space,
e

VSTOL Aircraft Longitudinal Control using Fuzzy Logic
Abdollah Homaifar, North Carolina A & T State
University; James Nagel, Jalal Baghdadchi and
Marwan Bikdash, North Carolina A&T State
University, USA. .. vviivnamnasavsiiaei

Tools and Methods for Spacecraft Control Systems: a
Geno-fuzzy Approach
Guillermo Ortega, European Space Agency, Holland;
Jose M. Giron-Sierra, Universidad Complutense,
Spain

.................................

WA12: Modeling and Qualitative Analysis in Complex
Systems Dynamics: general problems, theory,
applications

Chair: Lyudmila Kuzmina

Sedimentation of Non-spherical Particles

Vajislav llic, University of Western Sydney Nepean,

Austrilia; Jonathan Vincent, University of Western

Sydney Nepean, Australia ................. 3172
Intelligent DAE Solvers and User Friendly Design,
Simulation and Analysis Packages

Stephen L. Campbell, North Carolina State University,
WIS o e S e 3177
Introduction to Linguistic Geometry Tools: Selected Topics

Boris Stilman, University of Colorade at Denver,

D e et e e e e T
Asymptotic Approach to the General Modelling Problem

Lyudmila K. Kuzmina, Kazan Aviation Institute,

I s e e S e e 3189

Practical Aspects of Precision Membrane Antennae Shape
Control
V.D. Kalanovic, C.H. Jenkins, M. Tampi and K.
Padmanabhan, South Dakota School of Mines and

Technology, USA ...........coovuuruiinn. 3194
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Bio-feedback Control Analysis of Postural Stability Using
CCD Video Cameras and a Force-plate Sensor
Synchronized System
Masako Tsuruoka, University of Tokyo; Ruosuke
Shibasaki and Shunji Murai, University of Tokyo,
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Constrained Mathematics Analysis of Uncertain Variables
J. Arlin Cooper, Sandia National Laboratories,
USA sivvsmnnion shve s eyt iarea sy

WPI12: Simulation and Modeling for Intelligent
Transportation Systems

Chair: Kaan Ozbay

Wide-area Incident Management System on the Internet
Kaan Ozbay, Rurgers, the State University of New
Jersey, USA; Pushkin Kachroo, Virginia Polytechnic
Institute and State University, USA .......... 3212

3212

Methodology for an Adaptive Cruise Control Study Using

the SHIFT/Smart-AHS Framework
Marco Zandonadi, Datta Godbole, Natalia
Kourjanskaia and Raja Sengupta, California PATH,

UCBerkeley, USA ... ivuivinvinsincnsnons 3217
Using Travel-Time Perception Models for Traveler
Information Systems Evaluation

Karl Wunderlich, Mitretek Systems, Inc.,

ISR s smiiis ws e i S SR R 3223

An Advanced Microscopic Traffic Simulation Approach for
Modeling ITS Applications
Yunlong Zhang and Larry E. Owen, ITT Systems,
USA

----------------------------------

An Application of Intelligent Surveillance System for
Transportation Management and Information

Carlos Sun, Stephen Ritchie and Kevin Tsai, Umvzrsu}

of California, Irvine, USA . .. ... ..............
Validation of WAIMSS Incident Duration Estimation
Modei

Wu Wei, Pushkin Kachroo and Kaan Ozbay, Virginia

Polytechnic Institute and State University,
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WQ12: Intelligent Transportation Systems

Chair: Said Hayat
Co-Chair: S. Kawaji



Chair: Hongbin Zha
Co-Chair: Ching Y. Suen

New Generation of Cooperating Multirobot Sysiems
Mohan M. Trivedi, The University of California at San
EREROIISA. .« uivonceniiiiminiee i w s steia i 3342

A Cooperative Hunting Behavior by Multiple
Nonholonomic Mobile Robots
Hiroaki Yamaguchi, California Institute of Technology,
[ L R P P b e e A 3347

Optimal Placement and Grasping of Two Robot Arms
Holding a Common Object Based on Workspace Usage
Bailin Cao, Gordon l. Dodds and George W. Irwin,
The Queen’s University of Belfast,
United Kingdom ..........cocvivnviviiun.

Distributed Multi-Arm Systems for Complex Pushing Tasks
Hongbin Zha, Hiroki Nagahama and Tsutomu
Hasegawa, Kyushu University, Japan ........ 3359

Applications of Control Networks in Distributed Robotic

Systems
LA, Janet, W.J. Wiseman, R.D. Michelli, A.L. Walker,
M.D. Wysochanski and R. Hamlin, North Carolina
State University, USA 3365

Evolution of Competing Situated Robots: Concepts, and

Experiments with a Java Applet
James Peters, University of Manitoba; J. Wong,
University of Manitoba, Canada; §. Ramanna,
University if Winnipeg, Canada; S.A. Ehikioya,
Brandoen University, Canada

TA13: Innovations in Robotic Systems

Chair: T. T. Lee
Co-Chair: Fang-Chang Lin

Non-cartesian Robotics and Evolution of Atomic
Competences: Concepts, Classification, and Population
Fitness

James Peters, University of Manitoba; §. Ramanna,

University if Winnipeg, Canada; T. Gomi, Applied Al

Systems, Inc., Canada .................... 3376
Automated Mathematical Modeling and Simulation of
Robotic Dynamic Systems using a New
Fuzzy-Fractal-Genetic Approach

Oscar Castillo, Instsituto Tecnologico de Tijuana;

Patricia Melin, CETYS Universin, USA
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A Developmental Approach to Sensori-motor Coordination
in Artificial Systems
Gorgio Metta, DIST-University of Genova; Giulio
Sandini, DIST-University of Genova, Italy; Jurgen
Konczak, University of Dusseldorf, Germany .. 3388
Comparison of Two Significant Development Methods
Applied to the Design of Real-time Robot Controllers
L. Carroll, B. Tondu and J.C. Geffroy, Institut National
des Sciences Appliquees, France; C Baron, Institut
National des Sciences, FR Appliquees . ... .. . 3394

Classification and Recognition of Contact States for Force
Guided Assembly
Heiko Mosemann, Technical Univrsity of Braunschwig;
A. Raue and F. Wahl, Technical Univrsity of
Braunschwig, Germany ...... . ... ... .. ...

Integrating Visual Feedback and Force Feedback iri 3-D
Collision Avoeidance for the Dual-arm Humanoid Robot
S. Charoenseang, Vanderbilt Univeristy; A. Srikaew,
D.M. Wilkes and K. Kawamura, Vanderbilt Univeristy,
e 3406

Chair: Nelson H.C. Yung
Co-Chair: Wang Qi

A Neutral Network Approach to Real-time Path Planning
with Safety Consideration
Xianyi Yang and Max Meng, University of
Albena, ol R T B e
An Adaptive Fuzzy Approach to Obstacle Avoidance
Nelson H.C. Yung, The University of Hong Kong; Cang
Ye, The University of Hong Kong,
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Avoidance of Moving Obstacles through Behavior Fusion
and Motion Prediction
Nelson H.C. Yung, The University of Hong Kong; Cang
Ye, The University of Hong Kong.
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Learning and Extraction of Nonlinear Mappings using an
Associative Memory
Chae-Wook Chung, Ansan Technical College, Korea;
Tae-Yong Kuc, Sung KyunKwan University,
Korea

On-line Learning Neural Network Controller for Pneumatic
Robot Position Control
Wang @i, Tao Quan, Hou Lingi and Cai Hegao,

Harbin Institute of Technology, P.R. China 3436



Coordinating Multi-agent Systems by Scripts
Fang-Chang Lin, Chaoyang University of Technology,
Taiwan, R.0.C.; Jane Yung-jen Hsu, National Taiwan
University, Taiwan, ROC. ........ 3442

TQ13: Modeling and Computational Method in
Control/Command of Intelligent System for Man

Chair: Philippe Gorce

A Hybrid Model for the Hand Preconfiguration in
Rehabilitation Grasping Tasks
J. Finat, University of Valladolid, Spain; J.
Lopez-Coronado, University of Murcia,
Spain

Manipulation Assisting System in Unstructured
Environment for Disabled Persons
Philippe Gorce, (LGMPB) IUT CACHAN; N. Rezzoug,
Universite Paris Sud ..............cc0u... 3454

A Neural Field Approach for Robot Motion Control
Percy Dahm, Carsten Bruckhoff and Frank Joublin,
Institut fiir Neuroinformatik, Ruhr-Universitit Bochum,
EREPIEERE, ooy 0on-aco-sacamsn s sopmesitd e n i HTET S TEE 3460

Fast Recognition of Postures for a Simplified

Three-fingered Artificial Hand
J. Finat, University of Valladolid, Spain; M.
Gonzalo-Tasis, ET.I.T. U. of Valladolid,

Pl o e e A S R R R L
Computational Origin of Error Signals Sent to Cerebellar
Microzones

A. Kaladjian, University. Pierre et Marie Curi(Paris

Vi), France; M. Dufosse, Univ. Pierre et Marie Curi,

France; H. Djennane, Univ. Pierre et Marie Curi,
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WA13: Robotic Manipulation

Chair: W. Gruver

An Evolutionary System for Automatic Robot Design
Wei-Fo Lee, National Chiao-Tung University .. 3477

On-line Kinematic Jocobian Uncertainty Compensation for
Robot Manipulators using Neural Network
Seul Jung, Chungnam National University; Bahram
Ravani, University of California, Davis, USA .. 3483

Physics-based Virtual-hand Picking in Robotic
Manipulation
Hangiu Sun, The Chinese University of Hong Kong.:
Hangiu Sun, The Chinese University of Hong Kong,
Hong Kong; George Baciu and Lai-ho Kwok, The
Chinese University of Hong Kong, Hang Kong, Hong
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Constrained Motion Control of a Robot Manipulator

Nasser Houshangi, Purdue University
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Robust Object Tracking of Robot Manipulator using
Low-Cost Vision System
Tae-Yong Kuc, Sung Kyun Kwan University, Korea;
Weng-Gie Han, Naval Weapon Systems R & D Center,
KOPBE . o s va i b s s s 3501

Dynamic Stability and the End-task Self Motion for
Redundant Manipulators
Weihai Chen, Beijing University of Aeronautics and
Astronautics; Zhen Wu, Qixian Zhang, Jian Li and
Luya Li, Beijing University of Aeronautics and
Astronautics, P.R. China ..................

WP13: Intelligent Robotics

Chair: D. Y. Lee
Co-Chair: Michael H. Smith

Dynamic Visual Servoing of Mobile Robots Based on
Learning Control Inputs
Seung-Min Baek and Tae-Yong Kuc, Sung Kyun Kwan
Unidversity, Kored .. c..ovsiviviiiansiie s 3514

Robot Soccer for the Study of Learning and Coordination
Issues in Multi-agent Systems
Arvin Agah, Brian Doyle, Mart Drees, Christian
Froehlich and Kelphen Kuok, The University of

Kansas, USA 3520

A Mobile Camera Robotic System Controlled via a Head
Mounted Display for Tele-presence
Arvin Agah, Ryan Walker and Rita Ziemer, The
University of Kansas, USA .................

A Behavior-Based Architecture for Force Control of Robot
Manipulators
Nigel Hardy, The University of Wales; Tomos G
Williams, University of Wales, UK . ......... 3532
Walking Dynamic Control under Unknown Perturbation
Farid El Hafi, Universite Paris-sud: P. Gorce,
Laboratoire de Genie Mecanique Productique et
Biomecanique (LGMPB), France
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Variable Structure Controller with Chattering Alleviation
Kang-Bark Park, Kyushu Institute of Technolgy; Teruo
Tsuji, Kyushu Institute of Technolgy, Japan ... 3544

WQ13: Robot Control Technologies

Chair: Arvin Agah
Co-Chair: Zhao Lin

Using a Genetic Algorithm for Multitarget Tracking
Dave B. Hillis, U.S. Army Research
Laboratary ...........c¢euieernrnernnnnen

Precise Position Control of Stenciling Robot Manipulator

using Neural Network

Seul Jung, Chungnam National University; Bahram
Ravani, University of California, Davis, USA .. 3554

Intelligent Contrel of the Running Stride of A Simulated
Jointed Leg

Peggy Israel Doerschuk, Lamar University 3560
A Formulation of Joint Disturbance Torque and its
Application for Independent Joint Controlled Robotic
Manipulators

Myoung Hwan Choi, Kangwon National

G

Dynamic Performance of Hybrid Robot Controllers Near
Singularities
Abilio Azenha, University of Porte; J.A. Tenreiro
Machado, University of Porto, Portugal ... ... 3572
Singularity Avoidance based on Avoiding Joint Velocities
Limits for Redundant Manipulators
Weihai Chen, Beijing University of Aeronautics and
Astronautics; Qixian Zhang, Zhen Wu, Jian Li and
Luya Li, Beijing University of Aeronautics and
Astronautics, PR. China ..................

Making 3D Objects Through Bimanual Actions
Hiroaki Nishino, Dahlan Nariman and Kouichi
Utsumiya, Oita University, Japan; Kazuyoshi Korida,
Oita Prefectural College of Arts and Culture,
Japan ...
A Trajectory-based Approach for the Lateral Control of Car
Following Systems
Stefan Gehrig and Fridtjof Stein, Research Institure
Daimler Benz AG . ....................... 3596

The Effects of Dynamic Updating of Tactical Information
on Situation Awareness and Performance in an Attack
Helicopter Domain

Eileen B. Entin, Alphatech, Inc. ............. 3602

Management
Ming Rao, University of Alberta; Zhengzhi Han,
Shanghai Jiaotong University, China

System for Real-time Quality

MP14: Command and Control Systems II

MA14: Command and Control Systems I

Chair: Edward Sobiesk
Co-Chair: M. J. Embrechts

A Data Aggregation Framework for Multi-level Production
System Control
Marc Zolghadri, University Bordeaux [: Jean-Paul
Bourrieres, University Bordeaux I, France .... 3584

Chair: Isracl Mayk
Co-Chair: Jiacun Wang

Optimal Subspace Metric Design for Classification and
Regression through Nonparametric Crossvalidation
Objective Function Optimization

Thomas W. Jauch, Robert Bosch GmbH . . . . ..

Consensus Making of Multi-CPU Control of
Hyper-Redundant Manipulator

Shinichi Kimura, Communications Research

Laboratory; Toshiyuki Okuyama, Communications

Research Laboratory, Japan ............... 3623
Chaotic Episodic Associative Memory

Junya Kitada, Keio University; Yuko Osana and

Masafumi Hagiwara, Keio University, Japan .. 3629
Multi-winners Self-organizing Episodic Associative
Memory

Jiongtao Huang, Keio University; Masafumi

Hagiwara, Keio University, Japan . ... .. ...
Multi-winners Self-organizing Bidirectional Associative
Memory

Jiongtao Huang, Keio University; Masafumi

Hagiwara, Keio University, Japan
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MQ14: Military Applications of Modeling and
Simulation

Chair: Robert H. Kewley

The Army Flow Model
Robert G. Phelan Jr, U.S. Army Artificial Intelligence
Conter. USA . oovvnsvnnnsonsssassmanonessain 4

Reengineering the Army Officer Personnel Management
System for the 21st Century
Michael L. McGinnis, David H. Ohle, Hugh F.T.
Hoffman, Gregory C. Gardner and Rhett Hernandez,
OPMS XXI Task Force, USA ............... 3647

Building Scenarios in the Next Generation of Simulations
George F. Stone, U.S. Army Simulation, Training and
Instrumentation Command, USA; Michael L.
McGinnis, U.S. Army TRAC-Monterey, USA .. 3652

Fuzzy-Genetic Decision Optimization for Positioning of

Military Combat Units
Robert H. Kewley and Mark J. Embrechts, Rensselaer
Polytechnic Institute, USA ............ccvne 3658

Analysis of Organizational Processes in Adaptive
Command and Control Architectures
Elliot E. Entin, Alphatech Inc.; Jean MacMillan and
Daniel Serfaty, Aptima, Inc., USA ........... 3664

TA14: Internal Dynamics in Emergent Complex
System

Chair: Yoshihiro Miyake

Internal Observation Systems and a Theory of
Reaction-Diffusion Equation on a Graph
Hideo Yuasa, Nagoya University, Japan; Masami [ro,
Bio-Memetic Control Research Center, RIKEN,

Dynamical Learning of Neural Networks Based on Chaotic
Dynamics
Kazuhiro Kojima, Tokye Institute of Technology,
Japan; Koji lto, Tokyo Inst. Tech., Japan ... ..

Emergence and Share of Information through
Communication - Performance of Plants in Group
Formation
Yoshiyuki Miwa and Tomoki Yamashita, Waseda
Universiry, Japan; Yasuhiro Kushihashi, Tokyo
University of Agriculture and Technology,
Japan

Internal Observation and Mutual Adaptation in
Human-Robot Cooperation
Yoshihiro Mivake, Toru Miyagawa and Yasutake
Tamura, Tokyo Institute of Technology,
Japan

................................

Balance of Biped Robots: Special Double - Inverted
Pendulum
S. Caux and R Zapata, Laboratoire d'Informatique,
Robotique et Microélectronique, France; E. Mateo,
University de Montpellier Il FR ............ 3691

TP14: Simulation Technologies and Applications

Chair: Khaan Ozbay
Co-Chair: John A. Keane

Object Oriented Design of a Mixed Simulator
NasrEddine Hallam, FSKTM University Malaya;
Redha Khodja, FSKTM University Malaya,
Algeria .........ccciiiiiirraiiianinaens

Solving the Classroom Assignment Problem with Simulated
Annealing
Horacio Martinez-Alfaro, Center of Artificial
Intelligence-ITESM; Gerardo Flores-Teran, Center for
Intelligence- ITESM, Mexico ............... 3703

A Simulation Framework for Concurrent Object Execution
John A. Keane, UMIST; Martin Cockshott, UMIST,
UK oo s s mmyemismes e s e = 3709

Simulation of Manufacturer-supplier Relationships
Addi Air Hssain, Labotatiore d'Automatique

Industrielle; S. Chafik and N. Boisseau, Labotatiore
d'Automatique Industrielle, France .......... 3714

The Design of a Submarine Voyage Training Simulator
Zhao Lin, Harbin Engineering University; Sun Feng
and Liu Ying, Harbin Engineering University,
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TQ14: Biomedical Control Applications
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Chair: Max Meng

Microprocessor-based Real-time Functional Control of
Internal Organs - Science Fiction or Reality?
Martin P. Mintchev, University of Calgary, Canada;
Kenneth L. Bowes, Universiry of Alberta,
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Machine Learning Methods in Assistive Technologies
Aleksandar Kostov, University of Alberta,
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Movement Control System Design for an Artificial Eye
Implant
J. Gu, M. Meng, M. G. Faulkner, A. Cook, University
of Alberta, Canada . ..........ccocieunnns .« 3735

A Three Neuron Controller (TNC) IV: Shifting to
Biological Problems
John R. Alexander, Towson University; Sylvia J.
Sorkin, Essex Community College, USA ...... 3741
The Influence of Pseudo Conductivities on the EEG
Forward Computation for Human Head Modelling
Peng Wen, Flinders University of South Australia;
Fangpo He and Karl Sammut, Flinders University of
South Australia, Australia . ................ 3747

Expected Angle Stability Margin
James A. Momoh, Yuri V. Makarov and Mahmoud

Elfayoumy'', Howard University, USA ....... 3753

WAI14: Systems Modeling and Control

Chair: Abdelkader El Kamel

A Comparative Study on the Channel Modeling using
Feedforward and Recurrent Neural Network Structures

Wassila Chagra, R. Ben Abdennour and F. Bouani,

National school of Engineering of Gabes, South

University, Tunisia; M. Ksouri, National School of

Engineering of Tunis, University of Tunis Il, Tunisia;

G. Favier, 135 Laboratory CNRS/UNSA,

N o e o e R e e e e .. 3759
Constrained Nonlinear Model-based Predictive Control
using Arx-plus Volterra Models

F. M'Sahli, F. Bouani and R. Ben Abdennour, Ecole

Nationale d'Ingénieurs de Gabés, Université du Sfax,

Tunisie; A. El Kamel, Ecole Centrale de Lille, France;

M. Ksouri, Ecole Nationale d'Ingenieurs de Tunis,
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Variable Structure Estimation and Control of Nonlinear
Distributed Parameter Bioreactors
0. Boubaker, LACS/ENIT, Tunisie; J.P. Babary,
LAAS/CNRS, France; M. Ksouri, LACS/ENIT,
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A Neuromimetric Approachto Multimmodel Representation
of Complex Systems
A. El Kamel and P. Borne, Ecole Centrale de
Lille, Tunisie; §. Mchaalia, LACS - Ecole Nationale
d'Ingenieurs de Tunis, Tunisia . ...........c.... *

A New Nonlinear System Controi Method Using Second

Order Derivatives of Universal Learning Network
Masanao Ohbayashi, Kyushu University; Kotaro
Hirasawa, Masayuki Hashimoto, Jiglu Hu, Junichi
Murata and Yurio Eki, Kyushu Universiry,
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Reinforcement Nonlinearing Control System
Kao-Shing Hwang, National Chung Cheng Universiry;
Hung-Jen Chao, National Chung Cheng University,
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WP14: Artificial Immune Systems - Modeling &
Simulation

Chair: Dipankar Dasgupla
Co-Chair: Derek Smith

Modeling Immune Cognition

Franco Celada, University of Genoa, Italy, and

Hospital for Joint Diseases, NYU, NY, USA; Philip

Seiden, IBM, T-J Watson Research Center,

o e et
Simulated Evolution of Antibody Gene Libraries Under
Antigenic Selection

Mihaela Oprea and Stephanie Forrest, University of

New Mexico, USA 3793

A Multi-agent System to Simulate an Apoptosis Model of
B-CDS5 Cells
P. Ballet, V. Rodin and J. Tisseau, French National
School of Engineering of Brest - Laboratory of
Software Engineering, France; J.0. Pers, Brest
University Medical School, France ........... 3799

Modeling the Efffects of Annual Influenza Vaccination
Derek J. Smith, Stephanie Forrest and David H.
Ackley, University of New Mexico, USA; Alan 5.
Perelson, Los Alamos National Laboratory, USA .. *

Artificial Immune Systems Based on Syndromes-Response
Approach: Theory and Their Applications to Recognition
of the Patierns of Immune Response and Prognosis of
Therapy Outcome
V.A. Kuznetsov and A.V. Ivshina, Civilized Software,
Inc., USA; G.D. Knott, Div. of Cellular and Gene

Therapy, CBER/FDA, USA 3804
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Evolution of Self-definition
Catriona Kennedy, Dresden University of Technology,
Germany 3810

WQ14: Artificial Inmune Systems - Applications

Chair: Dipankar Dasgupta
Co-Chair: Derek Smith

An Artificial Immune System as a Multi-agent Decision
Support System
Dipankar Dasgupta, The University of Memphis,
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Augmenting and Artificial Immune Network
Jon Timmis, Universiry of Wales; Mark Neal and John
Huns, Universityof Wales, UK ............. 3821
Moderationism in the Immune System: Gait Acquisition of
a Legged Robot using the Metadynamics Function
Akio Ishiguro, Shingo Ichikawa, Takanori Shibata and
Yoshiki Uchikawa, Nagoya University, Japan .. 3827

Adaptive Scheduling System Inspired by Immune System
Kazuyuki Mori, Mitsubishi Electric Corporation,
Japan; Makoto Tsukiyama, Mitsubishi Electric
Corporation, Japan; Toyoo Fukuda, Kwansei Gakuin
LIniversity, JAPAM .\ vuvouaiinnnenanersones 3833

A Distributed Architecture for an Adaptive Computer Virus
Immune System
Robert E. Marmelstein, David A. Van Veldhuizen and
Gary B. Lamont, Air Force Institute of Technology,
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Immune Algorithm for N-TSP
Satoshi Endo, University of the Ryukyus; Naruaki
Tema and Kaji Yamada, University of the Ryukyus,
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MA15: Modeling and Analysis

Chair: Pierre-Olivier Malaterre

Modeling and Regulation of Irrigation Canals: Existing
Applications and Ongoing Researches
Pierre-Olivier Malaterre and Jean-Pierre Baume,
Cemagref Division Irrigation, France . .......

Modeling of Irrigation Channel Dynamics for Controller
Design
Jean-Pierre Baume and Pierre-Olivier Malaterre,
Cemagref Division Irrigation, France; Jacques Sau,
ISTIL France ............ocuevvveenenennnnn 3856

Modelling and Robust Control of a Dam-River System
Xavier Litrico, Cemagref Division Irrigation, France;
Didier Georges, LAG, France; Jean-Luc Trouvar,
CACG,
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Wave Motion Stability for Coupled Canal Pool - AMIL
Gale Systems
J.J. Ramirez Luna, B. De Leon-Majarro and V.M.
Ruiz-Carmona, Division of Irrigation& Drainage,
IMTA, Mexico; J.P. Baume, Cemagref Division
Irrigation, France; J. Sau, ISTIL, France .....

MP15: Control Methodologies

Chair: Pierre-Olivier Malaterre

Optimal Control of Complex Irrigation Systems via
Decomposition-coordination and the Use of Augmented
Lagrangian
H. El Fawal, D. Georges and G. Bornard, Laboratoire
d'Automatigue de Grenoble(LAG), France .... 3874

Decentralized Predictive Controller for Delivery Canals
§. Sawadpgo and R.M. Faye, Université Cheikh Anta
Diop Ecole Supérieure Polytechnigue, Sénégal; P.O.
Malaterre, Cemagref -Montpellier, France; F.
Mora-Camino, LAAS/CNRS, France . ........

Decentralized Predictive Control of Multi-reach Canals
M. Gomez, J. Rodellar, F. Vea, J. Mantecon and J.
Cardona, Technical University of Catalonia,
SPain ..o

Decentralized Volume Control of Open-channels using H2
Norm Minimization
Carla Searzu, Alessandro Giua and Giampaolo Usai,
University of Cagliari, htaly ................ 3891

MQI15: Management and Implementation Issues

Chair: Pierre-Olivier Malaterre

Predictive Conirol in Irrigation Canal Operation
Victor M. Ruiz C. and Javier Ramirez L., Instituto

Mexicano de Tecnologia del Agua, Mexico .... 3897
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MIMO Predictive Control with Constraints by Using an
Embedded Knowledge Based Model
J. C. Pagés and J.M. Compas, Compagnie Nationale
du Rhone, France; J. Sau, ISTIL, France 3902

An Intelligent Decision Support System for Irrigation
System Management

R. M. Faye, §. Sawadogo and A. Niang, Université
Cheikh Anta Diop Ecole Supérieure Polytechnique,
Sénégal; F. Mora-Camino, LAAS/CNRS,
FRONEE. ovcxocovn v mystammsscnn v s svsys w60 shesnals
Comparison between Monovariable Controller and
Multivariable Controller
Frank Sanfilippo and J.L. Deltour, Canal de Provence,
FRIRCE: s i e S RS 3914
Predictive Control Applied to a ASCE Canal 2
K. Akouz and A. Benhammou, Faculté des Sciences
Semlalia-Université Cadi Ayyad, Morocco; P.O.
Malaterre, Cemagref - Groupement de Montpellier,
France; B. Dakhou and G. Roux, LAAS/C.NR.S.,
France 3920

................................

TA15: Evolutionary Techniques for Constrained and
Multiobjective Optimization

Chair: Peter Beling

Hybrid Evolutionary Algorithms for a Multiobjective
Financial Problem

Sila Mulllel, s S e e 3925
Annealing a Genetic Algorithm over Constraints
Stepan Cardeon;: i issean i 3931

Constraint-handling Methods for Optimal Redempion
Design by Genetic Algorithms
Teresa Culver and Amy B Chan Hilton, University of
Virginia, USA ...........ccovvunnnnnnn., 3937

Fuzzy-Neural Tuned Genetic Algorithm Applied 1o
Large-Space Constraint Satisfaction
Tiehua Zhang and William A. Gruver, Simon Fraser

University, Canaga .....oivivavadvinsniis 3943
Optimizing Zig-Zags in Maze-Routing Algorithms

Nallasamy Mani and Bala Srinivasan, Monash

University, Australia ..................... 3949
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Using Simulated Annealing to Minimize Operational Costs
in the Steel Making Industry
Horacio Martinez-Alfare, Center of Artificial
Intelligence-ITESM: Homero Valdez-Pena and Jaime
Ortega-Consuegra, Center of Artificial
Intelligence-ITESM, Mexico

TP15: Intelligent Optimization and Applications

Chair: Jonathan Barzilai
Co-Chair: T. Hogg

Probabilistic Cooperative-competitive Hierarchical

Modeling as a Genetic Operator in Global Optimization
Kwong-Sak Leung, The Chinese University of Hong
Kong; Terence Wong and Irwin King, The Chinese
University of Hong Kong, Hong Kong . .. ..... 3959

Q-learning for Adaptive, Load Based Routing
Ann Nowe, Vrije Universiteir Brussel -
Erasmushogeschool Brussel; K. Steenhaut, M. Fakir
and K. Verbeeck, Vrije Universiteit Brussel -
Erasmushogeschool Brussel,
Belguim

Modeling and Optimization of Subscriber Loop
Deployment Strategy for Hanaro Telecom
Jongwook Kim, Sejong University; Myung Sung Lee
and Seokrim Choi, Sejong University, Korea; Seung
Seog Lee, Hong Ha Song, Hyeon Seong Hong, Dong
Hyun Yang and Won Gyu Jang, Hanaro Telecom
Corporation, Karea . ..........cc0ovviuun.
An Extension to Design of Experiment for Design
Optimization with Implicit Parametric Models and Virtual
Prototypes
Zuomin Dong and Gary G. Wang, University of
Victorig, Canada: .ol coisiiiesisieie s
Framework for Hardware/Software Partitioning Utilizing
Bayesian Belief Networks
John T. Olson, Universiry of Arizona; Jerzy W.
Rozenblit, University of Arizona, USA ........ 3983
Process Optimization System used in Metallurgical Plants
Florin Hartescu and Claudiu Danilov, Research

Institute for Informatics, Romania ........... 3989

TQ15: Systems Design and Validation

Chair: John Priest
Co-Chair: Jingde Cheng



Performance Prediction of Smart Permanent Virtual Circuit

in ATM Netwarks with CACI Comnet
Tibor Gyires, lllinois State Un PVEFSIN iyt va

Automation Support for Early Task Analysis Validation
Gail Haddock, University of Texas at Arlinton: John
Priest, University of Texas at Arlinton, USA: John

Silva, Defence Sciences Office, USA . ... ... .. 3999
Similarity between Categorizations
Ralph Birkenhead, De Montfort University .... 4005

The Self Measurement Principle: A Design Princi ple for
Large-scale, Long-lived, and Highly Reliable Concurrent
Systems

Jingde Cheng, Kyushu University

........... 4010
The Desirability Function: Underlying Assumptions and
Application Implications

Douglas Fuller, University of Virginia; William

Scherer, University of Virginia, USA .. ... .. .. 4016
Fuzzy Curve Fitting using Least Square Principles
X Shounak Roychowdhury, .................. 4022

WAIS: Advances in Systems Design and Analysis

Chair: Keith W. Hipel
- Co-Chair: N, Mani

- Systems Evolutionary Analysis for Urban Industry System

o Jingwei Huang, Tsinghun University ......... 4028
~ Interactive Decision Analysis on Sustainable Urban
~ Bevelopment: Guilin Case Study
Jingwei Huang, Tsinghun University ......... 4032
- Measurement Foundations for Preference Function
A lling
:ﬁl"- Jonathan Barzilai, Dalhousie University ... ... 4038

o,

~ Dynamics of Reciprocal Learning by Bi-referential Model

- Within Multiagent Systems

~ Takayuki Shiose, Kyoto University; Tetsuo Sawaragi,
" Osamu Katai and Michio Okada, Kyoto University,

. dapan ... ..., 4045

A Three-Stage Modeling Approach for the Design and
ization of Intermodal Transportation Services

Ron van Duin and Hans van Ham, Delft University of

Technolgy 4051
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Evaluation of Environmentally Consious Product Designs
MengChu Zhou, New Jersev Institute of Technology;
Reggie J. Caudill and Xin He, New Jersey Institute of
Technology, USA 4057

WPIS: Intelligent Medical Systems

Chair: Tatjana Welzer
Co-Chair: Peter Kokol

Intelligent Medical Systems - an Overview
Peter Kokol, University of Maribor, Slovenia . . 4063
Towards a Knowledge based System for the Clinical
evaluation of the Electroencephalogram and Visual Evoked
Potentials
L. Moreno, J.L. Sanchez, J. D. Pineiro, J. J. Merino, J,
Sigut, R. M. Aguilar, J. I. Estevez and R. Marichal,
Universidad de La Laguna, Spain; S. Manas, Hospital
de La Candelaria, Spain 4069

Database Reusability in Intelligent Medical Systems
Tatjana Welzer, Bruno Stiglic and Marjan Druzovec,
University of Maribor, Slovenia; Iztok Takac, Maribor
Teaching Hospital, Slovenia ......... .. ... 4075

Model Based Diagnoses in Medicine
Marjan Druzovec, Adolf Sostar and Tatjana Welzer,
University of Maribor, Slovenia . ........... 4080

Quest for the Information: Using Intelligent Search for

Finding Telemedical Sites
Milan Zorman, Vili Podgorelec and Peter Kokol,
University of Maribor, Slovenia

------------

WQ15: Intelligent Medical Imaging

Chair: Majid Fathi
Co-Chair: M. Jamshidi

Example-based Shape from Shading: 3D Heads From 2D
Face Images
Abbas Z Kouzani, Flinders University of South
Australia; F. He and K. Sammut, Flinders Universirty
aof SA, Australia

Medical Image Segmentation by F uzzy Logic Techniques
Yutaka Hata, Syoji Kobashi and Shoji Hirano, Himeji
Institute of Technology, Japan
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Image Compression using Wavelet Transform and
Self-development Neural Network
Jung-Hua Wang, National Taiwan Ocean Universtiy;
Ker-Jiang Gou, National Taiwan Ocean Universtiy,
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Representation of Structural Information in Images Using
Fuzzy Set Theory

Isabelle Bloch, ENST, France ...........-..
An Analysis of EEGS based on Information Flow with SD
Method

Naoki Saiwaki, Osaka University; Naoki Kimura and

Shogo Nishida, Osaka University, Japan ... .. 4115
Using Vague Knowledge for Image Description
Madjid Fathi, Jens Hiltner and Bernd Reusch,
University of Dortmund, Germany .......... 4120
MA16: Speech Recognition

Chair: Roger G. Marshall
Co-Chair: Sandor Gajdos

Application of Machine Speech Recognition for Real-time
Estimation of Human Cognitive Process at Man-machine
Interface

Takahisa Ozawa, Kyoto Universty; Hiroshi Shimoda

and Hidekazu Yoshikawa, Kyoto University,

Japan ....iiiiiiiaeiiiasiiii e
Agent Navigation Under Linguistic Instructions of a Route
using Contextual Information

Fumihisa Shibata, Osaka University; Masakazu Shima

and Tadahiro Kitahashi, Osaka University, Japan;

Masaya Ashida, Wakayama University, Japan; Koh

Kakusho, Kyote University, Japan  .......... 4133
Enhancing Speech Recognition and Speech Understanding
Systems Through Non-phonetic Cues

Roger G. Marshall, Winston-Salem

State University ......ccoconvvsssennanans
A Hybrid Speech Recognition Model Based on HMM and
Fuzzy PPM

Paul Bao, The Polytechnic University of Hong Kong:

Albert Sim, The Polytechnic University of Hong Kong,

Hong Kong .....covvvveveniearnnssanarans 4148

Speech Recognition Based on Lateral Inhibition Network
Auditory Model
Yan Zhang, Nanjing University of Science and
Technology: Jie Zhang and Zhitong Huang, Nanjing
University of Science and Technology, China . . 4154

Fuzzy-Rough Neural Networks for Vowel Classification
Manish Sarkar and B. Yegnanarayana, Indian Institute
of Technology, India 4160

MP16: Character Recognition

Chair: Jyh-Yeong Chang
Co-Chair: Daniel Yeung

A Flexible and Robust Matching Scheme for Character
Recognition to Cope with Variations in Spatial Interrelation
among Structural Features
Nadeem A. Khan, Eindhoven University of Technology;
Hans A. Hegt, Eindhoven University of Technology,
The Netherlands .. .........cooaeeiiaaines 4166

Improvements on Handwritten Digit Recognition by
Cooperation of Modular Neural Networks
Claidio A. Perez, Universite of Chile; Patricio A.
Galdames and Carlos A. Holzmann, Universite of

Chile, Chile 4172

A New Approach for the Failure Mode Analysis of Optical
Character Recognition Algorithms
Benjamin E. Lancki, Lockheed Martin Federal Systems
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Handwritien Character Recognition by Contour Sequence
Moments and Neural Network
Vera Y.Y. Chung, Queensland University of
Technology: Man To Wong and Mohammed
Bennamoun, Queensland University of Technology.
Australi . ..o 4184

A Recognition-based Arabic Optical Character Recognition
System
A. Cheung, M. Bennamoun and N.W. Bergmann,
Queensland Universiry of Technology,
AuStralia .. .iovvirieviviars s sssserans e

MQ16: Handwritten Chinese Character Recognition

Chair: Daniel Yeung
Co-Chair: His-Jian Lee

Using Confusing Characters to Improve Character
Recognition Rate
Hsi-Jian Lee and Yeu-Chang Lin, National Chiao Tung
University, Taiwan, R.0.C. 4195
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Feature Selection for Handwritten Chinese Character
Recognition Based on Genetic Algorithms
Daming Shi, Hong Kong Polytechnic Universiry, Hong
Kong; Wenhao Shu and Haitao Liu, Harbin Institute of

Technology, P.R. China ........ ..., .... 4201
Contextual Stochastic Model for Structual Patterns

Chorkin Chan, University of Hong Kong,

Hong Kong ......... R e Rk 4207

An Extention of a Fuzzy Substroke Extractor

H.S. Fong and D.S. Yeung, Hong Kong Polytechnic

University, Hong Kong .. ... .. .. ......... 4213
Ambiguity Handling of Similar Categories in Handwritten
Chinese Character Recognition

D.S. Yeung and H.S. Fong, Hong Kong Polytechnic

University, Hong Kemg ... ................ 4217
Experiments on the Use of Corpus-based Word Bl-gram in
Chinese Word Segmentation

RuiFeng Xu and Daniel Yeung, Hong Kong

Polytechnic University, Hong Kong ......... 4222

TA16: New Recognition Techniques I

Chair: T. Takamori
Co-Chair: G. Arumov

Neocognitron Based Handwriting Recognition System
Performance Tuning using Genetic Algorithm
D.§. Yeung, Y.T. Cheng, H.S. Fong and F.L. Chung,
Hong Kong Polytechnic University,
Hong Kong . ..vueveiiroiinionasnnennnnnn 4228

A Neurofuzzy Classification Network and its Application
Pan Fu, Southampton Institute; A.D. Hope and G.A.
King, Southampton Institute,

United Kingdom . ........................

Nlumination Invariant Face Recognition
Abbas Z. Kouzani, Flinders University of South
Australia; F. He and K. Sammut, Flinders Universirty
of SA, Australia; A. Bouzerdoum, Edith Cowan
University, Australia . ....................

A First Approach to Tactile Texture Recognition
Walterio Mayol Cuevas, Universidal Nacional
Autonoma de Mexico; J. Juarez-Guerrero and 5.
Munoz-Gurtierrez, Universidal Nacional Autonoma de
Mexico, Mexico 4246

Defect Detection in Indirect Layered Manufacturing
Izzat Bakhadyrov, Rutgers University; Mohsen Jafari,
Tong Fang, Ahmad Safari, Stephen Danforth and

Noshir Langrana, Rutgers University, USA 4251

TP16: New Recognition Techniques IT

Chair: His-Jian Lee
Co-Chair: Nadeem A. Khan

Assessing the Robustness of Neural Network Classifiers
John A. Marin, United States Military Acadamy; Clark
Ray, John Brockhaus and Robert Klingseisen, West
Point, United States Military Acadamy, USA 4257

A Variation and Distortion Tolerant Structural Pre-classifier
for Hierarchical Character Recognition
Nadeem A. Kahn, Eindhoven University of Technology;
Hans A. Hegr and Ignacio C. Allue, Eindhoven
University of Technology, The Netherlands . ... 4264
Time Normalization of Action Time Series Using their
Wavelet Coefficients - for Generation of Humanoid Robots'
Actions with Fertile Emotions
Motafumi Hartori, Kobe University; Tomohiro
Kitagawa, Masahike Tsuji, Satoshi Tadokoro and
Toshi Takamori, Kobe University, Japan; Kazuhito
Yamada, Doshisha University, Japan ... ..... 4268

Mathematical Model for Quantitative Analysis of
Sigma-delta Converters
Thomas Neubert, Technical University of llmenan,
Institute of Theoritical and Technical Computer
Science; Norbert Hirt and Todor Vanguelov, Technical
University of llmenau, Germany . . .......... 4274

A Recognition Algorithm without the Ending-point
Detection of Chinese Based on the DTW and HMM
Unified Model
Jie Zhang, Nanjing Universiry of Science and
Technology; Yan Zhang and Zhitong Huang, Nanjing
University of Science and Technology, China .. 4279

TQ16: New Recognition Techniques I11

Chair: Ram Balasubramanian
Co-Chair: Bea Thai

A Visual Nervous System Based Multi-module Neural
Network for Object Recognition
Tetsuya Tannai, Keio University; Masafumi Hagiwara,
Keio University, Japan 4284
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Music Information Retrieval System Using Complex-valued
Recumrent Neural Networks
Maki Kataoka, Keio University; Makoto Kinouchi and
Masafumi Hagiwara, Keio University, Japan .. 4290

Using Misclassified Training Samples to Improve
Classification
Ram Balasubramanian, Univeristy of New Brunswick;
Sreeraman Rajamani, Ram Doraiswami and
Maryhelen Stevenson, University of New Brunswick,
4296

A Hybrid Portfolio Theory Model based on Genetic
Algorithm and Vector Quantization
Paul Bao, The Polytechnic University of Hong Kong;
Hakman Wong, The Polytechnic University of Hong
Kong, Hong Kong ...........ccoiiinins 4301
The Study of Regression based on Grey System Theory
Kun-Li Wen, Ting-Cheng Chang and Mei-Li You,
Chien Kuo J. College of Technology Commerce,

Taiwgn: ROC ..o vevamnimiiesn s s smsnssins 4307
Results on Deriving Optimal Filters for
Illumination-invariant Color Texture Recognition

Bea Thai, University of California; Glenn Healey,

University of California, USA .............. 4312

Automatic Visual Inspection and Flaw Detection in Textile
Materials: Past, Present and Future
Mohammed Bennamoun and Adriana Bodnarova,
Space Centre for Satellite Navigation,
11 R S e e 4340

New Technique for Investigating Three Dimensional (3D)
Mouse
Hala Elsadek, National Research Center; Hesham
Eldeeb, National Research Institute, Egypt; Jun
Horikoshi, Gunma University, Japan; Takashi Yabe,
Tokyo Institute of Technology, Japan ........ 4344
Eye Tracker System for Use with Head Mounted Displays
Glenn Beach, Cybernet Systems Corporation; Charles
J. Cohen, Jeff Braun and Gary Moody, Cybernet
Systems Corporation, USA ................
An Algorithm for Non-parametric Model Identification and
Curve Fitting
Yuguang Huang, Oxford University Computing
Laboratory; Yongxuan Huang, Xi'an Jiaotong
University, China; Yuhong Huang, Carnegie Mellen
University, USA . ....ccivieeneeraan i, 4353

WQ16: Application of Recognition Technigues 11

WA16: Advances in Pattern Recognition Technigues

Chair: Venugopal Govindaraju
Co-Chair: T. Takamori

Identifying Human Faces in General Appearances
Zhongfei Zhang, State University of New York at
Buffalo, USA' ....ciiivvinvassaiaissanaa

OCR in a Hierarchical Feature Space
Jaehwa Park, Venu Govindaraju and Sargur Srihari,

State University of New York at Buffalo, USA .. 4324
Improving OCR Accuracy Through Combination: A
Survey

John €. Handley, Xerox Corporation, USA .... 4330

Goal Directed Motion Control of 3D Human Characters
Si-Jung Kim and Tae-Yong Kuc, Sung Kyun Kwan

University, Korea .......coovinsnesieanssnss 4334

WP16: Application of Recognition Techniques I

Chair: Saleh Bleha
Co-Chair: Pan Fu
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Chair: Paul Modler
Co-Chair: Venugo Govindarajual

A High Performance License Plate Recognition System
Hans A. Hegi, Eindhoven University of Technology;
Ron J. De la Haye and Nadeem A. Khan, Eindhoven
University of Technology, The Netherlands . ... 4357

A Fuzzy Bipartite Weighted Graph Matching Approach to
Fingerprint Verification
Kuo-Chin Fan, National Central University;
Cheng-Wen Liu, National Central University, Taiwan;
Yuan-Kai Wang, Academia Sinica, Nankang 4363

Characterizing the Desktop Color Printer with Polynomial
Regression
Kyuseo Han, Electronics and Telecommunications
Research Institute; Hongki Kim, Byungho Kang,
Changrak Yoon, Jinseo Kim and Maengsub Cho,
Electronics and Telecommunications Research
Institute, Korea .........ccciivieaniinnns
On-line Defect Detection in Layered Manufactyring using
Process Signiture
Tong Fang, Rutgers University; Mohsen Jafari, Izzat
Bakhadyrov, Ahmad Safari, Stephen Danforth and

Noshir Langrana, Rutgers University, USA 4373



Increased Generalization through Selective Decay in a
Constructive Cascade Network
Nicholas K. Treadgold, The University of New South
Whales: T.D. Gedeon, The University of New South
Whales, Ausiralig . . ccoviveivsiinincimesns 4465

TA17: Image Segmentation and Classification

Chair: Qigang Gao

Skew Detection, Page Segmentation, and Script
Classification of Document Images
ChingY. Suen and B. Waked and S. Bergler and 5.
Khoury and C.Y. Suen, Concordia University,

Multiresolution Edge Detection and Classification: Noise
Characterization
Jose R. Beltran, Fernando BELTRAN and Angel
ESTOPANAN, University of Zaragoza, Spain .. 4476
Using Genetic Differential Competitive Learning for
Unsupervised Training In Multispectral Image
Classification Systems
Chih-Cheng Hung and Tommy L. Coleman, Alabama
Ad&M University, USA; Paul Scheunders, RUCA
University of Antwerp, Belgium .............

Knowledge Extraction From Scenery Images and the
Recognition Using Fuzzy Inference Neural Networks
Hirtashi Ivatomi, Keio University; Masafumi Hagiwara,
Keio University, Japan ... .............. 4486
Determining the Similarity of Point Patterns using Internal,
Nonmetric Representations: Preliminary Results
Stephen H. Levine, Tufts University; John G. Kreifeld:,
Keoun Nah and Lin Liu, Tufts University,
USA

Spatial-temporal Features by Image Registration and
Warping for Dynamic Gesture Recognition
Yu Huang, Tsinghua University; Yuanxin Zhu,
Guangyou Xu and Hui Zhang, Tsinghua University,
P Chingw , Fen A o S 4498

TP17: Visual Knowledge Representation and 3D Vision

Chair: Qigang Gao

Frequency Domain Representations of Surfaces
Clifton L. Kussmaul, Moravian College, USA; Todd R.
Reed, University of California, Davis, USA 4504

R&D of Versatile 3D Vision System VVV
Fumiaki Tomita, Takashi Yoshimi, Toshio Ueshiba,
Yoshihiro Kawai and Yasushi Sumi, Electrotechnical
Laboratory, Japan ................. Gaews 4510

Bayesian Attributed Hypergraphs: A Unified
Representation of Bayesian Networks and Hypergraphs for
Perceptual Grouping
Ramiro Liscano and Shadia Elgazzar, National
Research Council, Canada; Andrew K.C. Wong,
University of Waterloo, Canada ............

Visual Knowledge Representation Based on Perceptual
Organization

Qigang Gao, Dalhousie University, Canada ... 4524
Surface Reconstruction in Overlapping Range Images for
Generating Close-surface 3-D Object Models

Hongbin Zha, Kyushu University; Yoshinobu

Makimoto and Tsutomu Hasegawa, Kyushu University,
4530

Optimized Template Trees for Appearance Based Object
Recognition
Eugen Entelt, Technische Universitat Munchen; G.
Schmidt, Technische Universitat Munchen,
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TQ17: Image-Processing Applications

Chair: Hong-Bin Zha
Co-Chair: Ching Y. Suen

A Fast Rhomb-partitioning Fractal Image Compression
Method
Huagiu Deng, South China University of Technology;
Nan Xie and Wenhua Weng, South China University of
Technology, Ching . .. .cviiviiwsivinseinss 4542

A 2-D Adaptive Joint-process IIR Filter with Generalized
Lattice Structure
Kaisumi Yamashita, Universiry of the Ryukyus;
Tadashi Kinjye, Kazuhiro Asato and Hayao Miyagi,
University of the Ryukyus, Japan ... ......... 4545

Hough-based Registration of Retinal Images
JM. Keller, Universiry of Missouri, USA; J. Park and
P.D. Gader, University of Missouri-Columbia, USA;
R.A. Schuchard, University af Missouri-Kansas City,
L 4550
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Recognizing Humans by Gait Using a Statistical Approach
for Temporal Templates
Ping 8. Huang, University of Southhampton; Chris J.
Harris and Mark 5. Nixon, Univ. of Southhampton,
A R e e O R e At S 4 4556

Ship Detection in RADARSAT SAR Imagery
Qingshan Jiang, University of Sherbrooke; Shengrui
Wang, Djemel Ziou, Ali El Zaart, Goze Bertin Benie
and Michael Henschel, University of Sherbrooke,
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An Improved Zerotree Wavelet Image Coder based on
Significance Checking in Wavelet Trees
J.M. Zhong, The University of Hong Kong; C.H.
Leung, The University of Hong Kong, Hong Kong; Y.Y.
Tang, Hong Kong Baptist Uinversity,
Hong Kong .......... W e 4567

WAI17: Advances in Image Retrieval

Chair: David Pycock

An Efficient Retrieval Algorithm for Case Structures Using
TRIE
Masafumi Kovama, University of Tokushima: Kazuhiro
Morta, Shoji Mizobuchi and Jun-ichi Aoe, University of
Tokushima, Japan ....................... 4572
A Multi-stage Retrieval Algorithm for Postings on Index
Tables
Masao Fuketa, University of Tokushima; Takako Tsuji,
Kazuaki Ando and Jun-ichi Aoce, University of
Tokushima, Japan . ............ccovevunnns
Image Retrieval Using Topological Structure of User Sketch
Sue J. Cho, Seoul National University; Suk I. Yoo,

Seoul National University, South Korea 4584

Iconic Pictorial Retrieval using Multiple Attributes
Sam Y. Sung, National University of Singapore; W.M.
Soom, C.L. Tan and T.W. Ling, National University of
Singapore, Singapore ................0.... 4589

Texture Image Segmentation Method Based on Wavelet
Transformation and Neural Networks
Jing Zhang, University of Tokushima; Shinichiro Oe,

University of Tokushima, Japan ....... ... .. 4595
Texture Metrics

Yossi Rubner, Stanford University; Carlo Tomasi,

Stanford University, USA ............. censs 4601

WP17: Image Processing Methods and Applications

Chair: J. Keller
Co-Chair: Q. Gao

Analysis and Synthesis of Facial Expressions for MPEG-4
Sysiem
Lijun Yin and Anup Basu, University of Alberta,

Panoramic Image Mosaics via Complex Wavelet Pyramid
Paul Bao, The Polytechnic University of Hong Kong;
Dan Xu, Zhejiang University, P.R. China . . ... 4614

Estimating True Symmetry In Scale-Space
David Pycock, University of Birmingham; Ming Xu,
University of Birmingham, United Kingdom ... 4620

A Robust Hough Transform Technique for Multiple Line

Segment Description
Varsha Kamat Sadekar, GM Corporation . . ... ... *

Fuzzy Inference and Logical Level Methods for Binary
Graphic/Character Image Extraction
Byoung-Ho Kang, Elecironics and Telecommunications
Research Insritute; Gyu-Seo Han, Hong-Gee Kim,
Jin-5eo Kim, Chang-Rak Yoon and Maeng-Sub Che,
Electronics and Telecommunications Research
Institute, Korea

-------------------------

‘WQ17: Image Processing Methods and Innovations

Chair: Fumiaki Tomita
Co-Chair: J. Keller

Rate Control for a Video Coder Using Learning Autornata
Raj Chandramouli, University of South Florida; N
Ranganathan, University of Texas at El Paso, USA;
Sharad Kumar, University of South Florida,

USA

Managing Bandwidth Utilization for Image Transmission
David Pycock, University of Birmingham; M.N. Salous
and G.§. Cruickshank, University of Birmingham,
United Kingdomy) oo vavavoavisevsiviine

Fast and Parallel Video Encoding by Workload Balancing
Nelson H.C. Yung, The University of Hong Kong;
Kenneth K.C. Chu, The University of Hong Kong,
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Polynomial Predictive Filters: Complementing Technigue
to Fuzzy Filtering
Sami Vsliviita, Xiao Zhi Gao and Seppo J. Ovaska,
Helsinki University of Technology, Finland ... 4648

An Improved Hough Transform Technique based on Error
Propagation
Qiang Ji, University of Washingion; Robert M.
Haralick, University of Washington, USA ... ..

MA18: Research and Applications in Quality and
Reliability Engineering I

Chair: Alice E. Smith
Co-Chair: Elsayed A. Elsayed

Time Series Intervention Analysis for Preventive/Predictive
Maintenance Management of Multiunit Systems
0. Geaffrey Okoghaa and Xia Peng, University of

South Florida, [/SA 4659

Comprehensive Fleet Maintenance Management
C. Richard Cassady, Mississippi State University,
USA; Joel A. Nachlas, Virginia Polytechnic Institute &
State University, USA; W. Paul Murdock and Edward
A. Pohl, Air Force Institute of Technology,
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Reliability Models for Electric Power Production Costing
Mainak Mazumdar, University of Pittsburgh, USA;
Anoop Kapoor, GPU Energy, USA .......... 4670

Reliability Optimization of Computer Communication
Networks using Genetic Algorithms
Berna Dengiz and Fulya Altiparmak, Gazi University,
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ABSTRACT [3], textile fabrics [4]), lace [S], semiconductor

Direct Layered Manufacturing (LM)
additive manufacturing process where part is built layer

is an

by layer based on its CAD file. Indirect LM is a process
where mold for a part is built by direct LM process. In
this work we demonstrate a machine vision setup for
surface voids detection which can be used for surface
quality inspection of paris built by indirect LM and
certain direct LM techniques.

INTRODUCTION,

During last twenty vyear the use of Machine
for Industrial inspection applications has
progressed enormously. At the beginning its growth was
constrained by considerably high computational
requirements of image processing. But recently, due to
the extreme advances in computer technology and also

vision

dramatic decrease of computer prices, machine vision
systems has become more and more affordable and
popular. Now they are intensively used in industry,
significantly increasing the quality of manufacturing
processes,

of machine for
inspection applications are obvious: possibility of work
in hazardous environment, non-destructive process, and

Basic advantages vision

high precision. There have been a number of successful
applications of machine vision for inspection of surfaces
of aircraft bodies [1] and engines [2], technical ceramics

' All correspondence must be directed to this co-author

wafermaps [6], etc.

Layered Manufacturing (LM), or Solid Free-
Form Manufacturing (SFF), which is a new area in Rapid
Prototyping, has been widely explored recently. LM
process starts with a 3-D CAD model of a part. Currently
industrial standard for the CAD data is .STL format, the
collection of triangular facets, representing the surface of
the object. Then, CAD model is sliced into a set of 2-D
contours by intersecting it with set of horizontal planes.
Mext step is the toolpath generation — filling the interior
of each slice by lines of different patterns: contours and
rasters, At the fabrication stage, material is deposited
from the liquefier, following the toolpath, layer by laver.
The width of each deposited road depends on the width
of liquefier nozzle, material type and parameters, efc.
First, the boundary for each layer is fabricated following
the contour curve to achieve a better smoothness. Then,
the interior is filled by raster. Commonly, parts are
fabricated with 90" alternating rasters between
consecutive layers which results in a stronger part [7].
However, for some applications (e.g. piezoelectric
actuators) guite different tool-path generation methods
can be used. In indirect LM process the mold is built
using direct LM technique and part itself is produced
filling this mold.

It can be easily seen that errors in each layer in
direct LM process can be and must be detected and fixed
before going to consecutive layer. For some complicated

This work was supported by New Jersey Commission on Science and Technology under grant 4-26569
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parts LM process can take many hours, and for some
materials, e.g. ceramics, even a small number of defects
can be critical and can lead to a defective part. Hence,
quick and precise quality inspection of each layer
becomes very important step in the direct LM process.
Machine Vision seems to be the best candidate tool for
this inspection. Using optical sensing one will be able to
monitor each layer after it is built and before the next
layer is deposited, detecting defects and feeding back
their location and size information to machine in order to
correct them. The precision of optical equipment and
affordability of CCD cameras make this application quite
reasonable and promising. In indirect LM process
surface inspection can also be very useful. In some
applications, quality check of the mold and surface check
of the part itself may be necessary. Also, for some
materials used surface structure of part can reflect its
bulk texture, which makes surface inspection extremely
important step in the determination of part quality.

We studied square
experimental wrench sample. Green ceramic samples
were fabricated of PZT (piezoelectric ceramic) powder
with binder using direct LM technique with zero offset
between raster roads, i.e. offset between any two tool-
path raster roads was set equal to single road-width.
Thus, each actual raster road was supposed to touch the
adjacent roads, and any surface voids were not supposed
to occur. Raster and contour roads were designed to
overlap. Therefore, any voids on the surface can be
characterized as defects, and voids detection, performed
on each layer, would significantly increase the resulting

ceramic samples and

quality.

Wrench sample was fabricated of metallic
powder with binder by indirect LM technique. Assuming
uniformity of its structure, we can say, that the
distribution of voids on the wrench surface is similar to
one in its volume. Hence, performing surface inspection
on green sample of wrench would be helpful in
determining its quality, which is rather important for
hard tools.
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MACHINE VISION SETUP.

Machine Vision setup used in our study is
schematically shown on Fig.1. PULNIX TM-9701 CCD
camera with NAVSTAR optical magnifying and
A20520.2 lighting setup was used to illuminate the
sample surface. Two optical fiber goosenecks with
polarizing caps were used as a beam light sources,
directed at small angle to surface (~100) to make surface
voids appear distinctly on the image by double shading
them. (Fig.2.) This lighting setup is similar to ones used
in [1], [3]. Polarized light was used when inspecting
ceramic samples to remove glares caused by direct
reflection and obtain “smoother” image. We could not
use polarized light for wrench inspection because of
higher light absorption coefficient of its material,
significant light intensity loss during polarizing and
limited power of our light source.

Images were captured by |, Tech MV-2000 frame
grabber board and saved as 640x480 uncompressed
greyscale bitmap (.BMP) file, in which value of 0
corresponded to black color, 255 — to white color, and
values between 0 and 255 — to intermediate levels of
gray. Pixel size was set 10*10 ym for ceramic samples,
and to 15*15 ym for wrench sample.

Single image captured by the camera contained
only part of the sample surface, due to high precision
requirements, constrained FOV (field-of-view) of camera
and large sample size. Therefore, single images were to
be mosaiced into one large image of the whole surface.
In this work mosaicing was done manually by placing
the samples onto positioning table and capturing images
with certain horizontal and vertical shifts. In the on-line
process mosaicing will be performed by positioning the
camera, firmly attached to liquefier head, into certain
points above the sample being built and capturing single
images. Coordinates of these points can be calculated
based on slice data and camera's magnification and FOV
parameters. On-line mosaicing can be done with a rather
high precision due to high precision of the LM machine
positioning system. Also, no special sample-background
segmentation was made, given that information about the
slice contours would be provided in an on-line process.



IMAGE PROCESSING.

Image processing programs were written on
MathWorks MatLab script using MatLab Image
Processing Toolbox functions. Computations were
performed on Gateway2000 E-3100 computer with Intel
Pentiumll 266 MHz processor and 64 Mb of RAM.

Before processing, image of wrench was
enhanced. Due to “powder” structure of wrench material,
direct reflection from some metallic particles appeared as
small white spots, and absorption, presumably in
interparticle microcavities, appeared as small black
spots, forming “salt-and-peppa” noise on the input
image. (Fig.3) Therefore, median filter with 7x7 mask
was applied to remove this noise. (Fig.4) This filtering
step was especially necessary since it removed a large
number of small (1-3 pixel) black spots, which could be
wreated as defects and significantly slow down the
following defect analysis.

As a result of double shading, voids appeared on
the image as black spots, while the rest of surface
appeared gray. Unlike other voids detection works [1],
[3], where edge detection techniques were used to
determine voids, we applied thresholding operation to
form binary image containing voids (Fig.5) For wrench
sample inspection light was calibrated to use fixed
threshold value of 75, and for ceramic sample — of 55.
All pixels of greyscale value of threshold and less, was
assigned equal to | in binary image, and all others to 0.
Automatic calculation of threshold by histogram [4] was
not considered suitable in our application, since the
number of pixels in black spots was significantly less
than the number of gray pixels, and, hence, image
histogram would not have two distinct peaks. Choosing
threshold value by certain percentage of number of
pixels having greyscale value less than threshold, was
also not suitable, since the percentage of voids, and,
therefore, black pixels, was not known.

For labeling, we defined an object as a set of
pixels with values, equal to “17, where 4-connected
(considering only two horizontal and 2 vertical closest
neighbors) or 8-connected (considering also diagonal
neighbors) neighborhood of each pixel contains pixels of
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value “1”. Labeling operation changes all “1" valued
pixels of the specific object into specific number “n",
where n starts with 1 for the first found object and
increases by one for the next found object.

Since all objects are now different, we can now
extract each object’s features, such as size and location.
First. we scan the image, storing the number of times
each label value is found and the fist and the last x- and
y-coordinates it is found at, in an element of a vector
q[n], where q is the vector of certain characteristic. (size,
etc.) It is seen at once that these vectors are very useful
for the future analysis. Number of elements in the size
vector is number of voids found, and we are now able to
analyze the distribution of defect sizes. For example, the
largest or the smallest void, or the number of voids of a
certain size can be obtained easily and very quickly.
Hence, for further operation with a certain voids, e.g..
studying of a void shape, or generation of correcting
tool-path, we narrow our work area from the whole
image into a much smaller sub-image, which extremely
decreases the processing time.

Fig.6 shows labeled voids with a size > 10 pixels.

rectangles are marked with

Centers of constraining
circles. Figs.7-10 show the application of this detection

technigue to a sample made of ceramic material.

The structure of parts, fabricated by direct LM
process with different parameters, may be significantly
different than the ones studied in this work. For instance,
parts built with positive offset parameter, have gaps
between roads, which are made intentionally. These gaps
would be wrongly detected as errors by our method.
Also, setting negative offset parameter, i.. overlap of
adjacent roads, significantly decreases the risk of voids
occurrence, but causes bumps along the raster roads due
to double material deposition. These bumps can Cause
shadows, which would be detected as “false voids” by
this technique. For these cases, different methods using
texture approach and process signature analysis can be
applied [8].




CONCLUSION.

Machine Vision setup has been designed for
detection of surface defects (voids) in indirect and “zero-
offset” direct LM process. Use of special lighting
allowed exploring one-camera setup, which made
inspection process much faster and more affordable.
Computation efficient algorithms were designed and
used for image processing,
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Fig.1. Schematic Machine Vision setup. Fig.2. Double shading

Fig4. Filtered image of the wrench sample

Fig.5. Image of voids of the wrench sample Fig.6. Voids location for wrench sample
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Fig.10. Voids location for ceramic sample

Fig.9. Image of voids of ceramic sample
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