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Mentoring Undergraduates in Computer Vision
Research

Mubarak Shah and Kevin BowygfFellow, IEEE

Abstract—The future of our society will be shaped by the young etc. Currently popular textbooks in computer vision include [3],
and talented minds going through our colleges and universities [6], [5], [4].
today. During the last 14 years roughly 130 undergraduate students This paper describes the experience gained with NSF-funded
from several institutions have participated in our research experi- REU - he | 14 One hundred thi d
ences for undergraduates (REU) program funded by the National projects over the last yef”lrs'_ ne u.n re _t irty under-
Science Foundation (NSF). A large fraction of our students have graduate students from several institutions in Florida and out-
been able to prepare a paper for submission to a conference, haveside Florida, and six faculty members (five from Florida insti-
the paper accepted, and then attend the conference to present thetytions and one from out of state) have participated in our REU

paper. Several participants have even accomplished enough sub-i,yiacts. This extensive experience has helped to focus our ideas
stantial research to result in journal publications. Many past par- f what traits lead t ful .
ticipants are now pursuing graduate studies at various institutions. ofwhat traits lead {o a successiul experience.

In this paper, the REU model is described in detail; some examples
of student success are discussed; and some observations are suny Project Details
marized. ’
Index Terms—Computer vision, National Science Foundation 1S Project was started by M. Shah as the sole principal in-

(NSF), research experiences for undergraduates (REU), under- Vestigator in 1987, during his first year as an Assistant Pro-
graduate research. fessor. In fact, the REU grant was the first grant he received.

During the first year, four students from UCF and three stu-
dents from other nearby undergraduate institutions (Florida In-
stitute of Technology, Melbourne; Stetson University, DeLand;
N 1987, NSF started a new program, reand Rollins College, Winter Park) participated in this program.
search  experiences for undergraduates (REDQuring 1989 to 1990, two other faculty members: K. Bowyer
(http://www.nsf.gov/home/crssprgm/reu/proganno.htm férom the University of South Florida, and K. Ganapathi from
more information). The goal of the REU program is ttetson University also joined the project. Undergraduates from
encourage talented students to pursue graduate studies @hghree institutions (UCF, USF, Stetson) participated in the pro-
realize their full potential in this regard. There are two types gfram. All three universities contributed matching funds to the
REU grants: supplements and site grants. REU supplemepitsject in terms of additional student support, equipment, and
to existing research grants can be obtained to support onertivel, but not for faculty salary. The project continued with the
two undergraduates. The aim of an REU site is to providame mix of faculty and students for 1990 to 1991 and 1991
research experiences to a group of eight to ten undergraduagesl 992, with similar matching commitments. At the end of
The site participants are typically from different schools, anth91 to 1992 Krishnan Ganapathi from Stetson University de-
the experience emphasizes group activities. The REU siiieled to not to continue, and a year after that he left academia
can run for the summer only, for the academic year (fall anghd started working in a private company. During 1992 to 1993
spring), or for the calendar year. and 1993 to 1994 the first and the second author continued the
The Computer Vision Lab at University of Central Floridgoroject, with students from four institutions (UCF, USF, Stetson,
has hosted a national site for NSF REU since 1987, with Comind FAMU), and with similar matching commitments. During
puter Vision as the research area focus. Computer Vision degls next three years (1995 to 1998) two new faculty, Louise
with recovery and use of information about objects present irGaark from the University of Pacific (California) and Niels Lobo
scene from images of the scene. The information about obje(fiem UCF) joined the project. Similar matching commitments
may include shape (two-dimensional or three-dimensional), fpem all three Universities continued. Students from four in-
cation, orientation, color, motion, identity, etc. The visual tasksitutions (UCF, USF, UoP, Stetson) participated. At the end
may include: visual inspection, face recognition, surveillanasf this three-year project, K. Bowyer dropped out of participa-
and monitoring, automatic target recognition, robot navigatiotipn due to difficulty in getting matching commitments from his
University. The faculty from UoP also decided not to continue.
. . . , During 1999 to 2001, all three faculty (M. Shah, N. Lobo, and A.
Manuscript received June 1, 1999; revised April 18, 2001.
M. Shah is with the School of Electrical Engineering and Compute\Neek) were from UCF. However, undergraduates from out-of-
Science, University of Central Florida, Orlando, FL 32816 USA (e-mailstate universities (Fairfield University, NYU, Michigan, South
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summer salary as a part of matching commitment from his Ur
versity, in addition to other support.

o Calendar year experience, to allow time to complete a substantial project.
o Assignment of a faculty advisor from his or her own school to each participant.
Il. GENERAL PHILOSOPHY o Immersion of the participants in research.

The best way to achieve the goal of the REU program is e Follow through over the year.
involve the students as a part of a successful, active research
group. This involvement exposes them to the intellectual ekig. 1. Key elements of our research experiences for undergraduates model.
citement of research, encourages them to think creatively and

independently, and helps them to develop the skills necessghg year recommended a friend to us for the next year's pro-
to work on research projects. In addition, students are expoggdm. However, to ensure that a broad cross section of students

to professional meetings, learn to assimilate the latest reseqtaBw about the program, the following efforts at advertising are
from reading and discussing research papers, and learn howtg, made by:

wrlte.and present the results of their own research. . 1) placing notices of the opportunity in the campus newspa-
It is obvious that an undergraduate research experience pers

that lasts only a few mpnths does not allow suff|C|en_t time to 2) posting notices at various places on the campuses,

complete a serious project. Hence, such a short prOjeF:t W0U|d3) making announcements in the junior-level classes,

not allow participants the chance to achieve the feeling that4) distributing announcements in Tau Beta Pi (Engineering

they have made a significant original contribution. Since this honor society), UPE (Computer Science honor society)
feeling of accomplishment is the primary motivation of most IEEE. and ACM student chapters ’

. i aé) sending letters to juniors majoring with a GPA of 3.25
each student has the maximum opportunity to successfully inviting them to apply

f:omplete their chosen project. Hence, our REU e.xperlenceG) contacting and encouraging students in the Honors pro-
is spread out over (at least) one calendar year, typically as a grams to apply,

summer/fgll/spnng sequence. . L 7) asking current REU participants to give talks about their
Interaction among students from different institutions greatly REU experience at SWE (Society of Women Engineers)

mcreas[,)es.the r(ljlver3|:jy of. ideas a;]nd the qual'lély of the Sxperl- and SME (Society of Minority Engineers) meetings in the
ence. During the academic year, however, guidance and super- spring semester, and at Faculty/Student Seminars, and

\é'.?f'on IS difficult if thg student anld the faculty memrk]Jer are]z( al gy personally contacting and encouraging women, minority,
fferentinstitutions. Consequently, itis importantto have afac- " 2 'ocsecially talented students to apply.

ulty member at each institution directly involved with, and re- . . .

sponsible for, each student. The faculty member can then mor n-the. earlier years 9f our experience, about twice as many

easily supervise the student’s academic year course load an %%hcanons were rgqelved as the number Of. students that Co‘.Jld

available for advice and guidance. This management strat selectgd to participate. prever,.that ratio has dropped sig-
icantly in recent years. This drop is, at least in part, a result

has proven successful over the past 14 years. . .
. of the strong employment opportunities that exist for computer
A proper follow-through of students after completion of the . ; . ) . .
cience majors. Itis also certainly due, in part, to the level of fi-

REU experience is also crucial to their . Therefore, std-— " .
U expe ence IS aiso crucial to helr sccess. “herelore, Snu ncial support available to students through the REU program.

dents are guided to apply to graduate schools, are encouragedto e : .
students who are not selected to participate typically either

take the GRE exam early enough that they can take it a sec 5? . :
time if desired, are advised about which schools have good p?g- do not have enough background in mathematics and pro-

grams in certain areas, and are encouraged to apply for gradt%?emmmg’ or (2) are “”?‘b'?‘ for _academlc and/or financial rea-
fellowships (NSF, NASA, etc.) sons to devote substantial time in the summer to the REU pro-

The key elements of our REU model are summarized ingam- The reality is .th.at many talented and dese_rvmg students
- cannot afford to participate in the REU program given the level
tabular form in Fig. 1. : .
of the stipend. They simply have to make more money over the
summer, and/or through part-time work during the year, in order
Ill. SELECTION OF PARTICIPANTS to stay in school.

Students who are juniors or seniors in the fall semester of each
year, who have a GPA of at least 3.25, and who have a strong
background in mathematics and basic computer science are ta@ne of the important goals of this experience is sparking
geted for this program. A certain level of mathematics backhe student’s interest in scientific research as early as possible
ground is required to read many research articles. And a certdinough interaction with faculty and other students. At the
level of programming skill is needed to implement computer véame time, each student must have sufficient time to mull over
sion algorithms. After an initial screening based on written aproblems and somewhat independently achieve a reasonable
plications, the faculty members meet individually with the pdevel of solution of a problem of his or her own choosing.
tential participants and decide who should receive offers.  Students are able to devote a major portion of their time to

A “word of mouth” from current and past participants is théhe project during the summer, since they are not involved
most effective recruiting tool. In several cases, a participantim regular courses. During the academic year, continued

IV. STUDENT ACTIVITIES
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student involvement is ensured by the faculty member at ea Activity Frequency Dates
institution. The professor(s) at each institution supervise tfcomputer Vision Short Course One full day a week | June 1-July 15
students through their registration in relevant elective COUrSgshics and Computing Six lectures June 1-July 15
and through weekly individual and research group meetings. research Project

The experience has shown that there is often a need for flé 1gisial project setection R July 15-August 15
ibility to deviate from the “standard” one-calendar-year eXP€ presentation and revision of project | - August 15-August 30

rience. Sometimes an excellent prospective participant has " gesearch work on Project
academic or co-op schedule which does not allow a continU0™ gy veport or paper
12-month participation. Spmetimeg, also, one of the partiCipars;,dent faculty Interaction
does excellent work on his/her topic and does not graduate ;. “rc e

Academic Year

At end of academic year

Weekly ‘Whole Year
as much as another year f';lfter the end of the 12-month RE 7 _— Group Mectings Weekly Wholo Your
schedule. Inthese cases, itis useful to offer the students a cha 5 -
. ; roup Meetings Once a semester Whole Year
to stretch their “REU year” to some longer period. Last, a par; ,
. ournal Club 4-6 Spring Semester
t|hC|pant may be forf:etlj, due to rf)ersonalhreasqnls, to drop out - Spoaker Serien . Fall and Spring
t fe program: Regu ar y abOUtt ree suc speCIa cases occur Participation in Professional Meetings { one Variable
of ten partICIpantS. Follow-Through - At the end of year

The student activities are summarized in a tabular form i

Fig. 2, and are discussed in detail in the following sections. 4 5 Rgy stdent activities through the year.

A. Computer Vision Short Course group, in which current research papers are discussed, up-

The first major activity for the students is the short course in ~ €oming presentations by group members are rehearsed and
Computer Vision. Since it is assumed that the students do not discussed, papers by group members are “pre-reviewed,”
have prior background in Computer Vision, this course quickly ~Participants give presentations on the status of their project,
introduces them to the subject. The topics covered include: €tC.
imaging geometry, edge detection, region segmentation, 2-D REU Group Meetings: The whole REU group, consisting
shape, stereo and shape from shading, motion, etc. While some Of faculty and REU students, meets once a semester. This
of the same core topics are covered every year, some topics Meeting lasts for one day and is scheduled on weekends.
also change from year to year based on the current emphasis The meeting is structured into presentation, demonstration,
within the research groups. The lecture component of this and discussion sessions. During the first session the stu-
course is a one-day meeting each week for six weeks. During dents present their projects. These presentations include a
the remainder of each week, the students are assigned some Prief introduction of the problem, results to date, and fu-
readings in the area covered by the lecture material and are ture plans. Next, the students are able to demonstrate their
given one or two short programming projects which support  Projects in the Computer Vision lab. Finally, there is an
the material. In the first two weeks, some extra instruction is  OPen discussion session where each student is encouraged

given in C programming, X windows, and use of the Unix {0 comment on other projects. _ _
workstation. Electronic Mail: Students are able to communicate with

fellow students, the graduate research assistant, and fac-
ulty at their campuses, as well as at other campuses, using

B. Ethics and Computing electronic mail

In addition to Computer Vision, lectures are also given on
ethics and computing. The material is taken from the bodk Journal Club

Ethics and Computingoy Bowyer [2]. The topics covered in  REU participants should also be exposed to other research
this part include: Professional Codes of Ethics, Intellectug;}omems in Computer Vision, beyond their own area of con-

Property, Ethics in Research, Whistle-blowing, Safety-Criticgkntration. In order to achieve this exposure, a paper discussion
Systems, Hacking, Security, and Privacy. The topics are coveigdsion during the spring semester is organized. By the start of
through a mixture of reading about the general concepts aig@ spring semester, students have a fairly good idea of basic

analysis of specific case studies. concepts in computer vision. Each time a research paper is se-
lected and assigned to a student. That student studies the paper
C. Student-Faculty Interaction carefully and presents it in the journal club. The other students

) . . also read the paper and prepare questions and comments for dis-
The appropriate level of student-faculty interaction and syyssjon with the student responsible for that meeting. That way
pervision of the participants is achieved by the following means;,dents will follow the content in the paper, and will also be
Weekly Individual Meetings: Each faculty member holds trained to be critical in a constructive sense. These sessions are
a weekly individual meeting with each of their REU parmoderated by the faculty. Journal Club is an effective means
ticipants to discuss their research project. of getting students accustomed to making presentations about
Weekly Research Group MeetingsEach faculty member technical material and learning how to read and comprehend
holds a weekly seminar-style meeting with his researg¢burnal papers.



SHAH AND BOWYER: MENTORING UNDERGRADUATES IN COMPUTER VISION RESEARCH

E. REU Speaker Series
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coauthored approximately 50 research papers; approximately

The aim of this series is to allow the REU participants tgalf of these participants have gone to graduate schools; five

meet and interact with some well-known researchers in the fieRf!
Typically, during the morning the speaker gives a colloquiu

udents have written Honors in the Major Thésebree
participants are now faculty members; and three participants

presentation. Usually, there is a lunch or dinner for the speakfVe Started their own companies.

to which the whole group of REU participants is invited. Finally, *°
in the afternoon an informal discussion session is held where
the REU participants are free to ask questions related to any
topic in computer vision. An attempt is made to schedule at

A 1999-2000 participant, Andrew Wu (University of
lllinois), a 19-year-old freshman, worked on the “Virtual
3-D blackboard” project, and came up with a very novel
method for generating 3-D trajectories of a finger using

least two guest speakers every year. The speakers who have been @ single camera. He summarized his work in a research

invited in the past include Sandy Pentland (MIT), Allen Hanson
(UMass), Chuck Dyer (Wisconsin), Jake Aggarwal (Texas), etc.

F. Participation in Professional Meetings

Attendance at professional meetings gives the REU patrtici-
pants exposure to the well-known researchers in the field, pro- *
vides an opportunity to see good and not-so-good research pre-
sentations, and provides an opportunity to assimilate the latest
research results. Therefore, REU participants are taken to at
least one professional meeting related to computer vision. Our
geographic location often makes this possible at a reasonable
cost. Forinstance, in 1994 and 1996 the IEEE Workshop on Ap-
plications of Computer Vision was held in Sarasota, and in 1995
the IEEE Workshop on Computer Vision was held in Miami.
Sometimes the students are also taken to a conference outside
Florida; for example, REU students were taken to ICCV'95 in
Boston. REU students who get papers accepted in conferences
often attend those conferences with travel funds from the grant. *

G. Student Preparation and Follow-Through

Students receive background preparation for their research
project through the computer vision short course in the summer.
All students devote a substantial portion of their time during the
academic year to the research project, since they have an inde-
pendent study, senior project, or senior thesis supervised by one
of the faculty. The students are helped as they apply for grad-
uate school admission during the academic year. They are en-
couraged to take the GRE’s early enough so that they can take
them again if they do not do well initially. (It has been noticed
that students taking the exam a second time often improve their
scores by more than 100 points.) They are advised about which
schools have good programs in which sub-areas. The qualified
students are also encouraged to apply for graduate fellowships
awarded by NSF, NASA, ONR, AFOSR, the Florida Endow-
ment Fund program, and the State of Florida. Interaction with
outside researchers visiting any of the campuses during the aca-
demic year is facilitated, so that students develop the contacts
necessary for admission to the best schools. Company represen-
tatives are contacted, and interviews and site visits for students
interested in industry are arranged.

V. STUDENT SUCCESS

Approximately 130 undergraduate students from
several institutions have participated in this program
(http://www.cs.ucf.edu/~vision/reu-web/REU.html, a list

paper, which was accepted in the International Confer-
ence on Face and Gesture Recognition, held in Grenoble,
France, in March 2000 [7]. The acceptance rate for this
conference was 50%. Not a bad result for a 19-year-old
student competing with senior researchers!

A 1997-1998 participant, Doug Ayers (University of Cen-
tral Florida) worked on “Monitoring Human Behavior in
an Office Environment” for his REU project. His paper
was accepted in IEEE Workshop on Applications of Com-
puter Vision, 1998 [1]. The extended version of his paper
has been acceptedlimage and Vision Computirjgurnal

for publication. Doug completed his Honors in The Major
Thesis in April 1998. He spent summer of 1998 as an in-
tern at Harris Corporation. He was admitted to the grad-
uate program at University of Maryland, and completed
his MS in 2000. Currently he is working at Science Appli-
cations International Corporation (SAIC).

A 1996-1997 participant, Sean Dougherty (University of
South Florida) developed a method of empirical evalu-
ation of edge detectors. The method uses hand-marked
“ground truth,” adaptive sampling of detector parameter
space, and receiver-operating-characteristic curves. He
published one book chapter and three conference papers.

e A 1993-1994 REU participant, Jim Davis, University

of Central Florida, worked omesture recognitiorfor

his REU project [8], [9]. A short version of the paper
about Jim’s work was accepted in ti®94 European
Conference on Computer Visigacceptance rate 18%),
and a long version appeared in a journal. He completed
his Honors in The Major thesis in 1994. Jim was admitted
to the graduate program at MIT with full fellowship for
the Ph.D. degree. In summer of 2000, he completed his
Ph.D., and started working as an Assistant Professor at
the Ohio State University.

e A 1991-1992 REU student from USF, Adam Hoover,

went on to complete his Ph.D. at the University of South
Florida. He then worked as a post-Doc at the University
of California at San Diego, and is currently on the faculty
of Electrical and Computer Engineering at Clemson
University.

A 1991-1992 REU student from USF, Melanie Sutton,
worked on “Reasoning about function to achieve generic
recognition of rigid 3-D shapes.” This project led to

graduate work which was eventually published in the
journal, Pattern Recognition and received honorable

of REU participants, papers coauthored by REU partiCipamslHonors students can select to write Honors in The Major Thesis during their
and a sample REU proposal). These undergraduates hsaréor year to substitute for two to three regular courses.
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mention for Pattern Recognitiols best paper of 1994
award [13]. Melanie is now on the faculty of Computer
Science at the University of West Florida.

A 1999-2000 participant, Paul Smith (University of
Central Florida), worked on “Detecting Driver Alertness” ¢
project. His paper was accepted at the International
Conference on Pattern Recognition, September 3-8,
2000. Paul received a Barry M. Goldwater Scholarship, a
first award in UCF, on his REU project. He is currently
working on his Ph.D. at UCF.

A 1989-1990 REU participant, a USF student, Maha -«
Sallam, had a paper describing her REU work accepted
by the Pattern Recognition Lettef@urnal and then had

a paper describing her continued work accepted as a
“long paper” at thel990 International Conference on
Computer Visior{ICCV) (acceptance rate 5%) [12]. She
completed her Ph.D. at USF and is one of the founders «
of a medical imaging start-up company in the Tampa
Bay area (www.ismd.com, for more information on this
company). Her company recently won an SBIR grant for
approximately one million dollars.

A 1987-1988 REU participant (University of Central
Florida), Jay Hackett [10], [11], worked in the area of
multi-sensor fusion, and his studies appeared in the
IEEE Conference on Robotics and Automatiord in the .
Optical Engineeringournal. He successfully completed

his M.S. at UCF. He now works for Harris corporation in
Melbourne, FI.

VI. OBSERVATIONS

Some of our strongest observations from 13 years of experi-
ence with the REU program are the following: .

» The Department and University generally encourage this

activity. Each year some matching funds from the Univer-
sity are received in terms of course release during the aca-
demic year, graduate student support, travel support, etc.*
The University newspaper has published at least four sto-
ries about REU, twice on the front page. In 1991, a lun-
cheon at UCF in honor of the REU students was organized,
with the university president and college dean in atten-
dance. The REU program is considered positively in the
tenure and promotion process, and in faculty evaluation
for some other awards (e.g., Teaching Incentive Program).
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The current mood at many institutions is that externally
supported projects must pay for all their real costs. This
stand has caused Kevin Bowyer to drop out of participa-
tion in the REU program.

There are always some students who are either discon-
tinued or are dropped from the program. Some of these
students find out that they are not really interested in re-
search, and others find that financial concerns are playing
a big role in their lives and that they can make more money
at part-time jobs.

There are two main deficiencies in the students’ back-
ground relative to preparation for research in computer vi-
sion: mathematics and programming. In this connection,
the students are directed to read and understand the se-
lected research papers, the math, and implementation of
algorithms.

Summer is the crucial time, because during fall and spring
students get very busy in their course work. If a student
does well during the summer, has defined a good project,
and has started to get some results, then he or she will
generally do well during fall and spring. On the other hand,
if the project is not well defined in the student’s mind
by the end of the summer, progress will be more difficult
during the academic year.

It has been noticed that some bright students are only in-
terested in relatively superficial activities, or in short-term
results. They are willing to write some code to experiment
at a superficial level with an idea. But, when things get
serious or the work becomes mathematical, they back off.
Some of them will make comments like, “It is too early
for me to commit to any particular area; maybe vision is
not my area.”

Some students do not do that well during REU, but later
they realize their potential, and become heavily interested
in research, and go to graduate school. They always re-
member REU as a positive experience.

During the last three to five years, it has been noticed that
fewer students apply for the REU program than was the
case five to ten years ago. This fact may be due to the
easy availability of a large number of good-paying full and
part-time jobs in programming.

VII. CONCLUSION

The REU program stands out from other standard activi- The National Science Foundation’s “Research Experiences
ties of faculty, such as teaching, research, and service.for Undergraduates” program has the very worthy and im-
The REU program iserytime-consuming for the faculty portant goal of identifying and nurturing talented students

member. In particular, summer is very hectic. The facultyp pursue graduate study and enter research-oriented careers.
need to spend almost the entire summer on campus, bethis program much experience has been accumulated with
cause this is a crucial time for getting the new REU stapproximately 130 students participating in the REU program
dents started. At the same time, the REU budget guidever a 14-year period. Many students have published papers
lines do not normally allow any faculty salary support. Theén the most competitive conferences and journals in the field.
budget guidelines also require a reduced indirect cost rakdany of these students have also gone on to successfully pursue
and encourage matching funds. This imbalance betweariPh.D. Thus it seems clear to us that the REU program as a
the true costs of the program and the allowed budgetnational strategy is capable, at least in principle, of achieving
perhaps the main drawback of the REU program. Effeits goals.

tively, the faculty member’s time commitment to the REU Perhaps the most satisfying element of the experience for
project must be supported in some way by the institutiothe faculty member is that the REU experience was literally
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life-changing for some students. Several students who had nemelsarak Shah received the M.S. and Ph.D. degrees both in computer engi-
Serlously thought of gOIng onto graduate school before they é’ﬁerlng from Wayne State UniVerSity, Detroit, MI, in 1982 and 1986, respec-

- tively.
tered the REU program Changed their life goals, entered gradeSince 1986, he has been with the University of Central Florida, Orlando,
uate school, and became faculty members themselves. Perhajes: he is currently a Professor of Computer Science, and the Director of

the least Satisfying element of the experience for the facufpgmputer Vision lab. He has served as a Project Director for the national site
b | d the bud . fthe REU for REU, Research Experience for Undergraduates in Computer Vision, funded
member revolves around the budget constraints of the p59'the National Science Foundation, for the last 14 years. He has published one

gram. Substantial matching commitments are necessary frotak,Motion-Based Recognitiqoston, MA: Kluwer, 1997) and more than 70
the university in order to make the program feasible. One of tFesearch papers in refereed journals and conferences on topics including visual

bi h el is all . ff Ity ti S maotion, gesture recognition, lipreading, edge and contour detection, multisensor
Iggest such elements Is allocation of faculty time. Somew ion, shape from shading and stereo, and hardware algorithms for computer vi-

by definition, it is difficult for the REU program to succeed insion. He is an Associate Editor of IEEERANSACTIONS ONPATTERN ANALYSIS
an environment where there is no high-quality ongoing resear@i? MACHINE INTELLIGENCE.

H it is also difficult for the REU to fl ish i Dr. Shah received TOKTEN awards from UNDP in 1995, 1997, and 2000;
Owever, IL1S also armcult tor the program to flouris InTeaching Incentive Program award in 1995; IEEE Outstanding Engineering Ed-

an environment where the primary task of the faculty membesator Award in 1997; IEEE Distinguished Visitor Program award 1997—2000;
is to attract a |ai-ge dollar volume of external research suppoﬂf‘d Harris Corporation Engineering Achievement Award in 1999. He is a series
editor of International Book Series afideo Computindy Kluwer Academic
PublishersPattern RecognitiorandMachine Vision and Applicatiorjeurnals,
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