Agendum

Oakland University

Board of Trustees Formal Session
June 28, 2024

BACHELOCR OF SCIENCE IN ENGINEERING DEGREE IN
MECHATRONICS AND ROBOTICS ENGINEERING
A Recommendation

1. Division and Department: Academic Affairs, School of Engineering and
Computer Science, Department of Electrical and Computer Engineering.

2. introduction: Oakiand University proposes a new Bachelor of Science in
Engineering (BSE) degree in Mechatronics and Robotics Engineering. The new major
expands upon the strengths of existing coursework, research activity, and degree
programs in the Department of Electrical and Computer Engineering as well as in the
other departments in the School of Engineering and Computer Science. Its
distinguishing features include: (1) a curriculum of the program satisfies the latest ABET
accreditation criteria for engineering programs; (2) the program was developed in close
collaboration amongst all departments in the School of Engineering and Computer
Science and draws on courses and expertise from each; (3) the program is designed as
an “umbrella” program that allows the selection of course work in several area of
specializations within the mechatronics and robotics fields; and (4) the program offers
the option of choosing one of six available major-dependent concentration that equip
graduates with specialized expertise that is seeing rapidly growing demand in Southeast
Michigan and nationally.

3. Previous Board Action: None.

4, Budget Implications: The primary source of funding for the program will be
undergraduate tuition. The program is expected to generate a net income for the
University from its first year of operation. Tuition revenue is expected to reach a steady
state with 60 students by the fifth year of the program’s operation. Salary expenses
include a full-time faculty member and three graduate assistants. Operating expenses
include marketing expenses for this new program. The proforma budget is included as
Attachment B. The budget implication for this new program is minimal because it is
mostly based on coursework and expertise already available within the School of
Engineering and Computer Science.
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5. Educational Implications: The proposed program will introduce two new
courses that relate to robot operating systems and autonomous vehicle systems. These
courses serve as foundation courses for the program. In addition, the offering frequency
of six existing courses will be increased to ensure efficient degree progress and student
success.

6. Personnel Implications: To manage the anticipated feaching load arising from
the introduction of the two new courses, the program will necessitate the hiring of a full-
time facuity member at the assistant professor level starting from the second year of its
operation. Additionally, the annual hiring of three graduate assistants will be essential to
supervise increased student enrollment and offering frequency of labs associated with
the program.

7. University Reviews/Approvals: The proposed program has been reviewed by
the School of Engineering and Computer Science Faculty Assembly, the University
Committee on Undergraduate Education, the Oakland University Senate, and the
Executive Vice President for Academic Affairs and Provost.

8. Recommendation:

WHEREAS, the BSE in Mechatronics and Raobotics Engineering degree program
is consistent with the objectives contained in Oakland University’s Institutional Priorities;
and

WHEREAS, the BSE in Mechatronics and Robotics Engineering degree program
will build on the academic and research strengths of the School of Engineering and
Computer Science and provide new educational and community engagement
opportunities; now, therefore, be it

RESOLVED, that the Board of Trustees authorizes the School of Engineering
and Computer Science to offer the BSE in Mechatronics and Robotics Engineering;
and, be it further

RESOLVED, that the Executive Vice President for Academic Affairs and Provost
will complete annual reviews of the BSE in Mechatronics and Robotics Engineering
degree program to evaluate academic quality and fiscal viability to determine whether
the program should continue.
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9. Attachments:
A. Proposal for the BSE in Mechatronics and Robotics Engineering degree

program.
B. Proforma budget for the BSE in Mechatronics and Robotics Engineering

degree program.

Recommended on (Q/M , 2024

to the Board fgr Approval by

|
I 1
1)y
Ora Hirsch\B&scovitz, M.D.
President

eviewed by

Joshuia D. Merchant, Ph.D.
Chigf of Staff and
Secretary to the Board of Trustees



Program Degree Proposal

Bachelor of Science in Engineering in
Mechatronics and Robotics Engineering

Requested Program Implementation Term; Fall 2024
Department of Electrical and Computer Engineering (ECE})
Date Approved 09/15/2023

School of Engineering and Computer Science {SECS) Faculty Assembly
Date Approved: 09/29/2023

University Committee on Undergraduate instruction (UCUI}
Date Approved: 12/05/2023

SECS Dean
Date Approved: 01/09/2024

University Senate
Date Approved: 04/18/2024

Board of Trustees
Date Approved: 06/28/2024






VI, PROGRAM DELIVERY METHOD ..ottt et 30
VIl. ASSESSMENT OF STUDENT LEARNING ... 30
VIll. EXPECTED CAREER OPTIONS FOR GRADUATES ............iiiin, 30
APPENDICES ... O O OO T O PPN OO PP ORUPPRORUURPOUPPPIOS 33
Appendix A — Faculty Profiles ..o e e s O O
Appendix B — Sample Plan of Study ...t oo 39
Appendix C — Industry Letters of Support....ccccrocrenrmmme e ee e e ee e e
Appendix D — Proforma Budget ... s e e s s e e e D2

Appendix E — University Communications and Marketing plan........c.ccccccevviieiirveeeeeenn . 54



ABSTRACT

The world is transforming at an unprecedented pace, driven by advancements in automation,
mobility, artificial intelligence, and robotics. To stay competitive and provide our students with
the skills necessary to succeed and serve our local and national industry, OU needs to offer an
undergraduate program in Mechatronics and Robotics Engineering. Our existing successful MS
program in this field provides a strong foundation for this program. In addition, we have worked
with three other departments in SECS (Mechanical, Industrial and Systems Engineering,
Computer Science and Engineering) to put together this proposal for a program that brings
together course work, research, and student activities already "happening” at OU in the area of
mechatronics and robotics to the forefront through the attractive and current program we are
proposing in this document. The curriculum for the proposed program leverages the existing
expertise and established courses from the Electrical and Computer Engineering, Industrial and
Systems Engineering, and Mechanical Engineering Departments. The new resource needs are
limited due to the existing infrastructure already in place and it is therefore time for us to offer a
BSE in Mechatronics and Robotics to cur constituents.

I. RATIONALE

1.1 Program Need

The field of mechatronics and robotics engineering is experiencing exponential growth and is
poised to reshape various industries. There is an urgent need for skilled professionals who can
bridge the gap between mechanical engineering, electrical engineering, computer engineering,
and computer science. In order to meet the demands of the ever-evolving technological
landscape, our institution must establish a comprehensive undergraduate program in
Mechatronics and Robotics Engineering. There are many compeliing reasons why this is the
opportune time to launch such a program, namely, the vast range of career opportunities it
presents to our prospective students, the industry demand for skilled prefessionals in these
fields, and the demonstrated success of existing programs at other esteemed universities,

The Electrical and Computer Engineering (ECE) Department, in collaboration with other
departments within SECS, has been offering an MS in Mechatronics Systems Engineering for
about 15 years now and has 52 students enrolled according to the latest, September 6, 2023,
report available for Fall 23. The MS Program is currently being reviewed for modification by the
QU Graduate Council for renaming to “MS in Mechatronics and Robotics Engineering” and the
addition of track and stackable certificates as a result of the program review and
“modernization” efforts that we started coming cut of the pandemic. This proposal for an
undergraduate degree is the next step in ensuring that OU offers a program at the
undergraduate level in this same developing field. The “Burning Glass” report recently run by
eLIS for the program code “Mechatronics, Robotics, and Automation Engineering (14.4201)" in















successful careers in research, industry, and academia, contributing fo the field's growth and
advancements.

The University of Michigan {Ann Arbor Campus) has also just established a BS in Robotics
degree, which admitted its first students in the Fall of 2022. They furthermore created an
independent Robotics Department and are currently developing a minor in robotics,

By joining the ranks of such institutions, we will align ourselves with the leaders in engineering
education and ensure that our sfudents receive a world-class education.

The introduction of a Mechatronics and Rebetics Engineering program at our institution is not
only timely but also crucial for preparing our students for the demands of the digital age. This
program will empower our graduates to excel in emerging fields, secure rewarding careers, and
drive innovation across industries. We need to seize this opportunity to be at the forefront of
technological education, equipping the next generation of engineers to thrive in a world powered
by robotics and automation.

1.2 How Program Will Promote the Role and Mission of the University and College/School

The overall mission of the School of Engineering and Computer Science is threefold:

o To provide high-guality undergraduate and graduate programs of instruction in
engineering and computer science to prepare graduates for careers in the coming
decades,

+« To advance knowledge through basic and applied research in relevant branches of
engineering and computer science, and

e To provide service to both the engineering profession and public of the State of
Michigan.

Due to the proximity of Oakiand University to a large number of automotive-related
manufacturing companies in scutheastern Michigan, the research interests of the faculty include
a strong component of applied research. This research emphasizes product design,
development, and manufacturing in support of both large and small companies. In addition, the
faculty is engaged in research projects in a wide variety of scholarly areas of engineering and
computer science.

Mechanical systems and robotics have evelved and continue to evolve into systems that reqguire
expertise and capabilities in electrical, computer, and mechanical engineering. In order to
maintain a modern, progressive program at Oakland University, it is incumbent upon us to offer
this multidisciplinary degree to train students and attract and retain faculty with expertise in
mechatronics and robatics. Decades from now, systems will continue to be more sustainable
and provide more automaticn using mechatronics and robotics.












with a multidisciplinary engineering education in the fast growing area of mechatronics
engineering. The program is very popular there with enrollments of a few hundred
students every year. In addition to the BS program, the department alsc offers an online
MS degree program in Intelligent Robotic Systems, a Mechatronics Minor and a
Robotics Programming Certificate for students wishing to incorporate robotic engineering
and automation into their education.

Il. ACADEMIC UNIT

2.1 How Pregram Supports Goals of the Unit

The Department of Electrical and Computer Engineering has dedicated faculty hires to
mechatrenics and robotics over the past ten years as the demand for courses and research in
these areas has increased. While we have hired talented faculty, created new courses, and
advanced our curriculums in these rapidly emerging areas, we have not created a degree
program specifically for students in this area — until now. This degree program is the logical next
step for the department to represent to prospective students, faculty, and employers the high-
quality mechatronics and robotics curriculum that we have invested in over the past ten years.
Electrical and Computer Engineering at Oakland consists primarily of electrical engineering,
computer engineering, control systems, mechatronics systems, and rchotics. With the support
of the Mechanical, Computer Science, and the Industrial and Systems Engineering departments
in SECS, this degree will showcase our capabilities in these areas and explicitly offers a modern
curriculum for prospective and existing students to build careers in electromechanical systems
and robotics.

2.2 Staffing Needs

To support the Mechatronics and Robotics Engineering program at both the undergraduate and
graduate level, the ECE Department is requesting additional staff in the form of:

* A single tenure track facully line in Year 2

» Two PhD Graduate Assistant Packages

+ One M3 TA Graduate Assistant Package

The ECE Department, as well as the SECS as a whole, has been working hard to update
course and program offerings at both the undergraduate and graduate levels to better advertise
the education opportunities available within the department and school. The Mechatronics and
Robotics Engineering undergraduate program is a major part of this endeavor, and while only
one new course was created and one course newly cross-listed specifically for this program, the
program benefits from courses created and/or cross listed in support of other initiatives within
the department or school. Since many of these new courses play a major role in the new
program, we wiil need a single tenure track faculty line in support of this program.

The program lists 8 unique ECE rubric courses and 4 unigue ME rubric courses under
“Required Professicnal Subject.” Under “Professicnal Electives” which are alsc the required
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courses for the separate major-dependent concentrations, there are 11 unigue ECE courses
and 1 ISE course. The Required Professional Subject courses must be scheduled every
semester, and the required courses for the concentrations must be scheduled at least once a
year to ensure students have adequate courses to select from each semester. With current
staffing, including about 6 to 8 part-time lecturers from the surrounding industry that we hire
each semester, the ECE department is able to offer:

All but two of the Required Professional Subject courses every semester. The two
Required Professional Subject courses that we can't suppoert with the current faculty are:

o]

ECE 3540 - Introduction to ROS is a new course specifically designed for this
program. With current faculty it can be offered every other year. As a Required
Professional Subject courses, it will need to be offered every semester.

ECE 4731 — Fundamentals of Embedded Systems Design was a newiy cross
listed course as of Fall 2023. It was developed to support the Embedded
Software Engineering and Computing track in the propesed BS in Software
Engineering program from the Computer Science and Engineering Department.
The course is currently offered once a year, but it will now also serve the
Mechatronics and Robotics Engineering pregram as a Required Professional
Subjects course and will need to be offered every semester.

The ECE Department, with current faculty, is able to support all but four of the required
courses for the major-dependent concentrations at least once a year. In support of the
Mechatronics and Robotics Engineering concentration, the ECE department will need to
begin offering the following courses every year rather than every other year.

o

ECE 4520 — Automotive Mechatronics | — currently offered every other year. it
is also offered as an accelerated course during the summer semester if the
faculty member desires tc teach in the summer. With the creation of the
Automotive Mechatronic Systems Concentration, we will begin offering the
course at least once a year.

ECE 4740 — Embedded Artificial Intelligence (Al} is a new course as of Fall
2023. The instructor is currently supporting the course every other year, We will
want to offer this course every year, as it is now a required course within the
‘Autonomous Vehicles” and “Intelligent Robotics and Controls” concentrations.
ECE 4630 — Electric and Hybrid Drive Systems is currently offered every other
year. If the course instructor desires to teach during the summer, the course has
also been offered as an accelerated summer course. This course serves as a
required courses in the Electric Drives and Powertrains Concentration, so we will
begin offering the course at least once a year to support the concentration.

ECE 4640 - Battery Management Systems will be a new course starting Fall
2024. The course is designed to support two major-dependent concentrations,
Automotive Electrification in the BSE in Electrical Engineering program (new
2024), and the Electric Drives and Powertrains Cencentration in the
Mechatronics and Rebotics Engineering BSE program. With our current faculty
and part-time instructors, the ECE Department is only able to support offering

13






developed an exciting eight-semester 129-credit course plan for the Mechatronics and Robotics
Engineering program and expect a significant number of students to enroll into the program as
is the case at other universities offering such a program.

Ill. PROGRAM PLAN

3.1 Admissions Requirements

The admissions requirements for the BSE in Mechatronics and Robotics Engineering program
are the same as those for admission into the School of Engineering and Computer Science
(SECS). Specifically, a 3.0 high school grade-point average is required. Students who do not
meet this requirement will be designated as an EGR/CS Candidate major, and will be required
to follow the internal transfer policy to change to the BSE in Mechatronics and Robotics
Engineering program. It is recommended, but not required for admission, that students entering
from high school will have completed four years of high school mathematics with chemistry,
physics, and computer programming.

3.2 Degree Requirements

The degree requirements for the BSE in Mechatronics and Robotics Engineering program
include:

1. Complete at least 129 total credits and a minimum of 32 credits must be in courses at

the 3000 level or above.

2. Students must complete at least 45 credits at Oakland University. The credits taken at
Oakiand must include at ieast 24 credits from the required courses within the program
which can include courses from either the Engineering Core, Required Professional
Subjects, or both.

Fuffiil the university General Education Requirements.

Obtain major standing in the BSE in Mechatronics and Robotics Engineering major

5. Satisfy the following program requirements (for specific courses, please see the
curricuium overview). Students must complete:

A course in Professional Ethics

A course in Economics

A minimum of 30 credits of Mathematics and Sciences

Engineering Core courses

Required Professional Subjects

Professional electives courses or an Optional Concentration

6. Earn a cumulative grade pcint average of at least 2.0 in courses taken at Qakland

University
7. All students must apply to graduate by submitting an Application for Degree.

oW

Major Standing
To gain major standing in Mechatronics and Robotics Engineering, students must:
A) have an average GPA of 2.0 in the following mathematics and science courses: MTH
1554, MTH 1555, APM 2555, CHM 1440, PHY 1510 and PHY 1520;
B) have an average GPA of 2.0 in engineering core courses;
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C) have no more than two grades below C in the required courses listed in A and B
above;

D) have not attempted any course listed in A and B above more than three times, and

E} have not repeated mare than three different courses listed in A and B. Courses in
which a W (withdrawal) grade is recorded will not be counted.

Performance requirements

Satisfactory completion of the program requires a GPA of at least 2.0 within each course
group: mathematics and sciences, engineering core, and professional courses (including
required professional subjects and concentration/elective) and a grade of C or better in the
senior design capstone course (ECE 4989). Within professional courses, at most two grades
below C are permitted, at most twao different courses may be repeated, and a total of three
attempts per course are permitted.

3.3 Intended program length

The program is designed to be completed over 8-semester or 4-years if the student chooses not
to take summer courses.

3.4 Overview of Curriculum

General Education

The General Education Requirements are comprised of three parts: Foundations, Explorations, and Integration.
In addition, U.S. Diversity requirements must also be met. For details, refer to the General Education section
of the catalog. In order to satisfy both general education and other program requirements, in some of the
general education areas students should select from the courses listed below:

Foundations:

s  Writing Foundations - WRT 1060
e Formal Reasoning (Satisfied by MTH 1554 for engineering majors; see Mathematics and scicnees)

Explorations: One course from each of the seven Explorations areas:

Arts

Language and Culture

Global Perspective

Literature

Natural Science and Technology (satisfied by EGR 2400 or EGR 2500; see engineering core)
Seccial Science (satisfied by ECN 1500, ECN 2010, or ECN 2020; see Additional Major
Requirements)

e  Western Civilization (satisfied by PHL 1310; see Additional Major Requirements)

Integration:

o Knowledge Applications (satisfied by MTH 1555; see Mathematics and sciences)
e Capstone (satisfied by ECE 4999; see Required Professional Subjects)
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U.S. Diversity:

® May be met by an approved course in the Explorations area

Writing Intensive:

e  Writing Intensive in the Major (saiisfied by ECE 4999; see Required Professional Subjects)
& Writing Intensive in General Education (imay be met by an approved course in the Explorations area)

Additional Major Requirements:

All students must meet the following requirements. Courses from these seiections can meet general education
exploration areas above,

e Professional Ethics: PHIL. 1310
e Dconomics: Choose one from ECN 1500, ECN 2014, or ECN 2020

In order to graduate on-schedule without taking additional courses, it is highly recommended that students
meet with an SECS Undergraduate Academic Adviser concerning the selection of all of their general education
courses.

Mathematics and Sciences
Students must complete at [east 30 credits in the reguired math/science area. Students with
fewer than 30 credit hours of math/science, for example due to transfers frem another institution,
must take additional courses to satisfy this requirement. Additional courses in math/science must
be from the approved Math/Science Elective Options listed below,

MTH 1554 - Calculus | (4)

MTH 1555 - Caiculus Il (4)

APM 2555 - Introduction to Differential Equations with Matrix Aigebra (4)
MTH 2554 - Multivariable Calculus (4)

CHM 1440 - General Chemistry | (4)

PHY 1510 — Introductory Physics | {(4)

PHY 1520 — Introductory Physics Il (4)

Approved Math/Science Elective from list below (4)

Approved Math/Science Elective Options:

Students majoring in Mechatronics and Robotics Engineering are advised to take MTH 2775 to
broaden their knowledge of Linear Algebra. However, students who have an explicit interest in
broadening their knowledge in another area of math or science should select an elective from
the foliowing approved course list:

APM 2663 - Discrete Mathematics {4)

APM 3332 - Applied Matrix Theory (4)

APM 3557 - Elements Partial Differential Equations (4)
APM 4333 - Numerical Methods (4)

APM 4334 - Applied Numerical Methods: Matrix Methods (4)
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APM 4555 - Intermediate Ordinary Differential Equations (4)
APM 4663 - Graph Theory and Combinatorial Mathematics {4)
APM 4777 - Computer Algebra (4)

BIO 1200 - Biology | (4)

BIO 1300 - Biclogy 1l (4)

BIO 2100 - Human Anatomy (4}

BIO 2600 - Human Physiology (4)

BIC 3400 - Genetics (4)

BIO 3220 - Neurcbiology (4}

BIO 4412 - Functional Genomics and Bicinformatics (4)
CHM 1450 - General Chemistry li (4)

MTH 2775 - Linear Algebra (4}

MTH 3552 - Complex Variables (4)

PHY 3250 - Biological Physics (4)

PHY 3260 - Medical Physics (4)

PHY 3310 - Optics (4)

PHY 3610 - Mechanics | {4)

PHY 3860 - Vibrations and Waves {4)

PHY 3710 - Foundations of Modern Physics (4)

PHY 4310 - Lasers and Applications (4)

STA 2226 - Applied Probability and Statistics (4)

or others by approval by petition tc the SECS Committee on Academic Standing.

Engineering Core

EGR 1200 - Engineering Graphics and CAD (1)

EGR 1400 - Computer Problem Soiving in Engineering and Computer Science (4)
EGR 2400 - Intreduction to Electrical and Computer Engineering (4)

EGR 2500 - Introduction to Thermal Engineering (4)

EGR 2600 - Introduction to Industrial and Systems Engineering (4)

EGR 2800 - Design and Analysis of Electromechanical Systems (4)

Required Professional Subjects

Required:

ECE 2005 - Electric Circuits {4)

ECE 3204 - Signals and Systems (4)

ECE 3540 — Introduction to ROS (4) {new course)

ECE 4999 Senior Design (4) or ME 4999 Senior Design (4)

Choose any two courses from the list below:

Some of these courses are prerequisites of the Professional Elective courses.
¢ ECE 3100 - Electronic Circuits and Devices | (4}
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ECE 3105 — Electronic Circuits and Devices |l (4}

ECE 3600 — Electric Machines (4)

ECE 4731 ~ Fundamentals of Embedded Systems Design (4)
ME 3200 Engineering Mechanics (4)

ME 3250 - Mechanics of Materials (4)

ME 3300 - Computer Aided Design (3}

Professional Eiective:

Students must complete 8 professional elective courses. To complete this requirement, students
can either select a concentration or select courses from any of the depth areas listed below.
Students interested in selecting a concentration can find the requirements printed following the
list of depth areas.

Automotive Mechatronic Systems:
e ECE 4134 Fundamentals of MEMS (4)
s ECE 4400 Automatic Centrol Systems (4)
o ECE 4415 Microcomputer-based Control Systems (4)
¢ ECE 4520 Automotive Mechatronics | {(4)

Autonomous Vehicles:
s ECE 4510 Machine Vision {4)
e ECE 4532 Autonomous Vehicle Systems | {4) {newly cross-listed)
o ECE 4740 Embedded Artificial Intelligence (Al} (4)

Electric Drives and Powertrains:
+ ECE 4610 - Introduction to Power Electronics {4)
e ECE 4630 — Electric and Hybrid Drive Systems (4)
e ECE 4640 — Battery Management Systems (4)

Human-Robot Interaction:
s ECE 4551 - Human Robot Interaction (4)

Industrial Robotics and Automation:
o ISE 4423 Industrial Automation Systems (4)
o ECE 4500 Roboetics and Control (4}
e ECE 4510 Machine Vision (4)

Intelligent Robotics and Controls:
e ECE 4400 - Automatic Control Systems (4)

o ECE 4500 Robotics and Control {4)
e ECE 4740 Embedded Artificial Intelligence {(Al) (4)

Concentrations:
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The Electrical and Coemputer Engineering Department offers optional concentrations in
Automotive Mechatronic Systems, Autonomous Vehicles, Electric Drives and Powertrains,
Human-Robot Interaction, Industrial Robotics and Automation, and Intelligent Robotics and
Controls to students interested in broadening their knowledge in a specific area of mechatronics
and robotics engineering and wishing an area of concentration in their degree. The following
concentrations are available to, but not required of, any student enrolled in the Bachelor of
Science degree in Mechatronics and Robotics Engineering. The sequences of courses listed
below for each concentration are taken to satisfy the professional electives reguirement. Note
that completing the Bachelor of Science degree in Mechatronics and Robotics Engineering with
a concentration may require more than 129 credits. Students may earn only cne concentration
and the concentration must be completed as part of their degree. The concentration will be
noted on the students’ transcript.

1. Automotive Mechatronic Systems

Required Courses:
e FECE 4400 - Automatic Control Systems {4}
e ECE 4415 Microcomputer-based Control Systems (4)
e ECE 4520 Automotive Mechatrenics | (4}
Electives {Choose 3 Courses):
ECE 4134 Fundamentals of MEMS {4}
ECE 4510 Machine Vision (4)
ECE 4532 Autonomous Vehicle Systems | (4)
ECE 4731 Fundamentals of Embedded System Design (4)
ME 4220 Vehicle Dynamics {4)
ME 4200 Vibration and Control (4)
ME 4205 Controls and Diagnostics of Automotive Systems {4}
ME 4540 Internal Combustion Engines | (4)

2. Autonomous Vehicles

Required Courses:

e ECE 4510 Machine Vision (4)

e ECE 4532 Autonomous Vehicle Systems | {4)

s ECE 4740 Embedded Artificial intelligence (Al} (4)
Electives (Choose 3 Courses):

¢ ECE 4400 - Automatic Control Systems (4)
ECE 4415 Microcomputer-based Control Systems (4)
ECE 4520 Automotive Mechatronics 1 (4)
ECE 4731 Fundamentals of Embedded System Design {4)
ME 4220 Vehicle Dynamics {4)
ME 4205 Controls and Diagnostics of Autemaotive Systems (4)

3. Electric Drives and Powertrains
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Required Courses:

ECE 4810 Intreduction to Power Electronics (4)
ECE 4630 Electric and Hybrid Drive Systems (4)
ECE 4640 Battery Management Systems {(4)

Electives {Choose 3 Courses):

ECE 4400 Automatic Control Systems (4)

ECE 4520 Autemotive Mechatronics | (4)

ECE 4600 AC Motors Analysis and Design (4)

ME 4525 Fundamental of Fue! Cell Science (4)

ME 4535 Introduction to Electric Drive Vehicle Engineering (4)

ME 4545 Fundamentals of Batiery Systems for Hybrid and Electric Vehicles (4)

4. Human-Robot Interaction

Required Course:

ECE 4551 - Human Robot Interaction {4)

Electives (Choose 5 Courses):

ECE 4500 Robotics and Control (4)

ECE 4510 Machine Vision (4)

ECE 4532 Autonomous Vehicle Systems | (4)

ECE 4740 Embedded Artificial Intelligence {(Al) (4)

CSI 3500 - Human-Computer Interaction (4)

CSl 4130 - Artificial Intelligence {4)

CSi 4810 - Information Retrieval and Knowledge Discovery (4)
ISE 3341 - Ergonomics and Work Design (4)

BE 3150 — Bioinsirumentation {4)

BE 4100 - Biomedical Signai Processing (4}

5. Industrial Robotics and Automation

Required Courses:

ISE 4423 - Indusirial Automation Systems (4}
ECE 4500 Robotics and Control (4)
ECE 4510 Machine Vision (4}

Electives (12 credits):

ISE 4431 - Engineering Operations Research - Stochastic Models (4)
ISE 4461 - PLM Applications - Product Data Management {2)

ISE 4462 - PLM Applications- Robotic Systems (2}

ISE 4463 - PLM Applications - Ergonomics (2)

ISE 4464 - Design for Manufacturing and Assembly Analysis {4}

ISE 44866 - PLM Applications - Change Management (2}

ISE 4467 - PLM Applications - Throughput Simulation (2}

ECE 4551 - Human Robot Interaction (4)

ISE 4483 Production Sys and Workflow Analysis (4)
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s ME 43860 Mechanical Computer-Aided Manufacturing (4)

6. Intelligent Robotics and Controls

Required Courses:

s ECE 4400 - Automatic Cantrol Systems (4)

s ECE 4500 Robotics and Control (4}

e ECE 4740 Embedded Artificial Intelligence (Al} (4)
Electives (Choose 3 Courses):

e ECE 4510 Machine Vision {4)
ECE 4410 - Digital Confrol Systems (4)
ECE 4415 - Microcomputer-based Control Systems (4)
CS1 4810 - Information Retrieval and Knowledge Discovery (4)
ME 4200 - Vibrations and Controls {4)
ECE 4551 - Human Robot Interaction (4)
CSI 4130 - Artificial Intelligence {4}

Description of new courses or newly cross-listed courses

ECE 3540 — Infroduction to ROS (4)

This course provides an introduction to the robotics operating system (ROS) for robotics
engineers in training to obtain first-hand experience in the development of robotic applications.
Students will obtain first-hand experience on implementing software that enables a robot to
sense, plan, and act. Namely, students will learn to develop software for a robot to;

- Obtain sensory information from a sensor, process the data, perceive the environment,
and update its model of the state of the world arcund itself
- Create a plan for the robot to perform given its short-term and long-term understanding
of the state of the world around itself
- Actuate a robot's motor given an input plan.
The course will culminate in the development of software that integrates the sense, plan, act

paradigm to enable a robot to autonomously achieve a goal.
Prerequisite: Major Standing

ECE 4532 - Autonomous Vehicle Systems i (4)

The purpose of this course is to provide an overview of common technigues and challenges
encountered in mobile robotics. Broadly, such topics include sensor data processing, sensor
fusion, environment perception and mapping, and path pianning and control.

Toward this end, the student will also be exposed to the Robot Operating System (ROS)
software development environment. ROS is suppotted by a rapidly-growing community of apen-
source developers, and is starting to be adopted widely in many research, industrial, and
automotive applications. ROS will be used to illustrate the theoretical components of the course,
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as well as providing the student with a meaningful hands-on experience that will help the
student learn the concepts more effectively.

Programming homework wili he distributed and submitted using the Git version control tool.
Besides making the submission and grading of homework more efficient, the student will also
gain experience using version control tools that are widely used in both industrial and open-
source software development.

Prerequisite: ECE 3540

3.5 Support of Gther Departments and Academic Units

Mechatronics and Robotics Engineering is a discipline that spans multiple engineering and
computer science areas. As such, the program was developed in close consultation with all
departments and SECS and was voted on and approved by the reievant SECS committees and
the SECS Assembly. Furthermare, the program was designed with the specific goal of allowing
other departments the ability to develop additional Concentrations within the program in the
future, making it what may be called an “umbrella’ program. It is rare, within the SECS, for an
undergraduate program to allow for 24 credits (6 courses) of Professional Electives. With six
courses available, each Conceniration is a meaningful exploration of an area. Currently, most
concentrations are primarily ECE related, with the exception of the Industrial Robotics and
Automation Congcenirations which is comprised primarily of Industrial and System Engineering
courses. All other departments contributed to the program by suggesting additional courses
from their program that would support the Mechatronics and Robotics Engineering curriculum.
In the future, there may be a Concentration within Mechatronics and Robotics Engineering that
is more heavily focused on Mechanical Engineering, Computer Science, and/or Bioengineering.
For now, the program has been created with the support and input from all other departments
within the SECS.

3.6 Source of Students

The evolution of electro-mechanical systems from those traditionally run on fossil fuels coupled
with robotic automation with artificial intelligence and augmented reality has increased demand
for engineering professionals with expertise in robotics and electrical and mechanical systems.
Some of the proposed new Mechatronics and Robotics program enroliment comes from existing
engineering students interested in these areas. Since the automotive and adjacent
manufacturing industries are one of the top communities that Oakland serves locally and
globally, this program will certainly attract new students to Gakland University because of its
expanded muitidisciplinary nature and its long-term relevance to industry, society, and graduate
school.

Oakiand University wiil be an attractive option for students who wish to major in mechatronics
and robotics because it will be a smaller, individualized program incorporating unique
undergraduate experiences not offered by larger institutions at the undergraduate level.
Furthermore, Oakland's location among the heart of automaticn alley, major automotive

23



companies, robotics companies, and manufacturing centers are attractive to students interested
in learning about mechatronics and robotics.

Overall, there is an undeniable growing interest in not only Mechanical Engineering or Electrical
Engineering but the multidisciplinary field of Mechatronics and Robotics Engineering from
students. Offering this major will attract students who would not have come to Cakland
otherwise; failing to cater to this growing interest will lead students to transfer to institutions that

do.

3.7 Recruiting

One of the key missions of the introduction of this program is the opportunity to attract new
students to Oakland. We will therefore devote resources to recruitment, advising, and mentoring
to ensure that they are properly advised and retained in the program. We see the need for
proper advertising of the program and outreach efforts to make it visible.

Recruitment efforts for this program can be coordinated with other initiatives on campus. The
School of Engineering and Computer Science offers REU programs that target undergraduate
and graduate students from QU and neighbcring institutions and mentors them in research for
the purpose of attracting them to the field of mechatronics and robotics. We will use a
combination of flyers and advertising over the web to recruit students to Qakland and intc this
program. In addition, we already have significant research efforts and student organization
activities that will inevitably play a visible role in attracting attention to our program. These
include the ongoing industry and federaily funded research in the areas of social robotics,
electrified powertrain, autonomous vehicle technology, industrial robotics, battery management
and control, augmented and virtual reality, as well as opportunities for student engagement
through the Electric Racing Ciub, the Makers Club, the Oakland Robotics Club, and the smart
vehicle Club.

3.8 Expected Enroliment

Over the past five years, a number of students in the School of Engineering and Computer
Science have shown keen interests in mechatronics and rchotics courses. As shown in the
following table, the enrcliments in these courses have been very robust for a number of years
and are amongst the most popular electives in the department.

Enrollments in Mechatronics and Robotics Courses at QU

The ECE department offers four main courses in the areas of mechatrenics and robotics:

ECE 4500/5500 - Robotic Systems and Control {4)

ECE 4510 - Machine Vision (4)

ECE 4520/5520 - Automotive Mechatronics | {(4)

ECE 4551/5551 (4900/5900) - Human Robot Interaction (4)

Three of these courses, ECE 4500/5500, ECE 4510 and ECE 4520/5520, have been offered
regularly for a number of years, but ECE 4551/5551 is a relatively new course. The recent
enrollments in the above courses are shown in the following table.
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Recent Enroliments in ECE Robotics/Mechatronics Courses
Semester ECE 4500/5500 ECE 4510 ECE 4520/5520 ECE 4551/5551
(ECE 4900/5900)

Winter 2023 377 - - 5/4

Fall 2022 - 21 6/31 -
Winter 2022 51/8 - - -

Fall 2021 - 30 30/18 2/8
Winter 2021 61/15 - - .

Fall 2020 - 37 - 5/6
Winter 2020 40/8 - - -

Fall 2019 - 27 24/52 3/6
Winter 2019 3310 - - -

Fall 2018 - 26 31/42 -

As evident from the above table, the enroliments in the three key robotics/mechatronics
courses, ECE 4500/5500, ECE 4510 and ECE 4520/5520, have been moderately high for a
number of years, which is a testament to their popularity and worth in the job market.

Some of the enrollment in the proposed new Mechatronics and Robotics Engineering degree
pregram would thus come from existing engineering, mathematics, and natural science students
who possess an interest in mechatronics and rebotics. The program is alsc expected to atiract
new students to Oakland University because of its interdisciplinary nature and its reievance to
industry, society, and graduate school.

Qakland University will be an attractive opticn for students who wish to major in Mechatronics
and Robotics because it will be a smaller, individualized program incorporating unique
undergraduate experiences not offered by larger instifutions at the undergraduate level. The
program will improve retention because many students initially seek Cakland as an institution
where they can study locally, then transfer to another institution which has the specific program
in which they develop an interest. Presently, students interested in earning a degree in Robotics
and/or Mechatronics must select a university other than Oakland or majer in a traditional
engineering discipline at Qakland. This makes them less competitive for a job requiring
robotics/mechatronics skills after their baccalaureate degree, and places them at a
disadvantage for graduate studies in these fields.

Overall, there is an undeniable growing interest among QU students in Mechatronics and
Robotics because of their ever-increasing importance in automotive industries, health care,
manufacturing, industrial drives and numerous other related fields. Offering this major we will
attract students who would not have come te Oakland otherwise; failing to cater te this growing
interest will lead students to transfer out to institutions that do.

As a testament to the above, the enrollments in similar programs offered by University of
Michigan-Dearborn (UMD) and Kennesaw State University (KSU), Atlanta, are provided below.
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These can be regarded as reflections of the regional and national enrollment trends in similar
programs elsewhere.

Enroliments in the Programs Offered by a Michigan and a Nationa)] Institution

University of Michigan-Dearborn
Enrollment/graduation data for BSE degree program in
Robotics Engineering
Academic Year Fall Enroliment Degrees Awarded

2022-2023 38

2021-2022 36 g
2020-2021 33 5
2019-2020 43 12
2018-2019 45 4

The UMD program’s website claims that "“Recent UM-Dearborn graduates with a BSE in
electrical engineering with a focus on robotic systems have found professional employment in
such companies as AT&T, DTE Energy, Ford, General Dynamics, General Electric, Harman
Becker, Lockheed Martin, Masco, Motorcla, NASA, N.S A, Ricardo industries, US Steel,
Visteon, and Xilinx."

Michigan Technological University (Michigan Tech) has two separate BS programs, A BS in
Mechatronics and a BS in Robotics Engineering. The Fall 22 enrcliment is 34 students in the
first program and 70 students in the latter (historical data is not available to us). The combined
enroliment in mechatronics and robotics engineering at Michigan tech is hence 104
undergraduate students.

Kennesaw State University, Aflanta
Enrollmentigraduation data for BS degree program in
Mechatronics Engineering
Academic Year Fall Enroliment Degrees Awarded
2021-2022 354 63
2020-2021 329 82
2019-2020 429 438
2018-2019 414 42
2017-2018 407 44

The KSU program’s website claims that "With nearly a 100% employment rate for robotics and
mechatronics engineering graduates and an average entry-level salary of $64,000
(recruiter.com), Kennesaw State University SPCEET’s robotics and mechatronics graduates
enter a steadily growing job envircnment with unique hands-on experience.”

The enroliment data at Michigan Tech and KSU is especially encouraging, because it iliustrates
the growth potential for a BS degree in robotics/mechatronics engineering. The electrification
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3.10 Academic Advising

Students interested in the program will be supported and advised by the: SECS advising office,
faculty, Academic Programs Coordinator, and Department Chair within the Electrical and
Computer Engineering Department. Students will be required to meet with an SECS advisor at
least once a year for schedule planning, major standing application, and evaluation of the
performance requirements of the program. The reguirements for obtaining Major Standing within
the program and the Performance Requirements will be the same as the other engineering
programs within the SECS, so the SECS advising office staff are already experts in helping
students navigate those aspects of this program. The SECS advising office has reviewed and
provided feedback concerning the curriculum, major standing requirements, and performance
requirements for this program.

Facuity within the department are experts on the subject material and are best suited for helping
students choose either a concentration or non-concentration route through the program based
on discussions with the students. The SECS advising office encourages students in all
engineering programs to seek faculty advise about choosing Professional Elective courses
based on career goals and/for student interest. If a student decides fo specialize, faculty will
advise the students on which concentration to choose.

Students who have special circumstances requiring a different path through the curriculum,
prerequisite waivers, and/or petitions wiill be advised by the SECS advising office, the Program
Coordinator, and/or the Department Chair. In most situations, the Program Coordinator and/or
Department Chair will be abie to resolve most problems with support from the advising office. In
the cases where petitions are required, the Undergraduate Committee on Academic Standing
(CAS) will review the student’s records, petition request, and advising office input, to make final
determinations on approving or denying the petition. The CAS committee is composed of a
representative from every department and an at-large member who is selected, by election,
from all tenured or untenured faculty within the SECS.

IV. NEEDS AND COSTS OF THE PROGRAM

4.1 New Resources Needed for the Program
A tenure track faculty member is required for the program to:
s [Develop and teach courses in the program
« Ensure the department has enough faculty within the Mechatronics and Robatics
Engineering program io offer the courses in this program on a regular basis
+ Bring additional research and expertise to the program

As described in Section 2.2, the department will need to offer a new course ECE 3540 —
Introeduction to ROS, and increase how often five other courses are offered. A tenure track
faculty member dedicated to the Mechatronics and Robotics Engineering pregram will be an
investment in the continued success and growth of the program.
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Two PhD Graduate Assistants packages and one MS Graduate Assistant package are required
to support the new teaching labs that will be offered as part of this program, and to support the
research efforts of faculty research in the Mechatrenics and Robotics Engineering area.

Also described in Section 2.2, new teaching lab exercises will be provided to give students
additional hands-on experience with topics related tc mechatronics and robotics. Two PhD and
one MS Graduate assistants are needed io help develop and run the labs for the new ECE 3540
— Introduction to ROS course, and both the ECE 4600 — AC Motors Analysis and Design and
ECE 4640 — Battery Management Systems courses which serve muitiple programs within the
department.

4.2 Source of New Resources

Tuition from students enrolling in the Mechatronics and Robotics Engineering program will fully
support the cost of the new resources as shown in the Proforma Budget provided in Appendix
D.

4.3 Budget and Revenue from Program

The Proforma Budget is provided in Appendix D. Tuition revenue projections for the first three
years of the program. Note that tuition numbers are conservative as they are taken from lower-
level tuition only and assume that there is no tuition increase in the latter years. Expenses
include that of 1 assistant professor line and 3 GAs described above. No other expenses are
necessary because this new program is primarily based on the infrastructure, expertise,
courses, laboratories, and other resources already available supporting the current ECE and
other SECS programs.

4.4 Library Holdings

No changes to the library support is necessary. The coursework and scholarly resources are
already availabie and in use by existing SECS programs (i.e., BSE Electrical Engineering, BSE
Computer Engineering, BSE Mechanical Engineering, BSE Industrial and Systems Engineering,
and MS in Mechatronics and Robkotics Engineering)

4.5 Classroom, Laboratory, Space Needs

Nc additicnal laberatory or equipment are required for this program. Current resources within
the ECE Department will be sufficient to run the program.

4.6. Equipment Needs

No additional laboratory or equipment are required for this program. Current resources within
the ECE Department will be sufficient to run the program.
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e Electric drive systems engineering
s Embedded systems engineering

The above career options are briefly discussed below.

Automotive/industrial manufacturing

There is a huge demand for engineers having in-depth knowledge of industrial robotics and
automation for jobs related to automotive/industrial manufacturing. This stems from the ever-
growing use of robots in manufacturing, assembly lines, and industrial processes. Mechatronics
and robotics engineers fulfill their need by designing robets and ancillary tools that can boost both
productivity and guality of the finished products. Although employers have traditionally relied on
specially trained mechanicai engineers to fuffill these needs, nowadays they increasingly prefer
mechatronics and robotics engineers for such jobs.

Automation engineering

Automation is the current buzzword and goal across a majority of manufacturing industries
worldwide, and engineers having in-depth knowledge of industrial robotics and automation are
increasingly being sought to implement such automation challenges. The work of such an
engineer may involve not just designing and testing of automated tools and systems suitable for
specific tasks, but also applying their high-level programming skills to make them work efficiently.

Prosthetic engineering

The prosthetics engineers are responsible for researching, designing, and developing prosthetic
devices, such as artificial limbs, artificial hearts, artificial kidney machines, etc. The mechatronics
and robotics engineers are ideally suited for designing prosthetic devices, but because of the
multidisciplinary nature of such jobs, they have to work with biomedical engineers, doctors, and
other scientists to come up with new designs, improving existing devices, and designing
appropriate software systems to operate them. They may aiso interact with prosthetic wearers to
gather feedback about prototype designs and improve them, as necessary.

Artificial intelligence engineering

Artificial intelligence (Al) is another buzzword often heard these days, because it is expected to
have a revolutionary impact in just about every branch of engineering, science, business, and
humanities in the years ahead. Since mechatrenics and robotics engineers are expected to
acquire some Al programming and application skills as a part of their curriculum, they are
expecied to be well prepared for a wide variety of jobs related to applications of Al. Examples of
such jobs include design and development of intelligent robotics systems, smart vision systems,
autonomous vehicles, medical diagnosis, healthcare, security, forensics, finance, and social
sciences.

Medical robotics engineering

There is a growing demand for mechatronics and rebotics engineers for the design, development
and programming of surgical robots used for a wide variety of minimal invasive surgeries (MIS).
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MIS has already made a transformative impact in many fields of surgery and it is expected to see
a rapid growth in the years ahead,

Assistive roboltics engineering

An assistive robot is a device that can sense, process sensory information, and perform actions
that benefit pecple with disabilities and seniors. With the ageing population worldwide, there is a
growing demand for mechatronics and robotics engineers for the design and development of such
assistive robotic systems.

Mechatronic systems engineering

The mechatronics and robotics engineers are regarded as highly skilled professionals, who can
bring together their multidisciplinary knowledge and skills to soive complex engineering design
chailenges involving integration of modern machineries, robots and ancillary tools/devices. Such
skills are high in demand because fewer devices and systems these days are either purely
mechanical or purely electrical in nature.

Control systems engineering

Just about every mechanical, electrical, electromechanical, and biomedical devices/systems
require feedback controi for their proper functioning, and control being an integral component of
a mechatronics and robotics engineer's skillsets, such engineers are ideally suited for tacking a
wide variety control engineering challenges.

Electric drive systems engineering

Transportation electrification is another current buzzwoerd, the ultimate goal of which involves
transitioning passenger cars, trucks, buses and trains, and airplanes from fossil-fueled vehicles
to ones powered by electricity. This is already creating a huge demand for engineers skilled in
the design and development of electric drive systems, and this demand is expected to witness a
phencmenal growth in the years ahead. In addition to above, just about every industry across the
globe needs electric drive systems to run their machineries and tools, which is also withessing a
growing demand for such engineers. Thus, the future job market looks especially bright for the
mechatrenics and robotics engineers trained in the design and development of electric drive
systems

Embedded systems engineering

Embedded system engineering invelves controlling devices, machines, and systems using
microcomputers, field programmable gate arrays (FPGAs) and/or other electronic hardware
devices. It requires a combination of both hardware and software system design and integration
skills that are often acquired by mechatronics and robotics engineers as a part of their
curriculum. Such skills are high in demand because of the advent of computer controls
everywhere,
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Appendix B — Sample Plan of Study

Sample mechatronics and robotics engineering program schedule

Students entering the School of Engineering and Computer Science with the required background may follow

a schedule such as the one indicated below. However, students will need additional time to complete the

program if they do not have the required background upon entrance to the program.

Freshman year

Fall semester - 17 credits

CHM 1440 — Chemical Principles (4)
EGR 1200 - Engineering Graphics and CAD (1)
EGR 1400 - Computer Problem Solving in Engineering and Computer Science {(4)

MTH 15584 - Calculus | (4)
WRT or General Education (4)

Winter semester — 16 credits

EGR 2400 - Introd ubfioh fo Electrical and Computer Engineering (4) |

« MTH 1555 - Calculus 1l (4)
s PHY 1610 - Fundamentals of Physics | (4)
s General Education (4)

Sophomore year

Fall semester - 16 credits

APM 2555 - Introduction to Differential Equations with Matrix Algebra (4)

ECE 20085 - Electric Circuits (4)

PHY 1620 - Fundamentals of Physics Il (4)
General Education (4)

Winter semester — 16 credits

EGR 2500 - Introduction to Thermal Engineering (4)

EGR 2600 - Introduction to Industrial and Systems Engineering (4)
EGR 2800 - Design and Analysis of Electromechanical Systems (4)
General Education (4)

Junior year

Fall semester - 16 credits

ECE 3540 — Intro to ROS (4)

Required Professicnal Subject Choice 1 of 2 (4)
ECE 3204 - Signals and Systems (4)

MTH 2554 - Muitivariable Calculus (4)

Winter semester - 16 credits
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Required Professional Subject Choice 2 of 2 (4)
Professicnal Elective {Depth or Concentration 1 of 8) * (4)
Professional Elective (Depth or Concentration 2 of 6) * (4)
General Education (4)

Senior year

Fall semester — 16 credits

Professional Elective {Depth or Concentration 3 of 6) * (4)
Professional Elective (Depth or Concentration 4 of 6) * (4)
Mathematics and Sciences elective (4)

General Education {4)

Winter semester - 16 credits

Professional Elective (Depth or Concentration 5 of 6} * (4)
Professional Elective (Depth or Concentration 6 of 6) * (4)
ECE or ME 4988 - Senior Design (4)

General education (4)

* For professional clectives, students electing to take a Concentration should review both the required and
elective courses to properly plan the order to take courses to satisfy pre-requisites among all six courses.
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