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[. INTRODUCTION

This handbook contains information on senior design project activities: registering for the senior design
project, manuscript guidelines, the standard form of the senior project report, and the oral presentation.

Overview

ECE 4899 and 4999, Senior Design Project | and Il, together comprise a two-semester course that allows
electrical and computer engineering students to work as a team in developing and executing a group design
experience. ECE 4951, Senior Design Workshop, offers an aternative, one-semester design experience.
Students, working closely with their team members and senior project advisors and using all of the skills and
knowledge they have gained in course work---create, build and implement a design of their choice. A written
summary and oral report are due at the end of the semester in which ECE 4999 or ECE 4951 is taken.

To Reqgister for Senior Design Projects |-11 (ECE 4899 and ECE 4999)

1. Choose aminimum of one, preferably two or three, team members to work on the project with you.
The senior design project team must be inter- or multi-disciplinary in composition. Thisinter- or
multi-disciplinary team composition can be satisfied in one or more of the following ways:

(@ Incluson of studentsfrom one or more of the following departments. Industrial Engineering;
Mechanical Engineering; Chemical Engineering.

(b) Participation as an ECE student on a senior design team in either Industrial Engineering;
Mechanical Engineering; Chemical Engineering.

(c) Having at least one team member be a dual major; i.e. In addition to ECE; Mathematics, Physics,
Computer Science, Industrial Engineering; Mechanical Engineering; Chemical Engineering isa
non-exclusive list of second majors.

(d) If al team members are ECE majors, there must be a mix of technical electivesfor the team
members. The disciplinary expertise mix must be appropriate to the project content and scope.
Requires approval on the Senior Project Override form.

(e) If al team members are ECE majors, there is faculty input from non-ECE faculty or input from
engineers or engineering managers in the private or public sector. Requires approval on the Senior
Project Override form.

(f) Team participation in a National-level project competition.

2. Decide with which ECE faculty member(s) your team is going to work. Non-ECE student team members
must obtain permission from a faculty member in their home department.

3. Each team member must complete the Senior Design Project Override form which is available in the ECE
Office (271 MWAH) mail box #43. A sample form is attached at the back of this handbook.

4. Each team member should complete the form and bring to the faculty member with whom they wish to do
their project and obtain his/her signature. Bring to the ECE Office for department approval and override
number.

5. Overrides will not be approved untl al team members are listed on the approvd form, and form has

~



been signead by both faculty and department head.

To Reqgister for Senior Design Workshop (ECE 4951)

1.

2.

Discuss workshop topic with faculty teaching the course.
Obtain override pemission from course ingructor.
Course ingructor(s) will determineteam groupingsand responsbilities.

Course ingructor(s) will serve as senior project advisor.



II. SENIOR DESIGN PROJECT/WORKSHOP ACTIVITIES

Project Proposal

Produdng a good design proposl conssts of: 1) making a preliminary study, 2) discussing procedures
with your faculty senior design project advisor, 3) developing a plan, and 4) making an outine Submit
the proposl to your senior project advisor in memo form:

DATE: Today@ Date

TO: Y our Faculty Senior Design Project Advisor
FROM: Your Name

SUBJECT: Senior Design Project Topic

In thebody of the memo, discuss your proposd design, its purpose and uses, maor features, advantages,
and (possibly) what youintend to gain by studying this particular design project.

Pr ofessional Component

The professond component of your senior design experience requires you to acknowledge tha any
engineering project, induding your senior design project, impacts a wide spectrum of human experience,
notjug your partners on your design team or your colleaguesin the department. Y our project report must
address mog of thefollowing consderations

1.

Economic Concerns
*D oes your design fit within economic congdraints of your budge?
*| syour design affordable for the target cusgomer for your project?

Environmental Concerns
*D oes your design produe waste tha threatensthe environment?
*| syour design compaible with existing environmental codes?

Sustainability Concerns
*D oes your design waste raw materials?
*Doesyour design use renewable energy resources?

Manufacturability Concerns
*| syour design mass produdble or mug it behand-crafted individudly?
*| syour design aoneof-a-kind device, or can it bereplicated easily?

Ethical Concerns

*D oes your design address the ethical issues ddinested in the OEEE Codeof EthicsOand the |EEE
Computer Sodety (Boft Engineering Codeof Ethics and Professiond  PracticeC? (See pages 12-14).
*D oes your design address key items in #6 bd ow?

Health And Safety Concerns
*D oes your design meet applicable ANSI and/or |IEEE standads?
*D o you provide adequae indruction for safe use of your design?



7. Sodal Concerns
*| syour design compaible with existing sodal concernsor standads?
*Doesyour design interfere with thelives of others?

8. Political Concerns
*D oes your design work within thelaws of your community?
*Doesyour design require any specia licenang or permission for opeation?

Project TimeLine

With your senior project advisor and team members, set deadlines for your project. Your outine written
reports, notebook reviews, prototype demondration, acceptance test, roughdraft of the find report, and
thefind report should all be placed on a project time line  Setting atime lineis an important part of the
design process; you and your advisor will gan more from the project if work proceeds in an ordely
fashion. Your advisor will be in tuneto your progress if you meet at regularly scheduled times, and you
will be more likely to make some progress each week of the class. A project time linewill assist you in
learning how to meet deadlines---aprerequisite skill for professiond engineers.

Outline

The project outline provides the backbonefor your project activities. It should cover the aspects of your
design, design procedures, equipment and cogs, suppliers, and also a breakdown of the estimated number
of hours you will spend on research, condruction, testing, debugging, and doaumentation. Such an
outline will provide an accurate picture of the econonic feasibility of your design, and will hdp you in
developing a project time line

L aboratory Notebook

Maintain a day-to-day project notebookfollowing standad engineering practice guidelines.

Progress Reports

Schedule three or four times when you and your team members will sit down with your senior project
advisor to discuss your work to date. Prepare a written report of your activities induding observations
percent of work done revised time schedule, cogs, and any other pertinent information.

Pr ototype Demonstr ation

This aspect of the project is equivalent to the Critical Design Review. All elements of the project should
satisfy therequirements at this point.

Rough Draft

Begin the rough draft of your report by the end of the fifth week of ECE 4999ECE 4951. Prepare
according to these guiddines. Submit the draft to your advisor by the middle of the seventh week to
allow plenty of time for comments, and to provide sufficient time for you to revise carefully.



Senior Design Project Report and Demonstration

Following the Manuscript Guiddines in Part |1 of this handbook, submit one hardboundcopy to your
senior project advisor, and oneelectronic copy to the ECE Department. A semina in which you and your
team members present the results of your project to a group of engineering students and faculty is
required.

Oral Presentation

Information on your senior design project presentation mug be e-mailed to the department office at least
two days in advance so tha notices can be poged and e-mails sent to ECE student and faculty aliases. E-
mail the following information to ece@d.umn.edu with a copy to msaarela@d.umn.edu: name, location,
time, title, and a brief abdract. Try to arrangefor a time when mog faculty can attend; 4:00 PM in the
late afternoon(except Friday) often works best. Invite externd spon®rsif practical.

Room scheduling for the senior design project presentations mug be arranged throughthe ECE Office.
Usudly 191 MWAH and 102 MWAH are available after 4:00 PM. Because of thelocation of equipment,
the department recognizes some presentations may need to be hed in one of the teaching laboratories.
We will do our best to accommodae this (however, dueto space limitations theroomcould be crowded).

In addition to providing a copy of the written report, students should provide a copy on disk or CD ROM
of any Power Point presentationsor copies of overheads

Grading

Grades for the senior design project/workshop courses will be determined in a method designed by the
project advisor or workshop ingructor. The grade should reflect how well the project addresses each of
the undelined items in this section of this handbook, QI. SENIOR DESIGN PROJECT/WORK SHOP
ACTIVITIESQ induding the GProfessiond ComponentQ In paticular, the grade must reflect more than
just whether the project QvorksOor Qloes not workO Each component of the project, as itemized in this
section, should be completed to the satisfaction of the project advisor or workshop ingructor, and the

grade should reflect the degree to which the project addressed each of these components.



1. MANUSCRIPT GUIDELINES

Overview

Senior Design Project | and Il (ECE 4899 and ECE 4999) and Senior Design Workshop (ECE 4951)
culminae in afind report dueby the end of the semester in which ECE 4999ECE 4951istaken. Your
report will follow naturally from awell thoudht out proposal, alogical outline, and accurate and complete
lab notebook, and detailed progress reports. Thereport is as important as the design and execution of the
project; thereis conaern in indudry today tha engineers may betrained to present thar research work in a
standad written form tha is easily undestood and logically ordered. Your senior project report will
demondrate tha you possess these skills.

The following manucript guiddines are widdy accepted in engineering practice. However, these are not
intended to be unaltered rules for report preparation. Not every senior design project can be effectively
presented in this format; therefore, discuss with your team members and advisor deviations from these
guiddines. Also useful will be an on-going review of IEEE joumd articles. Througha steady reading
diet of engineering joumads you will become accugomed to the crigp language of the engineer and the
accepted ways of presenting technical data and research.

Schedule your work so tha your advisor will receive a roughdraft of your report two or three weeks
before the end of the semester. This will provide sufficient lead time for your advisor to thoroughly
review and congructively criticize thereport, and adequae time for you to revise the pagper so that points
are notlog dueto missing or ingppropriately presented formulas and equéions faulty procedures, or for a
failure to follow report guiddines.

For a more detailed discussion of report preparation, please refer to Professional and Technical Writing
Strategies, your text from Comp 3130Advanced Writing: Engineering.

Word Processing Standards

1. Paper---Useahighqudity 8 2 x 11inch white paper; select the high qudity modeon your printer.

2. Margins---To alow for binding, establish at least a 1-1/2 inch (3.8cm) left margin for al pages of the
report. Maintain 1 inch (2.5 cm) top, right, and bottom margins Each maor heading (Introdudion,
Discussion, Conduson, etc.) should begin anew page Thetop margin for a page on which aheading
appears should be 2 inches (5.0 cm).

3. Pagination

a. Use Arabic numbers placed in the uppe right corner, about 3/4 inch (1.9cm) down from top edge
Do not nunber thefirst page of thetext. The pagenumber appears centered on the bottom margin
on pages beginning with major headings

b. Prefatory pages of thereport---table of contentsy/figures, and abdract---are numbered in lower case
Roman numerals centered 3/4 inch (1.9cm) from bottom edge Thettitle page should be counied
but not numbered; thus thetable of contents pagebecomesii.

c. No punduaion follows the page nunber.



[llustrative M aterial

1. Graphs--Used to present numerical daa in a visud form, graphs are ideal for showing the
significance of daa not othewise immediately appaent. However, since graphs cannot usudly
provide exact figures, they are often accompanied by tables. The following standards apply to
presenting graphsin your repott:

a. Title---Provide a title tha describes the daa clearly and condsely. If yourreport indudes two or
more illudrations assign a figure nunber, as. Fig.2. Sallen key filter with open capacitor (NO
period after title.) Center thetitle bdow thegraphor aignit with theleft edgeof thegraph. If the
title will take two or more lines, break it into lines of roughly equd length.

b. Speacing---If the graph appears on the same page as text, triple space after thelast line of the best
preceding the graph and before the line of text immediately followingtheillugration.

c. Margins--Be certain thegraph and title fall within the marginsof thetext. Maintain the standad
marginson al edges of the paper.

d. Source lines---If the information in your graph comes from another source, indude a source line
several spaces bdow thefiguretitle; alignit with theleft margin of your pgoer. Textud reference-
--Be sure the significance of the graphis clear in thetext, and tha the graphis postional as close
as possible to (but notbefore) thetext tha refersto it.

2. Tables---Used to show large numbers of related facts or statisticsin abrief space, atable presents data
in a more condse form than text, and more accurately than graphs A table makes comparisons easy
because of the arrangement of the figures into rows and columns however, overall trendsabout the
information are more easily seen in graphsor charts. Thustables and graphsare usually used togeher
in the technical report. Many of the same rules apply to the presentation of graphsalso apply to
tables. Exceptions:

a. Title---Asfor agraph, thetitle should describe condsely wha the table represents, butit is placed
abovethetable. Table numbesare usudly Roman,i.e, 1., 1l., etc.

b. Foototes---Used for explanaions of individud items in the table, symbols (*,#) or lower-case
letters, rather than numbeas are usudly used to key table footnotes.

c. Continud lines--When a table mug be divided and run to the next page repeat the boxhexd
(which carries the column headingg and give a table number at the head of each new page with a
Q@ontinuedOlabd (Tablell, continued).

3. Illustrations---Used sparingly, illugrationssuch as phobs drawings diagrams, and charts contribute
to your reader@ undestanding of the subject. The same rules apply to illudrationsas are listed unde
Graphs, above Inaddition:

a.  Spaing---Allow sufficient white space aroundand within theillugration.

b. Propottions--Specify the propottions used or indude a scae of relative distances when
appropriate.



Table of Contents

Center title. Basicaly thetable of contents is the outline of your project. Entries appear as headingsin
the text and are generally numbered 11, 111, and so on, with subsections labded I1.1, 11.2. In this way,
readers may easily find sections and subsections Each major section (i.e.,, Introdudion, Background,
Appaatus) beginsonanew page

Lists

Center title(s). Lists of figures appear on a separate page following the table of contents if your report
contains five or more figures (graphs phobos charts, diagrams). If your report contains fewer than five
figures, number as a separate section of thetable of contents. This same rule appliesto lists of tables.

Abstract

Center Abstract. Allow triple or quadruple space after title. Double-space thetext. The abstract briefly
and succindly tells the why, the what, the scope the findings and the condusonsof your entire report.
It may be two or three short paragraphs but usudly the abdract is one paragraph. (Do not assign a
section number.)

Introduction

Theintrodudion beginsthe body of your report and should be numbered as 1. Introduction, and centered
on the page (Subsequent sections shdl be similarly numbered and titled.) The introdudion explains
whd thereport is aboutand why it was written. It should put the design project into perspective and lead
thereader smoothly into the subject of the pgper.

Historical Review

Dependent on the subject of the report and the nature of the design, this section may be titled Present
State of Knowledge, Overview, Theory and/or Analysis, €tc. This section presents work doneto date in
thefield particular to your project. In this section you have an oppotunity to refer your readers to items
in the Reference/Bibliography sectionstha you found hdpful in your research.

AQQaratus
This section also may be titled Materials, Equipment, Specifications, Design Overview, Description of

Experiment, dependent on the naure of your project. This section may indude lists of equipment,
software, hardware. It may indudediagrams, formulas, and so on, but mug indudea written discussion
with references to figures or tables. Every figure or table mug be labded and mug follow the textud
reference.

Test Procedures

Or Methods, €tc., this section tells you what you did and how youdid it. Use the past tense of theverb in
describing expeaiments, and avoid 7, we, you. Do not use impeatives, e.g., GAndyze the circuit by
breaking it up into its component partsQ Provide as much detail as your readers, al of whom are
engineering students and ingructors, will need to undestand what occurred. Indude equéions tables,
formulas, theorems or whatever is necessary to adequaely explain the experiment or design.

Professional Component
In this section, address how your design impacts mog or al of the eight concerns itemized in the
Professond Component paragraph of Section |l earlier in this handbook.




Results
This section describes what hgppened when the design was implemented. Don® bevague

Discussion
This section provides an oppotunity for you to andyze your daa, conjecture (based on the results),
objectively Qvonde aoudOon aspects of the experiment, design, etc.

Conclusions

Every condudon presented mug be based on information provided in the report. Conjectures and
floating condusonsare out of place. Check to becertain your condusonsare congstent with theresults
mentioned in theintrodudion. Do not say CEven thoughthe design didn® perform as | wanted it to, if |
could have spent more money for a more sophisticated circuit, |1 feel the results would have been
successfulQ Also out of place in the conduson are statements like the following: Q learned a lot from
this project about designing an artificial ear and | thoughtit was time well spent and tha the laboratory
suppot in the department was excellentO

Appendices
Center title, as Appendix A: Schematics and so on. Each appendix appears on anew page and pages are
numbered consecutively with thetext.

Formulasand Equations

To indicate theroute whereby a conduson or course of exploration was formulated, or to demondrate the
theory on which the idea or design is based, engineers indudeformulas and equaionswithin the text of
the technical report. Mog word processing programs (e.g., MS Word) indude equaion editors; these
should be used.

References
Within the text of the report, credit is given to the works of other, e.g., articles, books and publications
which provided backgroundto your ideas and design. Follow these rulesin referenang your sources.

1. Numbering---References are numbered sequentialy throughoutthe report, but each source retainsits
origind number if it isreferred to later in thereport. Use Arabic numbers endosed in brackets and
place in the text immediately following the reference.  Example: OAn intermediate step has been
suggested [1] in which derived daa are used to exercise a coase modd of the proposd produd
before deciding uponspecific design detailsO

2. Listing---All of thereferences appear at the end of your report on a separate page entitled References.
Examples:
[1] D. L. Schilling and C. Belove Electronic Circuits, (Book) Discrete and Integrated. New
York:McGraw-Hill, ch.3,1979.

[2] E. R. Laithwaite, AElectromagndic Levitation,@ Proc.
(Article) of IEEE, vol. 112,n0.12,pp. 23612375 1965.

[3] L. J Giacoletto, Ed., Electronics Designers=
(Manual) Handbook, 2" ed. New Y ork:McGraw-Hill, 1977
Note tha references are not alphabetized.



Bibliography

Usudly areference list will serve as a combination footnote and bibliography. However, if you wish to
indudea list of works and URLS you consulted but did not directly refer to in your report, or tha you
wish to recommend to your readers for further reading, indude a bibliography page after the reference
page and following any appendices. Thefollowing rules apply.

1. Order---Entries are alphaetized by authors or editors; last names or by the first significant word or
works withoutauthors. Examples:

Penguins World Atlas, The. Harmondswvorth, England: Penguin, 1984.

Schilling, D. L., and C. Belove Electronic Circuits, Discrete and Integrated. NewY ork:McGraw-
Hill, 1979

2. Spacing---Indent second and subsquent lines five spaces. Single space individud entries.
Double space between entries.

3. Do notnumber entries.



Sample Title Page

TITLE OF PROJECT
Jane S. Smith

May 20

Department of Electrical and Computer Engineering
University of Minnesota Duluth
Duluth, MN 55812

Approved Date

Advisor® Signaure



Sample Table of Contents

TABLE OF CONTENTS

Abdract
. Introdudion
I1.  Description of Experiment
1. Results
V. Andyss of Results
V. Condusons
VI. References

Appendix A. Engine Specifications
Appendix B. Dynanometer Specifications
Appendix C. Ingrumentation

LIST OF TABLES

Tablel. TorqueMeasurements
Table I1. Parameter Comparisons

LIST OF FIGURES

Fig. 1. Intake Port Opening for KSACHS-Wankd Engine KM-48
Fig. 2. Arrangament of Equipment

Fig. 3. Torquevs. Speed for Variousinlet Lengths

Fig. 4. Typical Intake Pressure Measurements

12
14
15

16
17
18

10
11

PAGE



