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�ABSTRACT� TC  "ABSTRACT" \l 1 �

This report describes the requirements and guidelines for successful completion of the capstone design project, a requirement in the electrical engineering curriculum.  Awareness of safety, ethical and social issues are considered in examining the different choices available to the design team.  Students also appreciate the importance of oral and written skills for the proper communication of the their ideas and their project  work.  This report has been prepared in a format that must be used as a model for writing the final project report.  The IEEE guidelines for the student paper contest have been adopted as the model for the preparation of oral presentations and written reports.

�1. INTRODUCTION� TC  "1. INTRODUCTION" \l 1 �

As part of the requirements for graduation, students are required to participate in a capstone design project (ECE 431 - 4 hrs. or ECE 432 - 6 hrs. or ECE 498 - 6 hrs) that addresses technical and engineering aspects of a topic related to the area of Electrical and Computer Engineering.  Such projects could arise as a result of courses taken, work experience or hobbies.  While the work need not be original in engineering content, the treatment should be original and concise.

The pre-requisites for this course are ECE 311 - Electronic Circuits I and ECE 373 - Introduction to Microprocessors.  Students should also have completed Comp 270 - Technical Writing prior to electing this course.  In addition, students should also elect ECE 493 - Design Methods in Engineering as a co-requisite.  Senior EE students may, however, elect ECE 493 as a pre-requisite to ECE 431/432.  ECE 431 is a one-semester design course, while ECE 432 and ECE 498 are six credit-hour two-semester design courses.  The material of ECE 493 is now included in the new design course ECE 498.

2. PROJECT PROPOSAL� TC  "2. PROJECT PROPOSAL" \l 1 �

Capstone design courses emphasize both individual and team effort in the execution of design projects. Typically, a design team will normally consist of two or possibly three students. Projects may either be assigned by the instructor or chosen by the students with the approval of the instructor. When selecting a project students must consider the following:

1)	a clear definition of the work, its aims and goals,

2)	prior work done in the area of the project,

3)	preliminary ideas and methodologies to be used in the execution of the projects,

4)	resources and laboratory facilities needed and available,

5)	cost analysis, if applicable and available financial support,

6)	a time schedule for the completion of the various phases of the project,

7)	a list of relevant references that were consulted in preparing the proposal.

8)	a statement form each student in a team,  outlining his/her effort in the proposed project

A written proposal should be submitted before the end of the second week of the semester.  The proposals will be evaluated to determine if they meet the criteria outlined above and returned to the students with critical comments and suggestions. The proposal should be two to three pages in length (1000 words).  One line/one paragraph problem statements, that are vague and fuzzy will not be accepted (see attached template).

Note: Please ensure that the resources and access to the laboratory facilities are available before preparing the proposal.



�ECE 431/2 ELECTRICAL ENGINEERING DESIGN

PROPOSAL WRITING GUIDE

SPRING 1996

DATE:

TEAM MEMBERS: List the names of the students in the team.

TITLE: Select a title that describes your design project

ADVISOR: Give the name of the faculty advisor. 

DESCRIBE BRIEFLY AIMS AND GOALS OF THE PROJECT: Give a clear description of what this design project is intended to accomplish.  Why is this project important or useful or interesting ? List potential applications or enhancements to existing applications.  Or you have found a more economical way of designing some product that makes this design experience worthwhile. 

DESCRIBE RELEVANT PRIOR WORK : You may have access to reports, textbooks or some other references on the project you are proposing. A professor may have suggested this project or the company you are working for wants this project carried out.  In any case you should be able to find some relevant literature on the subject. List them at the end of the proposal. Here you include a concise description of existing work.

PRELIMINARY IDEAS AND METHODS : You have only 10 - 12 weeks to finish this project.  Hence it is important that you have a clear idea of what needs to be designed,  what design techniques you plan on using etc.  If you are a team, then you should think about who is doing what and in what fashion.  I am deliberately using a conversational format here to make you comfortable.  REMEMBER, each member of the team must be involved in the design process.  You cannot say that X did the design, Y did the implementation and Z did the testing. That is simply not acceptable. What I am expecting from you is : X will design, build and test subsystem 1, Y will do the same for subsystem 2 and so on.  Finally the team will come together in integrating the different subsystems to create the final system which must then be tested for proper performance.  This subsection is the heart of your proposal.  Put your best effort here.  Design necessarily involves making choices, using appropriate performance criteria to guide the design process.  Performance criteria includes cost, complexity, speed, accuracy etc.

COST ANALYSIS: This is important because if you expect to buy some component that may be expensive, then you have to ask: Who is paying for this ? The department may purchase this component, if it determines that there is some long term benefit to be gained by purchasing it.  So you must think about cost. Right now you only worry about component cost. DonÕt include salaries etc. 

TIME SCHEDULE: As I said earlier, you have only 10 - 12 weeks. Efficient utilization of available time is very crucial to the success of your design effort.  I want to see a time schedule for completing the various phases of the project.

______________________________________________________________________

SIGNATURES: STUDENT			ADVISOR		COORDINATOR

Note:  the proposal should be 700 - 1000 words long.  This guide has 476 words



3. CONDUCT OF DESIGN PROJECT� TC  "3. CONDUCT OF DESIGN PROJECT" \l 1 �

After the students  have selected their design project they must meet as a group to discuss the implementation of the project.  A list of tasks associated with the project must be prepared and a schedule for timely completion of these tasks must be developed.  At this stage, the students in the team must take individual responsibility for the different tasks and be prepared to make the effort needed to complete the tasks in a timely manner.  Each student must ensure that there is adequate design content in the tasks assigned to him/her.  Students in the team should realize that they have a moral and ethical responsibility to ensure that the other students in their team are not adversely affected due to tardiness and lack of good effort.  A report describing the tasks, the individual student's responsibility and a time schedule must be submitted to the coordinator and the faculty advisor.  Based on the comments from the coordinator and the advisor, a revised schedule must be prepared for final approval.

Students should at this point prepare a list of equipment, components and facilities required to complete the project.  They should discuss with the department technician, the availability of components and equipment and determine those items that may have to be procured.  Students should study product catalogs to identify suppliers and the approximate cost of components and specialized equipment.  Often, manufacturers will supply components free of cost for student projects.  Students should remember to acknowledge support from suppliers both formally and in their written report.  Students may not order equipment or components without prior approval from the coordinator, if they expect reimbursement from the department.

It is required that students meet with their faculty advisor on a regular basis to discuss progress made and identify critical issues that could affect the outcome of the project.  A special PROGRESS REPORT form has been prepared for this purpose (see Appendix 1).  

At every stage of the design, the criteria for selecting a specific approach must be clearly identified.  Any safety, ethical or socio-economic issues that could affect the design must be considered.  Students should be aware that the design is often open-ended as some specifications for the project may not be fully satisfied in the final design.  Awareness of these issues at an early stage is crucial to a successful completion.  Guidelines on cost analysis and product costing are provided in Appendix 3.

Students must maintain a log book to keep track of the different strategies and design alternatives that were considered.  Relevant observations and data should be entered into the log book as needed.  The coordinator and the advisor have the right to examine the log book periodically to ensure that the guidelines are being followed.  It will be useful to have the faculty advisor sign the log books periodically.

If the design project involves the development of a system (or software), the project members must prepare an operating manual that is easy to understand and use. 

Finally, if the design project has the potential for copyright and/or patent, there should be a clear understanding as to who will have title to the copyright/patent as well as the rights of the University with regard to such patents and copyrights.  The course ECE 493 - Design Factors in Electrical Engineering which is a co-requisite for the capstone design course will provide students with the necessary information in this regard.

3.1 Project Requirements� TC  "3.1 Project Requirements" \l 1 �

The evaluation of the project is based on the success and the overall quality of the project and each student's contribution to the efforts needed.  Design project should not be a gadget building exercise. It should embody sound engineering principles and must utilize engineering knowledge (analytic and experimental).  It is assumed that students have basic analytic and design skills in software development, circuit design and computer hardware.  Additional knowledge in the fields relevant to design is also expected. 

Periodic progress reports (oral and written) from the individual student as well as the project team are required to be submitted.  A formal presentation of the project from each student in the design team is required.  A formal written report that describes the project must be submitted at the conclusion of the work.  The final report should be accompanied by an executive summary from each member of the team.  Demonstration of the project either during the oral presentation or after all the presentations is mandatory. 

Awareness of critical issues such as costs, cost effectiveness, performance trade-off, copyrights, patents, safety and ethical factors is crucial to the overall design effort.  These issues must be considered when examining design choices and their impact on the society and the environment.  Creativity, criteria for design choices, open ended design are other factors that will impact on the evaluation of the project.  

Students should have a clear understanding of the distinction between synthesis and design.  Design of a Butterworth third order low pass filter using passive circuit elements is usually an exercise in synthesis, while design of a low pass filter with a specified pass band and possibly a stop band is typically a design exercise.  In the former, the transfer function of the low pass filter is determined once the type and order of the filter is specified, while in the latter case, both the type and the order of the filter cannot be determined from specifications alone.

3.2 Written Report � TC  "3.2 Written Report " \l 1 �

The contents of the student's written report shall be organized as shown in the report template included in Appendix 2.  It is very important that the students follow the procedures presented in the template.  Failure to follow the guidelines will result in grade penalty.

3.3 Oral Presentation� TC  "3.3 Oral Presentation" \l 1 �

The oral or poster presentation will be limited to twenty five (25) minutes per design team and will be followed by a five minute question and answer period.  Demonstration apparatus may be employed as part of the project presentation.  For oral presentation visual aids such as slides, transparencies, posters, charts, view graph, blackboard and video may be used.  The following equipment will be available on request:

(1)	35 mm slide projector

(2)	overhead view graph projector

(3) 	blackboard

(4)	VCR

It has been found that for effective communication and absorption of ideas presented to the audience, slides (transparencies) should be limited to about 10 (not including the slide containing the title).  Each slide (transparency) should contain one unique feature of the project.  It is estimated that about 2 minutes/slide are required for the proper assimilation of ideas contained in the slide (transparency).  Also more than 6 lines of written material on a slide or 9 lines on a transparency cause problems of clarity and visibility and hence should be avoided.  Additional slides (no more that 4) showing photographs of apparatus used or physical phenomena may be shown, if needed, to enhance the quality of presentation.

3.4 Poster Presentation.� TC  "3.4 Poster Presentation." \l 1 �

If you are presenting your work as a poster, then the students will prepare a poster board approximately 4 ft x 4 ft in size. You will fix the sheets (described below) on the poster board.  The poster board will be located near your demonstration set up.  When you observe a group of people looking at the poster, introduce yourselves and offer to explain the project.  Each member of the team will participate in this presentation which should last no more than 20 - 30 minutes.  Following the presentation, offer to answer any questions, the audience may have.  Then, demonstrate your project.  Please note that a good demo creates a very positive impression on the audience. 



You repeat this process for the next group of people that assemble to see your project.  Please ensure that the project coordinator and your faculty advisor(s) hear your presentation.



�PREPARATION FOR ORAL/POSTER PRESENTATION

Title Slide/Sheet with names of participants (1 slide/sheet)

Introduction (1 slide/sheet)

Introduce the project clearly and concisely

(include need, features, etc.) 					[2-3 min]



Design factors, criteria and procedure (5 slides/sheets)

	(design choices, design procedure, design highlights, 

	special features etc.) 	[10-15 min]



Each student must participate in this section and present his/her work



Discussion of test results (3 slides/sheets)	[6-10 min]

Conclusions and comments (1 slide/sheets) 	[2 min]



4. FINAL GRADES� TC  "4. FINAL GRADES" \l 1 �

The final grades are determined by the coordinator of the course.  The coordinator will take into consideration the following:

i)	successful completion of the project

ii)	quality and the level of difficulties involved in the project

iii)	contribution from the individual student

iv)	oral presentation by each student

v)	quality of the written report

vi)	ability to answer questions relating to the project 

vii)	quality of the finished project (packaging,  appearance, functionality etc.)

viii)	depth of knowledge achieved

Note:	Students working as a team on a design project may obtain different letter grades depending on their  relative contribution to the project.

5. CONCLUSION� TC  "5. CONCLUSION" \l 1 �

1)	It has been clearly demonstrated that proper planning at an early stage will lead to a successful project.

2)	The importance of proper utilization of available resources has been recognized.

3)	Socio-economic, safety and ethical issues do affect design choices.

4)	The efficient use of audiovisual aids and effective technical writing and oral communication are shown to result in proper appreciation of the students work by the evaluating audience.

6. REFERENCES� TC  "6. REFERENCES" \l 1 �

1)	Joseph White, "Presentation Paper, " Microwave Journal, March 1979.

2)	C. K. Cook, Line by Line - How to Improve Your Own Writing, Houghton Mifflin 1985.
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APPENDIX 1: EVALUATION  FORMS� TC  "APPENDIX 1: EVALUATION  FORMS" \l 1 �

�ECE 431/2 ELECTRICAL ENGINEERING DESIGN

INDIVIDUAL PROGRESS MONITOR

SPRING-SUMMER 1995

DATE:

NAME:

TITLE:

ADVISOR:

DESCRIBE BRIEFLY YOUR PROGRESS  TOWARD THE PROJECT:

















DESCRIBE PROBLEMS/DIFFICULTIES ENCOUNTERED:



















COMMENTS AND SUGGESTIONS FROM ADVISOR :























____________________________________________________________________________

SIGNATURES: STUDENT			ADVISOR		COORDINATOR

�ECE 431/2 ELECTRICAL ENGINEERING DESIGN

TEAM PROGRESS MONITOR

SPRING-SUMMER 1995

DATE:

NAME:

TITLE:

ADVISOR:

DESCRIBE BRIEFLY OVERALL PROGRESS  TOWARD THE PROJECT:















DESCRIBE PROBLEMS/DIFFICULTIES ENCOUNTERED:



















COMMENTS AND SUGGESTIONS FROM ADVISOR :























____________________________________________________________________________

SIGNATURES: STUDENTS			ADVISOR		COORDINATOR

�



























APPENDIX 2: WRITTEN REPORT TEMPLATE� TC  "APPENDIX 2: WRITTEN REPORT TEMPLATE" \l 1 �

�FORMAT OF WRITTEN REPORT � TC  "FORMAT OF WRITTEN REPORT " \l 1 �

The contents of the student's written report shall be organized as follows:

Front Cover:  

The title of the project should appear at the top followed by the course name and course number, and the names of the students participating in the project.  A cover page will be provided to the student.

Approval Page:  

The title and the course information should appear at the top.  The authors' names should appear in the middle.  The lower right hand corner is reserved for approval.  This guide shows such a page right after the front cover.

Table of Contents:  

The table of contents should consist of a list of the different sections of the paper and their page numbers in the order in which they occur.

Acknowledgment

The authors may acknowledge help received from individuals and institutions.

Abstract:  

The abstract should give the essential details of the contents of the report, including a brief statement of the problem, summary of the results and conclusions.

Introduction:  

The introduction should lead to the formulation of the project proposal, so that the reader may obtain a clear understanding of the objectives of the project.  The state of the art and relevant references cited in the field, should be covered in this section.

Body:  

The main work associated with the project should be covered in this section together with support data and results. Results and support data are effectively presented in the form of  charts and tables. The student should avoid unnecessary duplication in the presentation of support data and results. A template will be provided to the students to ensure consistency in the format.  It would be very helpful to divide the body into several sections as follows:

Section 2, which may be titled "Problem Statement" will describe in clear detail the design problem, specifications and the overall objectives of the design.

Section 3, which may be titled "Design Issues and Alternatives" will discuss the different criteria that may be used to guide the design and the reasons why the final criterion is chosen.  The different choices available to the design team and the associated tasks must also be identified in this section.  The assignment of tasks to the different members of the team must be clearly described.  

Section 4 which may be titled "Details of Design" will discuss the design methodology for the different design tasks and provide adequate detail to enable the reader to obtain a grasp of the design process. Each student should contribute to this section by describing his/her design effort in a separate subsection.  Relevant socio-economic issues, safety considerations, and any applicable standards should be discussed, preferably as a sub-section.

Section 5 which may be titled "Testing and Evaluation" will describe the procedures used to evaluate the design and present the test results. An analysis of the test results should be included. Again each student should contribute to this section by describing the tests used to evaluate his/her design in a separate sub-section.  

Conclusions:  

The conclusions should be stated concisely in a separate section at the end of the report.  Better emphasis can be obtained if each conclusion is numbered and started off as a separate paragraph.

References:  

A list of references used for this project should appear as a separate section after the "Conclusions".  The IEEE format should be followed for listing references.

Appendices:  

All derivations, intermediate results, detailed circuit diagrams, details of apparatus used, computer programs, photographs etc., that are not immediately relevant to the project should appear under appropriately numbered Appendices.

The design team must include the original proposal, progress monitor forms, progress reports and the executive summaries of each participating student under a separate Appendix.  The final report will not be accepted, if this appendix is missing.

Vita Auctoris:  

A one page description of each student, his/her educational background, awards, trophies, hobbies and research interests should appear at the end as an Appendix.

All reports must be prepared on a word processor.  The initial draft report should be typed double-spaced on one side only of an 8 1/2 X 11 paper.  The final report should be typed single-spaced.  Preferred font is Times size 12.  An equation or symbol that cannot be typed may be written in.  The pages must be numbered consecutively and may not exceed 20 pages in length, excluding illustrations.  Title Page, Approval Page, Table of Contents, List of References, Appendices, Vita Auctoris ARE NOT INCLUDED in the page count.
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�ABSTRACT� TC  "ABSTRACT" \l 1 �

This section must be included in your report



Please provide a 50 - 100 word description of your design project.  The abstract should highlight key features of your design and provide a statement on the results achieved.

�1. INTRODUCTION� TC  "1. INTRODUCTION" \l 1 �

This section must be included in your report

Please provide a two-page introduction to the topic area describing the area, its importance and the many applications. Then lead into the need for the project you have selected.

�2. PROBLEM STATEMENT� TC  "2. PROBLEM STATEMENT" \l 1 �

This section must be included in your report

In this section clearly define the problem to be solved, together with performance specifications and overall objectives. (1 - 2 pages)















2.1 TASKS ASSIGNED TO EACH TEAM MEMBER� TC  "2.1 TASKS ASSIGNED TO EACH TEAM MEMBER" \l 1 �

This section must be included in your report



�3. DESIGN CRITERIA� TC  "3. DESIGN CRITERIA" \l 1 �

In this section, describe the criteria (technical performance, size constraints, power limitations, cost etc.).  State clearly the reasons that lead to a specific design approach.



Each student in the team should contribute to this section by describing his/her design task, the criteria to be used for making design choices and design methodologies.





















�4. DETAILS OF DESIGN� TC  "4. DETAILS OF DESIGN" \l 1 �

This section must be included in your report



Present complete details of your design, including block diagrams, flow charts, circuit diagram, layout and whatever else is relevant. (2 - 3pages)











4.1 DESIGN TASKS FOR EACH TEAM MEMBER� TC  "4.1 DESIGN TASKS FOR EACH TEAM MEMBER" \l 1 �

This section must be included in your report



Each student in the design team must clearly describe the specific design effort undertaken to meet the objectives of the project. ( 1page each)

4.2 FINAL SYSTEM� TC  "4.2 FINAL SYSTEM" \l 1 �

This section must be included in your report



How do you go from your prototype design to the final product that can be marketed.  Are there fabrication issues. Can VLSI techniques or similar mass production methodologies be used.  If your project involves software development, how will you go about getting the final version for eventual use by your customers.  Are there guidelines or standards for development of software to meet customer requirements and expectations. ( 2pages)





4.3 SOCIO-ECONOMIC ISSUES� TC  "4.3 SOCIO-ECONOMIC ISSUES" \l 1 �

In this section, you present cost analysis, product pricing, economic benefits and societal impact. (1/2 -1 page)

This section must be included in your report





4.4 SAFETY ISSUES� TC  "4.4 SAFETY ISSUES" \l 1 �

This section must be included in your report



In this section, you discuss safety issues and the consequences of failure of your system or the failure of any component in your system.  Also present strategies to maximize safety of your system. (1/2 - 1 page)

�5. TEST RESULTS AND DISCUSSION� TC  "5. TEST RESULTS AND DISCUSSION" \l 1 �

This section cannot be excluded. Describe in detail the test results and your interpretation of the results in as far as how well you accomplished your design tasks. (2 - 3 pages)

�6. CONCLUSIONS� TC  "6. CONCLUSIONS" \l 1 �

This section must be included in your report



6.1 EXECUTIVE SUMMARY FROM EACH TEAM MEMBER� TC  "6.1 EXECUTIVE SUMMARY FROM EACH TEAM MEMBER" \l 1 �

The report will not be accepted if this section is missing. 

�7. REFERENCES� TC  "7. REFERENCES" \l 1 �

This section must be included in your report



�

APPENDICES� TC  "APPENDICES" \l 1 �
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APPENDIX 3: GUIDELINES FOR COST ANALYSIS� TC  "APPENDIX 3: GUIDELINES FOR COST ANALYSIS" \l 1 �

�One of the ABET requirements for a good design course is familiarity with costing. Each student is required to participate in this effort.  When you calculate cost, you must  include the following:

1)	Cost of components

2)	Cost of your time. (Assume that you are worth $10/hour)

3)	Facilities rental (When you use lab facilities at the University or elsewhere, you are incurring cost - cost of depreciation, maintenance etc.)

4)	Use of lab space - rental cost

5)	Cost of fringe benefits - 30% of your wages

In assigning cost to intangibles like use of space and lab equipment, a good rule of thumb is 

i) 	Take your wages, add 30% for fringe benefits.  

iv) 	You must also add your course instructor's cost on a fractional  basis.  Thus if the class has 10 students and if one course equals one month salary, you should divide this figure by 10 to arrive at advising  cost.  You may assume faculty advisor cost at $100/hour (very cheap) for 5 hours/week.

There is one other issue that must be considered: pricing of a product.  How does one price a product ?  Several factors must be considered:

1) 	Are similar products available in the market ?  If so, the price should be compatible with similar products.

2) 	If the product is new to the market, then the price will be dictated by development cost and return on investment. 

	Let us say that the  development cost of a product is 15,000 dollars.  Let us also assume that  you expect to sell 500 items in the first year and about 700 in the second year.  You should try to recover your development cost in the first two years plus a reasonable return on your investment.  Since projected sales is about 1200 items over 24 months, recovery cost is 15,000/1200 = $13  approx.  Add to this your profit margin which could be about $13.  The cost to the buyer will then be at least $26.  Add to this agent commission, advertisement costs, complimentary gifts etc.  Your cost would be around $30- $35/item. This is a crude analysis, but it gets you a ball park figure.  In any case, the cost of the product should always be higher than the cost of the components!!

The next phase for you to consider is socio-economic factors.  What is the impact of your design effort.  Who does it benefit ?  Who will lose out ?  Will your product pollute the environment: chemicals, noise etc.. Will your product have any risks (safety, catastrophic failure etc.).  Recently a software glitch in AT & T's telephone network caused a blackout of entire city for several hours .  This type of software failure can have serious consequences both economically and in terms of providing essential and critical services.  There were also reports of a software controlled radiation unit that caused patients to be exposed to dangerous levels of x-rays.  The above examples clearly indicate the need to be aware of safety issues in any development effort, whether it involves software or hardware.  

Every project will  have some form of impact on the environment.  The term "environment" is used in a very broad sense. 
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�THE UNIVERSITY OF MICHIGAN-DEARBORN

Department of Electrical & Computer Engineering

1. Name and Academic Rank:  MALAYAPPAN SHRIDHAR, Professor

2. Degrees, with fields, institutions and dates: 

B.Sc.	1959	University of Bombay (Math & Physics)

D.MIT. 	1962	Madras Institute of Technology (Control Systems)

M.S.	1967	Polytechnic Inst. of New York (EE)

Ph.D.	1969	University of Aston in Birmingham, U. K. (EE)

3. Number of years of service on this faculty:  10 years

4. Other related experience - teaching, industrial, etc.:

1969 -1985 	Faculty Member, EE Dept., University of Windsor, Windsor, Ontario.

1963 -1966	Scientific Officer,  Bhabha Atomic Research  Center, Bombay, India.



5. Consulting:	
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