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Example Couse: DSP Design Laboratory

= DSP LAB 1s intended to provide a major design experience in digital signal
processing involving the use and application of the current state-of-the-art

DSP processors
= Capstone course in EECS, UMich.
= One of the two design oriented courses in EECS, UMich
= Weekly lecture (3hrs) plus structured labs
= No textbooks, only lecture slides + 94 documents from TI
= 4 students working together in design project using TT DSP

s Course ported to NTUEE in 2005

= Course plan reformed to enhance student project performance in 2006



| What is DSP Design Lab about?

Lectures:

Introduces DSP processors: architecture and software
Assumes MATLAB and C background

Introduces DSP topics:

DSP processor architecture

Digital waveform generation

FIR and IIR filter implementation

Real-time computing

Continuous time processing using the DFT
Oversampling

Delta/sigma A/D and D/A converters

Introduce project planning and management

Labs: Illustrate DSP concepts developed in lecture

Give practice with the hardware and software

Establish a starting point for projects

Lab code frequently serves as starting point for projects

Projects: Student selected and implemented
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| Class Schedule

Tentative class schedule (subject to change):

9/15
9122
9/29
10/6
10/13

1020

10727

1173
11/10
11/17
11724
12/1
12/8
12/15
12/22
12/29
1/5
1/12
1/19

Lecture O1: Introduction.

Rk EE E

Lecture 02: Resource from TI, brief introduction to CPU, TI C6000 architecture, lab exercise 1 (Intro).
Lecture 03: Brief DSP overview, lab exercise 2 (LED).

Lecture 04: FFT, direct digital synthesis, lab exercise 3 (DDS).

Lecture 05: Dithering, McBSP & AIC23 codec, lab exercise 4 (AIC23).

Lecture 06: DM6437 intro., DSP fundamentals, filter basics, filter design (FIR), FIR implementation/circular
buffer, lab exercise 5 (Multimedia processing).

Lecture 07: Continue on DSP fundamentals and FIR filtering, form project team, lab exercise 6 (FIR).
Lecture 08: Project planning/management.

Lecture 09: Introduction to DSP/BIOS,lab exercise 7 (DSPBIOS).
Lecture 10: Fixed point computing.

Lecture 11: IIR filtering part 1.

Lecture 12: IIR filtering part 2, lab exercise 8 (IIR).

Lecture 13: Oversampling, sigma-delta ADC.

Midterm exam.

Lecture 14: Intermediate project presentations.

Switched to Jan. 19 for project presentation/demo

HIRZ (Fak

Final project presentation & demo (project report due on Jan. 23)



| Design Projects

= Student defined and executed.
= Targeted to eventually become a commercial product.

= Projects are often a “proof-of-concept” or an “enabling”
technology.

= Project management skills are taught to ensure good project
outcome

p-5



Previous Students’ Projects

= EMG-Based Boxing Game

= Pitch Corrector

= Music-to-note converter

= Voice Activated Dog Gate

= Voice Tracking System

= Software FM Radio Receiver
=  EMG-Based Guitar

= EMG-Based Car

= Noise Cancellation

= Voice Controlled Hospital Bed
= OFDM Modem

= Acoustic QAM Modem.

= Midi Guitar.

= Music tuner.

= Heart Monitor.

s CCD Camera Based Motion Detector
= Virtual mouse.



| Design Platform: TMS320C6416T DSK

DG

TMS320C6416T DSK




TI’s Core Co6xxx/C6416T Documentations

TMS320C6416TDSK Technical Reference (56 pages)
TMS320C64x Technical Overview (57 pages)
TMS320C6414T/TMS320C6415T/TMS320C6416T Fixed-Point Digital Signal Processors Datasheet (142 pages)
TMS320C64x/C64x+ DSP CPU and Instruction Set Reference Guide (835 pages)
TMS320C6000 Programmer's Guide (440 pages)
TMS320C6000 Optimizing C Compiler Tutorial (71 pages)
TMS320C6000 Assembly Language Tools User's Guide (416 pages)
TMS320C64x DSP Library Programmer's Reference (150 pages)
TMS320C6x Peripheral Support Library Programmer's Reference (223 pages)
TMS320C6000 Chip Support Library API Reference Guide (1108 pages)
TMS320C64x+ Image/Video Processing Library Programmer's Reference (136 pages)
Video Encoding Optimization on TMS320DM64x/C64x (15 pages)
Code Composer Studio Tutorials and Help Files
TMS320C6000 DSP Peripherals Overview Reference Guide (11 pages)
TMS320C6000 DSP Multichannel Buffered Serial Port ( McBSP) Reference Guide (104 pages)
TMS320C6000 DSP Enhanced Direct Memory Access (EDMA) Controller Reference Guide (269 pages)
Using TMS320C6416 Coprocessors (Viterbi Coprocessor (VCP) (25 pages)
TMS320C64x DSP Turbo-Decoder Coprocessor (TCP) Reference Guide (85 pages)
TMS320C64x DSP Viterbi-Decoder Coprocessor (VCP) Reference Guide (57 pages)
How to Get Started With the DSP/BIOS Kernel (21 pages)
TMS320 DSP/BIOS User's Guide (292 pages)
=== TMS320C6000 DSP/BIOS 5.30 Application Programming Interface (API) Ref Guide (583 pages)

Obviously neither you nor the instructor nor the TAs are going to be able read and
assimilate all this material in the time available. We will have to pick our battles,
learn what is needed for the battle at hand and leave the rest for some other time.
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What is the Point of Taking the Course?
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| Imagine...

When students graduated with
his/her MS degree...

Sky looks so bright...
Cloud seems so white...
Even your advisor looks so nice...

Think of all the stock you will get...
All the money you can make...

Life looks so beautiful...
What more can you ask for...
You feel like King/Queen of the world...




| Our Purpose

= After graduation, there 1s no advisor around. Do students really
have the confidence to face the challenge of unknown?

= How can we help them build the confidence? Try to get similar
experience before leaving school

= The point of this course is to emulate the real challenges they will
be facing after entering the real world

s Through this course, we want students to build the ability of
learning and solving problems on their own

= The large scale design project (4 people) also give them a chance to
learn how to work with the others, how to communicate with the
others, and how to manage the project



| Student feedbacks
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About the Design Projects
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| Project-based Course Design

Why 1s 1t getting more popular?

What are the benefits?

Does it really work that well?

What are the typical issues for the student projects?



| Typical Project Issues




| Typical Project Issues




| How to make student project work better?

= How do students usually form their teams?
= How should we help students form project teams?

= How are the project schedules actually handled in
companies?

= Work Breakdown Structure (WBS)



Learn to Manage the Projects

= Students tend to work on the project at the last 2 weeks of the
semester. The result 1s usually unsatisfactory.

= We want students to manage project in a professional manner.

= We will introduce the project management method used by the
professionals in I'T/Business nowadays.

= Students will learn to use WBS (work breakdown structure) to
form a detailed project plan by breaking it down to phases,
deliverables, and tasks.

= Students will learn to use project management software to
organize and track the status of your project.



| wBS Example: Develop a DSP Lab. Course

DSP programming

PROJECT
laboratory development|
[
I [ [ |
4 1\ 4 1\ ( 1\
Needs analysis Design [ Development } Evaluation PHASE
\\§ J \\§ J | - J
4 . N 4 . N 4 l . N l . N 4 )
Interview Lab exercise Lab exercise Lab exercise Recommendation
summary plan code handout report DELIVARBLE
- ! J - 2 J - 3 AN 4 J - > J
4 N N N N N
Prepare Interview Analyze Design lab Write lab exercise Apply lab exercise
questions findings ¢ code & handout ¢ to students
1.1 2.1 3.1 4.1 5.1
- J J NG J J
4 N N N N N
Interview Develop learning Send lab code Send handout to Conduct class
related faculty objectives to TA to review TA to proof-read evaluation € MILESTONE
1.2 2.2 3.2 4.2 52
- J J NG J J
4 . N Design lab N N ( N Analyze R
Interview . .
. €Xercise scenarios student feedback
DSP engineers ¢ Lag Lag PN
1.3
- J 2.3 J J J 5.3 J
4 N N N 7 Tinali N N
Write summary Summarize Finalize lab Fmahzg lab Write summary
: exercise
report 4 lab exercise plan code & report
handout ¢
1.4 2.4 3.3 54
- J J J 4.3 J J
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From WBS to Task Network

Interview
related faculty
Prepare Interview 3 11'2 ) Write summary Analyze Develop learning Design lab
questions - ays J report 4 ﬁndmgs * 0bJect1ves exercise scenarios 4
Start
1.1 ~ - ~N 1.4 2.3
(1 day) Interview (1 day) (1 day) 2 days) (5 days)
DSP engineers
1.3
_ (5 days) )
( ) Finalize lab
Lag N co;le30
Summarize Design lab Send lab code (<3 days) @ d.alys)
lab exercise plan code * to TA to review - AN J
24 3.2
(1 day) (7 days) (0.5 days) /Write lab CXCI'CiSC\ ( Send handout to )
handout ¢ TA to proof-read
> Lag
4.1 4.2 (<2 days)
Y (3 days) ) U (0.5 day) )
Finish

Finalize lab Apply lab exercise Conduct class Analyze Write summary
exercise handout L 4 to students evaluation student feedback * report
52
3 days) (7 days) (5 days) 2 days) 2 days)

Estimated time < 1+max{3, 5}+1+1+2+5+1+7+0.5+max{3+2, 3+0.5+2}+3+7+5+2+2 = 48 days
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| What do we usually do in our course?

m  We have modified the WBS to fit the students’ behaviors
=  We ask each student to submit his/her project ideas
s We send the all ideas to all students for review

=  We host an in-class meeting to form project teams out of common goals
instead of friendship

= We give an 1.5-hour lecture about WBS and project management
=  We then use 1 hour for the students to actually practice WBS technique
=  We ask students to use project management software throughout the term

= We ask students to set their holidays in advance and try to reach
agreement 1f there are significant differences among team members.

= We ask them to update their project status each week and show it to the
whole class at the beginning of each lecture

=  We make sure students revise their project plan to make it on schedule at
all time



| Software for Project Planning/Management

= Microsoft project --> free for two months.
= Open Workbench --> free at http://www.openworkbench.org/

= The time unit used in Open Workbench is in hours. To change it to days, make
change in the resource property to set the availability of each resource to 1.0 (1 hr
per day). (Note: resource = labor)

= In the resource property, change the weekends to workdays. Also mark the study
days needed for midterm exam, final exam and the days needed for your
research, GF birthday(s) in the calendar as holidays. IMPORTANT!)

= Every project should keep track of the project status each week and present the
updated Gantt chart in the class at the beginning of each lecture starting from
next week.



| Open Workbench Project Examples

i

(All Resources) Task
D Name Start Finish .8 2004
2HA= EHiR 23R EH” E 1A 3y BHi— 2

Plan Migration 2004/9/1| 2004
1.0 Create Project Plan 2004/341 2004
20 Analyze Technical Infrastructure 2004/9/6 2004
40 = Conduct Functional Orientation 20047973, 2004,
41 Fundamentals 2004/9/3 2004
42 Managing Time 2004/9/6 2004
43 Managing Projects 2004/9/7 2004
44 Managing Resources 2004/9/8 2004 -
45 Administration 2004/9/3 2004
50 = Conduct Technical Orientation 2004/9/3| 2004
5.1 Data Model 2004/9/3 2004 g
5.2 XML Integration 2004/9/6 2004
53 Configuration 2004/9/7 2004
5.4 Administration and Report Deployment 2004/9/8 2004

Setup Development Environment 2004/9/7| 2004/

Install Software 2004/9/7| 2004/
6.0 Migrate Data 2004/9/13( 2004/
7.0 Analyze and Design Solution 2004/3116 2004/
NPS-F  |NPS Functional 8.00| 800|10.00, 000 0000 200/ 800/ 400[ 400/ 000 0.00{ 0.00{ 0.00f 0.00| 0.
NPS-N |NPS Niku 0.00f 000 000 000 000 000 000 0.00[ 0.00| 0.00| 0.00{ 0.00f 800 800 8
NPS-T |NPS Technical 0.00| 000f 800 000 000 800/ 800) 800[ 800 800 0.00{ 0.00{ 000 0.00| O.
Lecture 1 Wednesday - Sep P23



Open Workbench Project Examples

E]Open Workbench - [Example NPM to Clarity Migration - CPM Network]

i

s ™

2N Analuze Teetfica
Sta /970
fis 0 04/9/6

| ret Al Snftussr?
Sta 2ART/9/7
ifis04/9410

RN Minrate Nata
StarllNd Q413
Finis)04./9/15

N Araluze and N esic
StarlIN4/9/1R
Finis)04/9/17

AN Confinure Annlicat
Starl14.9/20

Finis04/9/22

11 [Minrate N A A
StarllN4/9/23
Finis)04/9/27

Minratinn Comnlete
Starl1N4,9/27
Firis)04/3/27

41 Funrdamentats
Starl /9/3
s A1N4/9/3

43 Mananin Rt
Starl26f3/9/7
iFis2N4/9/7

44 Manainn R esoor
Starl’NN4 /9/¢
Finis’MN4 /9/¢

9N Customize Fnd | s
Starl104.9/20
Finiz 14 /92N

1N [ Train the Traner

StarllN4/9/21
Fini1N4/9/21

51 Nata Mn
St /943
inis 104973

R2 XMI Inteasdih
St 2609 /9/6
Fs2NN4 /YR

R 3 Confinuratinn
Starl2004/9/7
Finis?NN4/9/7

R4 Admiristration and
Starl2004 /9/¢
Finis N4 /9/F

45 Administration
Starl2004/9/3
Finis?NN4/9/9
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| What are the benefits?

= Students tend to start planning their projects soon
= Student projects tend to reach much higher level of completion
= Student tend to have much more fun in doing their projects
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Conclusions

= It 1s our pioneer work to combine project planning/management with
project-based courses

=  We are currently poring our approach to other NTUEE Lab. courses

= Our approach makes term project an enjoyable experience for most
students

= Students get to learn how to plan/manage their projects, and how to
work well with the team members that they do not know well

= Our effort 1s acknowledged by experts in system engineering as well as
industry. A journal paper is currently in preparation for submission to
IEEE Transaction in Education



