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I am pleased to share with you a copy of my NSF Progress Report for MRI/RUI Project
#0321385, Acquisition of robotics equipment for an Intelligent Systems Laboratory. As you
will see, although the first four months of the project have been hectic, we have also
accomplished so much in such a short time.

On behalf of my co-Pls, Drs. Renee Renner and Ramesh Varahamurti, [ would also like to
take this opportunity to thank you for all your encouragement and support of our NSF
Project. In particular, Dr. Renner and I truly appreciate your support for our research and
professional development endeavors that have led to this successful grant proposal. Your
support is exemplified by both (1) our trip to MIT to participate in Dr. Rodney Brooks'
summer program on Embodied Intelligence last Summer 1999, and (2) our trip to
Washington, D.C. with Dr. Melody Stapleton as our faculty mentor last Spring 2001 in an
attempt to gather grant criteria and make contacts with NSF, ONR, and others. Further,
your willingness to match NSF funds with faculty release time shows your solid support and
faith in our potential — all these are vital to the continued success of our project.

I look forward to a fruitful and successful Spring 2004 semester as we wrap up the first year
of our three-year project.

The California State University
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1 OVERVIEW

This project aims to acquire robotics equipment for an Intelligent Systems Laboratory
(ISL) that will facilitate the development of cross-disciplinary courses and provide exciting
collaborative research possibilities. The ISL enables both students and faculty to investigate,
design, and implement control algorithms using non-traditional techniques derived from
various subdisciplines of Artificial Intelligence, such as fuzzy logic, neural networks, genetic
algorithms, hybrid approaches, etc. The ISL also furnishes opportunities to work with people
from other disciplines. Such collaborative work gives students the experience of working
with non-majors on a joint project, an experience they will all need to be successful in their
careers. The robotics equipment acquired for the ISL will be used to support instruction of
both undergraduate and graduate students through new and recently modified courses in the
areas of Machine Intelligence, Intelligent Systems Design and Applications, Intelligent
Control, Autonomous Robots, and others. Robotics kits at the basic, intermediate, and
advanced levels are to be acquired to facilitate research, research training, and integrated
research/education activities at various academic levels. The PIs strive to increase the
number of students graduating with intelligent systems background. This goal is motivated
by an anticipated increase in the demand for (either solitary or cooperating) autonomous
mobile robots for a variety of tasks such as gathering data from potentially hazardous
environments, facilitating search and rescue missions, and others. The ISL will be used to
facilitate work with undergraduate students (who are either working on their senior project or
are involved with the Honors program) and graduate students on both new and ongoing
robotics projects. Collaboration with industry partners interested in investigating the
applicability of intelligent systems in their companies will also be encouraged.

This report covers part the first year of the project. During the first year, the Pls
planned to purchase and set up the basic and intermediate robotics equipment for the ISL and
visit robotics labs at universities in the local service area. The Pls also planned to develop
the curriculum for a course in Robotics and Machine Intelligence in preparation for offering
the course in the Spring 2004. Guest lectures by researchers from robotics labs the PIs visited
will be scheduled. The PIs also targeted preparation of paperwork regarding the formation of
the Institute for Research on Intelligent Systems (IRIS). The primary function of IRIS is to
manage the use of the ISL and to foster collaborative work between university constituents
and other institutions when opportunities arise to use the ISL as a resource for instruction or
research. Additionally, the PIs will finalize agreements for recruiting participants in Girls’
SRC, a Summer Robotics Camp for junior high school girls. This summer camp is part of the
PIs’ aggressive effort to recruit and retain underrepresented groups into the fields of computer
science and engineering.
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2 ORGANIZATION

Progress Report, Fall 2003

When the PIs submitted the proposal for this project to NSF last January 2003, they
anticipated starting the project July 1, 2004 if the proposal was accepted. NSF informed the
PIs last August 6, 2003 that their proposal was accepted with $346,188 in federal funding and
the project was to begin August 15, 2003.

Moving the start date of the project practically a year earlier than the PIs had planned
resulted in schedule changes and adjustments. The original plan was to have part of Summer
2004 to prepare for work in Fall 2004; the new start date required starting immediately in the
Fall 2003 semester. The most major effect this had was on scheduling course preparation and
course offering for CSCI 224, Robotics and Machine Intelligence [15], which will be offered
in Spring 2004 (originally planned for Spring 2005). The PIs had planned on offering this
course in the Intelligent Systems Lab (ISL) that they were supposed to setup and organize
over Summer and Fall 2004, but now only had Fall 2003 to do so. As of the writing of this
report, the ISL will be housed in O’Connell Technology Center (OCNL) Room 431.

Additionally, the PIs had to make changes to the robotics equipment they were
purchasing to outfit the ISL. Most of these adjustments are based on the fact that the PIs had
been working on their NSF grant proposal since Spring 2000 and some of the requested
robotics kits have become outdated and/or discontinued (e.g. see Table 1 for changes to the
basic kits). Other kits with additional features and capabilities have also become available.

Table 1: Adjustments made to the set of basic robotics Kkits.

Original kit(s)

Replacement kit(s)

30 LEGO Mindstorms
Robotics Invention System
(RIS) Deluxe Kits (#K3800)

- LEGO Mindstorms RIS 2.0
(#3804)

- LEGO Mindstorms Ultimate
Builder’s Set (#3800)

- LEGO Mindstorms Vision
Command Kit (#9731)

30 LEGO Mindstorms
Ultimate Accessories Kits
(#3801)

30 LEGO Mindstorms
Robotics Invention System
(RIS) Kits (#K9916) [23]

- LEGO Mindstorms RIS 2.0
(#3804)

- Remote Control (#9738)
- 9-volt Motor (#4176779)

- Capacitor (#9916)

- Large Wheels and Axles
(#10049)

- Beams (#10072)
- Cross Axles (#10074)
- Gear Wheels (#10076)

LEGO discontinued #3800
Ultimate Builder’s Set and
#9731 Vision Command Kit,
and so #K3800 RIS Deluxe Kit
was no longer available at the
time the project started. LEGO
also discontinued #3801
Ultimate Accessories Kit.

This replacement reduces the
number of LEGO pieces in each
basic robotics kit from 1224
(1179 from #K3800 and 45
from #3801) pieces to 906
pieces.
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Figure 1. The LEGO Mindstorms Robotics Invention System Kit [23].

Some of the biggest changes were the adjustments made to the intermediate robotics
kits (see Table 2). Additional studies on the original kits requested indicated that the
platforms were either more limited than anticipated or simply outdated. The replacement
robotics kits from TAB Electronics [36,37] and Lynxmotion [26] also accommodate a wide
variety of sensors for various mobile robotics experiments. The changes also increase the
number of intermediate robotics platforms from three to five (actually, the Sony AIBOs [32]
and the K-Team Kheperas [21] could be considered advanced robotics platforms).
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Figure 2. The TAB Electronics Build Your Own Robot Kit [36].
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Figure 3. The Lynxmotion Carpet Rover/Lynx 5 Combo Kit [26].

Figure 4. The Lynxmotion Hexapod 1 (OOPic-R) Kit [26].

Figure 5. The SONY AIBO ERS-220A (left) and ERS-7 (right) robots [32].
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Figure 6. The K-Team Khepera Il minirobot kit [21].

Table 2: Adjustments made to the set of intermediate robotics Kkits.

Original kit(s)

30 OWI Robotics WAO-G
Programmable Fuzzy Robot
Kits (#3-127) [27]

30 Living Machines
Descartes Robot Kits (#02-
00-000) [25]

30 AK Peters Rug Warrior
Pro Robotics Complete Kits
(#AK-RugWP: Complete)
[31]

Replacement kit(s)

30 TAB Electronics Build
Your Own Robot Kits (#3-
904)

- each powered by a BasicX-24
BASIC programmable
microcontroller [14]

8 Lynxmotion Carpet Rover /
Lynx 5 Combo Kits (#CRLS-
KT) [26]

8 Lynxmotion Hexapod 1 for
OOPic-R Combo Kits
(#H1CC-KT) [26]

3 Sony AIBO ERS-220A4
Programming Packages
(#ERS220APRGKIT) [32]

3 Sony AIBO ERS-7 Robots
(#ERS-7/W) [32]

6 K-Team Khepera Il
Minirobots (HERS-7/W) [21]

OWI Robotics’ WAO-G is much
more limited than originally
anticipated, and could be best
used as a good example rather
than a robot platform for the
ISL. The Descartes and the
Rug Warrior Pro platforms
have become outdated.

TAB Electronics offers the
Build Your Own Robot Kit
(BYORK) and the SUMO BOT,
both distributed by McGraw-
Hill and available through
Barnes and Noble,
Amazon.com, etc. These
platforms take a number of
sensors and actuators available
from companies like Parallax,
Jameco, etc.

The Sony AIBO platform
facilitates the formation of
Robo-Soccer student teams for
potential competitions.

The K-Team Khepera II
desktop robotics platform is one
of the most popular and highly
recommended research robots
available.

Acquisition of robotics equipment for an Intelligent Systems Laborator
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The PIs also recognized other items they overlooked that were not included in
calculating the original requested budget from NSF. These included such things as robot-
building electronics tools for the ISL, organizers and/or toolboxes for storing the LEGO
Mindstorms kits and partially-completed student projects, documentation equipment (digital
camera and video camera) for ISL-related activities and student competitions, and others.
Adjustments to the budget to handle this oversight will be detailed in the next section.

For the Fall 2003 semester, the following students were hired for ISL student research
assistant positions:

- Matt Bauer, Mechanical and Mechatronic Engineering, undergraduate
- Felipe Jauregui, Computer Science, graduate

+ Elena Kroumova, Computer Science, undergraduate

-« Alexis Winston, Computer Science, graduate

The three ISL PIs and the four ISL student research assistants collectively make up the ISL
research group. This research group was also broken up into three teams. Each PI was made
team leader to facilitate project management. The research group teams are:

+ Research Projects and Website Team — Juliano, Kroumova, Winston
« Institute (IRIS) and Summer Camp Team — Renner, Jauregui
« Hardware and Lab Planning Team — Varahamurti, Bauer

Additionally, with a number of student and faculty volunteers expressing interest in helping
out with this project, regular meetings were scheduled every Friday, 10:30am to 12 noon, in
OCNL 247. Organizational meetings (involving the research group) and general meetings
(research group plus any interested volunteers) were alternated each Friday. The ISL
currently has 24 volunteers in its mailing list (five are faculty of the College of ECT); five of
these volunteers, in particular, have been very active in helping out.

Most of the Fall 2003 semester was dedicated to the following tasks:

+ purchasing the basic and intermediate robotics platforms (see next section);

- working with administration and other faculty in setting up and organizing
details for housing the ISL in OCNL 431;

+ inventorying the basic (LEGO Mindstorms [23]) robotics platforms; and

+ assembling and inventorying some of the intermediate (TAB Electronics
BYORK:s [36] and a Lynxmotion Hexapod [26]) robotics platforms.

During the Fall 2003 semester, the College of Engineering, Computer Science, and
Technology (ECT) was in the process of combining and moving (computer) labs around

O’Connell Technology Center (OCNL). To facilitate this process, Dr. Mike Ward, Associate
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Dean of the College of ECT, organized a task force for the transition and planning for OCNL
431. This group consisted of the following people:

Elbert Chan, Computer Systems Technician, ECT Computing Services

Benjoe Juliano, Associate Professor, Computer Science

Dave Memmier, Electrical / Electronic Systems Technician, College of ECT

Renee Renner, Assistant Professor, Computer Science

Nick Repanich, Adjunct Instructor, Mechatronic Engineering

Ron Roth, Professor and Chair, Mechanical Engineering, Mechatronic Engineering,
and Manufacturing Technology

Jimmy Tan-atichat (Lab Transition Task Force Coordinator), Professor, Mechanical
and Mechatronic Engineering

Ramesh Varahamurti, Professor, Mechanical and Mechatronic Engineering

Mike Ward, Associate Dean, College of ECT

Larry Wear, Professor and Chair, Electrical and Computer Engineering

Dale Word, Assistant Professor, Electrical and Computer Engineering

The above group met regularly to discuss OCNL 431 issues such as the various possibilities
of organizing equipment in the lab, software needs, scheduling of courses in the lab,
hardware needs, and various others. As of the writing of this report, the ISL will be housed
in OCNL 431, which the task force has named the Intelligent Systems/Mechatronics Lab. To
clearly indentify progress and development in the ISL, Elena Kroumova, ISL undergraduate
student research assistant, worked with Dr. Juliano and spent most of her Fall 2003 semester
setting up and maintaining the ISL website [19] to detail ISL facilities, projects, contacts, etc.

The LEGO Mindstorms [23] kits were inventoried in detail in anticipation of ISL
users eventually misplacing some of the 800+ pieces per kit. Each LEGO Mindstorms
Robotics Invention System Kit (#K9916) actually consists of eight subkits (see Table 1), and
the factory packaging of the pieces do not necessarily make general sense. So, referring to
various online LEGO parts databases [22,24,30], a comprehensive parts list was developed
to inventory each of the LEGO Mindstorms RIS Kits that make up the basic robotics
platform. (A copy of the inventory sheet, developed by ISL undergraduate student research
assistant Elena Kroumova with PI Dr. Juliano, is included in the Appendix.)

Acquisition of robotics equipment for an Intelligent Systems Laborator Page 7
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Figure 7. Contents of a LEGO Mindstorms RIS Kit [23]
laid out in OCNL 214 for inventorying.

Faculty, students, and volunteers participated in these inventorying sessions in OCNL 214,
the Department of Computer Science Conference Room. OCNL 214 also provided
temporary space for use as an ISL meeting room. Additionally, OCNL 214 was used as an
“inventory central” area since OCNL 431, where ISL was to be eventually housed, would not
be available until the Spring 2004 Intercession period.

Alexis Winston, ISL graduate student research assistant, is working on automating the
inventorying system by developing a PHP-based interface to an Oracle database (see Figure
8). Portions of this web interface will only be available through the intranet (administration,
assignment of ISL equipment to reservation requests, processing of orders for missing parts,
etc.). Some limited information on availability of ISL equipment will be accessible through
the Web. Eventually, a proposal-based policy on requesting permission to use ISL equipment
will be developed and adopted.

Overall, the inventorying of ISL’s 30 LEGO Mindstorms RIS Kits [23] took more than

7 weeks to accomplish. Within this time frame, approximately 70 hours of student research
assistant work and over 200 volunteer student hours were alloted to get the task done.
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Intelligent Systems Laboratory

Online Inventory System

Browse items:

Inventory

Description Project  Sponso P

Lego Mindstorms Invention System Available None None
Lego Mindstorms Invention System Available None one
Lab Equipmernt Lego Mindstorms Invention System Avalable Ione Ione
Lego Mndstorms Invention System Available Mone None
Lego Mindstorms Invention System Available None None

Lego Mindstorms Invention System Available None None

Figure 8. Screen shot of a portion of a prototype ISL online inventory system.
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Figure 9. Students organizing LEGO Mindstorms RIS Kit [23] pieces
in OCNL 214 using Ziploc bags and an inventory sheet.
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Figure 10. Volunteer students helping out in the LEGO
Mindstorms RIS Kit [23] inventorying effort in OCNL 214.

Another task completed this Fall 2003 semester is the assembling and inventorying of
some of the intermediate robotics platforms. This task involved 30 TAB Electronics
BYORKs [36] and a Lynxmotion Hexapod 1 [26]. Of the 30 BYORKs assembled, twelve

Figure 11 Students assembling TAB Electronics BYORKSs [36] in CNL 214.
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Figure 12. Students debugging faulty_TAB Electronics BYORKs [36] in OCNL 214.

were “faulty,” with problems ranging from wheels only turning one direction to missing parts
like transistors or infrared sensors. Ben Wirz, co-developer of the BYORKSs, was contacted
regarding these problems. Replacement parts that can be used to fix these problems were
immediately sent by TAB Electronics. There were only some minor problems getting the
Lynxmotion Hexapod started; ISL undergraduate student research assistant Matt Bauer took
the lead in debugging and and testing this robot platform.

Dr. Renner, ISL Co-PI, is spear-heading the work on the charter for the Institute for
Research on Intelligent Systems (IRIS). As of the writing of this report, it seems that the
charter will be ready for evaluation by the faculty of the College of ECT in Spring 2004, for
submission to and approval by the CSUC Academic Senate in the same semester. Elena
Kroumova, ISL undergraduate student research assistant, has set up an IRIS website [17] that
details the role of IRIS relative to the ISL, the College of ECT, and the CSUC campus. A
copy of the draft version of the IRIS chapter is included in the Appendix.
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3 FINANCIAL REPORT

This project was appropriated $346,188 in federal funding for a three-year period
beginning August 15, 2003. The original funding requested in the proposal, reduced July
2003 from $437,535 to $346,254 as requested by NSF, is broken down as follows:

Table 3: Original requested funding from NSF.

YEAR 1 YEAR 2 YEAR 3 TOTAL
07/01/04 — 06/30/05 07/01/05 — 06/30/06 07/01/06 — 06/30/07

REQUESTED FUNDING FROM NSF

Equipment and Operating Expenses

Robotics Kits — Basic $10,495 $0 $0 $10,495
Robotics Kits — Intermediate $16,801 $0 $0 $16,801
Robotics Kits — Advanced $0 $199, 684 $0 $199, 684
Total Equipment $27,296 $199,684 $0 $226,979

Technical Support Personnel

2 Grad Students; base salary 03-04: $12/hour

Regular semester - 20 hrs/wk for 32 wks $15,360 $15,821 $16,295 $47,476)
Summer - 40 hrs/wk for 12 wks $11,520 511,866 $12,222 $35,607

2 Undergrads; base salary 03-04: $8/hour

Regular semester - 20 hrs/wk for 32 wks $5,120 $5,274 $5,432 $15, 825
Summer - 40 hrs/wk for 12 wks $3,840 $3,955 $4,074 $11,869
Total Technical Support $35,840 $36,915 $38,023 $110,778|

Fringe Benefits (if charged as direct costs)

Grads AY @ 7.67% $2,062 $2,124 $2,187 $6,372
Undergrads AY @ 7.67% $687 $708 $729 $2,124
Total Benefits $2,749 $2,831 $2,916 $8,497
ITOTAL REQUESTED FROM NSF $65,884 $239,430 $40,939 $346,254|

As indicated in the previous section, the Pls realized that they had overlooked some
items in calculating the original requested budget from NSF. In order to acquire these items,
Dr. Juliano submitted a CSUC Office of Sponsored Programs faculty development grant [5]
last October 2003. This request for almost $5,000 in operating expenses was formally
approved last December 8, 2003 for $4,468. The PI also decided to modify the number of
requested advanced robotics platforms in order to accommodate an internally-defined budget
line item for $8K+ in supplies. The allotment adjustments to the original requested funding
from NSF, as of this semester, is summarized in Table 4. Note that the overall total is not
equal to the actual award in order to cover any other unanticipated expenses for the duration
of the project.

Acquisition of robotics equipment for an Intelligent Systems Laborator
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Table 4: Allotment adjustments to the original requested funding from NSF.

YEAR 1 YEAR 2 YEAR 3 TOTAL
08/15/03 — 08/14/04 08/15/04 — 08/14/05 08/15/05 — 08/14/06

REQUESTED FUNDING FROM NSF

Equipment and Operating Expenses

Robotics Kits — Basic $8,038 $0 S0 $8,038

Robotics Kits — Intermediate $63,892 $0 S0 $63,892

Robotics Kits — Advanced $0 $143,495 S0 $143,495

Total Equipment $71,930 $143,495 $0 $215,425
Adjustments

Supplies $8,114 $0 $0 $8,114

Total Supplies $8,114 $0 $0 $8,114

Technical Support Personnel
2 Grad Students; base salary 03-04: $12/hour
Regular semester - 20 hrs/wk for 32 wks $15,360 $15,821 $16,295 $47,47¢
Summer - 40 hrs/wk for 12 wks $11,520 $11,866 $12,222 $35,607

2 Undergrads; base salary 03-04: $8/hour

Regular semester - 20 hrs/wk for 32 wks $5,120 $5,274 $5,432 $15,825
Summer - 40 hrs/wk for 12 wks $3,840 $3,955 $4,074 $11,869
Total Technical Support $35,840 $36,915 $38,023 $110,778]

Fringe Benefits (if charged as direct costs)

Grads AY @ 7.67% $2,062 $2,124 $2,187 $6,372
Undergrads AY @ 7.67% $687 $708 $729 $2,124
Total Benefits $2,749 $2,831 $2,916 $8,497
TOTAL REQUESTED FROM NSF $110,519 $183,241 $40,939 $334,700

A list of robotics equipment purchased during the Fall 2003 semester is summarized
in Table 5. As of the writing of this report, the ISL has a total of 85 robots in 6 platforms.
These platforms, also identified in Tables 1 and 2, include LEGO Mindstorms RIS Kits [23],
TAB Electronics BYORKs [36], Lynxmotion OOPic-R Hexapod Is [26], Lynxmotion Carpet
Rover 2/ Lynx 5 Combo Kits [26], Sony AIBO ERS-2204s [32], and K-Team Khepera 11
minirobots [21]. Based on Table 5, the total expenditure for the Fall 2003 semester is about
$50,000. Please note the subtotals and totals given in Table 5 do not include shipping costs,
indirect costs and incidentals.

Acquisition of robotics equipment for an Intelligent Systems Laborator
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Table 5: List of robotics equipment purchased during the Fall 2003 semester
(Note: Shipping costs and incidentals not factored into calculations below).

Robotics Equipment Budget - Adjusted
Phase 1: Basic Robotics Kit(s)
Item Unit Cost Qty Subtotal
LEGO MINDSTORMS Robotics Invention System Kit (#K9916) $229.00 30 $6,870.00
Total for Phase 1: $6,870.00
Phase 2: Intermediate Robotics Kit(s)
Item Unit Cost Qty Subtotal
AB Electronics Build Your Own Robot Kit (ISBN: 0-07-138787-0) $53.96 30 $1,618.80
NetMedia BasicX-24 BASIC Stamp (BX-24) $49.95 30 $1,498.50
NetMedia BasicX Software CD $19.95 1 $19.95
Parallax IR Buddy Pair (#28016) $47.20 15 $708.00
Parallax Serial Cable for BS2 Programming (800-00003) $8.00 10 $80.00
Parallax Compass AppMod (29113) $71.10 10 $711.00
Parallax Audio Amplifier AppMod (29143) $24.65 10 $246.50
Parallax SSIR Detector (#28019) $14.95 10 $149.50
K-Team Khepera Il robot kit (KheBasell) $1,709.21 6 $10,255.25
[K-Team Khepera General I/O Turret (KheGenlO) $259.60 2 $519.20
K-Team K2D B&W camera video turret (KheK2D-B) $2,510.18 2 $5,020.35
[K-Team Radio Turret (KheRadio) $1,180.00 6 $7,079.99
K-Team Radio Base (KheRadioB) $1,573.33 1 $1,573.33
[K-Team Khepera |l Rotating Contact (Kh2Rot) $303.94 6 $1,823.63
SONY AIBO ERS-220APRGKIT Programming Package $1,390.00 3 $4,170.00
SONY AIBO Master Studio 1.1 $349.00 1 $349.00
ONY AIBO ERS-210ABPGKIT Programming Package $1,448.00 3 $4,344.00
Lynxmotion Hexapod 1 (OOPic-R) Robot Combo Kit (H1CC-KT) $251.82 8 $2,014.56
Lynxmotion Carpet Rover 2 / Lynx 5 Combo Kit (CRL5-KT) $452.52 8 $3,620.16
Lynxmotion Ultrasonic Range Sensor (URS-01) $35.95 8 $287.60
Lynxmotion Single Ultrasonic Sensor Housing (URSH-03) $4.95 8 $39.60
Total for Phase 2: $41,784.92
GRAND TOTAL (Phases 1and 2) $48,654.92
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4 RESEARCH ACTIVITIES AND RESULTS

Although most of the Fall 2003 semester was spent on purchasing robotics equipment,
setup, assembling, and inventorying, there are still a number of research activities that have
started as a result of ISL and its current robotics equipment being available in the College of
ECT. As of the writing of this report, the following research activities are ongoing or
pending approval:

1. Precision farming [1]. Precision farming is the use of unmanned, autonomous
vehicles in farming. The purpose of this project is to focus on capacity building
research that would facilitate the development of an intelligent ground vehicle
capable of autonomously navigating in a field for a variety of tasks (e.g. pesticide
application, plowing, irrigation, harvesting, etc.). A CSU Agricultural Research
Initiative (ARI) grant proposal will be submitted in January 2004; ISL robotics
equipment will be used as proof of concept for various control algorithms under
consideration. This project also relates to potential student participation in the
Intelligent Ground Vehicle Competition (IGVC) [18].

2. Robotics and visualization [2,3]. Robotics and visualization are very closely
related to one another. Intelligent robotics systems need intelligent vision systems
in order to be considered intelligent. In particular, autonomous mobile robots for
search and rescue missions need highly coordinated and sophisticated vision
systems. The focus of this project is to secure and incorporate visualization
equipment in the ISL. This research area has a lot of potential applications in grid
computing, like Sun Grid Computing Solutions [35].

3. Multi-agent area coverage algorithms [8]. The main objective of this project is to
provide an academic framework for research into algorithms and hardware
appropriate for multi-agent robotic systems used in area-coverage applications. The
framework will address adaptability despite inherent fuzziness/ambiguity in the
environment, and cooperative robotic behaviors. Practical applications of this
technology to fields such as search and rescue, environmental exploration
operations, and environment mapping, will be taken into consideration.

4. Hybrid soft computing agents. Soft computing is any approach that combines
intelligent systems techniques such as fuzzy logic, neural networks, genetic
algorithms, and others, to solve highly complex problems. Dr. Renner has been
working on applications for ensembles of neural networks and hybrid systems with
Dr. Roman Neruda of the Institute of Computer Science of the Academy of
Sciences of the Czech Republic. During a recent research visit to CSUC, Dr.
Neruda informed the PI that he had been trying to secure a grant to purchase some
K-Team Khepera Il minirobots for use in hybrid soft computing agents research.
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When he found out that the ISL had recently acquired 6 Kheperas, Dr. Neruda
expressed interest in collaborative research on intelligent agents including work in
telerobotics (distributed control of robots through the Internet). Hybrid soft
computing agents have a lot of potential applications in grid computing, like Sun
Grid Computing Solutions [35].

The PIs anticipate good progress and positive results from the above research activities by the
time the next Progress Report is written.
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5 EDUCATIONAL IMPACT

The PIs are still developing the curriculum for CSCI 224, Robotics and Machine
Intelligence [15]. This course is currently scheduled to be offered in the Spring 2004
semester, Tuesdays and Thursdays, 11:00 am to 12:15 pm in OCNL 431. The course will be
co-taught by the three PIs. One of the main objectives the PIs have for this course is to
provide students with a multidisciplinary experience working on more than one robotics
platform in solving problems that relate to search and rescue.

At the start of the semester, the PIs had somewhat agreed to expose students in CSCI
224 to the following robotics platforms:

LEGO Mindstorms RIS Kit (see Figure 1) [23];
TAB Electronics BYORKSs (see Figure 2) [36]; and
TAB Electronics SUMO BOT (see Figure 13) [37].

The first two robots listed above will be available in the ISL for students to use during the
class sessions. The students were going to be required to purchase the $99 SUMO BOT [37]
at the start of the semester. The philosophy behind this decision was to provide the students
with a reasonably-priced robot for use in the class as well as to take home to experiment with.
Further, at the end of the semester, students will still have this robot platform to continue
experimenting with.

BUILD YOUR OWN
PROGRAMMABLE
EMOTE-CONTROLLED
0:BOT

Figure 13. The TAB Electronics SUMO BOT Kit [37].

Acquisition of robotics equipment for an Intelligent Systems Laborator Page 17



NSF MRI/RUI 03-21385 (Juliano, Renner, Varahamurti) Progress Report, Fall 2003

The ISL research group was invited by Parallax, Inc. to visit their headquarters in
Rocklin, CA (details of the visit given in next section). As a result of this visit, the PIs are
considering the use of some of the Parallax robots and robotics curriculum materials to
replace the TAB robots — particularly since the TAB robots do not have an accompanying
curriculum. The robots in consideration are:

« Parallax Boe-Bot Full Kit (#28132; see Figure 14) [28]; and
« Parallax SumoBot (#27400; see Figure 15) [29].

In particular, the Boe-Bot Full Kit includes two textbooks published by Parallax [12,13] that
could be used to supplement the CSCI 224 curriculum. Perhaps the biggest concern is that
the educational price for the Parallax Boe-Bot is almost twice the price of a TAB BYORK,
and the PIs desire a platform that is affordable for the students. Discussions with Parallax
regarding additional educational discounts and/or bulk pricing are ongoing as of this writing.

Figure 14. The Parallax Boe-Bot Full Kit [28].

The current status and content of the CSCI 224 curriculum is available online [15].
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Figure 15. The Parallax SumoBot Kit [29].

Additionally, invited lectures/presentations have been given related to the ISL. Last
October 15, 2003, Dr. Juliano delivered a presentation for the Upsilon Pi Epsilon Computer
Science Lecture Series [4]. The talk focused on the development of the ISL, where the lab
will be housed, and expectations in the coming years. Felipe Jauregui, ISL graduate student
research assistant, also delivered ISL-related invited lectures to on-going classes in
Programming Languages [10] and Introduction to Artificial Intelligence [11]. The ISL
research group anticipates future involvement in giving invited lectures, and possibly mini-
tutorials on robotics, as the ISL becomes more visible to the university and surrounding
community.
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6 OUTREACH AND DISSEMINATION OF RESULTS

Under the direction of Dr. Renner, co-PI of this project, Felipe Jauregui, ISL graduate
student research assistant is working on various details of the Summer Robotics Camp that is
scheduled to be offered in Summer 2004. In particular, Felipe Jauregui and Elena Kroumova
worked with the CSUC Mathematics Engineering Science Achievement (MESA) office to
put together a tentative plan, and to get ideas and assistance in sponsoring a summer camp for
junior high school girls. Felipe and Elena worked with the following people:

Paul Villegas, MESA Engineering Program (MEP) and MESA Schools Program
(MSP) Director;

Teresita Curiel, MSP Program Director;

Stephen Thomas, MSP Academic Coordinator; and

Lupe Jimenez, CSUC MEP & MSP Associate Director

Tentative ideas and logistics plans were discussed with Drs. Juliano and Renner. The CSUC
MESA office has agreed to provide the ISL some support for the Summer Camp by providing
suggestions in camp management and logistics, funding for some snacks for the kids during
the camp, contact information for potential target junior high schools, and other invaluable
information.

As mentioned in the previous section, the ISL research group was invited by Parallax,
Inc. to visit their headquarters in Rocklin, CA. The ISL research group met with

Erik Wood, Marketing;
John Barrowman, Engineering; and
Kris Magri, Curriculum

The ISL research group spent more than three hours with the group on what would normally
be a two-day session. The Parallax robots currently in consideration by the PIs, for use in
teaching CSCI 224 in Spring 2003, is discussed in the previous section. The Pls are
negotiating with Parallax to bring the educational discount price of the Boe-Bot Full Kit as
close to $150 as possible. Additional potential collaborations with Parallax are still being
discussed as of the writing of this report. One of these include the development of a Robotics
and Machine Intelligence textbook based on a Parallax robotics platform.
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The ISL PIs were also invited to visit Sun Microsystems in Santa Clara last December
12, 2003. This trip was the idea of Dr. Ken Derucher, Dean, College of ECT, and Grace
Caulfield, Global Education and Research. Ms. Caulfield wanted to discuss ways in which
Sun Microsystems could get involved with the ISL and ISL-related computing activities. The
people who flew to Sun are:

+ Rick Bosetti, Team Solutions (Sun distributor)

- Benjoe Juliano, Computer Science

- Renee Renner, Computer Science

« Jerry Ringel, CSUC Library Systems, Student Computing, and User Support
Services

«  Melody Stapleton, Computer Science

Jerry Ringel was there to represent Bill Post, CSUC Information Resources, in order to
determine any possibilties for working with Sun on either campus computing infrastructure
or a campus portal project. Drs. Juliano and Renner were particularly interested in potential
reconfiguration of the College of ECT Sun Ray [33] ultra-thin clients and Sun servers to use
Sun N1 technology [34] to bring together Solaris-, Linux-, and Windows-based application
servers hosting thin clients. Such a setup provides students and faculty access to a variety of
instructional and research tools available from multiple platforms using a single thin client.
Additionally, Drs. Juliano and Renner are also interested in Sun Grid technology [35] for
testing/running complex algorithms in intelligent systems, and use in data visualization and
intelligent vision [2,3].

Unfortunately, due to the hectic first semester of this project, the ISL research group
was not able to schedule any visits to neighboring robotics labs. The successful trips to
Parallax and to Sun Microsystems has definitely provided the group with sufficient incentive
to pursue plans to visit robotics research labs beginning this Spring 2004 semester.

As of the writing of this report, Dr. Juliano is involved in organizing a special session
on Soft Computing Applications in Mobile Robotics [20] for the International Conference
on Computational Science and its Applications, ICCSA 2004, scheduled for May 14 - May
17,2004 in S. Maria degli Angeli, Assisi (PG), Italy. The special session focuses on soft
computing-related empirical and theoretical studies aimed at solving challenges in mobile
robotics, including (but not limited to) the areas of (1) data-acquisition and information-
processing mechanisms underlying cognitive abilities like perception, recognition,
information storage and information retrieval; (2) learning and acquisition of approximate
models of the surrounding environment; (3) cooperative (or collaborative) problem solving;
(4) cooperative (or collaborative) target sensing and identification; and/or (5) on-the-fly
behavior modification. The PI hopes to establish collaboration with participants of the
session and the conference. (A copy of the CFP is provided in the Appendix.)
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APPENDIX: Original Timeline

Acquisition of robotics equipment for an Intelligent Systems Laboratory

Summarized Timeline

YEAR 1

RESEARCH ACTIVITIES
*Visit U.C. Berkeley’s Robotics and Intelligent Machines
Lab (http://robotics.eecs.berkeley.edu/), Stanford’s Robotics
Lab (http://robotics.stanford.edu/), and USC’s Institute for
Robotics and Intelligent Systems (http://iris.usc.edu/iris.html)

eSubmit paperwork regarding the formation of an /nstitute
for Research on Intelligent Systems (IRIS) to CSUC
Academic Senate.

e Attend domestic/international conferences/workshops.

EDUCATION ACTIVITIES
eSummer 2004: Procurement, setup, and familiarization
with robotics equipment.

eFall 2004: Develop curriculum for CSCI 224, Robotics
and Machine Intelligence; recruit people and setup
curriculum for Summer Robotics Camp; finalize
agreements with local junior high schools to determine the
process of student selection for the Summer Robotics
Camp.

oSpring 2005: Administer CSCI 224, Robotics and Machine
Intelligence; attend area robotics society events and begin
recruiting students for future robotics competitions; set up

guest lectures by robotics researchers from visited robotics
labs.

YEAR 2

RESEARCH ACTIVITIES
+Visit Planetary Robotics Lab (PRL) at NASA’s Jet
Propulsion Lab (JPL), Cal Tech

*Organize student participation in robotics competitions in
the area

eInvestigative studies in building teams of cooperating,
intelligent agents (simulated agents and mobile robots)

e Attend/present at domestic/international conferences
and/or workshops.

EDUCATION ACTIVITIES
oSummer 2005: Administer Summer Robotics Camp;,
prepare any revisions to CSCI 224 based on experience
administering the course last Fall.

oFall 2005: Advise/Engage students in robotics projects
through CSCI 190 (Directed Individual Programming),
ME/MECA 289 (Directed Engineering Experience), ECE
290/291 (Senior Project), or CE/CSCI/ECE/ME/ MECA
299H (Honors Project) — ongoing until completion of
project.

oSpring 2006: Administer CSCI 397, Seminar in Advanced
Topics, cross-listed with ME 397, Advanced Topics in
Mechanical Engineering, and CSCI 397, Seminar in
Advanced Topics.

YEAR 3

RESEARCH ACTIVITIES
eContinue studies in building teams of cooperating,
intelligent agents (simulated agents and mobile robots)

ePrepare and finalize grant/project report.

ePresent at domestic/international conferences and/or
workshops.

EDUCATION ACTIVITIES
oSummer 2006: Administer Summer Robotics Camp.

oFall 2006: Administer CSCI 224; organize student
participation in area robotics society events/competitions.

oSpring 2007: Administer CSCI 298, Advanced Topics in
Computer Science, cross-listed with MECA 298, Advanced
Topics in Mechatronics.
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CSU,Chico's Intelligent Systems Laboratory http://isl.ecst.csuchico.edu/
APPENDIX: ISL Website

cp CALIFORNIA STATE UNIVERSITY, CHICO

College of Engineering, Computer Science, and Technology
INSTITUTE FOR RESEARCH ON INTELLIGENT SYSTEMS

Intelligent Systems Laboratory
O'Connell Technology Center, OCNL 431

of bofs:

http://isl.ecst.csuchico.edu/

$

WELCOME

PEOPLE

FACILITIES

PROJECTS

CONTACTS

LINKS

SITEMAP

Questions or problems regarding this web site should be directed to the Webmaster.
Copyright © 2003 California State University, Chico. All rights reserved. Last update 11/28/2003

lofl 12/19/2003 8:30 PM
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Institute for Research on Intelligent Systems http://iris.ecst.csuchico.edu/index.html
APPENDIX: IRIS Website

 CALIFORNIA STATE UNIVERSITY, CHICO

College of Engineering, Computer Science, and Technology

INSTITUTE FOR RESEARCH ON INTELLIGENT SYSTEMS

WELCOME
PEOPLE
LABORATORY
PUBLICATIONS
COURSES
SUMMER CAMP
NEWS

JOBS
CONTACTS
LINKS

SITEMAP

Questions or problems regarding this web site should be directed to the Webmaster.
Copyright © 2003 California State University, Chico. All rights reserved. Last update 11/09/2003

lofl 12/19/2003 8:33 PM
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APPENDIX: IRIS Charter

DRAFT
12/19/2003

CHARTER

1. Entity's Name:

Institute for Research on Intelligent Systems (IRIS)

2. Description:

The Institute for Research on Intelligent Systems, or IRIS, oversees the College of Engineering,
Computer Science, and Technology's Intelligent Systems Lab (or ISL). In particular, IRIS handles
policies and management issues pertaining to the ISL. IRIS shall also serve as an advocate for
curriculum, research, outreach, and projects related to the ISL.

MISSION / VISION

»  Mission: Leading — within the CSU System — in the discovery, development, analysis, and
integration of accesible intelligent systems research and technologies (e.g. autonomous
robotics applications) for use in the community and the industry.

« Vision: To provide high-quality regional, national, and international research and
instructional services in intelligent systems design, analysis, and implementation.

OBJECTIVES

- manage the use of the ISL and all equipment under the jurisdiction of the ISL (i.e. all
instrumentation and equipment secured through ISL-related contracts and grants);

- foster collaborative work within the College of ECT;

- assist in forming partnerships for funded projects with regional industries, federal, state, and
local agencies;

- serve as a liaison to constituents when opportunities arise to use the ISL as a resource
for instruction or research;

- outreach and recruitment for the ISL and related curriculum/majors;

« oversight of camps, seminars, workshops, and curriculum decisions related to ISL and its
mission;

« provide a venue for mentoring and guiding student projects for competitions;

- provide a venue for assisting in funding and travel opportunities for competitions and
conferences;

+ dissemination of ISL, IRIS, and curriculum-related news and activities.
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ORGANIZATIONAL STRUCTURE

California State University, Chico

College of Engineering, Computer
Science, and Technology

Institute for Research on

Intelligent Systems (IRIS)
% Community Partners

Intelligent Systems Lab Industry Partners
(ISL) Y

IRIS will have a Board of Directors that will consist of the three (3) PIs (see list of Contacts
below), one (1) full-time faculty representative from a Department of the College of ECT, and one (1)
full-time faculty representative from a Department outside of the College of ECT. The three (3)
PIs are permanent lifetime members, replaced only if they resign their position or leave the
College of ECT. The other two faculty members on the Board are positions nominated and voted
annually by faculty of the College of ECT. Each of these two positions has a staggered two-year
term, with the non-ECT position starting initially as a one-year term. The Board shall always consist
of a majority of faculty from the College of ECT.

The Director of IRIS will be a member of the Board who is a full-time, tenured faculty from a
Department of the College of ECT. The Director is nominated and elected by the Board for a five-
year term. The first Director is one of the Pls and is decided by the three (3) Pls.
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3. Contact(s):

Dr. Benjoe A. Juliano, Associate Professor
CSUC Department of Computer Science
Chico, CA 95929-0410

Tel. 530 898-4619 Fax. 530 898-5995
E-mail: Juliano@csuChico.edu

URL: http://www.ecst.csuchico.edu/~juliano

Dr. Renee S. Renner, Assistant Professor
CSUC Department of Computer Science
Chico, CA 95929-0410

Tel. 530 898-5419 Fax. 530 898-5995
E-mail: Renner@csuChico.edu

URL: http://www.ecst.csuchico.edu/~renner

Dr. Ramesh Varahamurti, Professor

CSUC Department of Mechanical Engineering and Mechatronics
Chico, CA 95929-0789

Tel. 530 898-6353 Fax. 530 898-4070

E-mail: rVarahamurti@csuChico.edu

URL: http://www.ecst.csuchico.edu/~rameshv

4. University Relationship:

IRIS will enhance the infrastructure for research within the College of ECT by facilitating
collaboration with other institutes and centers within the College like (1) the Center for
Manufacturing Excellence, (2) the IBM Corporation Networks Laboratory, and (3) the McLeod Institute
of Simulation Sciences. Likewise, IRIS will facilitate collaboration with other institutes and centers
within and around the CSUC campus.

IRIS will coordinate dissemination of results and progress with ISL-related projects and research
through appropriate conference Proceedings and other peer-reviewed publications, as well as through the
IRIS and ISL websites'. These websites will facilitate online access to electronic versions of these
publications/reports and presentations, including a list of projects, contacts, details of the summer
robotics camp (including a link to the summer camp's WebCT website), and other related information.
An [RIS Annual Report will be submitted to the Dean of the College of ECT for distribution to university
constituents, the community, and industry partners. Student involvement in robotics competitions and
the summer camp will also be publicized with media coverage whenever possible.

1 The ISL website is at http://isl.ecst.csuchico.edu/ and the IRIS website is at
http://iris.ecst.csuchico.edu.
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ICCSA 2004: Soft Computing Applications in Mobile Robotics http://www.ecst.csuchico.edu/~juliano/ICCSA/

1of2

APPENDIX: ICCSA 2004 CFP

CALL FOR PAPERS

(See extended deadlines below)

SOFT COMPUTING APPLICATIONS IN MOBILE ROBOTICS

A Special Session of the

2004 International Conference on

Computational Science and its Applications
(ICCSA 2004)

S. Maria degli Angeli
Assisi, Italy
May 14 - May 17, 2004

Session Chair:
Benjoe Juliano
Juliano@csuChico.edu

This session focuses on various applications of soft computing in the area of mobile robotics. Ongoing work combining
fuzzy logic, neural networks, genetic algorithms, etc. to solve problems in cooperation, search and rescue, and others will
be highlighted. Of particular interest will be applications to groups of coordinated, cooperating mobile robots subjected to
unknown, dynamic environments.

If you or someone you know are engaged in soft computing-related empirical and theoretical studies aimed at solving
challenges in mobile robotics, including (but not limited to) the areas of

data-acquisition and information-processing mechanisms underlying cognitive abilities like perception,
recognition, information storage and information retrieval

learning and acquisition of approximate models of the surrounding environment

cooperative (or collaborative) problem solving

cooperative (or collaborative) target sensing and identification

on-the-fly behavior modification

with possible applications (including, but not limited) to multi-agent

decision analysis

dynamic systems modeling & diagnosis

intelligent control

machine vision

signal processing

system identification

search-and-rescue (or similar area-coverage applications)

you are encouraged to submit a paper title and a short (a few sentences) abstract by December 20, 2003 to express interest

12/19/2003 2:19 PM


Dr.J
APPENDIX: ICCSA 2004 CFP


ICCSA 2004: Soft Computing Applications in Mobile Robotics http://www.ecst.csuchico.edu/~juliano/ICCSA/

2 0f 2

APPENDIX: ICCSA 2004 CFP
in participating.

Send submissions/proposals/inquiries to

Dr. Benjoe Juliano
Juliano@csuChico.edu
Department of Computer Science
California State University - Chico
Chico, CA 95929-0410
U.S.A.

Please take note of the following important dates:

December 20, 2003 - Title and short abstract submission deadline.
January 15,2004 - Full paper submission deadline.

February 10, 2004 - Notification of acceptance.

February 25, 2004 - Camera-ready papers and pre-registration due.
May 14-17,2004 - ICCSA 2004 in S. Maria degli Angeli, Assisi, Italy.

Full papers must be submitted by January 15, 2004 in order to be considered for publication in the Lecture Notes in
Computer Science series (LNCS), Springer-Verlag. Submitted papers must be formatted according to the rules of LNCS
(see http://www.springer.de/comp/lncs/authors.html). Every paper will be refereed by at least two independent
reviewers.
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