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A. BACKGROUND INFORMATION
A.1l. DEGREETITLE
Bachelor of Science in Computer Engineering (BSCpE)

The BSCpE program officially began in Fall 2001 and underwent an ABET evaluation in
Fall 20086, its first. At the time of the previous ABET visit to the college in October 2001,
the department was in the process of evolving the Computer Engineering concentration
to a separate Bachelor of Science degree program in Computer Engineering (BSCpE).
The proposal to establish the BSCpE degree was approved by the College Curriculum
Committee on April 26, 2000, by the University Curriculum Committee on Sept. 22,
2000, by the Faculty Council on October 10, 2000, by Colorado State University
governing board (then named the State Board of Agriculture) on November 29, 2000,
and by the Colorado Commission on Higher Education on June 7, 2001. The new
degree program went into effect in Fall 2001. Students enrolled in the Computer
concentration of the BSEE program were given the option of transferring to this new
program. No new students were admitted to the Computer concentration of the BSEE
program starting in Fall 2001. The first BSCpE degree was awarded in Fall 2002.

In addition to the BSCpE and BSEE degrees, the department also offers M.S., M.Eng.,
and Ph.D. degrees in Electrical Engineering.

A.2. PROGRAM MODES

The BSCpE program is a traditional day program in which students register for at least
12 credit hours per semester for full-time status. To graduate, students must complete
at least 127 credit hours and pursue a program of study that meets specified degree
requirements. Courses are offered on the basis of a fifteen-week semester (plus finals
week). Most courses are 3 or 4 credit-hour courses taught by full-time, tenure-track
faculty.

A.3. ACTIONS TO CORRECT PREVIOUS SHORTCOMINGS

Two program concerns were identified during the ABET visit in Fall 2006 with respect to
the BSCpE degree program. The two program concerns and the general programmatic
observation for the BSCpE program and actions to address them are as follows:

Concern #1--Criterion 3: Program Educational Outcomes fThis criterion states
that engineering programs must demonstrate that their students attain multiple
outcomes. For several of the outcomes, the evidence provided could be more
diverse and rigorous to ensure future compliance with the criterion, specifically
with programs outcomes: (f) an understanding of professional and ethical
responsibility, (h) the broad education necessary to understand the impact of
engineering solutions in a global, economic, environmental, and societal context,
(i) a recognition of the need for, and an ability to engage in life-long learning, and
() a knowledge of contemporary issues. Use of assessment data to supplement
survey data is encouraged.
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Furthermore, this criterion states that students must attain an ability to design a
system, component, or process to meet desired needs within realistic constraints
such as economic, environmental, social, political, ethical, health and safety,
manufacturability, and sustainability. Progress with respect to this issue has been
made since the previous accreditation visit in 2001 and some design
documentation shows evidence in which some constraints were addressed.
However, additional progress is required to ensure future compliance with the
criterion.

The criterion also states that students must attain an ability to function on multi-
disciplinary teams. Although multi-disciplinary teams work on some of the
exemplary senior design projects, steps to provide a broad multi-disciplinary
team experience for all students are necessary to ensure future compliance with
the criterion.o

Response: In Fall 2006 the department initiated several major changes to the
EE401/402 Senior Capstone Design sequence. Although these changes were instituted
prior to the ABET evaluation expressing the above concern, most of the changes
directly address it.  The changes include enhancing the seminar offerings on topics
related to professional and ethical responsibility and impact of engineering solutions in a
global, environmental, economic and societal context. In Fall 2006, the department also
hired an instructor, whose responsibilities include working with faculty and students to
ensure that the broader educational goals are met, and that students pay attention to
the broader impact of their engineering solutions in their designs and in their reports.

Concern #2-- Criterion _6: Facilities _frhis criterion requires that classrooms,
laboratories, and associated equipment must be adequate to accomplish the
program objectives and provide an atmosphere conducive to learning. Student
concerns of very slow computers and malfunctioning laboratory equipment in
instructional laboratories indicate that measures are required to ensure future
compliance with the criterion.o

Response: The department entered into an agreement with the Engineering Network
Service of the College of Engineering to use funding from a special student technology
fee to upgrade the instructional laboratories. Under this agreement, the computer
equipment in the laboratories will undergo replacement at least once every four years.
In addition, the department plans to actively seek support and donations from industry.
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Professor and Associate Dean, College of Engineering
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B. ACCREDITATION SUMMARY
B.1. STUDENTS

This section describes how students are evaluated, advised and monitored in a manner
that is consistent with the program objectives, as required in ABET Criterion 1.

B.1.1. Evaluation
Performance in course work. Students are evaluated throughout their academic studies

by their performance in all courses. Each course has one or more of the following
evaluation components: quizzes, tests, final examinations, homework assignments,

laboratory reports, and design project work. A faculty member ev:
work. Teaching assistants are sometimes used to assist in grading homework and
| aboratory reports. The studentodos final gr

member from a weighted average of the grades obtained in the evaluation components.

The relative weight of each grade is announced at the beginning of the course to the
students. I n al most all the courses, the g
on standards the faculty members have evolved through their professional knowledge of

the topic and the proficiency level they determine is needed for subsequent courses, to

achieve program outcomes, and to prepare the student for professional practice.

Senior design sequence. Duringastudent 6 s seni or year, two caps
EE 401 and EE 402, must be taken. This design course sequence provides each

student with an opportunity to select a project, evaluate its feasibility through designs

and analyses of options, build a prototype, debug the design, test the system to verify

its operation and evaluate its performance, prepare a report, and make a technical

presentation on the project. Evaluation is based on the super vi sing pro
knowl edge of t he i ndi wdghauuthel senwrtdastme cotirses andvo r k
the instructords evaluation of the design/ pt
and verbal reports.

Overall student progress. A's not ed i n Sections B.1.2 an
academic progress is monitored each semester to identify, evaluate, and then address

in the advising process any problems in the

requirements.
B.1.2. Advising

Goal. The primary goal of the advising process is to ensure that the program of courses
taken by each student meets the specified curriculum which the faculty have defined to
provide students with the ability to meet the educational objectives (listed in Section
B.2.2). To meet this goal, the advising process is designed to ensure that each student
selects a set of courses for each academic semester that meets the prerequisite and
minimum grade requirements and which can result in the student making efficient and
orderly progress in fulfilling this curriculum. The computer engineering program is
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shown in Appendix I-A, Table I-1. The list of technical electives appears in
Attachment 1. The advising process is also expected to identify and help correct any
difficulties or problems the student is confronting in achieving the educational
objectives.

Process. The Department of Electrical and Computer Engineering (ECE) has a full-time
Academic Adviser for advising undergraduate students. The Academic Adviser also
serves as a focal point for outside student contacts, e.g., for admission and transfer
information, and as an internal expert consultant for faculty regarding academic
requirements, scheduling, University procedures, etc. The adviser meets individually
with each student at least once each semester to review progress and to select courses
for the next semester. The student must meet with the adviser to obtain a required CSU
registration access code, a code which is changed each semester.

Each studentods file contains a GUIDE (Gate
Evaluat i on) form wupdated each semester by t
requirements of the program (see Attachment
these requirements. The advisor uses this check sheet to monitor student progress and

to help ensure that courses are taken in the proper sequence. Prerequisites are
enforced by the University-wide web-based preregistration system. Students have
access to RamWeb - a University-established web portal which allows them to view a

listing of their completed Colorado State and transferred course work (Attachment 2).

The Academic Adviser assists students with information regarding course availability,
prerequisites, course sequencing, and graduation requirements. The Academic Adviser

also helps resolve student problems with course scheduling and conflicts, transfer

credits and other academic issues, and, sometimes, personal issues. The Academic
Adviser acts as a liaison with the department head and/or the Undergraduate
Curriculum Committee if such a level of decision making becomes necessary.

\
I

Faculty involvement. Faculty members devote time during office hours, by appointment,
and after classes discussing homework and other course specific topics, student
concerns or problems, and advising topics such as selection of technical elective
courses, summer or regular employment opportunities, student career goals, research
opportunities and graduate programs.

Academic criteria. The required courses in the computer engineering curriculum satisfy
ABET criteria in mathematics, basic sciences, and engineering topics (Appendix I-A,
Table I-1). Therefore, no special care is needed in the selection of technical electives to
meet ABET criteria. In the social sciences area, the Department requires that students
take a course in Economics to ensure that all graduates have basic skills in economic
considerations. The Economics course also meets the University Core Curriculum
requirement in the social sciences area.

Senior design advising. The senior design course sequence uses a number of
individual and team projects, most being real world problems identified by the faculty.
Students are assigned to a project in their area of interest. The teams, typically with two
to three students each, have a combination of electrical engineering and computer
engineering students as appropriate for the design project. Some of the students may
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participate in multi-disciplinary projects involving a larger group of students from
different departments. The Urban Search and Rescue Robot design competition,
SimPooch, Electronic Organ and RAMBOX are examples of such projects during the
last few years. Occasionally, a student may be allowed to do a project that does not
involve other senior design students, but such cases involve the student working closely
with graduate students, industrial advisory board members, or others working
collaboratively on the project design, thus ensuring the need for teamwork. One or
more faculty members advise each project and meet with the student team periodically,
typically once a week. Typically, at least one third of the faculty are so involved with this
class. The senior design sequence includes seminars with topics including career
planning, graduate studies and research opportunities, and other professional practice
topics. These seminars, coupled with the inherent characteristics of design projects and
faulty contacts with individual and small groups of students, results in appreciable
career and professional advising for the senior design students.

Additional advising. The faculty members also spend time informally with the students,
including during office hours and after classes, discussing the engineering profession
and informing them about employment opportunities. Some faculty members take part
in the IEEE Student Branch and Eta Kappa Nu activities, where there are good
opportunities for faculty to answer student questions in an informal setting.

B.1.3. Monitoring

Performance indicators. Throughout the duration of each class, students have
indicators such as graded homework assignments, laboratory reports, and examinations
that measure and report their performance. The Academic Adviser, Department Head,
and the Associate Dean of Engineering for Undergraduate Affairs monitor the overall
academic performance of each student as indicated by course grades. A cumulative
grade report sheet is produced by the University for each student after each semester
for use in monitoring progress toward graduation. The University also produces a

iUl DEO Sheet (Gateway to University and

student each semester, as was noted in Section B.1.2, which gives a summary of all

I n

degree requirements and the studentds progre

Process. The process for monitoring and advising are tightly coupled. Students are
required to meet with the Academic Adviser at least once each semester during the pre-
registration peri od. At this meeting,
reviewed and discussed, courses are selected for the following semester, and possible
problems with meeting degree requirements are identified. This advising is mandatory
and is enforced through an advisor code necessary to access the registration system.
The code changes each semester and is given to the individual student by the
Academic Adviser after advising. At the end of each semester, the Department Head
and the Associate Dean of Engineering review the grade point average (GPA) of all
students in the program. An effective advising and monitoring process is key to
ensuring that p

rogrammatic curricular changes are communicated to the students and that students
take courses in the appropriate sequence to meet graduation requirements in a timely

t
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manner. Hence the effectiveness of the process is assessed regularly. The major
changes to the process during the last five years can be found in Section B.3.5.5.
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Academic standards. The University, the College and the ECE Department each has a

set of standards that a student must satisfy to graduate with the BSCpE degree.
University-wide standards require that all students must maintain a cumulative GPA of

at |l east 2.0 (C average) on an A = 4.0 scal
2.0, he/she is placed on academic probation for a maximum period of two regular
semesters. The student is required to raise the cumulative GPA to 2.0 or higher to be
returned to regular academic standing. Students who fail to raise their cumulative GPA

to 2.0 or higher after two regular semesters (Fall and Spring) are dismissed from the
University.

The University has a Repeat/Delete policy that allows a student to Repeat/Delete a
maximum of three courses. Under this option, only the repeated grade is used for
calculating the cumulative grade point average, although the original grade remains on
the transcript. In all other cases of repeated courses, the original grade and grades
earned in repeated courses are used in calculating grade point averages.

The College of Engineering and the Electrical and Compute Engineering Department

require a student to have a GPA of 2.0 or higher in all required math, natural science

and engineering courses to graduate. Furthermore, according to department
established standards, every 100, 200, and 300 level required ECE course must be

passed with a minimum grade of C-. Students receiving a grade below C- are not

allowed to take any ECE course for which that course is a prerequisite until such time

as the C- or above grade requirement is met. One exception to this policy is Senior

Design. A student may obtain permission from the Senior Design project adviser to

enroll despite having a grade of less than C- in one or more of the prerequisite courses
provided that cour se i s ahilytto perforsneeguirdd tasks foro t h e
the particular project. Any such courses with grades below C- at the time of starting

Senior Design must still be repeated and a minimum grade of C- achieved before
graduati on, i . e. t he i nefays,r oot tex@uséss thep@&r mi s ¢
requirement. Additionally, students must meet all minimum grade requirements and
prerequisites which may be established by other departments. For example, to be

eligible to enroll in CS200, students must have successfully completed CS153 with a C

or better, CS166 with a C or better and MATH 160 with a C or better.

Graduation. Before graduation, each student files an Intent-to-Graduate Form with the
University Degree Section. Within the first month of the last semester, students are
required to sign a GUIDE Sheet (see Attachment II) which then explicitly lists the
remaining requirements to be met. The GUIDE Sheet is reviewed by the Academic
Adviser, signed by the student after any necessary modifications in the final semester
schedule are made, and reviewed and approved by the Department Head. The
University requires a minimum cumulative GPA of 2.00 for graduation. The College of
Engineering requires a minimum GPA of 2.00 in the combined mathematics, science
and engineering coursework for graduation. A 2.00 GPA must be maintained in all
Electrical and Computer Engineering courses taken and a grade of C- or better must
have been earned in all 100, 200, and 300 level ECE courses. A check for these
requirements is included in the final GUIDE sheet (see Attachment 2), and enforced by
the Registrarodés Office. The studentds dip
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reviews the studentds overall and final sem
requirements are satisfied.
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B.1.4 Transfer Students and Transfer Courses

Each engineering department, the College of Engineering, and the University have a set
of procedures and policies in place for the evaluation and acceptance of transfer
students, including for both CSU students changing their major and students
transferring from another university. The evaluation and acceptance of courses from
other institutions is the combined responsibility of the department and the campus-wide
Transfer Evaluation OfCffcece within the Regist

Change-of-Major (Internal) Transfers. CSU students in an engineering or non-
engineering major may enter the Computer Engineering program through completion of

the change-of-maj or procedur e. These requests and
reviewed and acted upon by the Department of Electrical and Computer Engineering.

Any engineering major at CSU can transfer to the Computer Engineering program
provided the student has an overall GPA of at least 2.0. A student from another on-

campus college must have a cumulative GPA at CSU of at least 2.3 in at least 16

credits of course work counting toward the BSCpE degree. Applicants must have also
completed Calculus | (MATH160) and the first engineering physics course (PH141) with

a grade in each of at least B.

Second Degree Students. Candidates seeking admission to the BSCpE program and
having a first bachelors degree in another major from either CSU or elsewhere must
have a first-degree GPA of at least 2.3. Requests for second-degree admission are
reviewed and acted upon by the CSU Admissions Office in close collaboration with the
Coll egebs Associate Dean for Academic Affair

Transfer Students from Other Institutions. Transfer students from other institutions
seeking entry into the BSCpE program must have a cumulative GPA of at least 2.5 for
at least 16 credits of coursework counting towards an engineering degree. They must
have completed a course in Calculus | and in Engineering Physics | with grades of B or
better. Admissibility of these external transfer students is determined by the CSU
Admissions Office following University and College requirements. The Admissions
Of fice works with the Collegeds Associate O
arise. In cases where it is possible to establish that a student with an acceptable
transfer GPA has been previously admitted to an ABET-accredited engineering program
elsewhere but does not meet the minimum credit hours and/or course requirements
listed above, direct admission into an engineering major may be approved.

Evaluation and Use of Transfer Courses and Credits. Courses and credits from other
institutions are accepted as valid transfer work at the University level if they are
determined to be equivalent to courses offered at CSU or are judged to be of a topic
and academic rigor appropriate for university-level work. The Department of Electrical
and Computer Engineering makes the final determination on the use of any transfer
work not having a clear CSU course equivalency to satisfy requirements of the BSCpE
curriculum.

13



The Transfer Eval uati on Of f i dte//teswolostate.edu/)t he |
evaluates transfer transcripts and has the overall responsibility for determining
equivalencies. Course equivalencies for many courses from Colorado and many
neighboring-state institutions have been established, especially in the general studies

area. The Transfer Evaluation Office works with the appropriate department when

transfer equivalence is not clear.

The Department of Electrical and Computer Engineering (ECE) is consulted when
guestions arise regarding transfer courses in electrical and computer engineering. The

ECE Department may request a change in the original equivalency ift he depar t me
review of a transfer studentods records duri
raises questions on the course equivalency. Care is taken to determine if transfer
courses in the engineering and natural science topics were taught at the engineering or
engineering technology level. Physics must be calculus based to be accepted for the

BSCpE (and other engineering) program. Courses in engineering technology are not
accepted for use in the engineering program except in a few cases when documentation

clearly shows an introductory course was also designed and taught as a part of a pre-
engineering program.

Transfer courses judged to be at an appropriate level but without a clear CSU
equivalent may be accepted as transfer credits by the University and the general
equivalent described by academic area (prefix) and academic level (lead number). For
example, EE 3xx indicates an electrical engineering class at the junior level that does
not have a clear CSU equivalent. Such courses generally are considered only for use
as electives, usually after additional information on the course outline and contents are
obtained from the transfer institution or class material provided by the transfer student.
Whenever a transfer course does not have a clear CSU equivalent, the ECE
Department has the final decision on whether the course may be used to meet program
requirements.
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B.2. PROGRAM EDUCATIONAL OBJECTIVES

This section documents educational objectives of the computer engineering program
and the process by which these objectives are determined and evaluated. Also, it
describes how the program ensures that the objectives are achieved and the system of
ongoing evaluation that leads to continuous improvement of the program, as required by
ABET Criterion 2.

There is active involvement by students, faculty, alumni and industry in developing and
reviewing educational objectives. To begin the process of reevaluating all of our
objectives, a faculty group (The College of Engineering Educational Assessment
Committee) developed a set of draft objectives. Faculty provided input at department
meetings and through out department 6s wunder
were also reviewed by our students through their participation in ca curriculum
committee. The alumni and industry provided input during meetings of our industrial
advisory board. Given input by these groups and additional discussion and revision by
faculty through the Educational Assessment Committee, a final set of objectives was
ratified in Spring 2006. This involvement by all of our constituencies including students,
alumni, faculty and industry is maintained through our assessment process described in
section B.3.

B.2.1. Mission Statements

CSU Mission. Inspired by its land-grant heritage, Colorado State University is
committed to excellence, setting the standard for public research universities in
teaching, research, service and extension for the benefit of the citizens of Colorado, the
United States, and the world.

College of Engineering Mission. The mission of the College of Engineering is to
engineer global solutions that contribute toc
needs, advancing society, generating and applying new knowledge, and stimulating
economic development.

Department of Electrical and Computer Engineering Mission. The department exists to
educate and prepare undergraduate and graduate students to pursue exemplary
careers in the electrical and computer engineering industries and academia and to
generate new knowledge by the pursuit of research in selected areas of electrical and
computer engineering.

B.2.2. Computer Engineering Undergraduate Program Educational Objectives

The Educational Objectives for all of the undergraduate engineering programs are very
similar. The college-level Educational Objectives for the undergraduate engineering
programs are published on page 179 of the 2006 - 2007 Colorado State University
General Catalog (www.catalog.colostate.edu/). The college-level educational objectives
have been specialized to define the Educational Objectives for the undergraduate
computer engineering program. The CSU General Catalog refers readers to the
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Electrical and Computer Engineering Department web page
(www.engr.colostate.edu/ece) for the computer engineering educational objectives.

Program objectives. Computer Engineering B.S. graduates will be able to do the
following within the first few years after graduation:

1. ldentify, analyze, formulate, and solve computer engineering problems
associated with their professional position, both independently and in a team
environment;

2. Manage multi-faceted and multi-disciplinary projects with a significant technical,
legal, ethical, regulatory, social, environmental, and economic considerations
using a broad systems perspective;

3. Communicate effectively with co-workers, professional clients, and the public;
and

4. Demonstrate commitment and progress in lifelong learning, professional
development, and leadership.

In these four program objectives, we have identified four key attributes of a successful
engineering graduate who is reasonably well established along a technical career path.
For graduates who select career paths outside of engineering, Objective #1 and
perhaps Objective #2 may have less applicability.

Consistency with institutional mission. The University and College of Engineering
mission statements both include providing a high quality educational experience that
prepares its graduates to contribute to the quality of life and advancement of society.
The Computer Engineering program educational objectives are entirely consistent, but
much more focused, in producing engineers who can effectively deal with problems of
society in their professional careers. Through these objectives, the Computer
Engineering program instills in our graduates inquisitiveness, critical thinking skills,
problem solving capabilities, technical expertise and communication skills. The
program prepares our graduates to work independently or in a multidisciplinary team to
assure full participation of individuals in our society, and fosters a desire to continue life-
long learning.

B.2.3. Constituencies of the Electrical and Computer Engineering Department and
the Computer Engineering Undergraduate Program

Constituencies. The significant constituencies of the Electrical and Computer
Engineering Department include the current undergraduate students in our program, our
alumni, the faculty, and industry. Input from these constituencies is used as feedback to
review and improve different aspects of the program.

Student input. Student input is obtained through semester-by-semester course
evaluations, through discussions with individual students as well as student
representatives on the Undergraduate Curriculum Committee, through meetings with
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student organizations (IEEE and HKN), and from exit surveys completed by graduating
seniors.

Alumni input. Alumni input is solicited through annual surveys mailed to all alumni two
and five years after graduation. Input is obtained also from alumni who serve on the
Departmental Advisory Board, and from alumni who participate in on-campus alumni
activities. Individual alumni input to the Department Head, faculty and others in the
department is always welcomed.

Faculty input. Faculty members suggest improvements to the academic programs at
formally scheduled faculty meetings as well as informally through discussions with the
department head and the chair of the Undergraduate Curriculum Committee. Faculty
members review the objectives and the conduct of the academic programs, possible
changes, and the progress of the department in many areas at its annual faculty retreat.

Industry input. The departmentds I ndustrial Advi

of professional engineers, the majority of whom are from companies that employ our
graduates. In 2005, the Industrial Advisory Board (IAB) was revamped to include high-
level industry professionals who serve as advocates for ECE and work to advance the
reputation of the department throughout the United States. The department continues to
identify and solicit new members for the board. Since 2004, the IAB has welcomed 22
new members. Presently, the Board consists of 44 members. Their names and
affiliations are given in Attachment 3. The IAB holds two on-campus meetings every
year, one in fall, the other in spring. Attendance at the Fall 2006 and Spring 2007
meetings was 19 and 23, respectively. The meetings last for about a six-hour period.
Information and an agenda are sent out prior to the meetings and members who cannot
attend are requested to send their views, suggestions, and topics for discussion to the
Department Head. Typical meetings begin with a review of the status of the ECE
Department by the Department Head, followed by reviews of specific departmental
programs and activities, research, undergraduate and graduate education, departmental
direction and needs, and suggestions and recommendations for the department. Small
groups are formed to discuss specific issues and recommendations are brought before
the entire Board. A number of faculty members attend and contribute to the Advisory
Board meetings. The Board members also provide input through questionnaires sent to
them when specific issues arise. As with alumni, informal and other input from industry
to member of the department is always welcomed.
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B.2.4. Reviews of Program Educational Objectives

Both program educational objectives and outcomes are subject to discussion and
revision at any time, but are formally reviewed at least once per accreditation cycle.
The most recent formal review occurred in the 2005-2006 academic year and resulted
in significant revision of program educational objectives and outcomes, in part, to more
closely align the objectives and outcomes with the given definitions of each in the EAC
(Engineering Accreditation Commission) general criteria.

The new educational objectives are stated above in Section B.2.2 and the program
outcomes are stated below in Section B.3.1. The educational objectives were adopted
for use by all of the majors in the College of Engineering and are presented in the CSU
General Catalog in the College of Engineering section. Similarly, a general statement of
outcomes for all majors is presented at the college level in the CSU General Catalog, as
described below in Section B.3.1. These general college-level objectives and outcomes
for the undergraduate engineering programs are modified considering the applicable
ABET program criteria and the characteristics of the major to form the individual
program educational objectives and outcomes.

The college-level statements of objective and outcomes were drafted initially by the
College of Engineering Educational Assessment Committee during the Fall 2005
semester with input from the department heads, the college dean, and others. These
statements were then reviewed by the Undergraduate Curriculum Committee, and
modified to specifically address the Computer Engineering major and the Electrical
Engineering major, and approved by several groups. Those groups included the
Undergraduate Curriculum Committee in the Department and the faculty of the
Department of Electrical and Computer Engineering. The Computer Engineering and
Electrical Engineering program objectives and outcomes were also reviewed and
adopted by the ECE Industrial Advisory Board at their Spring 2006 meeting.

B.2.5. Achievement of Computer Engineering Program Educational Objectives

The Computer Engineering undergraduate program is designed to achieve its
educational objectives by first achieving a set of outcomes that are realized by the time
of graduation. At this point the graduate is prepared to succeed in an entry-level
position and to develop and mature professionally until the objectives are realized within
about five years after graduation.

The outcomes directly support and, combined with work experience, lead to the
accomplishment of the program educational objectives. The correspondence among
the objectives and outcomes is detailed in Section B.3 below. Some of the assessment
tools described later in the report provide information directly related to the objectives as
well as outcomes. These assessment results are presented along with those for the
outcomes in Section B.3.5.
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B.3. PROGRAM OUTCOMES AND ASSESSMENT

The Computer Engineering program outcomes have been selected to be consistent with
the eleven (a through k) educational outcomes as stated in ABET/EAC General Criteria,
the additional requirements of the Computer Engineering Program Criteria, and the
necessity of the outcomes to support the program educational objectives.

B.3.1. Statement of Program Outcomes

Graduates of the undergraduate computer engineering programs will be able to:

1. Apply knowledge of mathematics, science and engineering;

2. ldentify, formulate, and solve computer engineering problems;

3. Design and conduct experiments and analyze and interpret data;

4. Design a system, component, or process to meet desired needs within realistic

constraints;

o

Communicate effectively;
6. Function in multi-disciplinary teams; and
7. Use the techniques, skills, and modern engineering tools and technologies

necessary for computer engineering practice.

They also shall have:

8. The broad education necessary to understand the impact of engineering
solutions in a global, economic, environmental, and diverse societal context;

9. A knowledge of contemporary issues;
10. An understanding of professional and ethical responsibility; and

11.A recognition of the need for, and an ability to engage in, life-long learning.

Outcomes 1 through 11 are very similar for all majors in the College of Engineering, and
a general statement of those outcomes is presented in the CSU General Catalog in the
College of Engineering section. These outcomes are modified for some majors to
reflect the characteristics and program criteria of the specific major. The outcomes for
computer engineering stated above are also given in the department website,
www.engr.colostate.edu/ece/.
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B.3.2. Relationships of Computer Engineering Program Outcomes to ABET
Criterion 3

Meeting Outcome #1 through Outcome #11 for the Computer Engineering program
ensures that all components of ABET Criterion 3 (a) through (k) are met. Program
Outcomes #1 through #11 listed above are related directly to the ABET criteria as
shown in Table B.1..

Table B.1.

ABET Criterion 3

Relationships between Computer Engineering Program Outcomes and

ABET Criterion 3

Computer Engineering Program Outcomes

1

2

3

4

5

6

Z

8

9

10 11

Ability to apply knowledge of
math, engineering and science

X

Ability to design and conduct
experiments, analyze and
interpret data

Ability to design system,
component or process to meet
needs

Ability to function on multi-
disciplinary teams

Ability to identify, formulate and
solve engineering problems

Understanding of professional
and ethical responsibilities

Ability to communicate effectively

Broad education

Recognition of the need to
engage in life-long learning

Knowledge of contemporary
issues

Ability to use techniques, skills
and tools in engineering practice
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B.3.3. Relationships of Computer Engineering Program Outcomes to Program
Educational Objectives

The outcomes directly support the educational objectives such that if all of the outcomes
are achieved by the time of graduation, the educational objectives should be realized
within two to five years after graduation. To some extent, almost all of the outcomes
support each of the objectives. However, the most direct correspondences between
outcomes and objectives are illustrated in the Table B.2.

Table B.2. Relationships of Program Outcomes to Educational Objectives

Educational Objectives Program Outcomes
112(3]4]|5[6[7|8]9[10 |11

1. Identify, analyze, formulate, and solve
computer engineering problems
associated with their professional position, | X| X| X| X| X| X| X
both independently and in a team
environment;

2. Manage multi-faceted and multi-
disciplinary projects with a significant
technical, legal, ethical, regulatory, social,
environmental, and economic
considerations using a broad systems
perspective;

3. Communicate effectively with co-
workers, professional clients, and the X X| X| X
public;

4. Demonstrate commitment and progress
in lifelong learning, professional X X X| X | X
development, and leadership.

The following rationale underlies Table B.2:

Objective 1. Identify, analyze, formulate, and solve computer engineering problems
associated with their professional position, both independently and in a team
environment.

The most directly relevant outcomes are those related to technical competence,
Outcomes #1 through #4 and #7, and communications, #5 and #6.

Objective 2. Manage multi-faceted and multi-disciplinary projects with significant
technical, legal, ethical, regulatory, social, environmental, and economic considerations
using a broad systems perspective.

The outcomes most directly relevant to management of large and complex projects are
those related to communication, #5 and #6, to a broad understanding of society and
public insttutions, #8 and #9, and to ethics and professionalism, #10. As many

management skills are not fully developed within the undergraduate program, nor can all

21



rel evant societal, economical, and other
professional tsks be anticipated, continuing learning, #11, is also important in achieving
this objective.

Objective 3. Communicate effectively with co-workers, professional clients, and the
public.

Outcome #5 is directly relevant, along with outcomes on the broad educational and
contemporary issues (Outcomes #8 and #9), and ethics and professionalism (Outcome
#10).

Objective 4. Demonstrate commitment and progress in lifelong learning, professional
development, and leadership.

The most directly relevant outcomes are #11 (commitment to lifelong learning), along

with communication, #5, and professional res
motivation to develop these professional traits is related to Outcomes #7 and #9, an

awareness of contemporary issues and the use of modern engineering tools in practice.

While our self-study provides a summary of objectives, outcomes, our assessment
process, metrics and program changes, the format of the report makes it difficult to
recognize changes across multiple accreditation cycles. Therefore, we have provided
an example below that demonstrates how the assessment and improvement process
was implemented across multiple cycles for our Professional Learning Institute.

Step 1. Program objectives are determined with input from multiple
constituencies.

Program Objective: Graduates will be able to manage multi-faceted and mult-
disciplinary projects with significant legal, ethical, regulatory, social, environmental, and
economic considerations using a broad systems perspective.

Program Objective: Graduates will be able to communicate effectively with co-workers,
professional clients, and the public.

Program Objective: Graduates will demonstrate commitment and progress in lifelong
learning, professional development, and leadership.

These program objectives were recommended by the College Undergraduate Education
Assessment Committee and adopted by all departments. Prior to adoption, objectives
were evaluated by advisory boards (including industry and alumni) and by faculty.

Step 2. Program outcomes are developed to meet objective.

Program Outcome: Graduates will be able to communicate effectively.

Program Outcome: Graduates will be able to function in multi-disciplinary teams.
Program Outcome: Graduates will recognize the need for, and possess an ability to
engage in life-long learning.

These outcomes were recommended by the College Undergraduate Education
Assessment Committee and adopted by departments after input from multiple
constituencies including departmental advisory boards (industry and alumni) and
faculty.
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Step 3. The mechanism to meet the program outcome is determined.
These outcomes are specifically addressed within the curriculum (see B.2. and B.3).

Step 4. The program is assessed.

Based on student surveys, alumni surveys, faculty input and advisory board input, it
appeared that we could make improvements that would positively impact our students.
By working together across the College of Engineering, we could invest resources more
efficiently and strategically to provide a higher quality program.

Step 5. A program change was implemented.

The College of Engineering designed a fAProfe
model that was implemented is based on the lifelong learning approach used by much

of the engineering profession. This PLI requires students to engage in professional

development while students, preparing them better for work in the profession.

Departments incorporated the PLI within their programs, but outside required

coursework. This institute started in 2006 with a series of five workshops focused on
communication across culturally diverse audiences.

Step 6. The program began with assessment.

Many PLI seminars and workshops were offered throughout the 2006/2007 academic
year. An evaluation process for each workshop provided input from students. Advisory
Boards were given the opportunity to review the PLI and make recommendations for
improvement. Based on this, we did a thorough redesign and brought in a vice president
from IBM (executive loan) to expand the program, develop additional professional
development modules, and to create an annual conference-like event to provide
students with professional development opportunities. Assessment results indicated the
following areas for improvement: (1) focus examples within the engineering profession,
and (2) add topics in ethics, leadership, and teamwork.

Step 7. Program changes were implemented.

A greatly expanded PLI has been designed for implementation in Fall 2007. The PLI will
now include the following topics: teamwork and leadership, innovation, civic and public
engagement, communication in diverse environments, and ethics.

B.3.4. Achievement of Program Outcomes

Table B.3 identifies the extent to which each course contributes to each of these
outcomes and objectives. To assemble this table, the instructor of each of the ECE

courses was asked to assess how much their course contributed to their students
achieving each of the department program outcomes. They were asked to rank their

cour s e 6s orctomartd eachbouttome as primary, secondary, incidental or none.

For the required courses offered by other departments, the authors of this report ranked

the coursesodéd contribution toward each outcor
these outcomes is addressed in Section B.3.5.
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Table B.3. Relationships Of Program Course Requirements To Program Outcomes
X7 Indicates that the course makes a primary contribution (P) or a secondary contribution (S) to this program outcome

1 Apply Knowledge of math, science and engineering

2. ldentify, formulate, and solve engineering problems

3. Design and conduct experiments and analyze data
4. Design a system, component, or process
5. Communicate effectively
6. Function in multi-disciplinary teams
7. Use techniques, skills, modern engineering
tools
8. Broad Education for global understanding
9. Knowledge of contemporary issues
10. Professional and ethical resp
11. Life-long learning
First Year
CO0150 College Composition X
ECE102 Digital Circuit Logic X| X[ X[ X|X X[ X]|X
MATH160 Calculus for Physical Scientists | X | X
University Core (Historical Perspectives) X X| X | X
CS160 Intro to Computing X | X X | X X
PH141 Physics for Scientists and Engineers | X| X | X X | X
MATH161 Calculus for Physical Scientists Il X | X X
ECE103 DC Circuit Analysis X| X | X|X|X X[ XXX
Second Year
CS161 Object Oriented Problem Solving X | X X | X X
ECE251 Introduction to Microprocessors X[ X|X|X]|X X[ XX
MATH261 Calculus for Physical Scientists Il X | X
PH142 Physics for Scientists and Engineers X[ X]|X X | X X
CS200 Algorithms & Data Structures X[ X|X|X X X
ECE202 Circuit Theory Application X | X X X[ XX
MATH340 Intro to Ordinary Differential Equations x | x
OR MATH345 Differential Equations
University Core (Arts and Humanities) X| X | X




Table B.3. Relationships Of Program Course Requirements To Program Outcomes.
X7 Indicates that the course makes a primary contribution (P) or a secondary contribution (S) to this program outcome

1 Apply Knowledge of math, science and engineering

2. Identify, formulate, and solve engineering problems
3. Design and conduct experiments and analyze data
4. Design a system, component, or process
5. Communicate effectively
6. Function in multi-disciplinary teams
7. Use techniques, skills, modern engineering
tools
8. Broad Education for global understanding
9. Knowledge of contemporary issues
10. Professional and ethical resp
11. Life-long learning
Third Year
CS253 Problem Solving with C++ X[ X|X|X X X
ECE311 Linear Systems Analysis | X| X[ X[ X|X X[ X]|X
ECE331 Electronics Principles X| X | X|X|X X[ XX | X]|X
ECE450 Digital Systems Design Lab X| X | X[ X[|X X[ XXX
ECE451 Digital Systems Design X| X | X|X|X X[ X]| X[ X
ECON202 Microeconomics X[ XX
CS370 System Architecture X | X X
CS301 Foundation of Computer Science OR X | X
ECE332 Electronics Principles Il X|IX| X[ X]|X X | X X
ECE312 Linear Systems Analysis Il X[ X|X|X]|X X[ XX
ECE452 Digital Computing and Networking X| X[ X|X|X X | X X
Fourth Year
ECE401 Senior Design Project | X X[ X[ X|X|X[|X[X|X]X]|X
ECE/STAT303 Intro to Communications Principles | X | X [ X | X | X X | X X
Technical Electives
University Core (Arts & Humanities) X | X[ X|X
ECE402 Senior Design Project Il X| X | X[ X[|X X| X | X|X|X
SPCM200 Public Speaking X
University Core (Global & Cultural Awareness) X | XX
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Table B.3. Relationships Of Program Course Requirements To Program Outcomes (Continued)
X7 Indicates that the course makes a primary contribution (P) or a secondary contribution (S) to this program outcome

1 Apply Knowledge of math, science and engineering

2. Identify, formulate, and solve engineering problems
3. Design and conduct experiments and analyze data
4. Design a system, component, or process
5. Communicate effectively
6. Function in multi-disciplinary teams
7. Use techniques, skills, modern engineering
tools
8. Broad Education for global understanding
9. Knowledge of contemporary issues
10. Professional and ethical resp
11. Life-long learning
Technical Electives
ECE332 Electronic Principles Il X[ X]|X[X|X|X[|X]|X]|X X
ECE460 Embedded Systems (cross listed at
cao0) ystems ( X | X | X X X | X
ECE472 MOS Integrated Circuits X| X | X X
ECES512 Digital Signal Processing X[ X[ X[ X]|X]|X|X][|X X
ECE513 Digital Image Processing X X X
ECES34 Analog Integrated Circuit Design X | X[ X|X X
ECE535 Analog Integrated Circuit Lab XX | XX X
ECE550 Microprocessor Based Systems X[ X[ X|X|X|X|X|X X
ECES554 Computer Architecture X | X X | X X[ XX X
ECES55 Robot Motion Planning X[ X[ X[ X|X]|X]|X
ECE560 Reconfigurable Computing (cross listed as
cs500 g puting ( X | x X | x| x|x]|x
ECE562 Power Electronics | X | X[ X|X X
ECE563 Power Electronics I X[ X|X|X X
ECE571 VLSI System Design | X[ X|X|X]X X[ X]|X|X]|X
ECE575 Experiments in VLSI System Design X[ X|X|[X]|X XXX | X]|X
CS301 Foundation of Computer Science X | X
CS314 Software Development Methods X | X | X X | X
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Table B.3. Relationships Of Program Course Requirements To Program Outcomes (Continued)
X7 Indicates that the course makes a primary contribution (P) or a secondary contribution (S) to this program outcome

1 Apply Knowledge of math, science and engineering

2. ldentify, formulate, and solve engineering problems

3. Design and conduct experiments and analyze data

4. Design a system, component, or process

5. Communicate effectively

6. Function in multi-disciplinary teams

7. Use techniques, skills, modern engineering
tools

8. Broad Education for global understanding

9. Knowledge of contemporary issues

10. Professional and ethical resp

11. Life-long learning

CS410 Intro to Computer Graphics X
CS420 Intro to Analysis of Algorithms X
CS430 Database Systems

CS440 Intro to Artificial Intelligence X
CS451 Operating Systems X

CS453 Intro to Compiler Construction

CS457 Computer Networks and the Internet

CS475 Parallel Programming

CS460 Embedded Systems (cross listed as
ECE460)

CS510 Computer Graphics

CS551 Principles of Operating Systems

CS556 Computer Security

XXX X XXX PX XXX X

XXX X XXX PX XXX X

XXX X XXX PX XXX X

XXX X XXX PX XXX X

XXX X XXX PX XXX X
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Outcome #1. Apply knowledge of mathematics (including probability and statistics),
science and engineering.

Most of the mathematics, science, and engineering courses in the curriculum address
this outcome as applications are routinely addressed following the derivation and
discussion of the underlying theory and principles. Students are exposed to the basic
mathematical, scientific, and engineering principles through such required core courses
as the 4-semester calculus and differential equations sequence MATH160 through
MATH 340 (or MATH 345), the two semester physics sequence PH141 and PH142, a
semester of statistics (EE303), 20 credit hours of computer science (CS160, CS161,
CS200, CS253 and CS370) and 30 credit hours of engineering courses. In addition,
the students take 15 credits of technical electives from an approved list of 300 to 500
level EE and CS courses (see Attachment 1). Engineering problem solving skills and
techniques, including the use of software tools, are taught in a number of these required
classes including ECE102, ECE103 and ECE202, ECE311 and ECE312, and ECE331,
ECE45/451, and ECE452. The capstone senior design experience consisting of the two
semester course sequence ECE401 and ECE402 provides a final development and
demonstration of the studentsd achievement o

The importance placed on the courses that deliver the fundamentals and their basic
applications, in the case of Outcome #1, and knowledge, understanding and skills
associated with remaining outcomes, i's recog
that a course grade of C- or better in each such course is necessary to meet the
requirements for graduation.

Outcome #2. Identify, formulate, and solve computer engineering problems;

A large number of courses in the computer engineering program address this outcome.
Problem solving in a general sense is a part of most electrical engineering and
computer science courses through homework assignments, projects, or laboratory
exercises. Examples include ECE102, ECE450 and ECE451, where students formulate
engineering problems, design digital circuits and systems to meet functional
specifications and simulate, test, debug and verify their designs. In ECE251, students
solve problems using programmable digital systems. In ECE331, students design
electronic circuits to meet certain specified performance criteria. All of these
laboratories address planning, design, good judgment, and implementation and
verification of | aboratory wor k. As with
outcome finds its greatest fulfillment in the senior capstone design experience.

Outcome #3. Design and conduct experiments and analyze and interpret data;

ECE303 provides the theoretical knowledge in probability and statistics for the analysis
and interpretation of experimental data. This outcome is explicitly achieved through
success in the laboratory components that accompany our core courses including in the
physics labs. Courses in the core which provide such laboratory experiences include
ECE102, ECE103, ECE202, ECE251, ECE331 and ECE450. Laboratories associated
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with elective courses provide, for those students who elect these classes, a further
enhancement in this skill set.

Outcome #4. Design a system, component, or process to meet desired needs within
realistic constraints;

Design is a key component of almost all of our courses, starting in the freshmen year in
ECE102 and culminating in ECE401/402, Senior Design. ECE102, ECE251, and
ECE450/451 are core courses that involve the design of discrete/digital systems.
Analog system and component designs are addressed in ECE103, ECE311/312 and
ECE331. Software and hardware design are addressed in ECE251, CS200, CS253,
and CS370. Many of the elective courses at 400 and 500 level in both electrical
engineering and computer science involve assignments that combine complex
system/process design to meet constraints.

Outcome #5. Communicate effectively;

The professional skills of effective writing and succinct and logical oral communication
are instilled in our graduates throughout the program.

Our studentso6 for mal icatisntwithin ©ur program bcours onrthee | COl
required core speech class, SPCM200. Oral communication skills are encouraged in

many of our courses by the instructors inviting and welcoming discussion as a part of

the class period activities. College composition (COCC15), our first formal writing
requirement, includes topics in expository and argumentative writing emphasizing

purpose and audience, writing and reading processes, development of ideas and style.

In ECE102, the exposure to writing and the importance of effective writing is reinforced
through ten written narrative laboratory reports. Many of subsequent courses, e.g.,
ECE103, ECE251, ECE331, ECE450, require written reports. These reports are
evaluated and graded on the basis of technical writing requirements as well as on
technical content.

In the capstone design sequence of their senior year, students are required to submit a
written report on their work and to make a formal oral presentation before a group of
their peers and professors. These reports are evaluated by multiple constituents as
described in section B.3.5.1. In addition, they also make a poster presentation at
Engineering Days (E-Days), an annual event held in April at Colorado State University
to showcase the student engineering projects to the local community and industry.

In addition to their formal senior design project, students in the senior design course are
also required to attend a weekly one-hour seminar. The seminars are primarily
presented by speakers from industry who address a number of real world issues,
including the importance of communication skills and teamwork in industry.
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Outcome #6. Function in multi-disciplinary teams;

Starting in ECE102, our students are exposed to teamwork by usually working in pairs
when carrying out their laboratory assignments. The ECE courses include both
electrical engineering students and computer engineering students. The computer
science and general science courses such as Physics are taken by students from many
majors. Many of these courses have group projects or lab assignments, thus providing
the students the opportunity to participate in multi-disciplinary teams. As with a number
of our other outcomes, these professional skills find their greatest expression in our
capstone design courses where students work on a design project. Many of these
projects involve teams of 2 or more students. Attachment 9 lists the senior projects
involving computer engineering students in academic year 2006/2007, together with
information on the team composition.

Students observing what other students are doing in senior design broadens their
perspectives of design. The Lockheed Martin Design Studio in the College is a facility
routinely used for senior projects as well as graduate research projects by students from
the different departments, has been specifically planned and furnished to facilitate and
foster such observation and interactions.

Outcome #7. Use the techniques, skills, and modern engineering tools and
technologies necessary for computer engineering practice;

Engineering problem solving skills and techniques, including the use of software tools,
are taught and used in a number of required classes, e.g., ECE102, ECE103,
ECE202, ECE311, ECE312, ECE331, ECE451 and ECE452. The required computer
science courses CS160, CS161, CS200, CS253 and CS370 include software
development and all rely on various software development tools. These tools are used
yet again in the upper-division engineering courses to augment the specific skills of
those courses. They are used again in the senior-design sequence. A sampling of
software tools used in the electrical engineering courses is given in Section B.6.

Outcome #8. The broad education necessary to understand the impact of engineering
solutions in a global, economic, environmental, and diverse societal context;

In addition to the core science and engineering courses and the elective electrical and
computer engineering courses, all of our students take a speech course (SPCM200) a
composition course (CO 150) and a microeconomics course (ECON202). The
University Core Curriculum (2006/2007 CSU General Catalog) requires students to take
at least one course in each of the areas of arts and humanities, the social and
behavioral sciences, global and cultural awareness, and historical perspectives. One of
these courses or an additional course must address U.S. public values and institutions.
The explicit goal of the Universityds core
for every graduate. The impact of technology is noted in many of the ECE courses.

Some of the senior capstone seminars addr ess
Gl obal Society (Fall 2005)6 and 6Peopl e Manc:
Management ankKalDi v20G6 ),y o6arnfd OEngineering Et
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of topics covered by speakers in senior capstone seminars is provided in Attachment
VIII.

Students are also required to complete three field trips prior to graduation. Work
experience, such as an internship is an acceptable alternative for a fieldtrip. The
students are further exposed to engineering practice, products and work environment as
a result of this experience.

Outcome #9. Knowledge of contemporary issues;

Colorado State University has a core general education requirement, as noted for
Outcome #8, for which students need to satisfy course requirements in a number of
general education categories including global and cultural awareness. Students also
have the opportunity throughout their college career to attend seminars presented by
internal and external speakers who address many contemporary social and technical
issues.

As a part of their senior capstone seminar series (ECE401/402), students are exposed
to speakers from industry who address contemporary management and technical
issues. Topic covered in Spring semester 2006 by speakers from industry included the
foll owi ng: 0GIl obal Engineeringé6, O0A Manage
| ssues. 6 At previdds the list of tdpics covered in the 2006/2007 academic
year.

Outcome #10. An understanding of professional and ethical responsibility;

All students in the major have exposure to professional and ethical issues culminating in

the coverage of these topics in the ECE401/402 seminar series. In the Spring 2006
semester, for example, the seminar series i
professional and ethical responsibilities of all the engineers are commonly noted in

classes dealing with the design and implementation of technology, especially in the

senior design sequence. Students also have the opportunity throughout their college

career to attend seminars presented by speakers from business and industry who

address many relevant issues including ethics and professional responsibility.

Students are encouraged to join and become involved in the local student chapter of the
IEEE professional society.

Outcome #11. A recognition of the need for, and an ability to engage in, life-long
learning.

Throughout the curriculum, we reinforce in the students the concept that their degree
largely provides them a foundation of knowledge for their chosen profession. They are
told that many of their needs in their specific engineering assignments will be either in
areas supplemental to engineering basics or specialized enough that they will have to
develop in these areas, many not identifiable beforehand, on a need-to-know basis.
Also reinforced throughout the courses is the message that the continuing changes in
computer engineering will necessitate their keeping up with the developments in
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technology if they plan to continue in a productive career in engineering. ECE451 and
452 explicitly address the exponential growth trends in computing and networking,
covering both historical evolution and projected future trends. Such a perspective is
expected to instill in students the importance of staying at the leading edge of the
technologies. We also invite speakers from industry who address this issue. Students
are alerted to the opportunities for graduate study as a way to build on this knowledge
base. Students in their Senior year are invited to workshops organized once per year
by the Department Graduate Committee to present the possibilities in graduate studies.
We believe ultimately, however, that only by the students experiencing this need in
industry will they become convinced of the e
and ability to engage in continuous learning, we believe, comes from a good grasp of
the basics as well as a desire to learn. The former of these results from achievement of
Outcomes 1 and 2, which are attributes that our program is noted for.

In our graduate programs, we have also instituted a 5-yr B.S./M.S. degree which allows
students with very good academic standing to complete both their B.S. and M.S.
degrees at CSU within a five-year program. Faculty members in the department are
informed of top junior and senior students within the department so that they can be
actively recruited to different research programs.

B.3.5. Assessment of Program Outcomes And Objectives

As stated earlier, the program outcomes are designed such that they will lead to the
accomplishment of program objectives within two to five years after graduation.
Therefore, the primary means of assessment of program objectives is the assessment
of program outcomes. Consequently, most of this section is devoted to outcomes
assessment. An additional assessment of objectives occurs through surveys of
graduates at two and five years after graduation; this is described at the end of this
section.

In keeping with ABET requirements, each program outcome is assessed using two or
more assessment tools that include quantitative criteria and measurable goals. The
assessment results are annually reviewed, and failure to achieve goals at an
appropriate level results in programmatic change. Goals may be modified periodically
as needed. Less frequently, but at least once per accreditation cycle, the program
outcomes and objectives are reviewed and modified with input from constituents. The
outcomes assessment tools are described in Section B.3.5.1, the goals and criteria are
addressed in Section B.3.5.2. The assessment data is presented in Section B.3.5.3.
The quality improvement process is later described in Section B.3.5.4.

B.3.5.1. Outcomes Assessment Tools and Criteria
Our processes for measuring outcomes to assess achievement of program outcomes
by our graduates is closely related to what we have set in place for reviewing and

determining achievement of our educational objectives. Assessment tools providing
guantitative information are summarized in Table B.4., which also indicates our targets
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for achievements. Specifically, we have chosen to employ six assessment vehicles:
student class performance, student course evaluations, senior design projects and
reports, senior exit surveys, alumni surveys, and Industrial Advisory Board (IAB) input.

Student class performance. The class instructors evaluate individual student
performance in each class. This evaluation is based on instructor and program
expectations for the class (rather than performance of the student relative to class
performance). The department does not have a policy of grading classes on a curve.
The cutoff points for grades, in almost all of the courses, are determined by the faculty
based on his/her judgment on the level of performance that deserves a certain grade.
The faculty standards are determined by past experience in teaching, their research and
professional activities, and experience with undergraduate and graduate students and
with practitioners from many locations. The goal is a passing grade for each student in
each of the courses related to each outcome. Every 100, 200, and 300 level required
ECE course must be passed with a minimum grade of C- as stated in section B.1.3.

Student course evaluations. Student course evaluation is based on a campus-wide
cl ass evaluation produced and an a lstuctiendl
Service. By university policy, the detailed results of these surveys go to the instructor.
An addendum to the course evaluation form contains questions administered by the
department (see Attachment IV). Summaries of the results are open information and
available to the department head. Faculty may report more information from the
surveys to the department head, and often do as a part of annual reviews and
tenure/promotion reviews.

Senior design projects and reports. Evaluation of the senior design experience, in
addition to instructor evaluation, is used for assessment of Outcomes #1 and #2 and #4
through #7. This assessment tool has three components:
1. Internal and external evaluation of the senior design report
Senior design reports are mailed to an external panel of practicing engineers who
evaluate them using a rubric (See Attachment 5, Figure 5-A). The criteria are
shown on the rubric as grouped in to six categories, each of which receives a
numerical score from 1 to 4. An overall numerical evaluation follows from the
subcategory evaluation values. The goals are set as an average score of 2.5/4.0
in each category that is appropriate for each outcome as shown in Table B.4.
2. Student self-evaluation of senior design team effectiveness
Team effectiveness is self-evaluated by the students using a rubric developed for
this purpose (see Attachment 5, Figure 5-B). The criteria are shown on the rubric
in the form in five categories, each of which receives a numerical score from 1 to
5. The goals are set as an average score of at least 3.0 in each category.
3. Evaluation of senior design oral presentation
Senior design oral presentations, made in front of an audience consisting of
students, faculty advisor and occasionally other faculty and visitors, are currently
evaluated by their faculty advisor. A rubric for college-wide use for evaluation of
senior project presentations (Attachment 5, Figure 5-C) has recently been
developed. The criteria are shown on the rubric in the form in six categories,
each of which receives a numerical score from 1 to 5. The goals are set as an
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average score of at least 3.0/4.0 in each category that is appropriate for each
outcome, as shown in Table B.4. This assessment will go into effect starting Fall
2006.

Assessment results go to the class instructor(s) and, when results need to be acted
upon, to the program faculty and support staff. Analyzed results flow to the
department/program leadership for review and formulation of recommendations.

Senior exit surveys. Each graduating senior in Computer Engineering and in Electrical
Engineering completes two written survey forms during the month of graduation. With
the Exit Survey on Perceived Level of Acquisition of Standard Skill Sets (EPLA), shown
in Attachment 6 as Figure 6-A, each student rates his or her achievement of each
outcome. The Exit Survey Questionnaire (ESQ), Attachment 6, Figure 6-B, is used to
obtain student responses to a number of more general questions relating to the program
and the department. The goal is set at a response average of at least 3.0/5.0 on each
guestion that is tied to a program outcome. The two surveys, EPLA and ESQ, use an
Aol der o definition of program objectives whi
program objectives. The assessment results go to the Department Head and the
Undergraduate Curriculum Committee for analysis.

Alumni surveys. Since the perceptions of practicing engineers are certainly different

from those of graduating seniors, written surveys of alumni (Attachment 7) are
performed at 2 years and 5 years after graduation. These surveys contain a set of
guestions t hat are targeted directly at t |
assessment, just as in the senior exit survey. The questions solicit a discrete response

ranging from 1 (poor) to 4 (excellent), and the goal is an average score of at least 2.5 on

each question that is tied to a program outcome.

The alumni surveys are administered by the /
compiled,summar i zed and analyzed by the Associ ate
program leadership and the UEAC for review and formulation of recommendations.

Industrial advisory board. The responses of our alumni and of employers of our
graduates as judged by the Industrial Associates Board provide another indicator of the
effectiveness of our program in meeting its objectives. In addition to direct formal
feedback at the IAB meetings, IAB members also fill out the applicable portions of the
Alumni Survey based on their exposure to the program graduates.

B.3.5.2. Outcomes Assessment Criteria and Goals

Quantitative criteria have been developed for five of the six outcome assessment tools
that are described in Section B.3.5.1. The assessment tools producing quantitative
results are summarized in Table B.4, together with our goals for each outcome. At least
two of the tools are used for each outcome. Note that of the five assessment tools with
guantitative criteria, we have combined the Alumni and IAB surveys resulting in four
columns in Table B.4. corresponding to the outcomes which use the same evaluation
form. These assessment results together with information from course evaluations by
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instructors and students for which quantitative goals have not been established are
used to chart the course for programmatic change. Qualitative information from many
other sources are used as well. The strategies for outcome assessment and response
are summarized in Table B.5.
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Table B.4. Assessment Tools, Quantitative Criteria, And Goals By Outcome

Assessment Tool Instructor Evaluation of Senior Senior Exit Alumni and I1AB
Outcome Assessment Design Survey Surveys
of Course (Attachment 5) (Attachment 6) (Attachment 7)
Work (scale 1-5) (scale 1-4)
1. Apply knowledge of Passing Report: Average score Average score Average score of
mathematics, science grade in of 2.5/4 in category 4 of 3/5 on 2.5/4 on relevant
and engineering courses Presentation: Average question #B1 on | part of #7
identified in score of 3.0/5 in EPLA
Table B.3 categories 2 and 3
2. Identify, formulate, Passing Report: Average score Average score Average score of
and solve engineering grade in of 2.5/4 in categories 1-5 | of 3/5 on 2.5/4 on relevant
problems courses Presentation: Average question #B2 on | part of #7
identified in score of 3/5 in categories | EPLA
Table B.3 1-3
3. Design and conduct | Passing Average score Average score of
experiments and analyze | grade in of 3/5 on 2.5/4 on relevant
and interpret data courses question #B3 on | part of #7
identified in EPLA
Table B.3
4. Design a system, Passing Report: Average score Average score Average score of
component, or process grade in of 2.5/4 in categories 1-5 | of 3/5 on 2.5/4 on relevant
within realistic courses Presentation: Average guestion #B2 on | part of #7
constraints identified in score of 3.0/5 in EPLA
Table B.3 categories 1-3
5. Communicate Passing Report: Average score Average score Average score of
effectively grade in of 2.5/4 in category 6 of 3/5 on 2.5/4 on relevant
courses Presentation: Average guestion #B4 part of #7
identified in score of 3/5 in categories | a,b on EPLA
Table B.3 4 and 5
6. Function in multi- Student Self-Evaluation Average score Average score of
disciplinary teams of Team Effectiveness: of 3/5 on 2.5/4 on relevant
Average score of 3/5 in guestion #B4c part of #7
all categories on EPLA
7. Techniques, skills, Passing Report: Average score Average score Average score of
and modern engineering | grade in of 2.5/4 in categories 4-5 | of 3/5 on 2.5/4 on relevant
tools courses Presentation: Average guestion #A4 on | part of #7
necessary for identified in score of 3/5 in categories | EPLA
engineering practice Table B.3 2and 3
8. Broad education Passing Average score Average score of
necessary to understand | grade in of 3/5 on 2.5/4 on relevant
impact of engineering courses question #B6 on | part of #7
solutions in global and identified in EPLA
societal context Table B.3
9. A knowledge of Passing Average score Average score of
contemporary issues grade in of 3/5 on 2.5/4 on relevant
courses question #B5 on | part of #7
identified in EPLA
Table B.3

10. An understanding
of professional and
ethical responsibility

Average score
of 3/5 on
guestion #B5 on
EPLA

Average score of
2.5/4 on relevant
part of #7

11. Appreciation, ability
for life-long learning

Average score
of 3/5 on
guestion #B7 on
EPLA

Average score of
2.5/4 on relevant
part of #7
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B.3.5.3. Assessment Data

As described in sections B.3.5.1 and B.3.5.2, and as summarized in Table B.4, the
different assessment tools provide quantitative results related to the achievement of the
different outcomes. We have set high numerical targets as our goal is to build a quality
undergraduate program in Computer Engineering at CSU. The assessments have been
conducted for the undergraduates in the department as a whole without separately
conducting surveys for electrical engineering and computer engineering
undergraduates. As the two programs overlap significantly in curriculum, and the
student and faculty in the department are not segregated by discipline for all practical
purposes, we believe this is the most effective and efficient method for carrying out the
assessments. The GPAs of the BSCpE graduates (see Attachment 8) indicates that
they as a group have performed very well compared to their peers from the accredited
BSEE program.

The college-wide Undergraduate Education Assessment Committee evaluated our
assessment methods and recommended improvements. This included the addition of a
Senior project team effectiveness survey which was administered for the first time in
Spring 2006. A summary of these results gathered using the team effectiveness
evaluation rubric shown in Attachment 5 (Figure 5-C) is provided in Table B.6, which
provides the mean score on a 1 to 5 scale. These ratings in all categories exceed our
target of 3 ona 1to 5 scale.

Table B.7 shows the mean evaluation score, on a scale of 1-4, the evaluation of senior
project reports by practicing engineers based on the rubric shown in Attachment 5,
Figure 5-A. These primary assessment results exceed our target of 2.5 on a 1 to 4
scale in all but two of the 21 subcategories. The results are marginally below the
expectation in the following:

i. The quality of information gathered to support design process and decision

making was not adequate, and
ii. Process and tools used for evaluation of the design.

While these data points may be an anomaly, we have invested resources to hire an
individual with responsibilities for coordination of our senior design. A summary of exit
survey component of our assessment process is shown in the Tables B.8 through B.12,
where students in the graduating class were asked in writing to assess how well they
judge they have attained each program objective and outcome. For each they ranked
their attainment from 1 to 5 where a Al"
indicates a great deal of achievement. Tables B.8 through B.11 summarize the results
based on EPLA Senior Exit Survey on Perceived Level of Acquisition of Standard Skill
Sets (Attachment 6, Figure 6-A), for Spring 2003 through Spring 2006. Tables B.8 and
B.9 report the level of attainment while Tables B.10 and B.11 indicate the perception of
student in terms of the importance of each objective/outcome to the career. The level of
attainment as well as their perception as to the importance of the different objectives
and outcomes for their career exceeds our targets with two exceptions, both occurring
in SPO6 (item B5 in Table B.8. and item A5 in Table B.9.). Table B.12 lists on a scale of
1 to 10, with 10 being outstanding, the student rating of the curriculum, the facilities, the
faculty and the overall program. This result is based on the Electrical Engineering Exit
Survey Questionnaire (see Attachment 6, Figure 6-B). Although we do not have
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specific numerical targets, the results indicate that the graduates are quite satisfied with
the curriculum, the facilities, the faculty and the program.

Table B.13 shows the annual averages of the responses of our alumni to a mailed
survey which asked in part, Aithe preparatio
Average score is reported on a scale of 1 to 5, with 1 indicating that the recipient was

not well prepared, and 4 well prepared. The results are based on Questions 7 and 8 of

the College of Engineering Alumni/ae Survey (Attachment 7). A fuller discussion of the

protocol for these surveys, which also included assessment of the program outcomes, is

provided starting in Section B.3.5.1. Table B.14 indicates the corresponding evaluation

from the

members of the Industrial Advisory Board. Alumni survey results also indicate the need

to enhance the component of the curriculum related to the contemporary issues.

The assessment data presented above indicates a quality program. Furthermore, the
assessment process in place has identified a couple of areas where improvements can
be made to meet the high standards we have set for our programs. In response, the
ECE department has hired an instructor (Olivia Notaros i see attached resume)
effective Fall 2006. The duties of this new position include strengthening our senior
design project sequence. Specific action items to be carried out include a) increasing
the exposure of students to topics such as professional and ethical responsibility,
contemporary issues in engineering, and industrial practices; and b) ensuring that the
projects and reports address the impact of the engineering solutions in a global,
economic, environmental and societal context.
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Table B.5. Strategies For Outcomes Assessment And Response

Assessment Tool

Evaluation
Frequency, Timing

Evaluator of
assessment results

Needed changed
determined by

Changes initiated by

Student performance | Every semester Course instructor Instructor Instructor
in courses
Student course Every semester or Course instructor Instructor/ Instructor
evaluations annually Department Head Department Head/
Computer Engineering
Committee/
UGCC
Instructor course Annually Department Head Instructor/ Instructor
evaluations Department Head
Senior design Annually, spring Instructor Instructor/ Instructor
presentation Department Head
Senior design report, | Annually, spring Instructor Instructor/ Instructor
external panel Department Head
Senior design team | Annually, spring Instructor Instructor/ Instructor
effectiveness form Department Head
Math, science, Annually Associate Dean ABET Committee UGCC

engineering GPA

UGCC

Senior exit surveys

Every semester

Department Head or
Appointed
Representative

Department Head or
Appointed
Representative

Department Head,
UGCC

Alumni survey

Annually at 2 and 5
years after graduation

Associate Dean,
ABET Committee

Associate Dean
ABET Committee

UGCC

39




Table B.6. Self Evaluation Team Effectiveness in Senior Capstone Course
(SPO06, SPQ7) (on scale of 1-5)

Category SPO6 SPO7
Roles and Responsibilities 3.82 4.35
Attitude and Climate 3.67 4.24
Resource Management 3.20 3.95
Operating Procedures 3.41 3.87
anergy 3.43 4.12

Based on Rubric shown in Figure 5.B. in Attachment 5.

Table B.7. Evaluation of Senior Design Reports by Engineering Practitioners in

Industry
(SP06, SPQO7) (on scale of 1-4)
Category SP0O6 SPO7
1. Information Gathering
Sources 3.06 2.65
Quality 2.35 2.82
Frequency 2.81 2.71
2. Problem Definition
Client Needs 2.71 2.94
Requirements 2.53 3.00
Definition 2.71 2.81
3. ldea Generation
Climate 3.06 2.88
Methods 2.81 2.82
Type 2.88 2.88
4. Design Quality
Quality 3.13 3.06
Completeness 2.81 2.65
Results 2.63 2.94
5. Evaluation
Issues 2.69 2.94
Criteria 2.60 2.67
Process/Tools 2.44 2.81
Analysis 2.56 2.73
6. Communication
Clarity 2.69 2.59
Documentation 3.00 2.59
Quality 2.60 2.65
Overall Evaluation
Essentials 2.88 2.53
Scores 2.93 2.66

Based on Rubric shown in Figure 5.A.. in Attachment 5.
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Table B.8. Senior Survey Exit Results
(Sp03-Sp06) Level of Attainment (on scale of 1-5)

Educational Objectives for the Program:
Graduating Seniors

Level of Attainment

SP03

SP04

SP05

SP06

[ achievedé

B1. The ability to analyze and solve practical
electrical/computer engineering problems by applying
knowledge of mathematics, science, and engineering
principles using modern engineering skills, techniques,
and tools.

4.30

4.30

4.42

3.88

B2. The ability to identify, formulate, and solve
electrical/computer engineering problems through a
process that includes the steps of planning, specification
development, design, application of good judgment,
implementation, and verification to meet specified
requirements.

4.23

4.00

4.16

3.85

B3. The ability to design and perform experiments and to
analyze, interpret and explain the resulting data.

3.98

411

4.16

3.88

B4. The skills necessary to communicate effectively both
(a) verbally

(b) and in writing as well as to
(c) contribute to multi-disciplinary teams

3.61

3.77
3.77

3.38

3.73
3.67

3.89

3.84
3.79

3.53

3.44
3.39

B5. An understanding of professional and ethical
responsibility, as well as a knowledge of contemporary
issues.

3.48

3.50

3.42

2.66

B6. A broad education which enables me to appreciate
the impact of engineering solutions in a global and
societal context.

3.55

3.44

3.47

3.16

B7. A recognition of the need for as well as an ability to
engage in a process of continuous learning.

4.32

4.44

4.53

3.56

Based on EPLA (Figure 6.A., Attachment 6).
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Table B.9. Senior Survey Exit Results
(Sp03-Sp06) Level of Attainment (on scale of 1-5)

Educational Objectives for the Program:
Graduating Seniors

Level of Attainment

SP03

SP04

SP05

SPO6

Al. Foundation in the Fundamentals

The program provides a broad based understanding of
the fundamentals of electrical and computer
engineering.

4.18

4.19

4.26

3.88

A2. Depth in Key Technical Areas

The program provides an advanced an in-depth
understanding in a number of key technical areas using
the latest technologies available.

3.75

3.81

3.74

3.18

AS3. Critical Workplace Skills

The graduate has acquired proficiency in teamwork
oral communication,

written communication,

and independent learning.

3.95
3.20
3.48
414

4.00
3.43
3.68
3.97

3.89
3.63
3.63
4.32

3.73
3.48
3.36
3.85

A4. Laboratory Skills for Analysis and Design

The graduate is skilled in hardware and software
laboratory experimentation and data analysis and in
the use of a broad range of hardware and software
tools for analysis and design.

3.66

3.76

3.84

3.55

A5. Appreciation of Industrial Practice

The program prepares the graduate with a good
understanding of engineering, including what is
required for the practice of the profession in an
industrial setting.

3.23

3.35

3.16

2.85

A6. Problem Solving and Design

The graduate is proficient in open ended problem
solving and engineering design, including the use of
good judgment in arriving at an optimal solution.

414

4.05

4.16

3.76

Based on EPLA (Figure 6.A., Attachment 6).
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Table B.10. Perceived Acquisition of Educational Objectives i Seniors
(Sp03-Sp06) Importance to Career (on scale of 1-5)

Educational Objectives for the Program:
Graduating Seniors

Importance to Career

SP03

SP04

SP05

SP06

lachi eved?é

B1. The ability to analyze and solve practical
electrical/computer engineering problems by applying
knowledge of mathematics, science, and engineering
principles using modern engineering skills,
techniques, and tools.

4.62

4.73

4.42

4.24

B2. The ability to identify, formulate, and solve
electrical/computer engineering problems through a
process that includes the steps of planning,
specification development, design, application of
good judgment, implementation, and verification to
meet specified requirements.

4.73

4.72

4.58

4.43

B3. The ability to design and perform experiments
and to analyze, interpret and explain the resulting
data.

4.59

4.62

4.47

4.39

B4. The skills necessary to communicate effectively
both (a) verbally

(b) and in writing as well as to
(c) contribute to multi-disciplinary teams

4.73

4.60
4.61

4.78

451
4.61

4.58

4.53
4.79

4.73

4.61
4.71

B5. An understanding of professional and ethical
responsibility, as well as a knowledge of
contemporary issues.

4.30

4.19

4.26

4.06

B6. A broad education which enables me to
appreciate the impact of engineering solutions in a
global and societal context.

3.91

3.86

3.79

3.79

B7. A recognition of the need for as well as an ability
fo engage in a process of continuous Iearning.

4.77

4.69

4.84

4.33

Based on EPLA (Figure 6.A., Attachment 6).
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Table B.11. Perceived Acquisition of Educational Objectives -Seniors

(Sp03-Sp06) Importance to Career (on scale of 1-5)

Educational Objectives for the Program: Importance to Career
Graduating Seniors
SP03 | SP04 SPO5 | SP06
Al. Foundation in the Fundamentals
The program provides a broad based understanding of
the fundamentals of electrical and computer 4.30 4.59 4.26 4.15
engineering.
A2. Depth in Key Technical Areas
The program provides an advanced an in-depth
understanding in a number of key technical areas using 4.18 4.46 4.00 4.29
the latest technologies available.
AS3. Critical Workplace Skills
The graduate has acquired proficiency in teamwork 4.68 4.76 4.89 4.82
oral communication, 4.63 4.62 4.58 4.85
written communication, 4.52 4.41 4.32 4.82
and independent learning. 4.55 4.24 4.42 4.66
A4. Laboratory Skills for Analysis and Design
The graduate is skilled in hardware and software
laboratory experimentation and data analysis and in the 4.19 416 4.92 4.06
use of a broad range of hardware and software tools for
analysis and design.
A5. Appreciation of Industrial Practice
The program prepares the graduate with a good
understanding of engineering, including what is required | 4.30 4.24 3.95 3.79
for the practice of the profession in an industrial setting.
A6. Problem Solving and Design
The graduate is proficient in open ended problem
solving and engineering design, including the use of 4.68 4.76 4.74 4.55
good '!udgment in arriving at an optimal solution.
Based on EPLA (Figure 6.A., Attachment 6).
Table B.12. Student Satisfaction i Seniors
(Sp03-Sp06) (on a scale of 1-10)
Category Average
2003 2004 2005 2006
The Curriculum 7.66 7.79 7.37 7.07
The Facilities 8.32 7.87 7.11 6.67
The Faculty 8.23 7.82 7.84 6.69
The Overall Prog_]ram 8.11 7.95 7.68 6.86

Based on Exit Survey Questionnaire (Figure 6.B., Attachment 6).
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Table B.13. Alumni Survey Results
(Sp06) (on scale of 1-5)

SP0O6
Ability to apply knowledge of math, engineering and science. 2.8
Ability to design and conduct experiments. 2.6
Ability to analyze and interpret data. 2.7
Ability to design a system, component or process to meet needs. 2.4
Ability to function on multi-disciplinary teams. 29
Ability to identify, formulate, and solve engineering problems. 29
Understanding of professional and ethical responsibility. 2.7
Ability to communicate effectively. 2.7
Broad education for understanding engineering in a societal context. 2.3
Recognition of need to engage in life-long learning. 2.9
Knowledge of contemporary issues. 2.2
Ability to use techniques, skills and tools in engineering practice. 2.6
(a) ldentify, analyze, formulate, and solve engineering problems 3.1
associated with your professional position, both independently and in a
team environment.
(b) Manage multifaceted and multi-disciplinary engineering projects with 2.5
significant economic, legal, regulatory, social, and environmental
considerations, using a broad, systems perspective.
(c) Communicate effectively with colleagues, clients, and the public. 3.0
(d) Engage in lifelong learning, professional development, leadership, 3.1

and public service.
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Table B.14. Industrial Advisory Board Survey Results
(Sp06) (on scale of 1-5)

SPO6
Ability to apply knowledge of math, engineering and
science. 3.3
Ability to design and conduct experiments. 2.7
Ability to analyze and interpret data. 3.0
Ability to design a system, component or process to meet
needs. 2.6
Ability to function on multi-disciplinary teams. 3.6
Ability to identify, formulate, and solve engineering
problems. 3.0
Understanding of professional and ethical responsibility. 3.0
Ability to communicate effectively. 2.9
Broad education for understanding engineering in a societal
context. 2.8
Recognition of need to engage in life-long learning. 2.9
Knowledge of contemporary issues. 2.5
Ability to use techniques, skills and tools in engineering
practice. 3.3
(a) ldentify, analyze, formulate, and solve engineering
problems associated with your professional position, both
independently and in a team environment. 3.4
(b) Manage multifaceted and multi-disciplinary engineering
projects with significant economic, legal, regulatory, social,
and environmental considerations, using a broad, systems
perspective. 2.8
(c) Communicate effectively with colleagues, clients, and
the public. 3.0
(d) Engage in lifelong learning, professional development,
leadership, and public service. 2.6
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B.3.5.4. Assessment Feedback Mechanism

Information from the assessment tools described in Section B.3.5.1 is used to
drive a process of continual programmatic change and improvement. The
detailed process is presented in Table B.5. and Figure B.1. Since the details of
the process are fairly tedious, a more general overview of the process is
presented here. Compiled results from four of the assessment tools (evaluation
of senior design, senior exit interviews/surveys, IAB surveys and alumni surveys)
are evaluated by the Department Head, who communicates the concerns with
the appropriate administrative groups: the office of the Associate Dean for
Undergraduate Studies, Computer Engineering Program Committee, and the
department Undergraduate Curriculum Committee. This information, combined
with direct faculty input that is based on direct observation of the program and its
students and information from many possible sources, is used to develop
recommendations for programmatic change.

Review of analyzed assessment information and the origination of

recommendations occur at three levels:

a. The class instructor acts when the recommendations relate to assessments
and observations for an individual class. The instructor forms the initial
recommendation for any modifications T these may go to the class
coordinator if the class is a core class and maodifications concern outline
details, text, etc. When the proposed modifications are more major, such as
significant changes in course content, changes in prerequisite, etc., they go to
the program leadership. The instructor directly implements changes in
courses for instructor-option topics.

b. The program leadership receives analyzed assessment information from
several sources and, as appropriate, forwards information and
recommendations to class coordinator /instructor or the departmental
undergraduate committee, which is a faculty committee. When
administrative action is appropriate, the program leadership may make
decisions and work with the class instructors on their implementation.
OPraogHna®ader shipbé refers here to the depart
undergraduate curriculum committee depending on the task.

c. College-level review of analyzed assessment information and
recommendati ons t o t he progr ams may be
Undergraduate  Education  Assessment Committee (UEAC) and
communicated to the program leadership.

Interaction and exchange of information among these three levels occur in
several ways. Faculty members, as class instructors, provide both class-oriented
and program-oriented input to the program leadership, both on an informal basis
and during their annual faculty review with the department head. Requests and
information flows between the program leadership and the UEAC, including
through the pr atyve@mthéJEAC.epr esent
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The decision, approval, and implementation steps vary some with the type of
action being taken. The basic decision and approval process for major
modifications include the following:

a. Del i berations by the depaculummmmnitites a under gr
faculty committee. This committee receives input from the department head,
the computer engineering committee, from individual course instructors, and
from faculty, both committee members and non-members. The committee
may recommend course or curriculum changes.

b. Some decisions of the undergraduate committee do not involve
course/curriculum changes and thus can go to the class instructor/coordinator
for implementation. Major course changes and curriculum changes, along
with background information on the changes, are brought to the faculty for
consideration and approval at a scheduled faculty meeting.

c. Major course and curriculum changes, once approved by the faculty, are
accomplished by the preparation of the appropriate standard university-wide
request forms at the department level. These go forward to the College
Curriculum Committee after being reviewed and signed by the course
instructor and the department head. The next level of approval is at the
University Curriculum Committee. Decisions of the University Curriculum
Commi ttee are subject to review and need
Faculty Council. Although this review is usually routine, individual course and
curriculum changes may be challenged.

Course/curriculum changes af f ect i ng a single class or HfAho
need not be brought to a faculty meeting for review and approval. Course

changes considered minor by university guidelines do not receive a full review by

the University Curriculum Committee, rather they are distributed in monthly

proposed minor course change lists and implemented if not challenges from the

University Curriculum Committee, academic departments, or faculty members

are received during a two-week review period.

Course changes requiring curriculum committee actions are usually implemented

the next time the course is offered, although a later time may be requested on

the course change requests. Changes do not need to wait until publication in the

uni versityos Gener al ca@ ade¢ anplengented bsulate agener al |
several weeks before the beginning of student preregistration for the class. The

use of a web-based class registration system and increased reliance on the

uni versityds web site for c¢oumplementationor mat i o |
of changes.

Program outcomes and objectives, along with the assessment tools, criteria, and

goals are reviewed by the program and its constituencies less frequently than
every year, but at least once per accreditation cycle.
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Figure B.1. Computer Engineering Outcomes Assessment and Improvement Process
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B.3.5.5. Example of Changes Identified for the Program Based on Assessment
Process

The assessment process and the assessment feedback mechanism in place, described
in Sections B.3.5.1-B.3.5.4, have resulted in numerous changes to the program, the
curriculum and the assessment process itself. This section lists examples of how the
overall assessment process has led to changes in the program. Specific changes to the
curriculum, which for the most part have been triggered by the assessment process,
follow in Section B.3.5.6. Additional details on changes and their implementation are
provided in Attachment IX.

Student class performance, direct feedback from students and student course
evaluations are two mechanisms that provides direct feedback to the faculty on the
effectiveness of his/her teaching, the extent of student learning, problems with
laboratory facilities, etc. The faculty or the department then addresses the deficiencies
revealed. For example, in response to feedback from students on the state of
computers used in the undergraduate microprocessors laboratory, the department
purchased sixteen new AMD3800 based high-performance workstations in 2005. Based
on the feedback from prior years, we instituted a mid-semester evaluation when a
course is taught for the first time by a new adjunct faculty or a teaching assistant. The
department and the instructor use the results from this mid-semester evaluation to
correct any deficiencies as soon as possible. Beginning in the year 2007/2008, the
College Technology Committee will initiate a four-year computing equipment
replacement cycle, which will allow the department to replace the computers purchased
using student technology fees every four years.

Our Industrial Advisory Board (IAB) has played a significant role in our assessment

process as well as in instituting many programmatic and curricular changes. The

minutes of the IAB (available at

http://www.engr.colostate.edu/ece/ind_relations/IAB.shtml ) describe in detail the

different aspects of the program that were discussed, the action items identified in each

meeting, and the follow up action taken. Examples of actions taken directly based on

IAB input include the following:

« Enhancing the senior projects: a) The board receives a list of all senior projects

each year, and when it matches his/her interests, a member volunteers to serve as
a customer for the projectandserve as a mentor (Sp604 and F60
expanding the interdisciplinary and cross-functional components of senior projects
(Fall 604 and Sp605 minutes); c¢) | AB member
project reports. A best paper award is presented based on their recommendations.
Making such an award was also an action item identified in an IAB meeting. In
addition to providing the students and the department information about the
effectiveness of student writing, this provides direct feedback to IAB members on
the senior projects as well as the general preparation of our graduating students to
be professional engineers.
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« Influencing the changes and potential changes in the curriculum: Strengthening
technical writing and the requirement documentation component in senior projects
(Sp604), r etcadiunrisneg Pthhyes itcwso requi rement (Spobo
replacing the second physics course with another science requirement, and adding
the C++ programming language requirement.

« Ensuring that important professional and contemporary issues are covered: IAB
members as well as engineers from member companies have made numerous
presentations to undergraduate students as a part of the senior project on topics
such as importance of effective communication, and process and language
associated with Six Sigma.
« Enhancing the advising process: a) Instituting an advising day (held annually since
2004) that provides a venue for ECE students to meet representatives from IAB
companies for one-on-one sessionsand i n groups. 't exposes ¢
worl do engineering, and gives them opportun
sharpen interview skills, etc. The advising day connects IAB members directly with
ECE students, enabling them to get acquainted withso me of t he depart mer
undergraduates as well as get direct feedback from students.
« Expanding professional and career advancement opportunities available to

students: a) Web page announcing internship
creating/publicizingopt i ons/ minors in business, intern:
Sp605), making industry publications availa
Spd605)

The department used to have an undergraduate advising procedure in which students
were assigned to individual faculty members. The student and faculty feedback at the
time indicated that the process was unsatisfactory. This resulted in our current two-
pronged approach to advising. An administrative assistant, who is a knowledgeable
expert on department, college and university curriculum requirements, advises students
on the procedural requirements and keeps track of student progress, while faculty
advises on professional and career issues, etc. We find this approach for advising
undergraduates to be much more effective than the prior approach which resulted in
problems such as inconsistent interpretations of requirements.

B.3.5.6. Significant Changes Implemented in the Curriculum since Last
Accreditation Visit

The ABET visit of Fall 2006 resulted in the accreditation of the BSCpE program..
There has been only a very few changes to the curriculum over that in previous ABET
report and they are as follows:

2006/2007: Circuits sequence ECE192 (3 cr), ECE103 (1 cr), ECE202 (4 cr) was
reorganized resulting in a two course sequence ECE103 (3 cr) and ECE202 (4cr).
Technical elective requirement increased by 1 credit. This change was initiated based
on feedback from faculty and industry.
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2007/2008: University Core i Health & Wellness(2 cr) requirement was dropped
following the change of core requirements at the university level.

Some changes within the courses, such as in topics covered, text books used, and
laboratory assignments, have taken place as a result of the assessment process and
the feedback mechanism in place. The set of technical electives has continued to
evolve to accommodate the new course offerings in both ECE and CS departments.
The department recently received a donation of state of the art FPGA development
boards from Altera, allowing us to upgrade the digital design laboratories. Two new
faculty members joined the department in Fall 2006 and additional faculty are expected
to join the department in the 2007/2008 academic year.

The changes described above are the result of the assessment process described in
the previous sections. IAB discussions, Alumni surveys, senior exit interviews, and
technical advances in the field are among the factors that weigh into the decision
process. Such major changes are made only after careful deliberations of pros and cons
of the change. The process described in the previous section has resulted in changes
in the curriculum since the Computer Engineering program was instituted in Fall 2001.
While changes have been found necessary, the assessments also have indicated that
in general the curriculum is strong and appropriate. In the case of overlapping courses,
the changes to Electrical Engineering and Computer Engineering programs have been
the same.
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B.4. PROFESSIONAL COMPONENT

The computer engineering curriculum requires a total of 127 credits (Appendix I-A,
Table I-1.). Of these, 19 are required in mathematics, 13 in basic sciences including
three in basic computer science (discrete math), and 19 in liberal arts (including 6 in
communications). The curriculum also requires an additional 17 credits in computer
science topics including design and analysis, and at least 38 credits of required
engineering courses, including 6 credits of the capstone senior design course. 19
credits of technical electives are required, chosen from an approved technical elective
list, of courses in electrical and computer engineering and computer science. The
curriculum is described below in more detail.

Mathematics and basic sciences. The computer engineering program requires as a
minimum 32 credits of mathematics and basic sciences as follows:

e Three semesters of calculus (MATH160, MATH161, and MATH261), and one
semester of differential equations (MATH340 or MATH345), for a total of 16
credits.

e Two semesters of calculus-based physics, PH141 and PH142, which both
include a laboratory experience, for a total of 10 credits.

¢ One semester of probability and statistics (ECE/STAT 303).

Three credits worth of discrete mathematics covered in Computer Science
(CSs1e60,

CS161, CS200). In addition, a major part of ECE312 involves discrete
mathematics.

Subsequent required engineering courses reinforce the importance of basic
mathematics and scientific analysis.

Computer Science. Students develop an understanding of the fundamentals in
computer science and gain the software development skills by taking a minimum of 20
credits of courses in computer science (CS160, CS161, CS200, CS253 and CS370).

Engineering topics. Students develop a comprehensive understanding of engineering
fundamentals and applications by taking a minimum of 35 credits of coursework in
electrical engineering in addition to the courses they take as technical electives. The
required courses include 8 credits in digital circuits (ECE102, ECE 450, ECE451), 10
credits in analog circuits (ECE 103, ECE 202, ECE 331), 8 credits in architecture and
networking (ECE251, ECE 452), and 6 credits in continuous and discrete linear
systems (ECE311, ECE312). The 74 credits of engineering topics listed in Table I-1
include 35 credits of listed ECE courses , the 17 hours of computer science courses not
considered to be discrete mathematics, 4 credits which may be CS301 or ECE332, and
15 credits of engineering electives. The senior year classes culminate in an integrated
senior design project (ECE401, ECE402).

Technical electives. The students select 15 credits from the list of technical electives
provided in Attachment 1. The list includes fifteen courses each from electrical and
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computer engineering and computer science. In addition to these 15 credits, a student
is required to take CS301 (Foundations in Computer Science) or ECE332 (Electronic
Principles II) in the junior year. The electives allow a student to specialize in a certain
area within computer engineering, and yet serve to provide a broad engineering
education. Such flexibility, we believe, is extremely important for the relatively new and
rapidly growing discipline of computer engineering.

Senior Design. The design experience culminates in the capstone senior design
sequence, ECE401 and ECE402. These courses provide students with abn opportunity
to identify and/or select a project, evaluate its feasibility through design and analysis of
options, prepare a detailed report, and make presentations of the project. As outlined in
section B.3.5.a., the projects and reports undergo several internal and external

evaluations to ensure that the capstone desi
General education. In Fall semester 2000, the University instituted a new general

education system called the HAAII University
student s. ACCO in course prefix identifies

Curriculum requirement. Computer engineering students meet this requirement aimed
at providing a broad educational experience with 23 credits selected as follows:
— 6 credits in communications (CO150 College Composition, SPCM Public
Speaking)
— 3 credits in economics (ECON202 Microeconomics)
— 12 credits from a list of electives serving the University core curriculum
component. The electives include arts and humanities (6 credits), historical
perspectives (3 credits), and global and cultural awareness (3 credits).
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B.5. FACULTY

In Spring 2006, the department had 18 tenured/tenure-track faculty members. With 247
undergraduates in the program our student faculty ratio is approximately 15. Over the

last few years the Department, like many other programs around the nation, has been
operating in a MAcont i nu ®uneanthhatrwerag contm@itye by
endeavoring to hire additional highly qualified professors. In Spring 2005, we made

offers to four outstanding faculty candidates, three of whom have accepted the offers.

Two of them joined the department in Fall 2006, with the third expected in 2007.
Although faculty retention has not been a major issue for the department, due to
retirement of several faculty in the last few years, the department has not been in a

growth mode in terms of the number of faculty.

All of our faculty have Ph.D. degrees and thus are academically well prepared to deliver
the basics of the program as well as the more advanced course work in their areas of
expertise. Areas where we have strength include digital/VLSI design, computer
networking, computer architecture, communications and signal processing, robotics and
controls, optoelectronics, image processing, and digital design. As a result, we are able
to provide a relatively broad spectrum of elective courses for our students.

The degree of involvement of faculty outside the usual in-class and office hours
interaction varies widely. Some of our faculty very actively recruit and involve
undergraduates in their research programs. We do have a very active REU (Research
Experience for Undergraduates) program that for the last 10 years has brought many
undergraduates from around the country to CSU to participate in research during the
summer. Some of our faculty are much more available and willing to meet with students
outside of their office hours than are others. Over half our faculty are typically involved
with our students through the senior design teams and as a result meet with these
students on a regular basis.

The student chapters of the IEEE and the HKN honor society are assigned faculty
advisors who meet with the student officers of these groups on a regular basis and also
endeavor to attend a majority of the meetings.

Although formally peripheral to this accreditation report it is not irrelevant that we do
have an internationally recognized and active research program comprising
approximately 121 graduate students in AY 2006/2007 and an expectation that all
faculty will be actively involved in research. ECE department is the home to two
National Science Foundation Engineering Research Centers. The department is among
the top 25 in the nation for faculty citations, and also ranks among the top in the
percentage of its faculty who are IEEE Fellows. The department recently ranked in the
top 10 nationally among the institutions the offer both electrical and computer
engineering programs by the Faculty Scholarly Productivity Index, a new standard for
measuring doctoral programs based on scholarly output.
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B.6. FACILITIES

The main engineering building at Colorado State was renovated and expanded in 1997-
1999 to provide a significantly improved educational environment for the students and
faculty including new classrooms, laboratories, and student study areas.

B.6.1. Laboratories
Within the Engineering Building there are 17,809 sq. ft. of classroom space.
Laboratories that are used for teaching the ECE courses are as follows, with square
footage shown in parenthesis:

Linear Circuits Laboratory (1,050)

Electronic Circuits Laboratory (1,050)

Real Time Systems Laboratory (1,000)

Control Systems Laboratory (1,660)

Communications Laboratory (247)

Optoelectronics Laboratory - at the Foothills Campus (380)

These laboratories are maintained following standard industrial and academic safety
practices by a full-time Electronic Engineer serving the Department. Other teaching
laboratories are available for general use at the college level.

Student technology fees, which totaled approximately $ 545,000 in AY 2005-06, are
typically used to obtain computing and networking equipment. A rich set of software
tools is available for college wide use. Tools used in our laboratories as part of the
courses include the following:

EES 7 Engineering Equation Solver

Java Development Kit 5.0 update 5 Java Programming

Labview 7.1 Graphical Programming Development Application

LogicWorks 4.1 Interactive Circuit Design Tool

Xilinx ISE8.1 FPGA Design Software

Quartus Il Altera FPGA Design Software

Maple 8 Complex Mathematical Tool

Matlab 7.1  Visual Research Tool

OrCAD 10.5 PCB Design Suite

P-Spice 9.1 Analog and Mixed Signal Simulation Tool

Visual Studio .NET 2003 Suite of Development Tools

Pspice Circuit simulator

EASy68K Editor/Assembler/Simulator

SystemC Software development tools

Mentor Graphics VLSI Design Tools

Synopsys VLSI Tools

Microsoft Office Suite and StarOffice software

A list of college-wide facilities, software and resources can be found at
(http://www.engr.colostate.edu/ens/labs).
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B.6.2. Computing Infrastructure

Computing facilities in the College of Engineering are for exclusive use of students
enrolled in engineering courses. Access to the facilities is controlled by an electronic
card reader, used by students and faculty alike. Additionally, there is a card reader on
an entrance door to the Engineering Building, making computing facilities both
accessible and available 24 hours a day.

Engineering Network Services (ENS) provides computing support and services to
the College of Engineering. ENS is responsible for all aspects of computing in the
College of Engineering: the physical network infrastructure, pedagogical uses of
technology, planning for and maintenance of instructional facilities, technical support for
faculty, staff, and students, network management, the college's World Wide Web
presence, and technical training all fall under the purview of ENS. Including the director,
eight individuals provide the above services to college constituents.

Access to the universityods campus backbone
connected to the Engi neer iFmge (MDF). The yiIBFdssa Mai n D
Amesho of six HP ProCurve 8000 switches which
seven of the coll egeds I ntermediate Distribut
automatically be re-routed should one of the MDF switches fail. All switches are
maintained through HPs network management software TopTools. Connections to the
IDFs are gigabit over fiber. Within each IDF, HP ProCurve 4000 switches deliver
10/100BaseT connections via copper wire to networked devices. The wire itself is
Category 5E, rated for gigabit speeds.

ENS provides the following services over the physical network:

Backups: Backup of the network file space is done nightly and is jointly managed by

Alexandria and Tivoli software controlling ATLDLTand Spect r aLogi ¢ fABul |l frog
libraries, respectively.

Basic Internet Services: Network Information Service (NIS) is provided on a Sun

Enterprise 250 and Domain Name Service (DNS) and Dynamic Host Configuration

Protocol (DHCP) are provided on an HP LXr8000 NetServer running Windows 2000.

Electronic Mail: Electronic Mail is provided to all faculty, staff, and students in the

college and is run on a Sun Enterprise 3500.

Network File Space: Every student, faculty, and staff member is provided with 1 GB of

disk space on the network. Space is also provided for course files, research projects,

student organizations, and departmental files. A total of almost 2 TB of live disk space

and 2.5 TB of optical disk space are jointly provided by a Sun Enterprise 5500 and an

HP LXr8000 NetServer with dual SureStore 1200EX optical juke boxes for near-line

storage.

Printing: In addition to traditional black and white printing, ENS provides full duplex

color printing on paper sizes utp upo tlol 04104 owiac
All printers are controlled by a print quota system that helps manage printing costs.

Software: Over 40 engineering software packages are provided either directly on the

lab computers or served by UNIX and Windows servers. All of the software is provided

on every general access lab in the college. In addition to engineering software, ENS

provides networked business software for the administration of the college.

World Wide Web Presence: The Col |l egeds web ser vewthi s a Sul
web files residing on a Sun A5200 fiber channel disk array for fast streaming media
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delivery. Web space is made available to all courses, student organizations, and
research projects, as well as all students, faculty, and staff.
ENS also provides the following support services:
Client computer maintenance and support: ENS provides support for all college-wide
computing facilities, as well as computer maintenance and support services to the
Departmental faculty and staff.
Remote Access: College constituents are able to remotely access college computing
resources, whether on campus or off-campus. ENS provides technical and support
expertise to enable remote access.
A current list of software and workstations is available at:
http://www.engr.colostate.edu/ens/labs/lab_software.cfm
http://www.engr.colostate.edu/ens/labs/facilities.cfm

B.7. INSTITUTIONAL SUPPORT AND FINANCIAL RESOURCES

B.7.1 Budget Process

The annual budgeting of academic units at Colorado State proceeds by incrementally
increasing or decreasing annual base budgets to reflect changes in faculty staffing,
programmatic scope, salary enhancements, and operating expense budgets. Early in
the academic year, the Faculty Council Committee on Budgets and Financial Planning
receives input from the President and Provost on University financial priorities for the
coming year. The Committee then develops a set of recommendations on the academic
budget for the Provost. The Provost reviews the budget with the Council of Deans. By
the end of the Spring Semester, the budget review process is usually complete at the
University level, and is implemented at the college and department levels beginning with
the annual salary review process for each faculty member. The College of Engineering
last received 6 new faculty lines over the last year and expects at least 12 more in the
next three years.

B.7.2 Institutional Support, Financial Resources and Constructive Leadership
The $19 million renovation and expansion of the Engineering Building (1997-1999)
significantly enhanced the general environment for teaching and research and has
resulted in specific improvements such as the computing and networking infrastructure.
The University has helped to provide substantial one-time start-up funds for new faculty
members in Electrical and Computer Engineering. The start up funds are used for a
two-three year period to help the new faculty member become established in their field.
Typical applications include research laboratory development, summer salary support,
graduate student support, and travel support. The University also provides matching
funds for contract and grant matching commitments.

The department instructional budget is not sufficient to support the faculty on a full nine
month academic year commitment. Other sources of income used to augment the
budget during the academic year include direct salary coverage from research
contracts, indirect cost recovery, and development efforts.

B.7.3 Faculty Professional Development
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The faculty professional development efforts are divided into two areas, those for new

faculty, and those for established faculty. New faculty are provided travel funds as part

of theiupofisgwadti ng and each department and t
mentoring program that includes annual reviews of progress toward tenure and

promotion review. The Department supports the use of sabbatical leave for professional
development of the established faculty. In addition, a Professional Development

Institute is held at Colorado State University every year which includes sessions to

discuss and demonstrate new teaching techniques.

B.7.4 Facility and Equipment Plan

Equipment and infrastructure improvement are typically funded through student
technology fees, development and central resources. The faculty teaching courses with
laboratory sections identify highest priority needs, and the faculty and the department
then use student fees and seek external grants to keep laboratory equipment up to
date. Vast majority of equipment used in teaching labs has been donated by such
companies as HP, Agilent, and Phillips. Student technology fees are typically used to
obtain computing and networking equipment. The ECE Department also devotes some
funding to maintain and upgrade laboratory equipment. Oversight and support of the
laboratories and computers at the department level is provided by one electrical
engineering position fully supported by the department.

B.7.5 Support Personnel and Institutional Services

The Department funds four office positions to provide administrative support:

« Undergraduate and Graduate Program Adviser i all student advising and
coordination, class and curriculum coordination (to include tracking of all
Graders, Research Associates, Teaching Assistants, and Adjunct Faculty)

« Alumni and Industrial Relations Coordinator i development and advancement,
communications.

« Program Coordinator i assistant to the department head responsible for
devel oping and | eading projects in support
objectives.

« Web Administrator i maintains department, class, and project websites

Work-study students are hired during the calendar year to provide additional ECE
departmental administrative support. General office fiscal management was
consolidated in Fall 2000 as a College function, so it is not longer provided at the
departmental level. The Engineering Business Office (EBO), a college level entity, now
provides oversight and direct support for all budget, accounting, payroll, personnel, and
research administration functions.

The Department supports an Electronic Engineer to maintain the department laboratory
operations, and all computer hardware and software. This person is current on
industrial safety expectations and is in charge of maintaining general safety levels in the
labs. Computer networking support is provided by Engineering Network Services
(ENS), a college level organization.
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B.8. PROGRAM-SPECIFIC CRITERIA

The document ACriteria for Accrediting Engine
Duringthe 2007-0 8 Accredi tation Cycleodo |ists the foll
electrical, computer and similarly named engineering programs:

AThe structure of the curriculum must provide
of engineering topics implied by the title of the program.

The program must demonstrate that graduates have: knowledge of probability and
statistics, including applications appropriate to the program name and objectives; and
knowledge of mathematics through differential and integral calculus, basic sciences,
computer science, and engineering sciences necessary to analyze and design complex
electrical and electronic devices, software, and systems containing hardware and
software components, as appropriate to program objectives.

Programs containing the modifier Acomputer o i
graduates have a knowledge of discrete mathem

The curriculum for the computer engineering program meets the ABET Computer
Engineering Program Criteria (Criterion 8). Table B.17. illustrates that the computer
engineering program provides both depth and breadth across the range of topics
expected of computer engineering graduates. Table B.17. lists only those classes that
are required and, therefore, provides information concerning the minimum program
requirements. Technical electives will support and provide additional benefits to the
student.
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Table B. 15 Courses Directory Related to Program Criteria

Criteria

Courses Meeting Requirement

Probability and statistics

ECE/STAT303 Intro to Communications
Principles

Proficiency in mathematics through
differential and integral calculus

MATH160: Calculus for Physical Scientists
I
MATH161: Calculus for Physical Scientists
I

MATH261: Calculus for Physical Scientists
1

MATH340: Intro. to Ordinary Differential
Equations, or

MATH345: Differential Equations

Discrete Mathematics *

ECE 312: Linear Systems Analysis Il

Basic Sciences

PH141: Physics for Scientists and Engrs. |
PH142: Physics for Scientists and Engrs. |l

Computer Science

CS160: Introduction to Computing
CS161: Object Oriented Problem Solving
CS200: Algorithms & Data Structures
CS253 Problem Solving with C++
CS370 System Architecture

Engineering sciences necessary to
analyze and design complex electrical and
electronic devices, software, and systems
containing hardware and software
components

ECE102: Digital Circuit Logic

ECE103: DC Circuit Analysis

ECE202: Circuit Theory Application
ECE251: Introduction to Microprocessors
ECE311: Linear Systems Analysis |
ECE331: Electronic Principles |

ECEA450: Digital Design Lab

ECEA451: Digital Systems Design
ECE452: Digital Computing and
Networking_;

* The courses ECE 102, CS160, CS161 and CS200 also include topics in discrete

mathematics.
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Table I-1. BasiecLevel Curriculum (Computer Eng_jineering)

Year;
Semester
or
Quarter

Course
(Department, Number, Title)

Category (Credit Hours)

Math &
Basic
Sciences

Engineerin
g Topics
Check if
Contains

Significant
Desig_;n (V)

General
Educatio
n

Other

Freshman
Year - FA

C0150 College Composition

3

ECE102 Digital Circuit Logic

MATH160 Calculus for Physical
Scientists |

University Core (Historical
Perspectives)

Freshman
Yeari SP

CS160 Intro to Computing

PH141 Physics for Scientists and
Engineers |

MATH 161 Calculus for Physical
Scientists Il

ECE103 DC Circuit Analysis

3 (V)

Sophomor
e Yeari
FA

CS161 Object Oriented Problem
Solving

3 ()

ECE251 Introduction to
Microprocessors

4 (V)

MATH 261 Calculus for Physical
Scientists |1l

()

PH142 Physics for Scientists and
Engineers

()

Sophomor
e Yeari
SP

CS200 Algorithms & Data
Structures

3(V)

ECE202 Circuit Theory Application

4 (v )

MATH 340 Intro to Ordinary
Differential Equations OR MATH
345 Differential Equations

()

University Core (Arts and
Humanities)

()
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Table I-1. Basic-Level Curriculum (continued) (Computer Eng_jineering_;)

Category (Credit Hours)

Engineerin
g Topics
Year; Check if
Semester Math & Contains | General
or Course Basic Significant | Educatio
Quarter | (Department, Number, Title) | Sciences Desig_;n (V) n Other
‘\](lér;?.: EA CS253 Problem Solving with C++ 4 (v)
ECE311 Linear Systems Analysis | 3()
ECE331 Electronics Principles 4 (v )
ECEA450 Digital Systems Design 1
Lab (V)
ECEA451 Digital Systems Design 3 (Vv )
\\](uer;:;)_: sp CS370 System Architecture 4 ()
CS301 Foundation of Computer
Science OR ECE332 Electronics 4 ()
Principles I
ECON202 Microeconomics () 3
ECE312 Linear Systems Analysis |l 3( V)
ECEA452 Digital Computing and 3(v)
Networking
\S(ggqu,'r EA ECE401 Senior Design Project | 3 ()
ECE/STAT303 Intro to 3 ()
Communications Principles
Technical Electives 8 ()
University Core (Arts & Humanities) () 3
Senior ECE402 Senior Design Project Il 3 (V)
Year1 SP
SPCM200 Public Speaking () 3
Technical Electives 7 ()
University Core (Global & Cultural
() 3
Awareness)
E?eccr:ir\]/'ggl ECE332 Electronic Principles I 4(Vv )
ECE423 DSP for Communications (V)
ECE460 Embedded Systems (cross A V)
listed at CS460)
ECE472 MOS Integrated Circuits 3( )
ECE512 Digital Signal Processing 3( )
ECE513 Digital Image Processing 3( )
ECES534 Analog Integrated Circuit 3
Design (v)
ECES35 Analog Integrated Circuit 1 v )

Lab
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Table I-1. Basic-Level Curriculum (continued)

(Computer Engineering)
Category (Credit Hours)
Engineerin
g Topics
Year; Check if
Semester Math & Contains | General
or Course Basic Significant | Educatio | Othe
Quarter (Department, Number, Title) Science Design (V) n r
Technical |CS301 Foundation of Computer
Electives |Science 40 )
CS314 Software Development a0 )
Methods
CS410 Intro to Computer Graphics 4 )
CS420 Intro to Analysis of Algorithms 4 )
CS430 Database Systems 0 Vv )
CS440 Intro to Artificial Intelligence 4V )
CS451 Operating Systems 4 )
ECESSO Microprocessor Based Aor3( v )
ystems
ECE554 Computer Architecture 3( )
ECE555 Robot Motion Planning 3( )
ECE562 Power Electronics | 3( )
ECE563 Power Electronics |l 3( )
ECE571 VLSI System Design | (V)
ECES75 Experiments in VLSI System
: (v )
Design
ECES560 Reconfigurable Computing AV )
(cross listed as CS560)
CS453 Intro to Compiler Construction 4 )
CS457 Computer Networks and the 4
Internet (v)
CS475 Parallel Programming 4 Vv )
CS510 Computer Graphics 4 )
CS551 Principles of Operating
Systems 40 )
CS556 Computer Security 4V )
TOTALS-ABET BASIC-LEVEL 37 74 21

REQUIREMENTS *

OVERALL TOTAL

FOR DEGREE 127

PERCENT OF TOTAL 25
Totals |Minimum semester credit hours 32 hrs 48 hrs
must

:Elsfy one |Minimum percentage 2504 37.5 %

* Technical electives are not included in the credit count.
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Table I-2. Courseand Section Size Summary (2006/20Q lectrical and Computer Engineering

Sections | Section Type of Class”
Offered |Enrollmen
Course 2006/200 t Recitatio
No. Title 7 2006/2007 | Lecture |Laboratory n Other

ECE102 [Digital Circuit Logic 1 76 60% 40%
ECE103 [DC Circuit Analysis 1 81 100%
ECE202 |Circuit Theory Application 1 24 50% 50%
ECE204 |Introduction to Electrical Engineering 1 184 50% 50%
ECE251 [Introduction to Microprocessors 1 62 50% 50%
ECE303 [Intro to Communications Principles 1 30 100%
ECE311 [Linear Systems Analysis | 1 61 100%
ECE312 [Linear Systems Analysis Il 1 59 100%
ECE331 [Electronics Principles | 1 58 50% 50%
ECE332 |[Electronics Principles Il 1 48 50% 50%
ECE341 |Electromagnetics 1 49 100%
ECE342 |Electromagnetics Fields and Devices 1 36 100%

ECE401/40 |Senior Design Project 2 57/51 20% 80%

2

ECE404 |Experimental Optical Electronics 2 7 27% 75%
ECE411 |[Control Systems 1 23 50% 50%
ECE412 |Digital Control and Digital Filters 1 14 100%
ECE421 |[Telecommunications | 1 5 100%
ECE423 [DSP for Communications 1 8 20% 80%
ECE441 |Optical Electronics 1 9 100%

ECE450/45 |Digital Systems Design & Lab 1 19/19 50% 50%

1

ECE452 |Digital Computing & Networking 1 11 100%
ECE457 |[Fourier Optics 1 3 100%
ECE460 |Embedded Systems 1 10 50% 50%
ECE461 |[Power Systems 1 24 50% 50%
ECE471 |[Semiconductor Devices 1 37 100%
ECE503 |Ultra Fast Optics 100%
ECE504 |[Physical Optics 1 6 100%
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Table I-2. Course and Section Size Summary (2006/2007), Electrical and Computer Engineering cont.

Sections | Section Type of Class”
Offered |Enrollmen
2006/200 t
Course No. Title 7 2006/2007 | Lecture |Laboratory |Recitation| Other
ECE505 Nano Structures, Fundamentals and 100%
Applications
ECES506 Optical Interferometry and Laser Metrology 100%
ECES507 Plasma Physics and Applications 100%
ECE512 Digital Signal Processing 1 19 100%
ECE513 Digital Image Processing 1 15 100%
ECE514 Applications of Random Processes 1 9 100%
ECE520  |Optimization Methods for Control and 1 12 100%
Communication
ECE524 Wireless Telecommunication 1 6 100%
ECE525 Fiber Optic Communications 1 9 100%
ECE534/535 |Analog Integrated Circuit Design & Lab 1 24 60% 40%
ECE536 RF Integrated Circuit Design 1 8 100%
ECE546 Laser Fundamentals and Devices 1 6 100%
ECE548 Microwave Theory and Component 1 5 100%
Design
ECE549 Radar Systems and Design 1 6 100%
ECES554 Computer Architecture 1 20 100%
ECES55 Robot Motion Planning 1 4 100%
ECE560 Reconfigurable Computing 1 60% 40%
ECES62 Power Electronics | 1 14 100%
ECE569 MEMS Devices 1 24 50% 50%
ECE571/575 [VLSI System Design & Lab 1 21 50% 50%
ECE580 Optical Interferometry and Laser Metrology 1 9 50% 50%
(experimental section)
ECES580 Hybrid Vehicle Technology (experimental 1 1 50% 50%
section)
ECE581 Nanostructure Physics and Applications 1 7 50% 50%

(experimental section)
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Table I-3. Faculty Workload Summary Electrical and Computer Engineering)

FT or |Classes Taught (Course No./Credit . L,
Faculty Member PT Hrs.) Total Activity Distribution
(Name) (%) Semester and Year Teaching_:] Research | Service Other?®
- Fa05: ECE303(3) / FA06: ECE656
Azimi, Mahmood 100 / SPO7- ECE513 30 60 10
Fa05: ECE580(3) / Sp06: ECE457(3),
Bartels, Randy 100 ECE503(3) / FA06: ECE504 / SPO7: ECE451, 40 55 5
ECEG80
Bohm, Wim FA06: ECE/CS460
Bringi, V.N. 100 10 80 10
Fa05: ECE512(3) / Sp06: ECE549(3) / FAQ6:
Chandra, V. 100 ECE512 / SPO7: ECE549 30 60 10
Fa05: ECE451(3), ECE660(3) / Sp06:
Chen, Tom 100 ECE571(3), ECE575 (1) / FA06: ECE450, 40 50 10
ECE451, ECE660
: Fa05: ECE514(3) / Sp06: ECE520(3) / FAQ6:
Chong, Edwin 100 ECE514 / SPO7: ECES20 30 55 15
_ Fa05: ECE461(3), ECE562(3) / Sp06:
Collins, George 100 ECE569(3) / FA06: ECE461, ECE562 / SPOT: 40 55 5
Fa05: ECE658(4) / Sp06: ECE452 (3),
Jayasumana, A. 100 ECES550A(4) / FA06: ECE102, ECE452 / 40 50 10
SP07: ECE658
Lear, Kevin 100 SP07: ECE332, ECE525 30 55 15
Luo, J. Rockey 100 FA06: ECE311/ Sp07: ECE752 30 65 5
- . Fa05: ECE401(3), ECE555(3) / Sp06:
Maciejewski, A. 100 ECE402(3) / FAOG: ECE555 20 30 50 Dept. Head
Mahan, John 50 85 5 10 sabbatical
: , Fa05: ECE192 (3) / Sp06: ECE546(3) / FAQ6:
Marconi, Mario 100 ECE580 / SPO7: ECE103, ECE342 30 60 10
: Fa05: ECE341(3), ECE471(3) / Sp06:
Menoni, Carmen 100 ECE342(3) / FAO6:ECE341, ECE581 40 50 10
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Table I-3. Faculty Workload Summary Electrical and Computer Engineering) (continued)

Total
FT or |Classes Taught (Course No./Credit| Activity
Faculty Member PT Hrs.) Distributio
(Name) (%) Semester and Year n’

Teaching Research [ Service Other?
Notaros, Branislav 100 10 80 10
Rajopadhye, Sanjay SP07: ECE/CS560
Reising, Steve FA06: ECE536 / SPO7: ECE548 30 55 15

Fa05: ECE404(2), ECE441(3) / FA06:
Rocca, Jorge 100 ECEA404, ECE441 | SPO7: ECE546 35 60 5
Scharf, Louis 100 FA06: ECE303 35 50 15
_ Fa05: ECE554(3), 1U193(1) / Sp06:
Siegel, HJ 100 ECE674(3) 25 40 35
Fa05: ECE411(4) / Sp06: ECE412(3),
Young, Peter 100 ECE612(3) / FAO6: ECE411, ECE611 / SPO7: 40 50 10
. ECE102(4), ECE251, ECE311, ECE411 .
Eads, William 33-66 | SPO7- ECE312 100 Adjunct
Grinolds, Hugh 100 Adjunct
- FA06: ECE40, ECE402, ECE 421 100 .

Notaros, Olivera / SPO7: ECE202, ECE401, ECE402, Adjunct
Potter, Jerry 100 Adjunct

1. Indicate and Year for which data apply.

2. Activity
"Other."

di stribution

shoul d be i
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Table I-4. Faculty Analysis Electrical and Computer Engineering)

Level of Activity

© : < .
< Years of Experience | .2 (high, med, low, none)
e > it ol
— g © o3 o = o _ o N _
ol peo| ESEB o 238 > 2 |2l 53 £ Eege £2
x | =29 2290920 S90E8 | =35 2 0O0|0_Bol8 § 23 x
c |9l 5| EEGoc >3 A ZTo|lc®@oT O W C@L*_a
S || 20 nw o200 c ogT ® oO® lcw s 0|2 coc o v lome o
Name X |L|TO0| EET0wW | OSa |FLFESEdb|dacnSn @ OcESS
o Imperial College : ;
Azimi, Mahmood P FT |Ph.D.  Liny of Londan 24 20 High, IEEE | High Med
University of High, IEEE, .
Bartels, Randy ATP |FT [Ph.D. Michigan 3 3 OSA High Low
Bringi, V.N. P FT [Ph.D. |Ohio State Univ. 25 25 High, AMS | High Low
Colorado State High, IEEE, .
Chandra, V. P FT |Ph.D. University 17 16 AMS High Med
University of . - .
Chen, Tom P FT |Ph.D. Edinburgh 2 17 16 High, IEEE | High High
Princeton . . .
Chong, Edwin P FT [Ph.D. University 15 5 High, IEEE | High High
_ , High, IEEE, - :
Collins, George P FT [Ph.D. |Yale University 33 33 OSA. APS High High
Eads, William Adj |PT |Ph.D. |Rice University 31 4 4 None High
Michigan State High, IEEE, . .
Jayasumana, A. P FT |Ph. D. University 21 21 ACM High Medium
Stanford High, SPIE, . .
Lear, Kevin AP |FT |Ph.D. University 11 7 7 \EEE High High

LEGEND: ATP = Assistant Professor, AP = Associate Professor, P = Professor, ADJ = Adjunct
ACM i Association of Computing Machinery; AMS 1 American Meteorological Society

APS 1 American Physical Society; IEEE i Institute of Electrical and Electronics Engineers

OSAT Optical Society of America
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Table I-4. Faculty Analysis (Electrical and Computer Engineering) (continued)

Level of Activity

© . < .
- g Years of Experience _‘-E’ (high, med, low, none)
o|lze| =Z=SBaes 23 > € |g2| 2 =2 | £ Eg £2
2 |5/£5| Z££5E | S52% |s3les |22 £5322| ¢ 23,9
= = > o S = - T 0T O o =
% [ 98 V’O.E)gcd oo & o%cm 98 Egggg $ gawo
Name X |[L|IO SETIOoUW OSa |FLFEgHhHE| A cnSn x OcE=S
University of . .
Luo, J. Rockey ATP |FT (Ph.D. Connecticut, 2002 1 1 High, IEEE High Low
Maciejewski, A. P FT [Ph.D. [Ohio State University 3 17 High, IEEE High Low
Mahan, John P PT [Ph.D. |Stanford University 27 27 Med, IEEE Low Med
Marconi, Mario P FT [Ph.D. Physics U.nlv. of 12 2 High, OSA High Low
Buenos Aires
. Colorado State High, IEEE, OPS, .
Menoni, Carmen P FT [Ph.D. University 18 18 OSA, SPIE High Med
. University of Belgrade, : ;
Notaros, Branislav AP FT |Ph.D. Yugoslavia 18 1 High, IEEE, ACES | High None
Notaros, Olivera Adj FT |[MS EE gg:\t/)?gsny of Belgrade, 1 13 1 Med None
- . . High, IEEE .
Reising, Steven AP FT [Ph.D. [Stanford University 8 2 Med, USNC-URSI High Low
Colorado State High, APS, IEEE, .
Rocca, Jorge P FT [Ph.D. University 24 23 OSA High Med
. University of . . .
Scharf, Louis P FT [Ph.D. Washington 13 35 16 High, IEEE High High
Siegel, HJ P FT |Ph.D. |Princeton University 5 14 5 High, IEEE/ACM High Med
Young, Peter P |FT |php. |CAlifornia Institte of 1 11 | 1 High Med

Technology

LEGEND: ATP = Assistant Professor, AP = Associate Professor, P = Professor, ADJ = Adjunct

ACM T Association of Computing Machinery; AMS i American Meteorological Society
APS 1 American Physical Society; IEEE i Institute of Electrical and Electronics Engineers
OSAi Optical Society of America; SPIE - International Society for Optical Engineering
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Table I-5. Support Expenditures

Fiscal Year L 2 3 4
(2003/4) (2004/5) (2005/6) (2006/7)
Expenditure Category
: T

Operations 228,407 271,054 221,431
(not including staff)
Travel® 52,882 69,491 60,094
Equipment’ 105,615 154,141 77,133

Institutional Funds 105,615 148,008 53,936

Grants and Gifts* 0 6,132 23,197
Graduate Teaching 127,019 104,964 100,079
Assistants
Part-time Assistance®
(other than teaching_;) 99,973 116,171 93,475

*FY06/07 amounts not available at time of publication. Will be supplied during
meetings.

Please note these are the expenditures for the Electrical and Computer
Engineering Department as a whole. Expenditures are not tracked specifically

for Computer Engineering. Computer Engineer
approximately 20% of the department, so the best estimate of Computer
Engineeringés expenditur thesefigwwves.l d be equal t o
Notes:

1. General operating expenses to be included here.
2. Institutionally sponsored, excluding special program grants.
3. Major equipment, excluding equipment primarily used for research. Note that
t he expenditures under fihe& cexpengditoresn foro shoul
Equi pment . |l f they donét, please explain.
4. Il ncluding special (not part of-recurrisgt i t uti on
equipment purchase programs.
5. Do not include graduate teaching and research assistant or permanent part-
time personnel.
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APPENDIX |
Additional Program Information

B. Course Syllabi
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ECE 102 04(3-2-0) Digital Circuit Logic
Required course for Computer Engineering, Required for Electrical Engineering

2004-6 Catalog Description: Boolean Algebra; Karnaugh maps; multiplexers,
decoders, ROMs, PLAs, flip-flops, counters; sequential networks; state tables.

Prerequisites: None

Textbook: Fundamentals of Logic Design, Fifth Edition, Charles, H Roth, Jr.

Course Objectives: Students will understand digital logic design, including practical
design techniques and circuit implementation. Students will understand basic concepts
in digital circuit design, including Boolean algebra, combinatorial logic and sequential
logic design. Students will be able to design, build, and test simple digital circuits.

Topics covered:

1. Number Systemsd 1 week
Boolean Algebrad 3 weeks
K-Maps, Multilevel gate circuitsd 2 weeks
Multiplexers, Decoders, PLAs, PALs, ROMsd 2 weeks
Flip-Flops, Countersd 2 weeks
Sequential Networks, State graphs & tablesd 3 weeks
Optimizing Sequential Networksd 1 week

Nogar®DN

Class/laboratory schedule: 2 lecture sessions/week, each 75 minutes. 1 lab/week,
120 minutes

Contribution of course to meeting the professional component: This course
develops skills in the area of Boolean algebra and in the application of this
mathematical area to practical digital engineering problems. Specifically the course is
designed to bridge the area of Boolean algebra with digital circuits, since students learn
to design and debug these circuits using tools and methodologies that are consistent
with modern engineering practice (CPLDs and programming tools for them). Students
also learn to build simple circuits and to construct more complex designs based
hierarchically on these.
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Relationship of course to program outcomes:

Outcome Course Comments
P|S|I
1. Apply knowledge of math, sci, X Boolean Algebra
engr
2. Define/solve engineering X Digital design problems
problems
3. Design/conduct experiment, X Focus on building solutions rather than
use data conducting experiments
4. Design X Use hierarchical design tools to build
component/system/process systems
5. Effective communication X Professional reports required throughout
course
6. Function in multidisciplinary This freshman course is specifically ECE
teams
7. Use modern engr. technology, X Course uses Xilinx CPLDs and design
tools tools
8. Broad education, engineering X Fundamental to all digital design courses
impact or areas endeavors students will see
9. Knowledge of contemporary X Focus on basics rather than leading edge
issues tech.
10. Professional & ethical X | Discussed lightly in requirements for
responsibilities rigorous designs
11. Lifelong learning X | Focus on basic knowledge/skills

P i This class makes a primary contribution to this program outcome
S1 This class makes a Secondary contribution to this program outcome
I'T This class makes some, but more an Incidental contribution to this outcome

Prepared by:

William D. Eads, May 22, 2006
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ECE 103 01(1-0-0) DC Circuit Analysis
Required course for Computer Engineering, Required for Electrical Engineering
Prerequisite: MATH160. Calculus for Physical Scientist |

Textbook: Fundamentals of Electric Circuits by A.K. Alexander and M.N.O. Sadiku
Laboratory manual

Course Objectives: ECE103 is an introductory course for electrical and computer
engineering majors in DC circuit analysis. The objectives of the course are:

To introduce basic Electrical and Computer Engineering concepts and basic laws

To identify, analyze, and solve engineering problems both independently and as a part
of a team

To communicate effectively and present technical reports

To acquire analysis skills, learn the use of specific math and electronic software
packages

To acquire basic experimental skills with basic circuits and elemental measuring
equipment.

Topics covered:
1- Basic concepts: System of units. Charge, current and voltage. Power and energy.
Circuit elements

2- Basic Laws: Ohmdés Law. Ki r cids hnol pafaliekresistarsy. Ser

3- Analysis: Nodal analysis. Mesh analysis

4- Circuit Theorems: Linearity. Superposition. Theven
theorem

5- Operational amplifiers: Introduction. Ideal Op Amp
6- Capacitors and inductors: Introductory ideas. Series and parallel capacitors. Series
and parallel inductors

Class/laboratory schedule: This course meets for two one hour lecture sessions and
two hours laboratory per week.

Contribution of course to meeting the professional component:

This course introduces students to basic concepts of Electrical Engineering. Critical
aspects in the professional education as the strategies to identify and solve technical
problems, communication skills, ethics and the capability to work in teams are also
addressed during the course.
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Relationship of course to program outcomes:

Outcome Course Comments
P |S |I

1. Apply knowledge of math, sci, X The course makes extensive use of

engr basic math concepts

2. Define/solve engineering X Home works and lectures normally

problems require analyzing engineering
problems.

3. Design/conduct experiment, X The lab sections are designed to

use data conduct an experiment and analyze
the data relating to the theory

4. Design X

component/system/process

5. Effective communication X Report writing and correct technical
presentation of data are evaluated in
the laboratory sessions

6. Function in multidisciplinary X

teams

7. Use modern engr. technology, X Last generation equipment used in

tools the lab sections, and dedicated
software used in homework
assignments

8. Broad education, engineering X

impact

9. Knowledge of contemporary X The different topics presented in the

issues course are related to state of the art
engineering and scientific
developments

10. Professional & ethical X The importance of ethics in the

responsibilities professional life is addressed during
the course

11. Lifelong learning X

P i This class makes a primary contribution to this program outcome
S1 This class makes a Secondary contribution to this program outcome
I T This class makes some, but more an Incidental contribution to this outcome

Prepared by:
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ECE 202 04(3-3-0) Circuit Theory Applications
Required course for Computer Engineering, Required course for Electrical Engineering

2004-6 Catalog Description: Basic circuit analysis techniques and applications to
engineering design problems.

Prerequisites: ECE103

Textbook: Alexander & Sadiku, Fundamentals of Electric Circuits (Second Edition,
McGraw-Hill). Also, Newark Electronics Catalog for practical design problems.

Course Objectives: Extend basic concepts for DC circuits to steady state AC circuits.
Develop a solid understanding of phasor analysis, AC power (single and three phase),
coupled magnetic circuits, frequency response and first order circuits.

Topics covered:

1. Review of DC circuit basics (1 week)
Introduction to Inductors and Capacitors (1 week)
First order circuits (2 weeks)
Phasors and Steady State AC Analysis (3 weeks)
AC Power (4 weeks)
Magnetically Coupled Circuits (3 weeks)
Frequency Response (2 weeks)

Nogar®DN

Class/laboratory schedule:

Three one-hour lectures are provided each week. A total of eight laboratory
experiments are performed in a separate section with approximately two weeks per lab.

Contribution of course to meeting the professional component:
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Relationship of course to program outcomes:

Outcome Course Comments
PIS|I

1. Apply knowledge of math, sci, X
engr

2. Define/solve engineering X
problems

3. Design/conduct experiment, X
use data

4. Design X
component/system/process

5. Effective communication X

6. Function in multidisciplinary X
teams

7. Use modern engr. technology, X
tools

8. Broad education, engineering X
impact

9. Knowledge of contemporary X
issues

10. Professional & ethical X
responsibilities

11. Lifelong learning X

P 1 This class makes a primary contribution to this program outcome
S1 This class makes a Secondary contribution to this program outcome
I'T This class makes some, but more an Incidental contribution to this outcome

Prepared by: M.A. Brubaker, May 22, 2006
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ECE 251 04(3-3-0) Introduction to Microprocessors
Required course for Computer Engineering, Required for Electrical Engineering

2004-6 Catalog Description: Microprocessor organization, assembly language, 1/0
techniques, real-time interfacing, applications, hardware/software.

Prerequisites: ECE102 with grade of C- or better

Textbook: MC68HC12: An Introduction, Software and Hardware Interfacing, Han-
Way Huang

Course Objectives: Students will understand microprocessors, including block-
level organization, assembly language programming, and I/O architecture. Students will
understand basic concepts in interfacing external devices to a microprocessor, including
both hardware and software drivers. Students will be able to design, build, and test
interface circuits and software to manage these circuits with the microprocessor.

Topics covered:
1. Number Representationsd 1 week
CPU Instructions and addressing modesd 2 weeks
Assembler & other development toolsd 1 week
Subroutines, parameter passing, stacksd 2 weeks
Interruptsd 1 week
Parallel /00 1 week
Timerso 1 week
A/D conversiond 1 week
Memory interfacingd 2 weeks
10 Communicationsd 2 weeks

© NGO RrWON

Class/laboratory schedule: 2 lecture sessions/week, each 75 minutes. 1 lab/week,
170 minutes

Contribution of course to meeting the professional component: This course
develops skills in the area of Computer Science and in the application of practical
software and hardware implementation, using real physical microprocessors and
interface circuits. Specifically the course is designed to bridge the area of Computer
Science with specific peripheral devices and the interface software which allows them to
operate together seamlessly. Students learn to define, design, and implement robust
software algorithms using modern design methodologies, and they learn to test and
debug these algorithms as they are used with real hardware devices.
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Relationship of course to program outcomes:

Outcome Course Comments
P|S|I

1. Apply knowledge of math, sci, X Apply Computer Science to real

engr microprocessors and interface circuits

2. Define/solve engineering X Design real physical interface to perform

problems measurement and control of real world
devices

3. Design/conduct experiment, X Focus on building hardware/software

use data systems rather than conducting
experiments

4. Design X Use hierarchical design tools to build

component/system/process hardware/software systems

5. Effective communication X Professional reports are required

6. Function in multidisciplinary This sophomore course is specifically ECE

teams

7. Use modern engr. technology, X Course uses modern MC68HC12

tools Processor and MinilDE assembler

8. Broad education, engineering X Fundamental to any future activity in

impact processor design, interfacing, etc.

9. Knowledge of contemporary X Focus on basics rather than leading edge

issues tech., but we do introduce state of art
architectures

10. Professional & ethical X | Discussed lightly in requirements for

responsibilities rigorous system designs

11. Lifelong learning X | Focus on basic knowledge/skills

P 1 This class makes a primary contribution to this program outcome
ST This class makes a Secondary contribution to this program outcome
I'T This class makes some, but more an Incidental contribution to this outcome

Prepared by:

William D. Eads, May 22, 2006
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ECE 303 03(30-0) Introduction to Communications Principles
Junior level required course for Electrical Engineering and Computer Engineering

2004-6 Catalog Description: Basic concepts in design and analysis of communication
systems.

Prerequisites: M261- Calculus Il

Textbook: G. R. Cooper and C. D. McGillem, AP
System, Analysis, o0 Oxford, 1999.
Course Objectives: This course is designed for first semester junior students.

Successful students in ECE 303 will accomplish the following:

1. Establish their theoretical foundations and knowledge in probabilistic and
statistical processes

2. Achieve in-depth understanding of different areas and methods within the
discipline

3. Understanding and appreciations of the applications of the covered methods in
signal processing and communication areas.

4. Gain hands-on software experience by implementing a selected set of the
methods on different signal processing, data analysis and communication
problems

5. Develop better understanding for using MATLAB software for solving engineering
problems

6. Be able to evaluate and analyze their results in different computer assignments

7. Enhance their written communication and presentation skills by preparing
computer assignment reports.

Topics covered:

1. Introduction to communication systems: information and signals. (0.5
week)

2. Probability: Sets, events, fields and probability. Axioms of probability, joint
and conditional probabilities, independent events, Bernoulli trials and the
binary channel. (3 weeks)

3. Random Variables: Distribution and density functions. Gaussian and other
important distributions. Expectation operation, mean and variance. Functions of random
variables. (3 weeks)Multiple Random Variables: Joint distribution and density,
conditional distribution and density. Operations on multiple random
variables. (3 weeks)

5. Basic Statistics: Sampling theory, confidence analysis, hypothesis testing,

curve fitting and linear regression. (2 weeks)

6. Random Processes and Signals: Stationary and ergodic Processes.
Correlation functions. White and colored noise and filtering. Applications in
signal processing and communications. (2 weeks)

7. Spectral Density: Review of Fourier transform and properties. Time
domain and frequency domain correspondence. Spectral density and
cross-spectral density and their applications. (1 week)
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8. Practical Applications: Signal/image processing and communication
examples. (0.5 week)

Class/laboratory schedule: Three hours of lectures per week. There are three
computer assignments that require brief reports.

Contribution of course to meeting the professional component:

The purpose of this course is to introduce the student to the basic principles of statistical
communication and signal processing. The concepts studied in this course are also applicable to
signal processing, communications, and physical devices as well as other areas that require
statistical modeling e.g. stock market data. Topics that will be covered include: introduction and
overview, basic probability and axioms, random variables and the related operations, expectation
and averages, multiple random variables, random processes and signals, stationary processes,
correlation and power spectrum, applications to communication systems, signal and image
processing areas.

Relationship of course to program outcomes:

Outcome Course Comments
PIS|I

1. Apply knowledge of math, sci, X Probability and statistics theory and

engr methods

2. Define/solve engineering X Provide basic statistical signal processing,

problems communications and data analysis tools

3. Design/conduct experiment, X Computer assignments for classification,

use data signal filtering, curve fitting and regression,
histogram analysis and mapping

4. Design X Design algorithms

component/system/process

5. Effective communication X Report preparation

6. Function in multidisciplinary X | Computer assignments

teams

7. Use modern engr. technology, X Development of MATLAB codes for

tools computer assignments

8. Broad education, engineering X Basic knowledge in dealing with

impact probabilistic events and statistical data
analysis

9. Knowledge of contemporary X

issues

10. Professional & ethical X | Exams and reporting requirements

responsibilities

11. Lifelong learning X Understanding of broad spectrum of new
applications in every day problems

P i This class makes a primary contribution to this program outcome
S1 This class makes a Secondary contribution to this program outcome
|7 This class makes some, but more an Incidental contribution to this outcome

Prepared by: Prof. Mahmood Azimi, May 24, 2006
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ECE 311 03(3-0-0) Linear Systems Analysis |
Required course for Computer Engineering, Required for Electrical Engineering

2004-6 Catalog Description: Continuous and discrete time signals and systems
representations and time and frequency domain; time convolution.

Prerequisites: ECE202 with grade of C- or better and M340 or M345

Textbook: Signals, Systems, and Transforms, Charles L. Phillips, John M. Parr, and
Eve A. Riskin

Course Objectives: Students will be able to analyze linear systems and signals
in continuous time (analog). Students will understand both time domain and frequency
domain representations and techniques, via the use of the Fourier analysis methods.
Students will be able to analyze both periodic (Fourier Series) and aperiodic (Fourier
Transforms) systems and signals.

Topics covered:

1. Ordinary differential equations and physical system representationsd 2 weeks

2. Continuous time signals and basic properties of linear time-invariant signals and
systemsd 2 weeks

3. Representation of continuous-time LTI systems using the convolution integral.
Causality and stability. Interconnection of LTI systemsd 2 weeks

4. Fourier series for periodic signals. Computation of Fourier series and frequency
spectra. Application to LTI systems; Computation of energy/power spectral
density. Connection between time and frequency domainsd 4 weeks

5. Use of Fourier transform for analyzing the frequency content of continuous time
aperiodic signals. Properties of the Fourier Transform, including shifting and
convolution. Connection between time and frequency domains 8 4 weeks

6. Applications of time and frequency domain analysis using tools developed in the
course to problems from systems engineering, including communications,
filtering, signal processing and controls.0 1 week

Class/laboratory schedule: 2 lecture sessions/week, each 75 minutes.

Contribution of course to meeting the professional component: This course
develops skills in the use of complex mathematics for the analysis of linear time-
invariant systems and signals in both the time and frequency domains. Specifically the
course is designed to bridge the area of complex mathematics with analysis and design
of real systems which can be adequately represented by these models. Students learn
to manipulate models of systems in both time and frequency domains using (1) ODE,
(2) Transfer Function (s-domain), (3) Frequency Response (frequency domain), and (4)
impulse response (explicit time domain) models, understanding how to convert from any
representation to any other representation.

Relationship of course to program outcomes:

Outcome Course | Comments
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1. Apply knowledge of math, sci,
engr

The entire course is focused on
mathematical techniques of analyzing real
systems

2. Define/solve engineering
problems

Analysis portion of solving engineering
problems. Focus is on formal analysis
methods.

3. Design/conduct experiment,
use data

Some experimentation on models using
MATLAB tools.

4. Design
component/system/process

Tools developed to analyze complex
systems and their interactions, usually in
frequency domain.

5. Effective communication

Professional MATLAB lab reports are
required

6. Function in multidisciplinary
teams

This course is specifically ECE, with
demonstrated application to mechanical
systems

7. Use modern engr. technology,
tools

The students learn to become proficient in
using MATLAB to analyze complex
systems.

8. Broad education, engineering
impact

This technology is the foundation for all
frequency domain analysis of system, and
is used in many specific disciplines

9. Knowledge of contemporary
issues

Focus on basics rather than leading edge
topics. Material is classic, rather than state
of art.

10. Professional & ethical
responsibilities

11. Lifelong learning

Focus on basic knowledge/skills that can
be used lifelong.

P 1 This class makes a primary contribution to this program outcome
S1 This class makes a Secondary contribution to this program outcome
I'T This class makes some, but more an Incidental contribution to this outcome

Prepared by:  William D. Eads, May 22, 2006
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ECE 312 03(3-0-0) Linear Systems Analysis Il
Required course for Computer Engineering, Required for Electrical Engineering

2004-6 Catalog Description: Laplace and Z transforms. Application to modulation,
filtering, and sampling. State space representation.

Prerequisites: ECE311 with grade of C- or better.

Textbook: Signals, Systems, and Transforms, Charles L. Phillips, John M. Parr, and
Eve A. Riskin

Course Objectives: Students will be able to analyze linear systems and signals in
continuous time (analog) and discrete time domains. Continuous time systems will be
analyzed using the one-sided and bilateral Laplace Transform. Discrete time systems
will be analyzed using the one-sided and bilateral Z transform. Students will be able to
analyze major properties of these systems (stability, causality, linearity, etc.) using time
or frequency domain representations. Students will also be able to analyze these
systems using the MATLAB/SIMULINK tool set.

Topics covered:

1. Review of Laplace transform techniques for continuous time signals and
systems. Properties of Laplace transform, including integration, differentiation,
final values, shifting, and convolution. Connection to ordinary differential
equations and linear time-invariant systems.d 2 weeks

2. Introduction to discrete time (digital) signals. Commonly encountered signals,
including impulses and steps. Basic properties of these systems.d 2 weeks

3. Representation of discrete-time LTI systems in terms of digital convolution sum.
Further properties of LTI systems, including causality and stability. Governing
difference equations and digital system response.d 2 weeks

4. Introduction of the Z transform for digital signals. Computation of Z-transforms
and basic properties, including shifting and convolution. Application to LTI
systems. Connection between time domain and frequency domain
representationsd 4 weeks

5. Introduction to the Fourier transform for analyzing the frequency content of
discrete time aperiodic signals. Standard properties of the Fourier transform,
including shifting and convolution. Connection between time domain and
frequency domain. The Fast Fourier Transform (FFT) is introduce. Sampling
and reconstruction are analyzed.d 4 weeks

6. Investigate applications of the time and frequency domain analysis tools
developed in this course to problems from systems engineering. Problem areas
include communications, filtering, signal processing, and controls.d 1 week

Class/laboratory schedule: 2 lecture sessions/week, each 75 minutes.

Contribution of course to meeting the professional component: This course
develops skills in the use of complex mathematics for the analysis of linear time-
invariant continuous and systems and signals in both the time and frequency domains.
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Specifically the course is designed to bridge the area of complex mathematics with
analysis and design of real systems which can be adequately represented by Laplace
and Z transform models. Students learn to manipulate models of systems in both time
and frequency domains using (1) ordinary differential or difference equations, (2)
Transfer Function (s or Z domain), (3) Frequency Response (frequency domain), and
(4) impulse response (explicit continuous or discrete time domain) models,
understanding how to convert from any representation to any other representation.

Relationship of course to program outcomes:

Outcome Course Comments
P|S|I
1. Apply knowledge of math, sci, engr X The entire course is focused on

mathematical techniques of analyzing real
discrete systems

2. Define/solve engineering problems X Analysis portion of solving engineering
problems. Focus is on formal analysis
methods.

3. Design/conduct experiment, use data X Some experimentation on models using
MATLAB and SIMULINK tools.

4. Design component/system/process X Tools developed to analyze complex

systems and their interactions, usually in
frequency (continuous) or Z
(discrete)domain.

5. Effective communication X Professional MATLAB/SIMULINK lab
reports are required
6. Function in multidisciplinary teams This course is specifically ECE, with

demonstrated application to mechanical,
optical, biological, and other systems.

7. Use modern engr. technology, tools X The students learn to become proficient in
using MATLAB/SIMULINK to analyze
complex systems.

8. Broad education, engineering impact X This technology is the foundation for all
frequency and Z domain analysis of
system, and is used in many specific

disciplines

9. Knowledge of contemporary issues X Focus on basics rather than leading edge
topics. Material is classic, rather than state
of art.

10. Professional & ethical responsibilities X

11. Lifelong learning X | Focus on basic knowledge/skills that can

be used lifelong.

P i This class makes a primary contribution to this program outcome
S1 This class makes a Secondary contribution to this program outcome
|7 This class makes some, but more an Incidental contribution to this outcome

Prepared by:  William D. Eads, May 22, 2006
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ECE 331 (3-1-0) Principles of Electronics
Required course for Computer Engineering, Required for Electrical Engineering

2004-6 Catalog Description:
Discrete component semiconductor devices, characteristics and applications. Rectifier
circuits, single-stage and multi-stage amplifiers.

Prerequisites: ECE202 and M340 or M345
Textbook: Microelectronic Circuits by Sedra and Smith, 5™ edition

Course Objectives:
Teach the methods of analysis and design of MOSFET amplifiers and diode circuits

Topics covered:

Lecture 1. Introduction to analog electronics

Lecture 2&3 Diode-V characteristics and constructions of equivalent circuit models
Lecture 4&5 Small ginal diodes in reference voltage ccts, effects of loading and ripple.
Lecture 6 Zener diodes: equivalent circuit model, regulation

Lecture 7&8 Rectification, filtering, ac to dc conversion, ripple

Lecture 9 Power supply design

Lecture 10 Diodes as limiterslamps and voltage doublers

Lecture 11&12 MOSFET construction, function, equivalent circuit\&dharacteristics
Lecture 13&14 4V equations for a gradual channel MOSFET: linear and saturated regions, short
channel effects.

Lecture 15&16 Resistor biagjrof circuits

Lecture 17. Current mirrors and biasing with current mirrors.

Lecture 18 MOSFET ac circuit models

Lecture 19. ac analysis of MOSFET circuits and ac voltage gain

Mid term exam 1

Lecture 20. Go over exam 1

Lecture 21. Analysis of the common soel MOSFET amplifier with resistor biasing
Lecture 22. Analysis of the source follower amplifier

Lecture 23. Body effect

Lecture 24. Hybrick vs. T equivalent circuit

Lecture 25. Analysis of the common gate amplifier.

Lecture 26. Frequency dependent MOSHHgTivalent circuit

Lecture 27. Calculation of the high frequency poles, bandwidth

Lecture 28&29. Analysis of the common source amplifier with an active load

Lecture 30. Linear operating range of an amplifier: Max and min voltages

Lecture 31&32. Resistividad differential amplifiers: gain, noise suppression, noise sources and
the addition of noise into the circuit models

Lecture 33&34. Review of MOSFET amplifiers

Lecture 35. Midterm

Lecture 36. Inverters: inpututput transfer characteristics, propagaitielay

Lecture 37&38. Inverter layout, gate arrays, pseudo NMOS, clocked CMOS log
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Lecture 39&40. Active load differential amplifiers

Class/laboratory schedule:

,,,,,,

Experiment 1. Laboratory Techniqgueséééeeee. é
Experiment 2. Diodééé&ddaeaddsae&aeéd&eée. . 2 weeks

Experiment 3. DC Power Supply Circuitseéeeeeceece
Experi ment 4. MOSFET Characteristics using h
Experiment 5. MOSFET Amplifier Circuitseeéeeéeceeé

Experiment 6. Frequency Response of a MOSFET Common Source Amplifier..1 week
Experiment 7. Common Source/ Differential Amp

Contribution of course to meeting the professional component:

Through the lectures, lab experiments and computer simulations, the students are
introduced and required to deal with real world engineering problems and solution
techniques. The course stresses the fact that the field of electronics is a rapidly
changing technology and that engineers working in this field must be imaginative in their
designs and must stay informed of new developments. The basics of circuit operation
were learned using simple mathematical models and level 2 spice models. The students
were made aware that industrial designs must use high level computer models and
simulation tools.

Relationship of course to program outcomes:

Outcome Course Comments
S|

1. Apply knowledge of math, sci,
engr

2. Define/solve engineering
problems

3. Design/conduct experiment, use
data

X| X| X| X|T©

4. Design
component/system/process

5. Effective communication X

6. Function in multidisciplinary X
teams

7. Use modern engr. technology, X
tools

8. Broad education, engineering
impact

issues

X
9. Knowledge of contemporary X
X

10. Professional & ethical
responsibilities

11. Lifelong learning X

P 1 This class makes a primary contribution to this program outcome
ST This class makes a Secondary contribution to this program outcome
I'T This class makes some, but more an Incidental contribution to this outcome

Prepared by: Dr. Carl Wilmsen , June 22 , 2006
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ECE 332 04(3-3-0) Electronic Principles Il
Elective course for Computer Engineering, Required for Electrical Engineering

2004-6 Catalog Description: Discrete and integrated-circuit amplifiers-frequency response,
negative feedback; digital logic circuits.

Prerequisites: ECE-331
Textbook: Microelectronic Circuits, 5" edition, by Sedra and Smith.

Course Objectives: This course is designed for juniors in Electrical & Computer
Engineering. Successful students in ECE-332 will accomplish the following:
1. Strength their knowledge and understanding of analog circuit design
implementation and troubleshooting.
2. Gain an understanding of the Bipolar Transistors characteristics and usages.
3. Lear new techniques for analyzing and designing a variety of analog circuit such
as; amplifiers, oscillators, current sources.
4. Enhance their hands-on experience, through real circuit implementation on
laboratory environment.

Topics covered:

1. MOSFET Review; Amplifier and Differential Amplifier (2 weeks)

2. Large signal analysis of BJT (2
weeks)

3. Small signal analysis of BJT (2
weeks)

4. Bipolar Transistor; Characteristics, Biasing and Amplification (2.5 weeks)

5. Frequency response of a Common- Emitter Amplifier (2.5
weeks)

6. Feedback in Electronics Circuit (2
weeks)

7. Oscillator Circuits (1
weeks)

8. Power Amplifier (1 weeks)

Class/laboratory schedule: Three hours of lectures per week, three hours of lab per
week. There are 7 lab assignments, involving analog circuit design, carry out by groups
of three. A prelab and final report is required for each lab.

Contribution of course to meeting the professional component:

In this course, students analysis through mathematical modeling the behavior of Bipolar
transistors for large and small signals passing through them. The course provides
students with an understanding of multiple techniques for modeling BJT circuits
depending on its purpose. Several circuit configurations are presented to exploit
different BJT applications. The course provides students with an understanding of
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several signal analysis techniques on analog circuits, such as; signal amplification,
signal feedback, signal oscillation, frequency response.

Relationship of course to program outcomes:

Outcome Course Comments
PIS|I
1. Apply knowledge of math, sci, X Mathematical modeling of small and large
engr signal BJT amplifiers.
2. Define/solve engineering X Design of analog circuits.
problems
3. Design/conduct experiment, X Performance evaluation.
use data
4. Design X Design of power amplifiers, small signal
component/system/process amplifiers, oscillators, feedback circuits.
5. Effective communication X Lab reports
6. Function in multidisciplinary Group projects involving experience in
teams electrical engineering and computer
engineering.
7. Use modern engr. Technology, X Modern lab tools such as; oscilloscope,
tools spectrum analyzer, function generators.
8. Broad education, engineering X Exposure to BJT small signal modeling
impact and analysis. Exposure of frequency
response analysis.
9. Knowledge of contemporary X
issues
10. Professional & ethical
responsibilities
11. Lifelong learning X

P i This class makes a primary contribution to this program outcome
S1 This class makes a Secondary contribution to this program outcome
I'T This class makes some, but more an Incidental contribution to this outcome

Prepared by: Daniel A. Vivanco, May 04, 2006
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ECE401/402 03(1-4-0) Senior Design Project /1l
Required course for Computer Engineering, Required for Electrical Engineering

2004-6 Catalog Description: Advanced project, seminar series, formal written report,
and oral presentation.

Prerequisites: Preq ECE312; ECE332 or CS301; ECE342 or ECE452.
Textbook: None
Course Objectives: To provide a real-world year-long design experience.

Topics covered: These vary somewhat from semester to semester; however, they are
all geared to the professional component. Many of the topics are presented from
working professionals that serve on our industrial advisory board. Examples of topics
include:

Preparing for the Career Fair, Practically Working, Designing for Ease of Use, Ethics,
Semiconductor Industry, Patent System Issues in Industry Today, ASIC Design,
Global Engineering, Your First Job Out of College, The Real World of Engineering, and
A Management Perspective on Engineering.

Class/laboratory schedule: One 50-minute lecture on professional issues with the rest
of the class schedule independently scheduled to meet the requirements of the project
Acust omer 0.

Contribution of course to meeting the professional component: This year-long

senior design experience plays a significant
professional preparation. The students are required to take verbal descriptions of a
Acustomer so probl em amldesgrospeciBcatibns,timplermenttheat o f o
design, test the design, verify that it meets specifications, meet timelines and budget

constraints, provide written documentation, and oral presentations. These activities are

also supplemented with meetings and lectures with our industrial advisory board

members who discuss various different aspects associated with the profession.
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Relationship of course to program outcomes:

Outcome Course Comments
S|

1. Apply knowledge of math, sci,
engr

2. Define/solve engineering
problems

3. Design/conduct experiment,
use data

4. Design
component/system/process

5. Effective communication

6. Function in multidisciplinary
teams

7. Use modern engr. technology,
tools

8. Broad education, engineering
impact

9. Knowledge of contemporary
issues

10. Professional & ethical
responsibilities

X X| X| X| X| X|X| X| X| X| X|T

11. Lifelong learning

P 1 This class makes a primary contribution to this program outcome
S1 This class makes a Secondary contribution to this program outcome
I'T This class makes some, but more an Incidental contribution to this outcome

Prepared by: Tony Maciejewski, May 31, 2006
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ECE 423 03(3-0-0) DSP for Communications
Senior level elective course for Electrical and Computer Engineering

2004-6 Catalog Description: Design and programming of communication and signal
processing algorithms into DSP hardware using C and assembly language.

Prerequisites: ECE 312 i Digital Signals and Systems (required)
ECE 4217 Telecommunication | (recommended)

Textbook: R. Chassaing, Digital Signal Processing and Applications with the C6713
and C6416 DSK, John Wiley and Sons, Inc., New York, 2004.

Lab Write-Ups and Online documentation from Texas Instruments

Course Objectives: This course is designed for seniors and graduate students.
Successful students in ECE 423 will accomplish the following:

1. The knowledge and understanding of how to program mathematical algorithms
onto DSP hardware.

2. The ability to program a Texas Instruments TMS320C6000 series DSP chip
using Code Composer Studio (i.e. use the DSP Starter Kit (DSK)).

3. Understand the differences and trade-offs encountered when programming DSP
algorithms usingfixed-poi nt (26s c¢ o mp |l e ynaadfloating-poghn e d
(IECEE-394 IECEE Standard 754 Floating Point Numbers) algorithms.

4. The ability to design, analyze and implement FIR and IIR filters using MATLAB
and DSP hardware.

5. Program an FFT algorithm and use it to do block processing (e.g. an overlap-
and-add FIR filter implementation).

6. Simulate analog communication systems using DSP techniques. Specifically, the
modulation schemes AM, DSB-SC, SSB, and FM will have been explored.

7. Formulate and solve a problem (of the students choice) using the DSK.

Topics covered:

1. Introduction to programming DSP chips using C. (1 week)
2. Real-Time data processing and finite arithmetic (1 week)
3. Sampling and reconstruction: How the Codec Works (1 week)
4. TMS320C6711 DSK architecture and assembly language (1 week)
5. FIR filter design, analysis, and implementation. Review of DTFT and Z-
transforms (2 weeks)
6. IIR Design, Analysis, and Implementation. Bilinear Transforms (2 weeks)
7. FFT implementation and applications (2
weeks)
8. Complex baseband representation of real passband signals.
Modulation and Demodulation on the DSK (2
weeks)
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9. Independent project design, analysis, and implementation. (3
weeks)

Class/laboratory schedule: 1.5 hours of classroom lecture per week, 1.5 hours of
laboratory lecture, and 2 hours of open discussion. There are seven labs and a final
project. The students work in groups of two and turn in professional reports for each
assignment.

Contribution of course to meeting the professional component: This course helps
bridge the gap between theory and implementation. Specifically, it makes the students
think about DSP algorithms in terms of individual mathematical operations on data
stored in memory. Trade-offs between fixed-point and floating-point algorithms are
discussed for both fiscal (i.e. the cost of using floating-poi nt ALUG6s) and pre
(i.e. round-off and scaling issues in fixed-point algorithms). Once the basic DSP tools for
FIR/IR filtering and FFT implementations are established, they are used to implement
more complex systems such as a spectrum analyzer or various communication
systems. Specifically, the students use the previously developed tools to build a full
communication (i.e. transmitter and receiver). As a final project, the students form a
problem that they wish to solve using DSP techniques and then implement them. This
generally involves learning how to effectively break up a large problem into smaller
solvable problems and put them together to solve the original problem.

Relationship of course to program outcomes:

Outcome Course Comments
P|S|I

1. Apply knowledge of math, sci, X Code signals and systems algorithms onto

engr DSP hardware.

2. Define/solve engineering X Use filters and FFT algorithms to implement

problems systems.

3. Design/conduct experiment, use | X Laboratory based course.

data

4. Design X Uses assembly to optimize algorithms.

component/system/process

5. Effective communication X Results are presented in formal reports.

6. Function in multidisciplinary Work in teams of two. People with different

teams strengths are paired together when
possible.

7. Use modern engr. technology, X Use the most recent DSP chips.

tools

8. Broad education, engineering X Bridges the gap between theory and

impact implementation.

9. Knowledge of contemporary X | Course focuses primarily on implementing

issues known DSP algorithms.

10. Professional & ethical X

responsibilities

11. Lifelong learning X This is a rapidly growing field that is
becoming suited for more applications as
processing power increases.
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P i This class makes a primary contribution to this program outcome
ST This class makes a Secondary contribution to this program outcome
I'i This class makes some, but more an Incidental contribution to this outcome

Prepared by: Michael Buehner, May 13, 2006
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