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1. Program Description
a. Proposed Classification of Instructional Programs (CIP) number: 14.4201
CIP #: 14.4201
Title: Mechatronics, Robotics and Automation Engineering
Definition: A program that prepares individuals to apply mathematical and
scientific principles to the design, development and operational evaluation
of computer controlled electro-mechanical systems and products with
embedded electronics, sensors, and actuators; and which includes, but is
not limited to, automata, robots and automation systems. Includes
instruction in mechanical engineering, electronic and electrical engineering,
computer and software engineering, and control engineering.
Source: US Department of Education, National Center for Educational Statistics, CIP 2010 ed.
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b. Brief overview (1-2 paragraphs) of the proposed program, including its
disciplinary foundations and connections; program objectives; programmatic
focus; degree, certificate, minor, and concentrations offered.
The field of robotics has grown tremendously in the last decade as new research
has demonstrated its relevance and impact to fields as diverse as manufacturing,
planetary exploration, medicine, healthcare, military, and consumer products. We
have reached a turning point where this technology is moving from the purview of a
handful of specialists (Mars rovers) to the general public (robotic car, household
robots, elderly care, and unmanned search and rescue).

This picture shows six magazine covers from the last year alone, dedicated to
robots. What's remarkable here is not that there are so many covers for robotics
but that only one of them is dedicated to a traditional robotics concept (robots for
space exploration). The other covers show the intent of robots to penetrate every
day life, from music to the workplace, while also introducing new societal issues
such as dialogs with robots, and the social implication of humans interacting with
robots.
A graduate program in Robotics is needed to complement the existing MEng, MS,
PhD programs in Mechanical Engineering, and Electrical Engineering and Computer
Science. Currently, students interested in Robotics must choose one of these
disciplines and take courses from the other disciplines to complete their degree
program. Though this approach has been acceptable up to now, it does not capture
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the truly multi-disciplinary nature of robotics.
The proposed degrees will provide an integrated program that will embrace the
multi-disciplinary nature of robotics. The program will be directed towards
advanced studies related to robotics and include core areas of concentration from
each of the disciplines: actuation, locomotion, manipulation, dynamics, control
(Mechanical Engineering); sensors, vision, motors (Electrical Engineering);
artificial intelligence, human robot interactions (Computer Science).
The academic home of the new degrees will be the School of Mechanical,
Industrial and Manufacturing Engineering (MIME) at Oregon State University
(OSU). Other programs on campus will be able to offer graduate minors in
Robotics.

PhD, MS, MENG in Robotics (CIP # 14.4201)
















CPS #: 87438
Degree Types:
Master of Science (MS)
Master of Engineering
(MEng) Doctor of
Philosophy (PhD)
Program Type: Graduate
Academic Home: School of Mechanical, Industrial, Manufacturing
Engineering
Areas of Concentration:
o Legged locomotion
o Mobile Robots
o Multi-robot coordination
o Autonomous Robots
o Manipulation
o Assistive Robots
o Human Robot Interaction
Graduate Minor: Robotics
Course Designator: ROB, ME, CS, ECE
Credit hours: MS/MEng = 45 (minimum); PhD = 108 (minimum)
Delivery Mode and Location: On-Campus/OSU-Main
Admission Requirements: BS; 3.0 GPA; GRE; Transcripts;
Letters of Recommendation (3); Personal Statement
Enrollment Limitations: None
Accreditation: None
Proposed Effective Date: Fall Term 2014
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c. Course of study – proposed curriculum, including course numbers, titles,
and credit hours.
Students enrolled in the PhD degree will complete a total of 108 graduate credits,
including at least 45 credits of graduate, non-blanket numbered coursework and at
least 36 credits of dissertation. Students enrolled in the MS degree will complete a
total of 45 graduate credits. The MS thesis option will require at least 30 credits of
graduate level coursework and 12 thesis credits. The remaining credits can come
from coursework or seminar credits. The MS project option will require 39 hours of
coursework and 6 project credits. Students enrolled in the MEng degree will
complete a total of 45 graduate credits.
Unless otherwise specified, students will conform to the rules and regulations (e.g.,
qualifying exam timing, structure) of the academic home (MIME).
Courses listed below in bold will use the new ROB designator. Others will be
cross-listed as appropriate.
The coursework for all degrees in Robotics (including minors) will consist of at least
15 credits of core courses, selected from the following list:
ENGR 521: Applied Robotics (4)
ME 531: Linear Multivariable Control Systems I (4)
ME 532: Linear Multivariable Control Systems II (4)
ME 533: Nonlinear Dynamic Analysis (4)
ME 536: Actuator Dynamics (4)
ME 537: Learning-Based Control (4)
ME 538: Autonomous Agents and Multi-agent Systems (4)
Cat II proposal in planning/progress (Have been/will be offered as ME 539:
Selected Topics)
ME 551: Biomechanisms (4)

(Taught as ME 539 in Winter 2013)

ME 554: Geometric Mechanics (4)

(Taught as ME 539 in Spring 2013)

ME 557: Programming Mobile Robots (4) (Taught as ME 539 in Fall 2012)
ME 558: Intelligent Mobile Robotics (4)

(Taught as ME 539 in Winter 2014)

CS 515: Algorithms and Data Structures (4)
CS 531: Artificial Intelligence (4)
CS 532: Advanced Artificial Intelligence (4)
CS 533: Intelligent Agents and Decision Making (4)
CS 534: Machine Learning (4)
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CS 536: Probabilistic Graphical Models (4)
CS 556: Computer Vision (4)
ECE 550: Linear Systems (4)
For a PhD, MS or MEng in Robotics, the remaining course credits can come from
either courses in this list or other courses relevant to the program of study as
approved by the students’ thesis committee. The completion of 15 credits from this
list will satisfy the minor requirements in Robotics.

d. Manner in which the program will be delivered, including program location (if
offered outside of the main campus), course scheduling, and the use of
technology (for both on-campus and off-campus delivery).
The program will be delivered on-campus through classroom and laboratory formats.
There are no plans for off-campus delivery at present.
e. Ways in which the program will seek to assure quality, access, and diversity.
The program will continue to recruit students nationally and internationally.
Currently, about 60-70 students apply to the Mechanical Engineering program with
the intent to specialize in Robotics. About half the applications are from international
students and currently only a small fraction is from women.
Underrepresented students will be encouraged to apply for admission in all recruiting
materials and all efforts are made to provide financial aid to all qualified
underrepresented students. In particular, we intend to emphasize the applications of
robotics to health care (prosthetics, exoskeletons, rehab, elderly assistance) as well
as humanitarian engineering (disaster recovery, minesweeping), which are topics
that have been shown to have broader appeal to underrepresented groups.
The program will be reviewed by the Graduate School five years after initial
approval, and every 10 years thereafter, in a manner consistent with the Guidelines
for the Review of Graduate Programs published by the OSU Graduate Council.

f. Anticipated fall term headcount and FTE enrollment over each of the next five
years.
The number of graduate students in the Mechanical Engineering Program who
specialize in Robotics is 20-30, with about half of them being in the PhD program.
Both sets of numbers will rise as recent faculty hires (four robotics hires in the last two
years, doubling the size of the MIME robotics group) establish and grow their research
labs.
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g. Expected degrees/certificates produced over the next five years.
MS program: 5-8 per year
MEng program: 1-3 per year
PhD program: 2-3 per year
Over the first five years, we expect to graduate at least 10 PhD students and 30
MS/MEng students.
h. Characteristics of students to be served (resident/nonresident/international;
traditional/nontraditional; full-time/part-time; etc.)
The students to be served are primarily expected to be full-time, traditional students.
The program has traditionally had a small number of part-time students who are
working in the Corvallis area. We expect that the student population will be about
50% US and 50% international.
i.

Adequacy and quality of faculty delivering the program.

The Mechanical Engineering program presently has eight faculty directly engaged in
research in robotics. These eight faculty teach all the ENGR/ME graduate courses
listed in 1.c. All faculty have active research programs and advise graduate students
in robotics. In addition, there are at least eight faculty in the School of Electrical
Engineering and Computer Science who teach the CS and ECE courses listed in
1.c, and also have active research programs relevant to robotics.
Five of the faculty listed below (1.j) accounted for about $4 Million in expenditures in
2012, making them one of the most active groups within the College of Engineering.
In addition, the faculty hold (or have recently held) critical positions in international
conferences and editorial boards of international journals. The combined expertise of
the sixteen faculty members (listed below) will allow the delivery of a unique and
high quality robotics program.

j.

Faculty resources – full-time, part-time, adjunct.

The faculty members currently in the School of Mechanical, Industrial and
Manufacturing Engineering with an emphasis in robotics are:
Ravi Balasubramanian, Assistant Professor, MIME. PhD from Carnegie Mellon
University. Robotic manipulation, robotic hands.
Belinda Batten, Professor, MIME. PhD from Clemson. Optimal Control,
Unmanned aerial vehicles, marine energy.
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Cindy Grimm, Research Associate Professor, MIME. PhD from Brown University.
Computer graphics, human-computer interactions.
Ross Hatton, Assistant Professor, MIME. PhD from Carnegie Mellon University.
Geometric mechanics, locomotion, snake robots.
Geoff Hollinger, Assistant Professor, MIME. PhD from Carnegie Mellon University.
Field robotics, marine robotics, and motion planning.
Jonathan Hurst, Assistant Professor, MIME. PhD from Carnegie Mellon University.
Legged robots, passive dynamics
.
Bill Smart, Associate Professor, MIME. PhD from Brown University. Software
architectures for robotics, mobile robots, human robot interactions.
Kagan Tumer, Professor, MIME. PhD from The University of Texas. Autonomous
robots, multi-robot coordination, multiagent learning.
In addition, the following faculty in the School of Electrical Engineering and
Computer Science teach courses or are active in research in topics directly related
to Robotics:
Glencora Borradaile, Assistant Professor, EECS. PhD from Brown University.
Algorithms, computational geometry, planar graph algorithms
Tom Dietterich, Professor, EECS. PhD from Stanford University. Machine
learning, intelligent systems.
Alan Fern, Associate Professor, EECS. PhD from Purdue University. Artificial
intelligence, automated planning/control
Xiaoli Fern, Associate Professor, EECS. PhD from Purdue University. Machine
learning, data mining.
Raviv Raich, Associate Professor, EECS. PhD from Georgia Institute of
Technology. Adaptive sensing/sampling, manifold learning.
Prasad Tadepalli, Professor, EECS. PhD from Rutgers University. Artificial
intelligence, machine learning, automated planning.
Sinisa Todorovic, Assistant Professor, EECS. PhD from University of Florida.
Computer vision, object recognition, video object segmentation.
Weng-Keen Wong, Associate Professor, EECS. PhD from Carnegie Mellon
University. Machine learning, anomaly detection, human-in-the-loop learning.
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k. Other staff.
Support staff (at least 0.5 FTE), funded by the School of MIME and/or the College of
Engineering, will provide administrative support. Also, the program will partner with
the School of Mechanical, Industrial and Manufacturing Engineering administration
to accomplish necessary organizational functions such as curriculum delivery,
recruitment and admission.

l.

Facilities, library, and other resources.

Computer, teaching and research laboratories and faculty offices are presently
located in Rogers, Covell, Graf, and Dearborn Halls as well as the Kelley Engineering
Center. Computer services are provided through the College of Engineering and
include access to graduate-level software packages for analysis and design.
Graduate students are provided offices in Rogers, Covell, and Graf Halls as well as
Kelley Engineering Center.
Library evaluation revealed that the current support was “marginally adequate” to
support this program. Subscriptions to the journals listed in the library study will
enhance the program. The additions of the “International Journal of Robotics
Research” and “Robotics and Autonomous Systems” will be particularly useful.
m. Anticipated start date.
Fall Term 2014, or as soon as approval of this proposal.

2. Relationship to Mission and Goals
a.

Manner in which the proposed program supports the institution’s mission and
goals for access; student learning; research, and/or scholarly work; and
service.

The Robotics degrees will support OSU’s mission and goals through education,
research and service by providing graduates with expertise in the design, control,
programming and operation of robots. These degrees will provide access for
national and international students as well as OSU’s Mechanical Engineering,
Manufacturing Engineering, Industrial Engineering, Electrical and Computer
Engineering, and Computer Science students.
Robotics is a truly multi-disciplinary field that directly supports OSU’s commitment to
a wide variety of fields that is impossible to capture within the confines of a
traditional degree. Here is a list of disciplines that are relevant to robotics (grouped
by the primary “home” of the relevant topics in the current degree structure):
 Traditional Core Robotics Fields:
– Mechanical Engineering (actuators, locomotion, exoskeletons,
Academic Strategies Committee
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prosthetics)
– Electrical Engineering (Sensors, vision, motors)
– Computer Science (artificial intelligence, human robot interactions


Fields that Directly Support or Benefit from Robotics:
– Alternative Energy (robotic diagnostic/maintenance for wave energy
buoys)
– Biomedical Engineering (artificial muscles)
– Medical Care Delivery (robotic surgery)
– Healthcare (long term care for the elderly)
– Oceanography (underwater communication, robots for sensing, repair)
– Civil Engineering (traffic studies and impact of robotic cars on
roadways)
– Biology (mammal/insect/bird studies for locomotion)
– Anthropology (use robots to animate/estimation locomotion of extinct
species)
– Exercise Science (gait studies for walking robots)
– Nuclear Engineering (robots for maintenance, safety in harsh
environments)
– Game Theory (incentives for robots)

Currently, we address most of the topics in the first bullet by having students
interested in Robotics pursue ME, ECE or CS degrees. This approach works to a
point, but does not allow OSU to showcase the unique strengths of Robotics (the
multi-disciplinary nature of the field) and does not provide an internationally visible
platform to attract and retain the best students in the field. In addition, it does not
allow the flexibility to naturally include topics in the second bullet in the students’
programs of study, nor does it provide a path forward to address the challenges of
the future. The creation of the Robotics degree will allow OSU to address the
current needs and implications of the growing intersection of robotics and everyday
life, while also positioning the University in a way to allow us to frame future
questions within this program.
In addition, OSU is the current home of ROS (Robot Operating System). ROS
serves the worldwide robotics community by supporting the development of new
software for robotics and has over 100,000 users. The proposed graduate degrees
are a new step in increasing OSU's commitment to robotics, and cementing OSU’s
impact and visibility in this growing field.
b. Connection of the proposed program to the institution’s strategic priorities and
signature areas of focus.
The proposed Robotics degrees contribute to all three signature areas of distinction
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in OSU’s strategic plan: Advancing the Science of Sustainable Earth Ecosystems;
Improving Human Health and Wellness; and Promoting Economic Growth and
Social Progress. Broadly, the Robotics program will impact all three areas through
new devices and new ways in which those devices and humans will interact:


Robotics supports sustainable ecosystems by providing key technologies in
different renewable energy devices. The contributions include advanced
wave energy converters, and autonomous robots for maintenance of marine
or wind energy devices. In addition, robotic monitoring devices for oceans and
forests provide invaluable information about the health of our natural
resources.



Robotics supports human health and wellness through advances in robotic
surgery, prosthetics, rehab technologies and exoskeleton research that are
critical in improving the mobility of patients with disabilities. In addition,
robots for assisting the elderly and disabled are becoming both more capable
and more accepted, bringing the possibility of affordable in-house care for all
who need it closer every day.



Robotics supports economic growth by both opening new markets (new
robots for exploration, education, hazardous environments) and by supporting
established markets by improving the manufacturing processes (through
automation and robotic manipulation of hazardous processes).

c. Manner in which the proposed program contributes to Oregon University System
goals for access; quality learning; knowledge creation and innovation; and
economic and cultural support of Oregon and its communities.
OSU and OUS strategic goals overlap in general and the addition of the Robotics
graduate degrees will support both. A strong Robotics program that serves the
manufacturing, healthcare and high tech industries industry in Oregon will provide
significant economic benefits. (More supporting detail is provided in Section 4)
d. Manner in which the program meets broad statewide needs and enhances the
state’s capacity to respond effectively to social, economic, and environmental
challenges and opportunities.
Robotics is a growing field, and the proliferation of robots into our everyday lives
(from iRobot Roomba vacuum cleaner robot to robot lawn mowers to manufacturing
robots to robotic cars to robotic assistants) is likely to be one of the key
transformations of the 21st century. This technology will impact the economic and
social structure of our society, and training our students in Robotics is key to ensure
that Oregon reaps the benefits of this transformation.
Having graduates with advanced degrees in Robotics will ensure that Oregon trains
and retains a workforce ideally suited to these challenges and will provide
leadership, expertise and innovation to keep Oregon at the forefront of these
advances.
Academic Strategies Committee
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3.

Accreditation
a. Accrediting body or professional society that has established standards in the
area in which the program lies, if applicable.
There are no plans to accredit the graduate degrees in Robotics.

b. Ability of the program to meet professional accreditation standards. If the
program does not or cannot meet those standards, the proposal should identify
the area(s) in which it is deficient and indicate steps needed to qualify the
program for accreditation and date by which it would be expected to be fully
accredited.
Not applicable.
c. If the proposed program is a graduate program in which the institution offers an
undergraduate program, proposal should identify whether or not the
undergraduate program is accredited and, if not, what would be required to
qualify it for accreditation.
Not applicable.
d. If accreditation is a goal, the proposal should identify the steps being taken to
achieve accreditation. If the program is not seeking accreditation, the proposal
should indicate why it is not.
The Robotics program will need to satisfy standards applicable to all graduate
programs at OSU, including undergoing a periodic review.
4. Need
a. Evidence of market demand.
Robotics is growing field and there is an explosion of applications in manufacturing,
medical, service and military applications. Many technology leaders (including Bill
Gates) have likened the current growth of robotics to the growth of the internet in the
80s. Here are specific numbers taken from “A Roadmap for Robotics – 2013” a
document that highlights the need for and growth of robotics in the US and the world
(available at:
http://robotics-vo.us/sites/default/files/2013%20Robotics%20Roadmap-rs.pdf ),
for several key areas of robotics:
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Manufacturing: The sale of robotics for manufacturing grew by 44% in
2011. This is a remarkable figure considering that manufacturing accounts for
14% of US GDP, 11% of employment and a staggering 70% of exports.

Medical Robots: The number of medical procedures performed by
robots grew by 40% annually over the last few years. A study shows that use of
robots can reduce complications in surgery by 80%.

Service Applications: The annual growth in service robots is 30%
(more than 6 million autonomous vacuum cleaners and 200,000 lawn movers have
been sold worldwide).
In addition to these growth numbers, fields such as healthcare (over 11 million
people with severe disabilities in the US who require personal assistants), space
exploration (Spirit, Opportunity and Curiosity as well as earlier robots going back to
Viking program in the 1970s) and defense (today, more than 50% of pilots entering
the Air Force become operators of remotely piloted systems) are primed to become
even larger markets for robotics.
Furthermore, there are multiple national programs to promote robotics. The National
Science Foundation (NSF) started the National Robotics Initiative in 2012, one of the
largest new initiatives in research. The Defense Advanced Research Projects
Agency (DARPA) has continued to invest in robotics, including the autonomous
Grand Challenge in 2006 to the current DARPA Robotics Challenge. The
President’s Advanced manufacturing Partnership also specifically calls for robots in
manufacturing:
(http://www.whitehouse.gov/sites/default/files/microsites/ostp/amp_final_report_annex_1_te
chnology_development_july_update.pdf)
Finally, in addition to the economic drivers, there are significant pressures to
educate and prepare researchers in this field. Only a handful of schools offer
specific PhD programs in Robotics (Carnegie Melon and Georgia Tech). As such,
last year there were over 442 applicants to the CMU robotics program, of whom, 40
were admitted). Offering this degree will not only serve a great need in the United
States, but also allow our graduates to be leaders and innovators in this field. (Our
recent graduates in Mechanical Engineering with a robotics focus, for example, have
gotten jobs at NASA and Meka Robotics, a leading robotics company.)
b. If the program’s location is shared with another similar OUS program, proposal
should provide externally validated evidence of need (e.g., surveys, focus
groups, documented requests, occupational/employment statistics and
forecasts).
Not applicable.
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c. Manner in which the program would serve the need for improved educational
attainment in the region and state.
There is great demand for Robotics in both Oregon and the Pacific Northwest. This
need is growing with the recognition of robotics as either a key final product, or a key
competitive advantage in many industries. Our graduates are well poised to fill
positions in startup companies, large established companies, and governmental
agencies. These Oregon companies include DW Fritz (hired recent graduate),
Concept Systems, ESCO (has employees pursuing MS at OSU), Intel (hired recent
graduate), and Korvis Automation (hired recent graduate).
d. Manner in which the program would address the civic and cultural demands of
citizenship.
Graduate students with advanced degrees in Robotics will be well positioned to
make decisions related to technology and shape our state and national policy in the
coming decades. Because Robotics is a multidisciplinary topic, the students in the
program will have different backgrounds (mechanical engineering, electrical
engineering, physics, computer science, mathematics, ethics) and learn both to
generate innovative solutions and to integrate diverse views before making
decisions. In addition, some of the policies and decisions that impact our workforce
(role of automation, job creation) will require leaders with a full grasp of the technical
subtleties and the implications of those technologies. Graduates in Robotics will be
important contributors to such debates as society grapples with such complex social
issues.
5. Outcomes and Quality Assessment
a. Expected learning outcomes of the program.
The learning outcomes of this program are the university graduate learning
outcomes
For the PhD program, they are:
1Produce and defend an original significant contribution to knowledge
2Demonstrate mastery of subject material
3Conduct scholarly or professional activities in an ethical manner.
For the Master’s program, they are:
123-

Conduct research or produce some other form of creative work
Demonstrate mastery of subject material
Conduct scholarly or professional activities in an ethical manner.
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b. Methods by which the learning outcomes will be assessed and used to
improve curriculum and instruction.
The graduate Doctoral and Master’s program assessment plans, as well as
the annual reporting (assessment and reflection on graduate Learning
outcomes (GLOs) is presented in Appendix A.
The format and procedure for the PhD qualifying exam in Robotics is
presented in Appendix B.
In addition, a Graduate Program Review (GPR) every 10 years will enable the
program to reflect on and evaluate programmatic successes and failures, and
potential improvements. Program reviews will identify strengths,
weaknesses, aspirations, opportunities and need. The process includes the
following main steps:
1.
2.
3.
4.

Prepare a self-study
Host a review committee site visit
Receive a review committee report
Respond to the review committee report and develop an action plan if
the major is to be maintained, restructured or expanded; and
implement an action plan
5. Perform a third year assessment in the 10 year cycle of the
program on progress towards the action plan
The GPR self-study components and review include assessing and
summarizing the following:
1. Inputs— the total resources (e.g. students; courses and curriculum;
human and financial capital; infrastructure) supporting the program
2. Productivity—the level of program performance(e.g. degree
completion, grant support, publications, scholarly outputs, creative
activity, awards)
3. Outcomes and impacts—the quality of the outcomes (e.g. alumni
employment or successes, degree of outreach and community
engagement)
The action plan addresses each of the Review Panel’s recommendations to
improve program quality.
c. Program performance indicators, including prospects for success of
program graduates (employment or graduate school) and consideration
of licensure, if appropriate.
 Number of applicants, offers and acceptance rates
 Academic qualifications of applicants and accepted students
 Graduation rates
Academic Strategies Committee
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 Employment upon graduation
 Student satisfaction from exit interviews
 Survey information from employers
d. Nature and level of research and/or scholarly work expected of program
faculty; indicators of success in those areas.
All faculty members who identify with the Robotics graduate program are
active in research including funded projects. For the twelve of the sixteen
faculty listed in Section 1 who have been at Oregon State University for more
than two years, the present research funding is about $5 million per year. We
anticipate that number to exceed $6 million per year as the new faculty
continue building their research programs. The scholarly publication rate for
these faculty combined is about 30 refereed journal articles per year.
Performance parameters continually collected by the College of Engineering
include:







Scholarly publications
Participation in professional meetings, conferences and workshops
External funding for research
Number and magnitude of proposals written
Number of PhD/MS students supervised
Participation in professional societies, committees, boards, and

commissions
These indicators are evaluated each year in the faculty member’s annual
review.
6. Program Integration and Collaboration
a. Closely related programs in other OUS universities and Oregon
private institutions.
No program in Oregon overlaps with the proposed Robotics graduate degree
program. The proposed interdisciplinary robotics program is unique.
b. Ways in which the program complements other similar programs in other
Oregon institutions and other related programs at this institution. Proposal
should identify the potential for collaboration.
There are engineering degrees at Portland State University, as well as
Computer Science degrees at Portland State University and the University of
Oregon that provide some of the topics in a Robotics program. They can be
considered complementary. For example, the Intelligent Robotics Laboratory
Academic Strategies Committee
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(Prof. Marek Perkowski) in the Electrical and Computer Engineering
Department at Portland State University would be a potential collaborator in
this endeavor. In addition, this program would be complementary with
research at the Oregon Health and Science University, particularly in
Robotics in medicine. Finally, the proposed Robotics program will provide
opportunities to undergraduates (for example at the Oregon institute of
Technology) who aim to pursue a graduate degree in Robotics in Oregon.
c. If applicable, proposal should state why this program may not be
collaborating with existing similar programs.
Not applicable.
d. Potential impacts on other programs in the areas of budget, enrollment,
faculty workload, and facilities use.
No impact on existing programs is expected.
7. Financial Sustainability (attach the completed Budget Outline)
The budget outline and justification documents prepared by the
College of Engineering business office are attached.
a. Plans for the program that anticipates and provides for its long-term
financial viability, addressing anticipated sources of funds, the ability to
recruit and retain faculty, and plans for assuring adequate library support
over the long term.
The support of these graduate degrees is part of the College of
Engineering’s present budget and future strategic plan. No changes to
present plans for financial viability, funding, and recruitment of faculty or
library support are expected.
b. Plans for development and maintenance of unique resources
(buildings, laboratories, technology) necessary to offer a quality
program in this field.
The research programs associated with the proposed Robotics degree are
currently located in Graf, Covell and Rogers Halls and are funded by MIME
and the on-going research program, as well as located in the Kelley
Engineering Center and funded by ongoing research in EECS. There are
plans for the renovation of Graf Hall to host all robotics activity (research,
education, student clubs), that would significantly enhance our current
capabilities. These plans are enthusiastically supported by the leadership in
the school of MIME and the COE, and fundraising efforts are ongoing. The
Academic Strategies Committee

- 16 -

M.S., M.Eng. and Ph.D., Robotics
Page 16

University Planning committee has provided support for the program and the
redevelopment plan (see Liaison letter from Jean Duffett).
c. Targeted student/faculty ratio (student FTE divided by faculty FTE).
The target ratio is to have approximately 5 graduate students per faculty,
leading to a total graduate enrollment of about 40 students.
d. Resources to be devoted to student recruitment.
Present resources for student recruitment include the costs of promoting the
program including creating and distributing marketing material (~$2,000),
creating and maintaining an up-to-date webpage (~$2,000), and organizing a
recruiting event in Feb/Mar each year (~$3,000). This will result in $7,000 of
recurring cost, as well as $500 of start-up costs to cover “branding” material
(posters, cards etc.).
8. External Review (if the proposed program is a graduate level program,
follow the guidelines provided in External Review of new Graduate Level
Academic Programs in addition to completing all of the above information)
The proposed external reviewers for this program include:
Howie Choset
Professor, Robotics Institute
Carnegie Mellon University
choset@ri.cmu.edu
http://www.cs.cmu.edu/~choset/
Gaurav S. Sukhatme
Professor and Chairman
Department of Computer
Science
Director, Robotic Embedded Systems Lab
University of Southern California
gaurav@usc.edu
http://robotics.usc.edu/~gaurav/
Peko Hosoi
Associate Professor, Mechanical
Engineering, Massachusetts Institute of
Technology peko@mit.edu
http://meche.mit.edu/people/?id=45
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Reid Simmons
Associate Director for Education, Robotics Institute
Carnegie Mellon University
reids@cs.cmu.edu
http://www.cs.cmu.edu/~reids/
Robert D. Howe
Abbott and James Lawrence Professor of Engineering
School of Engineering and Applied Sciences
Director, Biorobotics Laboratory
Harvard University
howe@seas.harvard.edu
http://www.seas.harvard.edu/directory/howe
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Appendix A: Outcomes and Quality Assessment

Graduate Doctoral Program Assessment Plan
Process
How does your unit reflect on the assessment data gathered and who is involved? How do the results
of your assessment efforts relate to strategic planning and overall program review?

The data will be collected by the graduate advisor. The results of the assessment will be used
to determine course offerings (content and frequency) in future years.
What data are archived? Where, how and for what duration?

Student theses (10 years)
Student preliminary examination records (10 years)
Student qualifying examination records (10 years)
Student program of studies (10 years)
Student yearly assessment by advisor and robotics faculty (5 years)

Program Outcomes, Measures and Benchmarks or Milestones

List the university and program
level student learning outcomes
(GLO).
What year will you report on this
outcome? (Every university GLO
must be assessed annually and
others at least once every five
years.)
List the measures/methods
/instruments to be used to
assess the outcome. Identify
measures, methods, and/or
instruments as being direct (D)
or indirect (I). (At least one of
these must be direct measures.)
What benchmarks/milestones
will you use to determine if the
outcome has been satisfactorily
met by the students?z

Produce and
defend an
original
significant
contribution to
knowledge
yearly

Demonstrate
mastery of
subject material
yearly

Conduct scholarly
or professional
activities in an
ethical manner
yearly

36 credits of
thesis credits (D)

42 credits of
coursework (D)

Online Ethics
workshop (D)

Preliminary Exam Cumulative GPA Dissertation
Dissertation
above 3.0
defense
defense
Presentation to
seminar
Presentation to
seminar
z Examples include courses, workshops, program of study, internship/externship,
research proposal, presentations of research or project results, project or thesis
defense, final report or thesis. This is not an exhaustive list of possibilities.
yPrograms especially with options will likely have specific learning outcomes
(competencies, goals, etc.). State those and how they are being assessed.

Academic Strategies Committee

-A1-

M.S., M.Eng. and Ph.D., Robotics
Page 19

Graduate Master’s Program Assessment Plan
Process
How does your unit reflect on the assessment data gathered and who is involved? How do the results
of your assessment efforts relate to strategic planning and overall program review?

The data will be collected by the graduate advisor. The results of the assessment will be used
to determine course offerings (content and frequency) in future years.
What data are archived? Where, how and for what duration?

Student program of studies (10 years)
Student theses (10 years)
Student yearly assessment by advisor and robotics faculty (5 years)

Program Outcomes, Measures and Benchmarks or Milestones
List the university and program
level student learning
outcomes (GLO).
What year will you report on
this outcome? (Every university
GLO must be assessed annually
and others at least once every
five years.)
List the measures/methods
/instruments to be used to
assess the outcome. Identify
measures, methods, and/or
instruments as being direct (D)
or indirect (I). (At least one of
these must be direct measures.)
What benchmarks/milestones
will you use to determine if the
outcome has been satisfactorily
met by the students?z

Conduct research
or produce some
other form of
creative work
yearly

MS: 12 credits of
thesis credits (D) or
6 credits of project
credits (D)
MENG: one course
with creative
project (eligible
class list available)
Master’s Defense
Presentation to
seminar

Conduct
scholarly or
Demonstrate
professional
mastery of
activities in an
subject material ethical manner
yearly
yearly

30 credits of
coursework (D)

Online Ethics
workshop (D)

Cumulative GPA
above 3.0
Presentation to
seminar

Thesis defense

z Examples

include courses, workshops, program of study, internship/externship,
research proposal, presentations of research or project results, project or thesis
defense, final report or thesis. This is not an exhaustive list of possibilities.
yPrograms especially with options will likely have specific learning outcomes
(competencies, goals, etc.). State those and how they are being assessed.
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Graduate Doctoral Program Annual Reporting - Assessment and Reflection on
Graduate Learning Outcomes (GLO)

List the university and program
level graduate learning
outcomes (GLO).
Is this GLO new or revised since
the last year you reported on it?
(write no, new, or revised)
What do the data show about
student learning or success
relative to the outcomes you are
reporting on this year?
Describe any course-level
changes related to this outcome
that will result /have resulted
from assessment activities in this
reporting year. Include timelines.
Describe any program/degree
level (e.g. curricular, outcomes,
goals, objectives) changes related
to this outcome that have
resulted/will result from GLO
assessment activities in this
reporting year and/or from other
impetuses (e.g. feedback from
accreditors).
How did your program reflect on
the data you are reporting and
who was involved? Were there
any challenges or concerns? How
are the results of your
assessment efforts related to
strategic planning and overall
program review?

Produce and
defend an
original
significant
contribution to
knowledge

Demonstrate
mastery of
subject
material

Conduct scholarly or
professional activities
in an ethical manner

Plans
Describe the program’s
assessment plans for the
upcoming year.

Attachments- Please share any relevant attachments related to the items/results you are reporting
in this report.
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Graduate Master’s Program Annual Reporting - Assessment and Reflection on
Graduate Learning Outcomes (GLO)
List the university and program
level graduate learning outcomes
(GLO).
Is this GLO new or revised since
the last year you reported on it?
(write no, new, or revised)
What do the data show about
student learning or success
relative to the outcomes you are
reporting on this year?
Describe any course-level changes
related to this outcome that will
result /have resulted from
assessment activities in this
reporting year. Include timelines.
Describe any program/degree
level (e.g. curricular, outcomes,
goals, objectives) changes related
to this outcome that have
resulted/will result from GLO
assessment activities in this
reporting year and/or from other
impetuses (e.g. feedback from
accreditors).
How did your program reflect on
the data you are reporting and
who was involved? Were there
any challenges or concerns? How
are the results of your assessment
efforts related to strategic
planning and overall program
review?

Conduct
research or
produce some
other form of
creative work

Demonstrate
mastery of
subject
material

Conduct scholarly
or professional
activities in an
ethical manner

Plans
Describe the program’s
assessment plans for the
upcoming year.

Attachments- Please share any relevant attachments related to the items/results you are
reporting in this report.
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Appendix B: PhD Qualifying Examination in Robotics
The purpose of the PhD qualifying exam is to assess students’ research skills (their ability to analyze, interpret, and communicate fundamental
scientific, mathematical, and engineering concepts) for the purpose of determining their aptitude for the PhD program. The examination also
includes a diagnostic function to highlight potential weaknesses in the students’ background that can be addressed through additional coursework
or independent study.

Exam Format
The qualifying examination for Robotics consists of three components:
1. A written research paper on a topic selected by the committee. This will generally consist of literature review with a discussion highlighting
the interesting research directions in that topic. The committee will specify the format and length of the paper, which will be due one week
prior to the scheduled oral examination.
2. A 30 minute oral presentation on the topic of the research paper.
3. A 30 minute questioning session on topics presented in the research paper, as well as topics identified by the committee as a result of
evaluating the research paper. These topics will be communicated to the students at least three days prior to the oral examination.
The qualifying exam will be evaluated by the faculty in Robotics. At least four faculty members must be present at the examination.

Exam Scheduling
The qualifying exam will be conducted in the first three weeks of Winter term every year: The timeline for taking the qualifying exam is as follows:



For students entering the program with an MS degree: No later than their second year in graduate school.
For students entering the program with a BS degree: No later than their third year in graduate school.

Students who fail to meet this deadline will not be allowed to continue in the PhD program.
Students who fail the qualifying examination will be allowed to re -take it once within 60 days.
Students who fail the qualifying examination a second time will not be allowed to continue in the PhD program and may be re-directed toward an
MS or MEng degree, if appropriate.
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Budget Outline Form

Estimated Costs and Sources of Funds for Proposed Program
Total new resources required to handle the increased workload, if any. If no new resources are required, the budgetary impact should be reported as zero.

Institution:

Indicate the year:

Oregon State University

X

Program: __MS, MEng, PhD in Robotics____________________
Academic Year: _____2014-15

First
Third

Second
Fourth

Prepare one page each of the first four years
Column A

Column B

Column C

Column D

Column E

Column F

From
Current
Budgetary Unit

Institutional
Reallocation from
Other Budgetary
Unit

From Special State
Appropriation
Request

From Federal
Funds and Other
Grants

From Fees,
Sales and Other
Income

LINE
ITEM
TOTAL

Personnel
Faculty (Include FTE)
Graduate Assistants (Include FTE)
Support Staff (Include FTE)
Fellowships/Scholarships
OPE
Nonrecurring:
Personnel Subtotal

$16,716 (0.5 FTE)

$16,716

$5,809

$5,809

$22,525

$22,525

$6,196

$6,196

$500

$500

$7,000
$13,696

$7,000
$13,696

Construction
Major Renovation
Other Expenses
Physical Facilities Subtotal

$0

$0

GRAND TOTAL

$36,221

$36,221

Other Resources
Library/Printed
Library/Electronic
Supplies and Services
Equipment
Other Expenses
Other Resources Subtotal
Physical Facilities
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Budget Outline Form

Estimated Costs and Sources of Funds for Proposed Program
Total new resources required to handle the increased workload, if any. If no new resources are required, the budgetary impact should be reported as zero.

Institution:

Indicate the year:

Oregon State University

Program: __MS, MEng, PhD in Robotics____________________
Academic Year: _____2015-16

First X
Third

Second
Fourth

Prepare one page each of the first four years
Column A

Column B

Column C

Column D

Column E

Column F

From
Current
Budgetary Unit

Institutional
Reallocation from
Other Budgetary
Unit

From Special State
Appropriation
Request

From Federal
Funds and Other
Grants

From Fees,
Sales and Other
Income

LINE
ITEM
TOTAL

Personnel
Faculty (Include FTE)
Graduate Assistants (Include FTE)
Support Staff (Include FTE)
Fellowships/Scholarships
OPE
Nonrecurring:
Personnel Subtotal

$17,552 (0.5 FTE)

$17,552

$6,143

$6,143

$23,695

$23,695

$6,382

$6,382

$7,210

$7,210

$13,592

$13,592

Construction
Major Renovation
Other Expenses
Physical Facilities Subtotal

$0

$0

GRAND TOTAL

$37,287

$37,287

Other Resources
Library/Printed
Library/Electronic
Supplies and Services
Equipment
Other Expenses
Other Resources Subtotal
Physical Facilities
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Budget Outline Form

Estimated Costs and Sources of Funds for Proposed Program
Total new resources required to handle the increased workload, if any. If no new resources are required, the budgetary impact should be reported as zero.

Institution:

Indicate the year:

Oregon State University

Program: __MS, MEng, PhD in Robotics____________________
Academic Year: _____2016-17

X

First
Third

Second
Fourth

Prepare one page each of the first four years
Column A

Column B

Column C

Column D

Column E

Column F

From
Current
Budgetary Unit

Institutional
Reallocation from
Other Budgetary
Unit

From Special State
Appropriation
Request

From Federal
Funds and Other
Grants

From Fees,
Sales and Other
Income

LINE
ITEM
TOTAL

Personnel
Faculty (Include FTE)
Graduate Assistants (Include FTE)
Support Staff (Include FTE)
Fellowships/Scholarships
OPE
Nonrecurring:
Personnel Subtotal

$18,430 (0.5 FTE)

$18,430

$6,497

$6,497

$24,927

$24,927

$6,573

$6,573

$7,427

$7,427

$38,927

$38,927

Construction
Major Renovation
Other Expenses
Physical Facilities Subtotal

$0

$0

GRAND TOTAL

$38,927

$38,927

Other Resources
Library/Printed
Library/Electronic
Supplies and Services
Equipment
Other Expenses
Other Resources Subtotal
Physical Facilities

Academic Strategies Committee

M.S., M.Eng. and Ph.D., Robotics
Page 26

Budget Outline Form

Estimated Costs and Sources of Funds for Proposed Program
Institution:

Oregon State University

Program: __MS, MEng, PhD in Robotics____________________

Indicate the year:

First
Third X

Academic Year: _____2017-18

Second
Fourth

Prepare one page each of the first four years

Personnel
Faculty (Include FTE)
Graduate Assistants (Include FTE)
Support Staff (Include FTE)
Fellowships/Scholarships
OPE
Nonrecurring:
Personnel Subtotal
Other Resources
Library/Printed
Library/Electronic
Supplies and Services
Equipment
Other Expenses
Other Resources Subtotal
Physical Facilities

Column A

Column B

Column C

Column D

Column E

Column F

From
Current
Budgetary Unit

Institutional
Reallocation from
Other Budgetary
Unit

From Special State
Appropriation
Request

From Federal
Funds and Other
Grants

From Fees,
Sales and Other
Income

LINE
ITEM
TOTAL

$19,352 (0.5 FTE)

$19,352

$6,870

$6,870

$26,222

$26,222

$6,770

$6,770

$7,650

$7,650

$14,420

$14,420

Construction
Major Renovation
Other Expenses
Physical Facilities Subtotal

$0

$0

GRAND TOTAL

$40,642

$40,642

Total new resources required to handle the increased workload, if any. If no new resources are required, the budgetary impact should be reported as zero.
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Summary of Support Letters:
We received support from the Industry Advisory Board members, Pacific Northwest
researchers as well as prominent Robotics program directors across the nation
(including the Director of the robotics institute at Carnegie Mellon University). Enclosed
are a few quotes from the support letters. (Full letters are attached.)
Matt Mason, Professor, Computer Science and Robotics, Director, Robotics
Institute, Carnegie Mellon University:
“I strongly support the creation of a new Robotics graduate program at Oregon
State University.”
“The faculty at OSU has a well-established international reputation, particularly
on topics such as legged locomotion, manipulation, marine robotics, multi-robot
coordination, artificial intelligence and software architectures for robots. With the
strong research focus and the diverse course offerings, they are well positioned
to deliver a top robotics program.”
Michael Gennert, Professor, Computer Science and Computer & Electrical
Engineering Departments, Director, Robotics Engineering Program, Worcester
Polytechnic University:
“The proposed program addresses a critical need for multi-disciplinary engineers
and scientists in robotics.”
“… no single discipline provides the breadth necessary for robotics, making it
increasing important to offer programs such as yours.”
“In industry, IEEE-US Today’s Engineer reported that the robotics industry will
create 1,000,000 jobs in the next 5 years.”
“Not only does it have a core of well-established faculty members, the recent
addition of extremely talented junior faculty members, some of whom I know
personally as rising stars in the field, should enable OSU to become a top
university for robotics research and education.”
“… I enthusiastically support the program and commend you for your leadership
in this effort. I wish you and your colleagues the very best of success.”
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Christopher Allan (Associate Professor, University of Washington, Hand and
microvascular surgery):
“Given my experience with your team and the rapid changes in all fields of surgery, I
strongly believe that a graduate-level program in robotics at Oregon State University
could be of tremendous benefit to the region and the nation through collaborative
biomedical engineering research projects.”
“In summary, I strongly support the development of a graduate-level robotics program at
Oregon State University. I look forward to continued close and productive interactions
with your excellent robotics faculty and students.”
David Browning, MIME Industry Advisory Board member, Altman Browning and
Company:
“During my tenure on the IAB, I witnessed and encouraged amazing growth in the
robotics group… The resulting research in mobility, recognition and decision making on
a robotic level is inspiring and technically highly advanced.”
“With these factors in mind, I think it is essential for the OSU robotics program to include
a graduate degree program.”
Rick Williams, College of Engineering IAB member, Leidos Maritime Solutions:
“This letter is written in strong support of the proposed new graduate degree program in
Robotics that would result in Ph.D., M.S., and M.Eng degrees. “

Kevin Lynch, Professor and Chair, Mechanical Engineering, Northwestern
University:
“The number of job opportunities and research funding in robotics are currently
undergoing significant growth.”
“The faculty at Oregon State are well positioned and have sufficiently diverse
research interests to offer a robust Robotics curriculum.”
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5000 Forbes Ave., NSH 4303
Pittsburgh, PA 15213
Phone: (412) 268-8804
Fax: (412) 268-6436
matt.mason@cs.cmu.edu

October 10, 2013

Professor Kagan Tumer
Oregon State University
Mechanical Engineering Department
204 Rogers Hall
Corvallis, OR 97331-6001
Dear Professor Tumer,
I strongly support the creation of a new Robotics graduate program at Oregon State University. I have
served as director of the Robotics Institute at Carnegie Mellon University since 2004, and served as
chair of the Ph.D. program from 1995-2004. The Robotics Institute is the largest and oldest robotics
graduate program in the world. We have seen very strong student demand for Robotics degrees, and
consistent demand from industry and academia for Robotics graduates. I personally know many of the
faculty at Oregon State who are initiating this graduate program, and I have confidence that they have
the capability to build a strong program.
I have been closely involved with the robotics community for more than three decades. In that time, I
have seen the community grow by orders of magnitude, and this growth continues to accelerate. The
growth of robotics industries has also accelerated. The role of robotics in manufacturing, transportation,
logistics and services is reaching such proportions that a National Robotics Initiative was launched by
the Obama administration. Both local and national companies would benefit greatly from a strong
robotics program at OSU.
The faculty at OSU has a well-established international reputation, particularly on topics such as legged
locomotion, manipulation, marine robotics, multi-robot coordination, artificial intelligence and software
architectures for robots. With the strong research focus and the diverse course offerings, they are well
positioned to deliver a top robotics program.
I'm excited by Oregon State's trajectory and look forward to working together to take robotics to new
heights.
Sincerely,

Matthew T. Mason
Professor, Computer Science and Robotics
Director, Robotics Institute
Carnegie Mellon University
MTM:ejh
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Robotics Engineering Program
Worcester, MA 01609-2280, U.S.A.
508-831-5476, Fax 508-831-5776
http://robotics.wpi.edu/
September 5, 2013
Prof. Kagan Tumer
School of Mechanical, Industrial and Manufacturing Engineering
College of Engineering
Oregon State University
Corvallis, OR 97331-6001
Re: Letter of Support for Proposed Graduate Degree Program in Robotics
Dear Prof. Tumer,
I am pleased to write this letter of support for the proposed M.Eng., M.S., and Ph.D. program in
Robotics at Oregon State University.
I feel well-qualified to evaluate the proposed program, having led the faculty team at Worcester
Polytechnic Institute that developed B.S., M.S., and Ph.D. degrees in Robotics Engineering and
serving as Director of the Robotics Engineering program since 2007. A complete CV is
available at http://web.cs.wpi.edu/~michaelg/work/CV.pdf.
The proposed program addresses a critical need for multi-disciplinary engineers and scientists in
robotics. Traditionally, engineers in the robotics industry have degrees in one of the core
disciplines of Computer Engineering, Computer Science, Electrical Engineering, or Mechanical
Engineering. Yet no single discipline provides the breadth necessary for robotics, making it
increasing important to offer programs such as yours. Robotics is also a rapidly growing
discipline. In academia, the robotics-worldwide email list
(http://duerer.usc.edu/pipermail/robotics-worldwide/) distributes notices of faculty and research
positions and conference announcements. For example, in a 6-day period 23-28 August 2013,
robotics-worldwide listed approximately 20 positions available, mostly for Ph.D.s, and mention
of over 10 conferences, workshops, and symposia in robotics. In industry, IEEE-USA Today’s
Engineer reported that the robotics industry will create 1,000,000 jobs in the next 5 years
(http://www.todaysengineer.org/2012/Feb/career-focus.asp).
The OSU School of Mechanical, Industrial and Manufacturing Engineering has clearly
positioned itself to offer a very strong graduate program in robotics. Not only does it have a core
of well-established faculty members, the recent addition of several extremely talented junior
faculty members, some of whom I know personally as rising stars in the field, should enable
OSU to become a top university for robotics research and education. Tighter integration of EECS
faculty into the program would further strengthen it. The curriculum appears sound and
appropriate for the degrees proposed.
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One expects graduates of the proposed program will be in high demand by industry and
academia. I would welcome M.S. students into our Ph.D. program and would consider Ph.D.
recipients and post-docs for positions at WPI.
In summary, I enthusiastically support the program and commend you for your leadership in this
effort. I wish you and your colleagues the very best of success.
Sincerely,

Michael A. Gennert
Professor, Computer Science and Computer & Electrical Engineering Departments
Director, Robotics Engineering Program
Worcester Polytechnic Institute
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Kevin M. Lynch
Professor and Chair
Department of Mechanical Engineering
Northwestern University
2145 Sheridan Rd.
Evanston, IL 60208
kmlynch@northwestern.edu
nxr.northwestern.edu/people/kevin-lynch
TEL (847) 467-5451
FAX (847) 491-3915

September 9, 2013
Dear Sir/Madam,
I am writing in support of the proposed MS, MEng, and PhD programs in Robotics at Oregon
State University. The number of job opportunities and research funding in robotics are currently
undergoing significant growth. In response to this, Northwestern University is also currently
starting up an MS Program in Robotics, accepting first students for Fall 2014. Programs such
as the Northwestern program and the proposed Oregon State programs will find a good number
of interested applicants, and graduates will have plenty of opportunities. The faculty at Oregon
State are well positioned and have sufficiently diverse research interests to offer a robust
Robotics curriculum.
I am Professor and Chair of the Department of Mechanical Engineering at Northwestern. I am a
member of the Executive Committee of the IEEE Robotics and Automation Society, General
Chair of the 2014 International Conference on Intelligent Robots and Systems (IROS 2014),
Senior Editor of the IEEE Transactions on Automation Science and Engineering, former Senior
Editor of the IEEE Transactions on Robotics, and an IEEE Fellow.
Sincerely,

Kevin M. Lynch
Professor and Chair, Mechanical Engineering

Northwestern University / B290 Technological Institute
2145 Sheridan Road / Evanston, Illinois 60208
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New Graduate Degree Program Proposal: Ph.D., M.S., and M.Eng.
in Robotics
Oregon State University
Report of the External Review Panel
June 25, 2014
External Review Panel Members:
Howie Choset, Professor, Director of Undergraduate Major in Robotics, Robotics Institute, Carnegie Mellon University, Pittsburgh, Pennsylvania
Anette (Peko) Hosoi, Professor and Associate Head, Mechanical Engineering, Massachusetts
Institute of Technology, Cambridge, Massachusetts (Panel Chair)
Reid Simmons, Associate Director for Education, Robotics Institute, Carnegie Mellon
University, Pittsburgh, Pennsylvania

1
1.1

Program
The program objectives and requirements; the mechanisms for program administration and assessment.

Program Objectives and Requirements
The proposed robotics graduate program will provide an integrated program that will embrace the multi-disciplinary nature of robotics. The program will be directed towards advanced studies related to robotics and include core areas of concentration from Mechanical
Engineering, Electrical Engineering, and Computer Science such as: actuation, locomotion, manipulation, dynamics, and control (Mechanical Engineering); sensors, vision, and
motors (Electrical Engineering); artificial intelligence, machine learning, and human robot
interactions (Computer Science).
The academic home of the new degrees will be the School of Mechanical, Industrial and
Manufacturing Engineering (MIME) at Oregon State University (OSU). Graduate students
will be admitted directly into the robotics program. Other programs on campus will be able
to offer graduate minors in Robotics. This is an administrative structure that has already
proved successful in the existing Materials Science program, which is also housed in MIME.
Although the program will reside in MIME, there are eight faculty from the Department
1 of 14
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of Electrical Engineering and Computer Science who will play an active and integrated
role teaching robotics classes and supervising robotics graduate students. MIME already
has close ties with EECS through individual faculty collaborations and shared initiatives
such as Industry Day. The review panel applauds the efforts made so far to ensure the
interdisciplinary nature of the proposed program and encourages the lead faculty to continue
their efforts to reach out to and engage faculty outside of MIME.
The proposed M.S. in Robotics requires 45 credits of graduate work. Students may opt for
either a thesis or a project option. The thesis option includes at least 30 credits of coursework of which at least 16 credits must be robotics core courses. In addition, students must
complete 12 credits of thesis and 3 credits of seminar, research, or additional coursework.
The project option requires 39 credits of coursework of which at least 16 credits must be
robotics core courses plus 6 credits of project. These projects will typically be defined in
association with industry partners. Each option will typically take two years for students
to complete.
The proposed Ph.D. in Robotics requires 108 credits of graduate work. These credits must
include at least 45 credits of coursework (at least 16 of which must come from the robotics
core) and at least 36 credits of dissertation. The additional credits may come from e.g.
research or additional coursework. In addition, Ph.D. students must pass a program-specific
Qualifying Exam, a Program of Study Meeting, a Ph.D. Preliminary Examination, and a
Ph.D. Defense. It is expected that this program will typically take students 4-5 years to
complete.
Recommendation 1: Currently there is a de facto breadth requirement owing to the
limited number of courses offered in each sub-discipline. We expect that as the program
evolves and the number of offerings grows, this may no longer be the case. The panel
suggests that the robotics faculty may wish to consider a breadth requirement as the number
of available courses expands.

1.2

The program’s alignment with the institution’s mission and strategic
objectives.

Alignment with OSUs Mission
As a state university, Oregon State University (OSU) has the mission of helping to provide
an educated workforce within the state that is capable of supporting the states business
initiatives and fostering its economic well-being. Specifically:
“As a land grant institution committed to teaching, research, and outreach and
engagement, Oregon State University promotes economic, social, cultural and
environmental progress for the people of Oregon, the nation and the world. This
2 of 14
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mission is achieved by producing graduates competitive in the global economy,
supporting a continuous search for new knowledge and solutions, and maintaining a rigorous focus on academic excellence, particularly in the three Signature Areas: Advancing the Science of Sustainable Earth Ecosystems; Improving Human Health and Wellness; and Promoting Economic Growth and Social
Progress.”
The robotics degrees will support OSU’s mission and goals through education, research
and service by providing graduates with expertise in the design, control, programming
and operation of robots. These degrees will define a forward-looking program of study for
OSU’s mechanical engineering, manufacturing engineering, industrial engineering, electrical
and computer engineering, and computer science students.
Alignment with OSU’s Strategic Plan
OSU’s Strategic Plan draws directly from the OSU mission statement. Goal 1 of the strategic plan states: “Provide outstanding academic programs that further strengthen performance and pre-eminence in the three Signature Areas of Distinction: Advancing the Science
of Sustainable Earth Ecosystems; Improving Human Health and Wellness; and Promoting
Economic Growth and Social Progress.” In particular, it is recommended that the faculty
“Raise the profile of graduate education at OSU by repositioning existing programs and introducing targeted new programs to support OSU’s three signature areas, and increasing
professional and graduate programs to 25 percent of all enrollments.”
The proposed graduate robotics programs will achieve this by strengthening the performance
and preeminence of the Schools of Mechanical, Industrial and Manufacturing Engineering
(MIME) and Electrical Engineering and Computer Science (EECS) in the area of promoting
economic growth and social progress. In addition, as seen at other academic institutions,
the added visibility of robotics will attract elite robotics faculty and students from all over
the world, thereby strengthening an already stellar core of researchers.

1.3

The depth and breadth of coverage in terms of faculty availability and
expertise, regular course offerings and directed study, and access to
and use of support resources within and external to the institution.

The Depth and Breadth of Coverage
Sufficient faculty members are available in MIME and EECS with expertise appropriate to
the program. The proposed core robotics courses are already being taught. These classes
in and of themselves constitute an excellent suite of core robotics courses. If the program
is approved, additional advanced courses are likely to be added to the robotics graduate
course offerings, further enhancing the breadth and depth of the program.
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Recommendation 2: The panel recommends that robotics courses currently taught in
EECS or other departments be cross-listed with an “ROB” number to enhance visibility
and to aid students in navigating and selecting robotics electives.

Access to and Use of Support Resources
The graduate program in robotics will be jointly administered through the Associate Head
for Graduate Programs and Research in MIME and the Robotics Area Lead. The Associate
Head for Graduate Programs and Research will provide administrative support for the
graduate robotics program as well as recruiting and placement support for robotics students.
Administrative support will be provided by the School of MIME graduate administrative
staff. The School of MIME’s graduate advisor and the University’s Career Center will
provide advising and placement support for the robotics students.
A limited number of fellowships will be available through donations to the MIME development fund. Upon approval of the graduate robotics program, fellowships for robotics
students will be added to the MIME “wish list” of items for private funding.

1.4

The relationship of this program to undergraduate and other graduate programs at the institution and other institutions in the state,
if appropriate. Consider collaborative arrangements, partnerships,
interdisciplinary programs, service functions, joint research projects,
support programs, etc.

Robotics is fundamentally interdisciplinary, residing at the intersection of three traditional
areas: Mechanical Engineering, Electrical Engineering, and Computer Science. The graduate robotics program is unique among other Oregon state institutions in that it integrates
all three of these fields.
There are several key opportunities that are unique to OSU that can be leveraged to grow the
proposed program into a world-class robotics research and education center. For example,
OSU houses premier oceanography and forestry programs, both of which increasingly rely on
autonomous underwater and aerial vehicles for monitoring and observation. To date these
programs have relied heavily on deploying off-the-shelf technology rather than developing
new hardware and algorithms. Partnerships between oceanography and forestry and the
new robotics program are already underway. New capabilities developed through these
partnerships have the potential to boost already stellar research to new heights.
Finally, OSU has a young faculty core interested in pursuing research in robotics and growing
their program. This personnel resource has to be tapped and coalescing their efforts will
provide a large benefit to the University. This group of faculty have a long-term view and
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vested interest in growing robotics activity at OSU.

1.5

The justification in terms of state needs, demand, access, and cost
effectiveness (if this program represents System duplication).

The graduate robotics program does not represent System duplication.

1.6

The probable impact of the program on the department or academic
unit, as well as its effect on current programs.

MIME is a healthy, thriving department. The student population (both undergraduate and
graduate) has doubled in the past five years (see Figure 1). The growth in the graduate
student population is driven primarily by faculty research grants indicating that dollars
raised by MIME faculty has approximately doubled in the past five years. The department
has cultivated a culture of hands-on experience and is rapidly becoming the local go-to place
for research and advice in automated manufacturing.
The impact of the proposed new robotics program on robotics faculty is primarily positive.
The increased visibility will draw in world-class robotics students and, with the additional
infrastructure, they will be well-positioned to go after larger, high-profile, collaborative
grants. However, a successful program will naturally increase the faculty workload. The
graduate robotics program will have impact on the MIME administration, particularly as it
relates to graduate program administration. This impact will be offset by the availability of
existing and additional administrative help budgeted in the proposal. These administrative
resources are key to the success of this program, especially at its early stage of development.
In addition, there will be an impact to the robotics related courses as more students are
enrolled. However, growth is being planned for across MIME graduate courses regardless
of the outcome of this proposal.

1.7

The program’s major strengths and weaknesses.

Major strengths of the graduate robotics proposal include a strong, dedicated faculty; significant existing coursework in the core robotics areas; and a commitment to state-of-the-art
laboratory, classroom, and office space. Opportunities for strong interaction with other
OSU departments, including oceanography and forestry, provide tremendous opportunities
for synergy. In addition, ties with local industries, including the agricultural and forestry
communities, bode well for research funding opportunities (e.g, MIME has already been recommended for funding by USDA as part of National Robotics Initiative) and opportunities
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for local internships and employment.
Recommendation 3: The current robotics faculty have done an admirable job reaching
out to faculty outside of MIME (particularly in EECS) and the panel suggests that they
take this one step further to clarify and carefully scope the roles and buy-in from other
departments that overlap the core mission of the robotics programs.

2
2.1

Faculty
The quality of the faculty in terms of training, experience, research,
scholarly contributions, ability to generate external support, stature
in the field, and qualifications to serve as graduate faculty.

By Fall 2014, qualified graduate robotics faculty will include the following.
Ravi Balasubramanian, Assistant Professor, MIME. PhD from Carnegie Mellon University. Robotic manipulation, robotic hands.
Belinda Batten, Professor, MIME. PhD from Clemson. Optimal Control, Unmanned
aerial vehicles, marine energy.
Cindy Grimm, Research Associate Professor, MIME. PhD from Brown University. Computer graphics, human-computer interactions.
Ross Hatton, Assistant Professor, MIME. PhD from Carnegie Mellon University. Geometric mechanics, locomotion, snake robots.
Geoff Hollinger, Assistant Professor, MIME. PhD from Carnegie Mellon University. Field
robotics, marine robotics, and motion planning.
Jonathan Hurst, Assistant Professor, MIME. PhD from Carnegie Mellon University. Legged
robots, passive dynamics.
Yigit Menguc, Assistant Professor, MIME. PhD from Carnegie Mellon University. Soft
robotics.
Bill Smart, Associate Professor, MIME. PhD from Brown University. Software architectures for robotics, mobile robots, human robot interactions.
Kagan Tumer, Professor, MIME. PhD from The University of Texas. Autonomous robots,
multi-robot coordination, multiagent learning.
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In addition, the following faculty in the School of Electrical Engineering and Computer
Science teach courses or are active in research in topics directly related to Robotics:
Glencora Borradaile, Assistant Professor, EECS. PhD from Brown University. Algorithms, computational geometry, planar graph algorithms.
Tom Dietterich, Professor, EECS. PhD from Stanford University. Machine learning, intelligent systems.
Alan Fern, Associate Professor, EECS. PhD from Purdue University. Artificial intelligence, automated planning/control.
Xiaoli Fern, Associate Professor, EECS. PhD from Purdue University. Machine learning,
data mining.
Raviv Raich, Associate Professor, EECS. PhD from Georgia Institute of Technology.
Adaptive sensing/sampling, manifold learning.
Prasad Tadepalli, Professor, EECS. PhD from Rutgers University. Artificial intelligence,
machine learning, automated planning.
Sinisa Todorovic, Assistant Professor, EECS, PhD from University of Florida. Computer
vision, object recognition, video object segmentation.
Weng-Keen Wong, Associate Professor, EECS. PhD from Carnegie Mellon University.
Machine learning, anomaly detection, human-in-the-loop learning.
In terms of education and training, the quality of the faculty is of the highest caliber.
Faculty research productivity and scholarly output are excellent. The faculty have a proven
track-record in generating external support. One indication of this is the growth of the
graduate program, which has doubled in the past five years to ∼ 270 students. This growth
is driven primarily by the faculty’s ability to raise funds to support incoming students,
implying that the faculty have approximately doubled their research funding in the past
five years.
The faculty in the department are quite young, none-the-less they have established strong
relationships within the Oregon industrial community and have gained national and international stature in the robotics research community. Of the nine key robotics faculty, five
are in their late 20s or early 30s, resulting in a very low median age. The fact that OSU
has managed to recruit so many young rising stars in this area is viewed by the panel as a
key strength of the program and as an investment in leadership for the future.
As a rule, no adjuncts are hired that are not, at minimum, professionally qualified.
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Figure 1: Growth in undergraduate and graduate enrollment within MIME.

2.2

The faculty in terms of size, qualifications for area(s) of specialization
offered, and the student body served. Include analysis of program
sustainability in light of such factors as upcoming retirements, etc.

As noted previously in this report, the number of current robotics faculty is adequate to
support demand. The student to faculty ratio is high (compared to the panel’s home institutions of MIT and CMU) but manageable. The panel applauds the Provost’s generosity in
last five years in providing additional faculty lines, and the department’s foresight to invest
in robotics.
Recommendation 4: We urge the administration to continue to monitor enrollment and
add additional faculty lines as necessary, especially to emerging sub-areas of robotics. These
enrollment numbers will be critical to track in the initial years of the program since the
national trend of rapid growth in MIME and EECS fields shows no sign of abating (see
Figure 1).

2.3

Areas of faculty strength and weakness.

MIME has hired the right people at the right time and, as a result, there is great potential to build one of the best robotics programs in the nation. These top tier faculty seem
very committed to OSU and Oregon in general and they are already doing an amazing job
reaching out to the local Oregon community. Current faculty expertise in robotics at OSU
falls primarily under two headings: physical interactions, and autonomy and optimization.
Physical interactions include natural legged locomotion, force control, passive dynamics,
manipulation, mechanical sensing, continuous contact locomotion, and soft robotics. Autonomy and optimization include robot motion planning, intelligent transportation, machine
learning, multi-robot coordination, multi-objective optimization, robotic sensing, humanrobot interactions, long-term robot autonomy, and shared autonomy. The department has
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shown remarkable foresight to build critical mass in robotics and as a consequence they are
well on their way to becoming one of the foremost robotics communities in the US.
This portfolio represents an excellent cross-section of robotics expertise. The panel suggests
that the department may want to look for ways to expand their footprint in machine perception including computer vision (either through new hires or through enhanced partnerships
across the Institute).

2.4

Faculty workload, including availability for student advising, research
oversight, mentoring, and teaching effectiveness.

Faculty workload is acceptable, although the student to faculty ratio is high compared to
private institutions. To help offset this, the School of MIME has a staff of professional advisors. Faculty, therefore, do not have primary advising responsibilities for student schedules.

2.5

The credentials, involvement of, and reliance upon support faculty
from other departments within the institutions, from other institutions, and/or adjunct faculty.

Support is required within OSU from EECS. Strong ties already exist between MIME and
EECS and it is our understanding that at least eight faculty from EECS are strongly
supportive of the proposed program. Recommendations 2 and 3 provide panel suggestions
to solidify the EECS partnership. No support is required from other OSU institutions. No
adjunct faculty are currently teaching graduate courses within MIME.

3
3.1

Need
The evidence that there is significant demand for this program.

Robotics is a rapidly growing field and recently there has been an explosion of applications in
manufacturing, medical, service and military applications. Many technology leaders (including Bill Gates) have likened the current growth of robotics to the growth of the internet in
the 80s. Here are specific numbers taken from “A Roadmap for Robotics – 2013” a document
that highlights the need for and growth of robotics in the US and the world (available at:
http://robotics-vo.us/sites/default/files/2013%20Robotics%20Roadmap-rs.pdf ),
for several key areas of robotics:
Manufacturing: The sale of robotics for manufacturing grew by 44% in 2011. This is a
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remarkable figure considering that manufacturing accounts for 14% of US GDP, 11%
of employment and a staggering 70% of exports.
Medical Robots: The number of medical procedures performed by robots grew by 40%
annually over the last few years. A study shows that use of robots can reduce complications in surgery by 80%.
Service Applications: The annual growth in service robots is 30% (more than 6 million
autonomous vacuum cleaners and 200,000 lawn movers have been sold worldwide).
In addition to these growth numbers, fields such as healthcare (over 11 million people with
severe disabilities in the US who require personal assistants), space exploration (Spirit,
Opportunity and Curiosity as well as earlier robots going back to Viking program in the
1970s) and defense (today, more than 50% of pilots entering the Air Force become operators
of remotely piloted systems) are primed to become even larger markets for robotics.
Furthermore, there are multiple national programs to promote robotics. The National
Science Foundation (NSF) started the National Robotics Initiative in 2012, one of the largest
new initiatives in research. The Defense Advanced Research Projects Agency (DARPA) has
continued to invest in robotics, including the autonomous Grand Challenge in 2006 and the
current DARPA Robotics Challenge. The Presidents Advanced Manufacturing Partnership
also specifically calls for robots in manufacturing:
(http://www.whitehouse.gov/sites/default/files/microsites/ostp/
amp final report annex 1 technology development july update.pdf)
Finally, in addition to the economic drivers, there are significant pressures to educate and
prepare researchers in this field. Only a handful of schools offer specific PhD programs
in robotics (Carnegie Mellon and Georgia Tech). As such, last year there were over 440
applicants to the CMU robotics program, of whom only 40 were admitted. Offering this
degree will not only serve a great need in the US, but also allow OSU graduates to be
leaders and innovators in this field (recent OSU graduates in Mechanical Engineering with
a robotics focus, for example, have gotten jobs at NASA and Meka Robotics, a leading
robotics company).

3.2

The evidence of sufficient and relevant employment opportunities for
graduates of this program.

Along with growth in industrial robotics, there is (naturally) a concomitant growing national
demand for robotics graduates. Locally, there is strong local support from industry for such
a program. Local manufacturing, technology and robotics companies are all hiring robotics
graduates. In particular, Portland hosts a number of companies in metals processing which
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require safe and efficient materials handling (e.g. ESCO Corporation, PCC Structurals,
Inc). OSU is rapidly becoming the go-to place for local automation solutions for these
companies.
As a sign of their commitment, local industry partners are already supporting the robotics
group at OSU through small grants, access to unique resources, and sponsorship of graduate
students. The latter includes a program in which students alternate 6 months at OSU
and 6 months of hands-on internship experience at the sponsoring company. Participating
companies include ESCO and DWFritz.

3.3

The overall need for the program within the institution, the Oregon
University System, state and/or region, and nation.

There is great demand for robotics in both Oregon and the Pacific Northwest. This need is
growing with the recognition of robotics as either a key final product, or a key competitive
advantage in many industries. OSU graduates are well poised to fill positions in startup
companies, large established companies, and governmental agencies. These Oregon companies include DW Fritz (hired recent graduate), Concept Systems, ESCO (has employees
pursuing MS at OSU), Intel (hired recent graduate), and Korvis Automation (hired recent
graduate).
Students are well-aware of these trends and are positioning themselves to take advantage
of these opportunities. The student population, both at the undergraduate and graduate
level in MIME has doubled in the past five years (with over 1700 undergraduates and 270
graduate students in 2014). Currently there are 100+ dues paying members of the OSU
robotics club (see Figure 2). MIME has also become one of the new NSF REU sites for
their proposal “Robots in the Real World” (2014-2017). In three weeks, they received 70
applicants for 10 REU slots. We expect this demand will only increase as the program gains
visibility.

4
4.1

Resources
The adequacy of library, computer, laboratory, and other research facilities and equipment? offices? classrooms? support services for the
program? and, if relevant, the program’s utilization of resources outside the institution (e.g., field sites, laboratories, museums, libraries,
and cooperative arrangements with other institutions).

Library, computer resources are adequate to support the graduate robotics program. The
Valley Library has adequate journal subscriptions. With the addition and renovation of
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Figure 2: Clockwise from upper right: OSU rover going over OSU football players; Ryan
Skeele (president of the OSU robotics club) cutting a cake using a “robotically enhanced
arm”; OSU robotics rover team in Rezer stadium; Graf Hall during ENGR 421 class; Geoff
Hollinger’s group, with graduate student Ryan Skeele showing the progression from robotics
club to research lab.
Graf Hall, office, lab and classroom space is also sufficient.

4.2

The proposed budget and any need for new resources to operate the
program effectively. Where appropriate, review resources available to
support graduate students (e.g., fellowships and other scholarships,
teaching and research assistantships).

The proposed budget and new resources to operate the program effectively appear adequate.
However, we urge the administration to consider additional support for support staff to
remove some of the administrative burden from the faculty and make optimal use of faculty
time.
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4.3

In terms of national standards, the institution’s commitment to the
program as demonstrated by the number of faculty relative to workload and student numbers, support for faculty by nonacademic personnel (e.g., support, staff, technicians), financial support for students, and funds for faculty research and professional activities (e.g.,
conferences, visiting lectures).

OSU’s commitment to the graduate robotics program appears sufficient to deliver a high
quality program. The Provost has been generous in last five years, supplying additional
faculty lines which the department has chosen to invest in robotics.
The department, Institute and state commitment to space for the new robotics program
is both commendable and essential. The second and third floors of Graf Hall – which is
adjacent to current MIME facilities – will be renovated to become the new home of the
robotics initiative. The renovated 18,000 sq ft space will replace old fragmented space
and include faculty offices, student space, lab space, meeting space, and a high-bay area.
The university has requested $4.75 M from the state to provide skeletal systems (e.g. fire
sprinklers, elevator, accessibility, HVAC, improved energy efficiency), and the expectation
is to get approval in February to sell bonds. Construction is expected to begin this summer.
Recommendation 5: The renovation of Graf Hall represents a tremendous opportunity
for the robotics program. The panel suggests that the faculty may wish to include a closedoff, high-bay area for development (e.g. for quadrotor testing) away from student desks and
the general public.

4.4

Institution leaders’ commitment to this program in the long term.

The Dean and Head of the School of MIME are committed to the long-term success and
sustainability of the graduate robotics program. The two key ingredients to any world-class
academic initiative are excellent people and space. MIME has a stellar cadre of top notch
robotics faculty and the panel lauds the Institute’s commitment to renovate Graf Hall for
the new robotics initiative. This space is essential to the long-term success of the program
and represents a significant commitment on the part of the administration.
Recommendation 6: To make the most of of OSU’s current strong strategic position
in robotics, the panel urges the Institute to recognize that the most valuable resource in
a successful academic enterprise is faculty time. This is particularly true as junior faculty begin to raise funds to support larger programs. We encourage the administration to
consider that in such a scenario, a little bit of administrative support can go a long way.
For example, a fraction of a local administrative assistant’s time (rather than anonymous
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support from a centralized office), commensurate with the amount of funding brought in by
that faculty, can allow faculty to devote more time to directly impact the educational and
research mission of the university.

4.5

The institution’s ability to sustain the program in the foreseeable
future along with its current and future projected commitments.

The ability to financially sustain the program is a function of student demand, which in
our opinion will be sufficient.
The robotics effort needs a strong commitment in terms of administrative support and
space. The panel is impressed with the initial moves the Institute has taken to address
space. However, we would like to emphasize once again that OSU’s robotics faculty are top
tier researchers and educators and should be focusing their time on research and education.
In the view of this, the panel fells that it would be a poor use of valuable resources if these
faculty were doing tasks that support staff can adequately perform. In addition, many of
these faculty are young, so they are quite busy (in a very tough and critical time) starting
their careers; good support staff can make a tremendous difference at this formative time.
Recommendation 7: Our final recommendation as we look to the future is to create
an Advisory Board, perhaps using the members of this review panel as a base. All three
of the panel members are excited by proposal and by the energy and dedication of the
MIME faculty and administration. An Advisory Board will help solidify this commitment
and provide a venue for advice and feedback as the program encounters the inevitable
developmental hurdles and challenges.

In summary, OSU is an excellent position to coalesce their robotics activity, both for the
good of the existing robotics-related faculty and students, and for the good of the school.
At a glance, 60 graduate students is a large number of students interested in robotics for a
single school (that is already half of the GRASP Lab which has been around for 30 years!).
The schools that already offer graduate programs in robotics are enthusiastic about this new
program. The competition for students and funding is viewed as a strength of the emerging
field of robotics, and we are excited by the prospect of OSU joining that competition as a
premier player.
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Response to the Panel recommendations for the Robotics Graduate Program, Oregon State
University
Submitted by Rob Stone, Head, School of Mechanical, Industrial and Manufacturing
Engineering

Recommendation 1: Currently there is a de facto breadth requirement owing to the limited
number of courses offered in each sub-discipline. We expect that as the program evolves and the
number of offerings grows, this may no longer be the case. The panel suggests that the robotics
faculty may wish to consider a breadth requirement as the number of available courses expands.
Response: We fully agree with the recommendation of instituting a breath requirement for all
graduate work in robotics. As the reviewers state, this is currently enforced by the number of
graduate courses offered. As that number increases, we intend to create specialized areas in
robotics, and require each program of study to contain at least one course from each of the areas.
This model will be implemented within the next two years.
Action: The Robotics Faculty will identify sub-disciplinary specialty areas within robotics
that align with faculty expertise in year one. In year two, the program specific
requirements will be updated to require the expected breadth by taking at least one course
from the majority of the specialty areas.

Recommendation 2: The panel recommends that robotics courses currently taught in EECS or
other departments be cross-listed with an “ROB” number to enhance visibility and to aid students
in navigating and selecting robotics electives.
Response: We agree in principle to having each relevant course cross-listed as a ROB designated
course. In practice, we will first move multiple courses directly from ME to ROB, and then crosslist only those courses where both the ROB and ME/CS/EE version are likely to have significant
enrollment.
Action: In year one, Category II proposals will be initiated to add the ROB designator to
existing MIME robotics courses. The graduate program committee (GPC) in MIME will
decide which courses should also be cross-listed as ME, IE, MFGE or MATSCI courses.
In year two, Category II proposals will be initiated, after consultation with the roboticsrelated faculty in EECS, to cross-list appropriate CS and ECE courses.

Recommendation 3: The current robotics faculty have done an admirable job reaching out to
faculty outside of MIME (particularly in EECS) and the panel suggests that they take this one step
further to clarify and carefully scope the roles and buy-in from other departments that overlap the
core mission of the robotics programs.
Response: As our program grows, we aim to formalize many of the partnerships. We expect to
start with the EECS faculty within the first year of the program, and continue to do so with other
faculty in following years. (For example, by reaching out to colleagues in exercise science who
study human gait, to complement the legged locomotion work being conducted in Robotics.)
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Action: The Robotics Faculty in MIME, in consultation with the Head, will enumerate the
roles and responsibilities of faculty to be affiliated with the Robotics Faculty and the
nominal term of appointment. Formal courtesy and graduate faculty appointments will be
completed with interested faculty outside of MIME. This process will begin in year one
and will continue as long as the program exists.

Recommendation 4: We urge the administration to continue to monitor enrollment and add
additional faculty lines as necessary, especially to emerging sub-areas of robotics. These
enrollment numbers will be critical to track in the initial years of the program since the national
trend of rapid growth in MIME and EECS fields shows no sign of abating (see Figure 1).
Response: The College of Engineering has committed to Robotics as one of its top priorities,
citing evidence that robotics is an area that is both growing rapidly and has tremendous impact on
the State and global economy. The Unit and College support to date has led to the hiring of five
new faculty in the last four years. The College’s support will continue in the future as enrollment
grows.
Action: The Unit and College administration will monitor the enrollment trends and
faculty resource needs each year. As demand merits (e.g., graduate student growth,
industry demand for graduates and project support, etc.), appropriate faculty resources will
be allocated.

Recommendation 5: The renovation of Graf Hall represents a tremendous opportunity for the
robotics program. The panel suggests that the faculty may wish to include a closed- off, high-bay
area for development (e.g. for quadrotor testing) away from student desks and the general public.
Response: As the current plans focus mainly on building renovations (fire escapes,
heating/cooling etc.) we have not discussed the laboratory needs with the architects. Once the first
phase of renovations of Graf Hall are completed and faculty and labs start to move in (expected
Fall 2014), we will discuss more detailed, use-specific renovations. We fully intend to ensure that
all aspects of robotics research will be supported within Graf Hall.
Action: Year one of the program coincides with an initial renovation of Graf Hall. As the
renovation and the space handover from the School of CCE proceeds in year two, the high
bay area will be defined to have development areas that offer safe areas for testing.

Recommendation 6: To make the most of OSU’s current strong strategic position in robotics, the
panel urges the Institute to recognize that the most valuable resource in a successful academic
enterprise is faculty time. This is particularly true as junior faculty begin to raise funds to support
larger programs. We encourage the administration to consider that in such a scenario, a little bit
of administrative support can go a long way. For example, a fraction of a local administrative
assistant’s time (rather than anonymous support from a centralized office), commensurate with the
amount of funding brought in by that faculty, can allow faculty to devote more time to directly
impact the educational and research mission of the university.
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Response: We agree with the recommendation, and have consulted with the Unit and College
administration on these issues. A new staff position has been requested and 0.5 FTE of that
position will support the Robotics graduate program. This will also “make room” for existing
staff to better serve the other graduate programs in MIME.
Action: The staff position will be advertised this summer with expected starting date to be
1-Sep-2014.

Recommendation 7: Our final recommendation as we look to the future is to create an Advisory
Board, perhaps using the members of this review panel as a base. All three of the panel members
are excited by proposal and by the energy and dedication of the MIME faculty and administration.
An Advisory Board will help solidify this commitment and provide a venue for advice and
feedback as the program encounters the inevitable developmental hurdles and challenges.
Response: This is a great idea and one we intend to implement. We will move towards the
creation of such a board immediately, with the review panel as a starting point and adding faculty
and industry members to ensure the representation of a broad set of advisors and stake holders.
Action: Invitations to the Robotics External Advisory Board will be sent by end of
calendar year 2014. It will include the original external review team plus other academics
from other major robotics programs (e.g., Georgia Tech and Michigan). We will also
invite industry members from the State who are interested in robotics graduates and
projects as well as major robotics companies across the country. The first Advisory Board
meeting will be scheduled for spring term 2015.
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