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School of Electrical & Computer Engineering

Course Policies and Procedures

Course Description: A structured approach to the development and integration of embedded microcontroller hardware and software that provides senior-level students with significant design experience applying microcontrollers to a wide range of embedded systems (e.g, instrumentation, process control, telecommunication, intelligent devices, etc.).  

Objective:  To provide practical experience developing integrated hardware and software for an embedded microcontroller system in an environment that models one which students will most likely encounter in industry.

Instructors:  Prof. Mithuna Thottethodi (mithuna@purdue.edu) HYPERLINK "mailto:"  and George Hadley (ghadley@purdue.edu)
Graduate Teaching Assistants:  George Toh (ytoh@purdue.edu)and Richard “RJ” Marcus (rmarcus@purdue.edu) 
Course web site: https://engineering.purdue.edu/ece477
Course E-mail address: ece477@ecn.purdue.edu 
Office Hours: Scheduled office hours will be posted on the course web site; other times may be arranged by e-mail appointment.  Please make use of the “live” consultation hours available rather than E-mailing “long” or detailed questions specific to your project.

Design Project: Of utmost importance in the "real world" is the ability to document and present technical information in a clear, organized, succinct, and well-illustrated fashion.  In microprocessor-based designs, the ability to integrate hardware and software is a fundamental skill that should be possessed by all Computer Engineering graduates. The design project, assignments, and final presentation will give each student in this course the opportunity to develop these skills.  Students will work on their design in teams of four.
Open Shop Lab:  Rooms EE 61 and EE 63 are the laboratory facilities for this course; students enrolled in ECE 477 will be given an access code that will provide them with 24-hour access. This facility is equipped with expensive instrumentation; students are expected to treat the equipment and furnishings with respect.  There will be a “zero tolerance” policy for abuse/misuse of this lab: anyone who does so will be unceremoniously dropped from the course, receive a failing grade, and be prohibited from re-registering for the course. 

Progress Reports:  Developing good design documentation skills is an important part of this course. A significant part (20%) of the individual component of your grade will be based on the individual progress report you maintain throughout the design and development process.  
Class Attendance:  Attendance at all class meetings is required. You must be present to earn credit for class participation exercises – no exceptions will be made.  
Accountability Quizzes: To promote attendance and engagement, brief accountability quizzes will be given at the beginning of most Wednesday (TCSP) class meetings, starting August 28. Students are expected to keep current with the material covered in the lecture meetings.
Assignments:  Assignments will be issued related to key stages of the design project. Some of the assignments will be completed as a team (0, 1, 2, 5, 6, 13, 14), and the remainder will be completed by a selected team member (one from the set {3, 4, 7, 8} and one from the set {9, 10, 11, 12}).

0. Initial Project Proposal
1. Final Project Proposal
2. Functional Specification
3. Electrical Overview
4. Software Overview
5. Component Analysis
6. Bill of Materials
7. Mechanical Overview
8. Software Formalization
9. Legal Analysis
10. Reliability and Safety Analysis
11. Ethical/Environmental Impact Analysis

12. User Manual

13. ECE477 Educational Report
14. Final Project Archive
Grade Determination: Your course grade will be based on team effort (40%) as well as your individual contributions (60%), as follows:  
	Team Components (40% of total)
	Individual Components (60% of total)

	distribution of team components:
	distribution of individual components:

	Project Success Criteria Satisfaction*
	20.0% 
	Weekly Progress Update Reports*
	20.0%

	Design Review*
	15.0% 
	Design Component Report*
	20.0%

	Final Presentation*
	15.0% 
	Professional Component Report*
	20.0%

	Final Report*
	15.0% 
	Individual Contribution
	10.0%

	System Integration and Packaging
	10.0% 
	Accountability Quizzes (10)
	10.0%

	Senior Design Report
	10.0% 
	Mandatory Lab Session Attendance
	10.0%

	Concept Development Assignments
	10.0% 
	Midterm & Final Peer Reviews
	5.0%

	Final Schematic and Layout
	5.0% 
	Design Review and Final Presentation Peer Evals
	5.0%

	* items directly related to outcome assessment
	
	

	Bonus Components (Add to grade total)

	Early completion bonus
	+3% per week early completed (prior to final exam week)

	Design Showcase bonus
	+3% for poster and participation in the Design Showcase


Your Raw Weighted Percentage (RWP) will be calculated based on the weights, above, and then "curved" (i.e., mean-shifted) with respect to the upper percentile of the class to obtain a Normalized Weighted Percentage (NWP).  Equal-width cutoffs will then be applied based on the Windowed Standard Deviation (WSD) of the raw class scores; the minimum Cutoff Width Factor (CWF) used will be 10 (i.e., nominal cutoffs for A-B-C-D will be 90-80-70-60, respectively).  Letter grades in the upper 30% of each range will have a “+” designation, and those that fall in the lower 30% of each range will have a “(” designation.
Incompletes and Conditional Failures:  A grade of “I” or “E” will be given only for cases in which there are documented medical or family emergencies that prevent a student from completing required course work by the end of the semester.  Note that University Regulations stipulate that a student must be passing in order to qualify for a grade of “I” or “E”.

Borderline Cases:  A “borderline” is officially defined as an NWP within 0.5% of a cutoff when the final grade calculation is performed. Before course grades are assigned, the instructor will carefully examine all such cases and determine if the next higher grade is warranted. A special bonus, BIDPP (Bonus Instructor Discretion Posi-Points), will be used to facilitate borderline adjustments; this is performed at the Instructor’s discretion; grade adjustment is NOT guaranteed.  

Professionalism and Academic Honesty:  DO NOT copy the work of any other student (past or present).  Any sources used in the completion of homework assignments and/or the design process of your project should be properly referenced and where appropriate, the level of original work by the student should be noted.  Further, be advised that any documented case of “cheating” will result in a FAILING GRADE for the course as well as possible disciplinary action.  All cases of academic dishonesty will be reported to the ECE Associate Head as well as to the Dean of Students.  A professional person does not take credit for the work of someone else.
Learning Outcome Assessment
In order to fulfill the course requirements, each student is expected to successfully demonstrate the following learning outcomes:

(i) an ability to apply knowledge obtained in earlier coursework and to obtain new knowledge necessary to design and test a microcontroller-based digital system 

(ii) an understanding of the engineering design process

(iii) an ability to function on a multidisciplinary team

(iv) an awareness of professional and ethical responsibility

(v) an ability to communicate effectively, in both oral and written form

The following will be used to assess the extent to which these outcomes are demonstrated:
	Outcome
	Evaluation Instruments Used

	(i)
	Design Component Homework

	(ii)
	Individual Progress Reports

	(iii)
	Success Criteria Satisfaction (general and project-specific)

	(iv)
	Professional Component Homework

	(v)
	Midterm Design Review, Final Presentation, and Final Project Archive


Demonstration of Outcome (i) will be based on the satisfaction of the design component homework, for which a minimum score of 60% will be required to establish basic competency. Demonstration of Outcome (ii) will be based on the individual lab notebook, for which a minimum score of 60% will be required to establish basic competency. Demonstration of Outcome (iii) will be based on satisfaction of 100% of the general success criteria and a minimum of 60% (3 out of 5) of the project-specific success criteria (PSSC).  Note: If a “motherboard” is used, at least 2 of the 3 “passing PSSC” must involve functions implemented on the custom PCB.  Demonstration of Outcome (iv) will be based on the professional component homework, for which a minimum score of 60% will be required to establish basic competency. Demonstration of Outcome (v) will be based on the Design Review, the Final Presentation, and the Final Project Archive.  A minimum score of 60% on the Design Review and a minimum score of 60% on the Final Report and a minimum score of 60% on the Final Presentation will be required to establish basic competency. 
Design Project Specifications

Work on the design project is to be completed in teams of four students.  The design project topic is flexible, and each group is encouraged to pick a product that uses the strengths and interest areas of their group members.  The design must have the following components:

· Microcontroller: To help make the project tractable, recommended microcontroller choices include Freescale, PIC, and Atmel variants.  Development tools are readily available in lab to support these devices.  Further, the devices themselves are relatively low cost and readily available. Optionally, auxiliary processing can be accomplished using a “motherboard”. Examples of these directly supported are Intel Atom and ARM-based platforms.
· Interface to Something: Your embedded system must interface to some other device or devices.  It could be a computer, or it could be some embedded device such as a Palm Pilot, telephone line, TV, etc.  Some interface standards that could be used are: serial to a computer, parallel to a computer, Universal Serial Bus (USB), Firewire, Ethernet, Infrared (IR), Radio Frequency (RF), etc.  This requirement has a large amount of freedom.  To help with some of the more complex interfaces such as Ethernet, USB, or Firewire there are dedicated chips which encapsulate the lowest layers of the interface.  This makes using these interfaces easier to handle but not necessarily trivial.  Be sure to investigate the interface(s) you wish to utilize and make a reasonable choice. (NOTE: Interfaces involving A.C. line current require special permission – see the instructor for details.)

· Custom printed circuit board: Through the process of the design, each group will be required to draw a detailed schematic.  From the schematic, a two-layer printed circuit board will be created.  Board etching will be processed by the ECE Department (the first one is “free”, but any subsequent iterations are the team’s responsibility).  The team is then responsible for populating the board (solder the parts on the board), and for completing the final stages of debugging and testing on their custom board.

· Be of personal interest to at least two team members:  It is very difficult to devote the time and energy required to successfully complete a major design project in which you and/or your team members have no personal interest.  There are lots of possibilities, ranging from toys and games to “useful and socially redeeming” household items, like audio signal processors and security systems.

· Be tractable:  You should have a “basic idea” of how to implement your project, and the relative hardware/software complexity involved.  For example, you should not design an “internet appliance” if you have no idea how TCP/IP works.  Also, plan to use parts that are reasonably priced, have reasonable footprints, and are readily available.  Be cognizant of the prototyping limitations associated with surface mount components.

· Be neatly packaged:  The finished project should be packaged in a reasonably neat, physical sound, environmentally safe fashion.  Complete specification and CAD layout of the packaging represents one of the project design components.
· Satisfy General Success Criteria for the course All senior design projects require the students to satisfy a set of general success criteria in order to pass the course. These criteria are listed below:
· Create a bill of materials and order/sample all parts needed for the design

· Develop a complete, accurate, readable schematic of the design

· Complete a layout and etch a printed circuit board

· Populate and debug the design on a custom printed circuit board

· Package the finished product and demonstrate its functionality

In addition to the success criteria listed above, a set of five significant project-specific success criteria must be specified in the Final Project Proposal (assignment 1).  The degree to which these success criteria are achieved will constitute one component of your team’s grade.
Group Account and Team Webpage:  Each team will be assigned an ECN group account to use as a repository for all their project documentation and for hosting a password-protected team web page.  The team web page should contain datasheets for all components utilized, the schematic, board layout, software listings, interim reports, presentation slides, etc.  It should also contain the individual progress reports for each team member as well as the progress reports (prepared in advance of the weekly progress briefings) for each team member.  At the end of the semester, team websites will be archived on the course website.

Design Review:  Part way through the design process, there will be a formal design review.  This is a critical part of the design process. In industry, this phase of the design process can often make or break your project. A good design review is one where a design is actively discussed and engineers present concu3r with the current or amended design.  The design review is in some cases the last chance to catch errors before the design is frozen, boards are etched, and hardware is purchased.  A friend is not someone who rubber-stamps a design, but rather one who actively challenges the design to confirm the design is correct.
Approach the design review from a top-down, bottom-up perspective.  First, present a block diagram of your design and explain the functional units.  Then drop to the bottom level and explain your design at a schematic level.  Be prepared to justify every piece of the design; a perfectly valid answer, however, is applying the recommended circuit from an application note.  If you do use a circuit from an application note, have the documentation on hand and be able to produce it.  Your grade for the design review will not be based on the number of errors identified in your design. The best engineers make mistakes, and the purpose of the design review is to catch them rather than spend hours of debugging later to find them.  The design review will be graded primarily on how well the group understands their design and the professionalism with which they present it.

To facilitate the design review process, the class will be split into subgroups that will meet at individually scheduled times. Both the presenters and the assigned reviewers will be evaluated. 
Milestones

Each group is responsible for setting and adhering to their own schedule; however, there are several important milestones; a full schedule of expected student work is given in the “Project Schedule” document, available on the course website.  Always expect the unexpected, and allow for some buffer in your schedule.  Budget your time.  With proper budgeting, senior design can be a very rewarding and pleasant experience.  See Course Calendar for due dates.
Campus Emergencies:  In the event of a major campus emergency, course requirements, deadlines, and grading percentages are subject to changes that may be necessitated by a revised semester calendar or other circumstances beyond the instructor’s control. Should such an emergency occur, information will be posted on the course web site Message Board.
A feat of Purdue engineering, das Autotünr is an automatic guitar tuner and MIDI transcription device. It has a motor assembly of six servo motors which turn the pegs of a guitar based to a default or user-defined tuning. A discrete Fourier transform is used to identify the fundamental frequency of a sound signal. The motors will adjust the strings to match the correct frequency. The frequencies can also be stored as a MIDI file to a USB mass storage device.








These assignments are due on the prescribed due dates (typically Fridays) at 11:59pm. Late work shall be penalized -10% per day. If work is more than 3 days late, the decision of whether or not to grade it will be left to ECE477 course staff.





These assignments are all due on Monday, 12/9, at 5:00 PM.  Late penalties will be assessed per above late policy.  However, these materials will NOT be accepted at all after 5:00 PM on Thursday, 12/12. 15.
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