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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 PlIs 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 Pls visited
will be scheduled. The PIs also targetted 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

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 practcially 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, 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 30 LEGO Mindstorms LEGO discontinued #3800
Robotics Invention System Robotics Invention System Ul lﬁmateﬁ”ﬂde’” s Set and.
(RIS) Deluxe Kits (#K3800)  (RIS) Kits (#K9916) #9731 Vision Command Kit,
and so #K3800 RIS Deluxe Kit
- LEGO MindSl‘Ol”mS R[S 20 - LEGO MindSl‘Ol”mS R[S 20 was no longer available at the
(#3804) (#3804) time the project started. LEGO
- LEGO Mindstorms Ultimate - Remote Control (#9738) ";}?O_ dlscclllltmued #38?{1.
; ’ timate Accessories Kit.
Builders Set (#3800) - 9-volt Motor (#4176779) .
- LEGO Mindstorms Vision . This replacement reduces the
Command Kit (#9731) - Capacitor (#9916) number of LEGO pieces in each
- Large Wheels and Axles basic robotics kit from 1224
(#10049) (1179 from #K3800 and 45
; from #3801) pieces to 906
30 LEGO Mzndstorms . - Beams (#10072) . )P
Ultimate Accessories Kits p :
(#3801) - Cross Axles (#10074)
- Gear Wheels (#10076)
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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 [] and Lynxmotion [] 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 4/BOs and the K-Team
Kheperas could be considered advanced robotics platforms).

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

Original kit(s)

Replacement kit(s)

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

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

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

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

- each powered by a BasicX-24
BASIC programmable
microcontroller

8 Lynxmotion Carpet Rover /
Lynx 5 Combo Kits (#CRLS5-
KT)

8 Lynxmotion Hexapod 1 for
OOPic-R Combo Kits
(#HI1CC-KT)

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

3 Sony AIBO ERS-7 Robots
(HERS-7/W)

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

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 SUMOBOT,
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 11
desktop robotics platform is one
of the most popular and highly
recommended research robots
available.

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
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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:

1. Matt Bauer, Mechanical and Mechatronic Engineering, undergraduate
2. Felipe Jauregui, Computer Science, graduate

3. Elena Kroumova, Computer Science, undergraduate

4. Alexis Winston, Computer Science, graduate

The 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 (PIs and grant-funded student research assistants) and
general meetings (organizational team and any volunteers) were alternated each Friday.

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

1. purchasing the basic and intermediate robotics platforms (see next section);
2. working with administration and other faculty in setting up and organizing
details for housing the ISL in OCNL 431;
. inventorying the basic (LEGO Mindstorms) robotics platforms; and
4. assembling and inventorying some of the intermediate (TAB Electronics
BYORKSs and a Lynxmotion Hexapod) robotics platforms.

98]

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
Dean of the College of ECT, organized a task force for the transition and planning for OCNL
431. This group consists of the following people:

Elbert Chan, Computer Systems Technician, ECT Computing Services
Benjoe Juliano, Associate Professor, Computer Science

Dave Memmer, Electrical / Electronic Systems Technician, College of ECT
Renee Renner, Assistant Professor, Computer Science

Nick Repanich, Adjunct Instructor, Mechatronic Engineering

Nk =
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6. Ron Roth, Professor and Chair, Mechanical Engineering, Mechatronic
Engineering, and Manufacturing Technology
7. Jimmy Tan-atichat (Coordinator), Professor, Mechanical and Mechatronic
Engineering
8. Ramesh Varahamurti, Professor, Mechanical and Mechatronic Engineering
9. Mike Ward, Associate Dean, College of ECT
10. Larry Wear, Professor and Chair, Electrical and Computer Engineering
11. 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.

The LEGO Mindstorms 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, refering to
various online LEGO parts databases [Ldraw.org, LUGNET, peeron.com], a comprehensive
parts list was used to inventory each of the LEGO Mindstorms RIS Kits that make up the
basic robotics platform. (A copy of the inventory sheet, developed by one of the student
research assistants, is included in the Appendix.)

-
o £ \‘.-Ju.‘«";l\ =s §&
Figure 1. Contents of a LEGO Mindstorms RIS Kit

laid out in OCNL 214 for inventorying.
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Faculty, students, and volunteers participated in these inventorying sessions in OCNL 214,
the Department of Computer Science Conference Room. OCNL 214 provided temporary
space for use as a meeting room. OCNL 214 was also 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.

iy 2 ORY 7 f [ .
f;‘.'v_f_'?qo : 'y X

AR p i ‘ i A - _"_jx / /
Figure 2. Students organizing LEGO Mindstorms RIS Kit pieces
in OCNL 214 using Ziploc bags and an inventory sheet.

Overall, the inventorying of the LEGO Mindstorms RIS Kits took more than 7 weeks
to accomplish. Within this time frame, XXX hours of student research assistant hours and
YYY hours of volunteer student hours were alloted.
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Flgure 3. Volunteer students he ping out in the LEGO
Mindstorms RIS Kit 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
BYORKSs and a Lynxmotion Hexapod. Unfortunately, of the 30 BYORKSs assembled, twelve

Figure 4. Students assembling TAB Electronics BYORKS in ONL 214.
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Figure 5. Studets debugging faulfy TAB Electronics BYORKs 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.
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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,
the PI submitted a CSUC Office of Sponsored Programs faculty development grant
[CSUC/OSP proposal] last ???. This request for $4.4K in operating expenses was formally
approved last December 8, 2003. 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. The overall total is not equal to the actual
award in order to cover any other unanticipated expenses for the duration of the project.
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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 $0 $8,038
Robotics Kits — Intermediate $63,892 $0 S0 $63,892
Robotics Kits — Advanced 30 $143,495 $0 $143,495
Total Equipment $71,930 $143,495 $0 $215,425
IAdjustments
Supplies $8,114 S0 $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 $47,476|
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 $2,1244
Total Benefits $2,749 $2,831 $2,916 $8,497
TOTAL REQUESTED FROM NSF $110,519 $183,241 $40,939 $334,700

The following robotics equipment were purchased during the Fall 2003 semester:

Acquisition of robotics equipment for an Intelligent Systems Laboratory
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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
[TAB 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/0 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 Il Rotating Contact (Kh2Rot) $303.94 6 $1,823.63
ISONY AIBO ERS-220APRGKIT Programming Package $1,390.00 3 $4,170.00
ISONY AIBO Master Studio 1.1 $349.00 1 $349.00
ISONY 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

Student hires and work, hours
Volunteer hours

4 RESEARCH ACTIVITIES AND RESULTS

Ongoing projects, proposals, etc.: CSU ARI, Challinger proposal, ROAMFREE, ...
5 EDUCATIONAL IMPACT

CSCI 224 curriculum and status

6 OUTREACH AND DISSEMINATION OF RESULTS
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Summer robotics camp
Parallax trip
Sun Microsystems — Grace Caulfield
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Summarized Timeline

YEAR 1

RESEARCH ACTIVITIES
oVisit 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.eduf/iris.html)

eSubmit paperwork regarding the formation of an Institute
Jfor Research on Intelligent Systems (IRIS) to CSUC
Academic Senate.

eAttend 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

eQrganize student participation in robotics competitions in
the area

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

eAttend/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
eSummer 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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