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Abstract

The paper containsthree sectionson project based
learning First, we provide a rationaleand a high-
levelview of projectsandtheir organization.Second,
we presentsomeexamplesfrom Ryeison University
andshowhowthetheseprojectdescriptos apply. Fi-
nally, we describethe OpenlinstrumentatiorProject,
a new systenof electionic instrumentatiorthat sup-
portsindependenand project-basedearning

1 What is a Project?

Project: an actiity wherethe participants
have somedegreeof choicein theoutcome.
The resultis completeandfunctional,that
is, it hasabeginning,middleandend.Usu-
ally, it spansmultiple lab periodsandre-
quireswork outsidescheduledab periods.

Sincethereare choicesin implementationdesign
is inherentlya componenf a project. A projectis
inherentlydifferentfrom an analysisor exercise in
whichthesolutionhasa predictabldform.

Projectsspanawide varietyof possibilities:design
andbuild, identify a system,do a forensicanalysis,
evaluatea productor assessomeernvironmentalsit-
uation.

1.1 The Role Project-BasedLearning in
Engineering

Projectshave a centralrole in engineeringso en-
gineeringeducatorsnaturally turn to project-based-
learning (PBL) as an educationaltool. Engineers
implicitly understandhat PBL is useful and mary
projectsare introducedinto the curriculum without
a detailedanalysisof their pedagogicalalue. How-
ever, it is usefulto make explicit why we do project-
based-learningndhow it maybeimplemented.

First, project-based-learninactively involvesstu-
dentsin the learningprocessandresultsin inceased
motivation, satisction and con dence. Motivation
is critical: apopularprojectwill causestudentgo put
in ahugeeffort to succeecdndcompletethetask,and
thisenhancetearning.

From[5]: compareghe statements

Learnthis becausave know you will need
it later.
VS
Learnthis becauseg/ou canseeyou needit
1
now *.

Studentaremoremotivatedto learnwhenthey have
animmediateapplicationfor the knowledge,a situa-
tion which appliesin to project-basedearning.

Secondcomparedo lectureassignmentsindlab
exercises project-basedearningteachesa different
setof skills:

Project Management How do we ensurethat
this projectgetsdonein anorderlymanner?

Time Management When do we have to have
eachitem completedin orderto meetthe nal
deadline?

Organization What arethe tasksthatneeddo-
ing, andin whatorderdo they getdone?

Teamwork Who doeswhat? How do we coop-
erate?

Reseath: How did other peopleapproactthis
problem?Wherecanwe getadvice?

Procurement Wheredo we nd project mate-
rial andresources™How canwe adaptexisting
resources$o our project?

1Emphasisadded.



Dehugging: How dowe troubleshoothesereal-
world problems? What tools shouldwe know
aboutthatcanhelp?

Furthermore projectslead several kinds of meta-
knowledgeaboutengineering:

Projectamustbe plannedandmanaged,

Projectdake longerthanyouexpect,evenallow-
ing for thateffect

Systemcompleity is a non-linearfunction of
systensize

Anything that works correctly the rst time
shouldberegardedwith intensesuspicion.

Battle-hardenedreteransof project management
have their own sardonicrules, encapsulateih such
sayingsas 'Systemsonly fail when being demon-
stratedto someonémportant' and' TheLaw of Max-
imumAggravationapplies'. Participatingin projects
givestheserulesresonancén the mind of a student
engineerand preparegshemfor projectmanagement
in theengineeringvorkplace.

1.2 The Design of an Educational
Project

Thereare mary ways of structuringa studentengi-
neeringproject. In this section,we'll look at some
of thealternatives.As always,thelearningobjectives
of the projectshouldbe carefully consideredandthe
parametersf theprojectthenmappedo thoseobjec-
tives.

1.3 Guidance

We naturally rst learnto swimin shallov endof the
pool. For beginners,the deependis (or shouldbe)
frighteninganddangerousin the sameway, project
beginnersneedthe equivalent of oatation devices
to keepthemfrom drowning in projectmanagement.
Thisis accomplishedby a certaindegreeof guidance
in the projectwhich is provided by the supervising
staf.

Early projectscan be subjectto signi cant guid-
ance thatis, limited andarti cial in comparisorwith
full-blown engineeringprojects. In effect they are
guideddesignswhich are provided with mostof the
requiredinformationandsomedirectiontowarda so-
lution to the project.

However, even a project that is strongly guided
can increasemotivation and con dence and intro-
ducesomeof themanagementonceptf full-blown
projects.

For example second-yeakechstudentzanbere-
quiredto designand build a lever mechanismwith
a requiredoutputtrajectory Instructorsprovide the
technicalbackgroundand an example. Studentsto
Il in somelimited elementsof the design,acquire
parts, constructthe circuit, troubleshooterrorsand
documentheresult.

Althoughthe outcomes notin doubt,studentob-
tain muchthe samesenseof accomplishmenas se-
nior studentscompletinga much more comple< de-
sign.

1.4 Structuredand Free-Form

Someindustrialengineeringrojectsarede ned by a
list of speci cationsdrivenby marketinginformation
andthelegal requirementssuchasthe placemenpf
headlightonavehicleortheemissiorof interference
from acomputer

Otherprojectsaremorefree-form,in whichthede-
signis drivenby whatis possibleandwhatengineers
de ne asthecoolnesdactor

In thesameway, studentengineeringrojectsmay
be tightly speci ed (we usethe term structued) or
moreopen-endedfree-forn). An examplefrom elec-
tronics:

Structur ed | Free-Form

Designa ashlight us- | Design a ashlight
ing 2 light emitting | using light emitting
diodes. The ashlight | diode(s). Marks are
must: awardedfor:

Use a standad 9V | Compactness
batteryfor power

Include intensity con- | Batterylife

trol

Occupyno mote that | Light output
10cubiccm

Opemte more than | Designaesthetics
onehour

The Structuedform of the projectassignmente-
quiresstrongengineeringskills anda disciplinedap-
proach. The Free-Form form of the projectassign-
ment allows a wide latitude in the designencour
agesbig-picturecreatve thinking. Both methodsare
equallyvalid — they addresdifferentskills.



1.5 Sizeof the Project Team

Should projectsbe done by individual students,or
shouldstudentdegroupednto teams?

A teamsize of oneis simpleto evaluate:thereis
no placeto hide. Furthermorethereareno issuesof
team composition,dynamicsand evaluationto deal
with.

On the otherhand,largerteamsforce cooperatie
behaiour, important preparationfor the real-world
engineeringworkplace. A larger teamcan take on
a moreextendedproject,andfrom the standpointof
theinstructor supervisionrand markingmay be sim-
pli ed. However, effective studenteamvork doesre-
quiresomeup-frontorganization13], [14]. Thema-
jor objectionto group projects- parasiticbehaiour
- can be dealt with by techniqueq12] to evaluate
teammember®ontheirindividual contributionsto the
project.

1.6 Provision of Materials

Assumingthatthe projectis aboutconstructingsome
physicalsystem(suchasanaudioampli er or model
camgo airplane),studentswill needto obtaincertain
material. Therearethreealternatves:

1. Providea completechardware unit: This might
be appropriatewhere the project is centred
aroundsomeapplicationof the hardware,rather
thanits constructionFor example studentsnay
be given a completelyassembledobot. The
projectrequiresprogrammingthe robot to exe-
cute somespeci c task (eg, re- ghting), and
the learningobjectives are entirely centeredon
this softwaredevelopment.

2. Provide a kit of parts Studentsassemblethe
kit, therebyobtainingsomeexperiencein con-
structionin additionto the otherprojectrequire-
ments. In competitive project,a kit putsevery-
oneonthesamédooting. Sometimegertaincrit-
ical parts(motors)are provided to deliberately
restrainthe scopeof the project.

3. Requie studentsto chasethe parts Students
learnhow to trackdown partsanddealwith sup-
pliers,animportantreal-world skill.

2 Project Examples

In this sectionwe shav somedescriptorandimages
of projectsfrom Electrical Engineeringat Ryerson
University.

Light Emitting Diode Project

Audience Theatretechnologyand high schoolstu-
dents. Objective: Learnto build simple electronic
project. Concept Build light emitting diode 'de-
vice'. Guidance High, extensie written manual.
Structur e: Free-form,do somethingnteresting ex-
amplesprovided. Teamsize Individual. Hardware:
Givenpartslist, requiredto shop.

! RESISTOR FED
1 (under)

! RESISTOR ! || IRESISTOR
[ (under) | ‘r‘l (under)

Figurel: LED Flower

Extr emely Simple Processor

Audience Intro to Digital Electronics,EE students.
Objective: Learnhow amicrocomputeworksatthe
hardware level. Concept Write low and medium
level codeto make functionalcomputer Guidance

High, extensie written material. Structure: Con-

strainedmustmeetspeci cations. Teamsize Two.

Hardware: Provided.

Figure2: Extremely Simple Processor



eebot: Micr oprocessoiRobot

Audience Introductionto MicroprocessoProgram-
ming, EE students. Objective: Learnmicroproces-
sorconceptsandprogrammingConcept Programa
microprocesseguidedmobile robot to executevar

ious tasksincluding line following and solving a
maze. Guidance Medium, pointersto information
providedbut studentsnustdesignandconstructheir

own completeprogram. Structure: Constrained,
speci ¢ goals. Team size Individual. Hardware:

Provided.

Figure3: eebot

mechbot: Analog Guided Robot

Audience Intro to Electronic Circuits, Mech stu-
dents.Objective: Learnbasicanalogcircuits. Con-
cept Createcircuits to control robot, ultimately for
sumowrestlingcompetition. Guidance High, most
circuits describedin lab manual. Structure: Con-
strainedat rst, thenopenform. Team size Two.
Hardware: Partial kit provided.

Figure4: Mechbot

Weather Station

Audience Fourth year EE students. Obijective:
Learn analog design for complete microprocessor
system. Concept Build functional weatherstation
with threeinstruments. Guidance Medium: stu-
dentsmustdo somehardware designand complete
software. Structure: Structured,speci cationsare
givenandmustbe met. Teamsize One.Hardware:
Parts,includingmicroprocessdkit, purchasedy stu-
dents.

Figure5: Weather Station

eelablnstrumentation

Audience Fourth year EE students. Obijective:
Learninstrumentatiorsystems. Concept Program
modularelectronicinstrument.Guidance Medium,
somedocumentatiorprovided. Structure: Open-
endedchooseandimplementa system(from exam-
ples). Teamsize One.Hardware: Hardwareis pur-
chasedindassembledy studentgrom Kkit.

Figure6: eelab



ThesisProject

Audience FourthyearEE studentsObjective: Ma-
jor (capstoneprojectof EE CoursesConcept Orig-
inal projectwith signi cant design.Guidance: Low,
studentanustdo all researctanddesign.Structur e
Speci cationsare establishedy agreement. Team
size Two. Hardware: Purchasetby students’.

Figure7: Thesis Project

3 The OIP: Open Instrumenta-
tion Project

Figure8: OIP Oscilloscope and User Interface

In Electrical Engineering,project-basedearning
requiresaccesgo certainfundamentalitems of in-
strumentationpower supplies signalgeneratorvolt-
meterand oscilloscope.Traditionally, the university
provides this equipmentbut restrictsaccesgo spe-
cic locationsandtimes. For studentspurchasing
their own electronicequipments not an option: it's
too expensve.

2Photocredit, Luis FernandezRyersonUniversity

The OIP (OpenlinstrumentatiorProject)is based
on one salientidea: if studentshad accesso their
own personal electonic equipmentthen signi cant
project-basedearning- andthe executionof corven-
tional lab laboratory exercises- couldtake placeout-
side scheduleduniversity lab sessions. This would
enhancestudentlearning, allow more sophisticated
projects,andreducepressuren universityresources.

We have developeda systembasedon opensoft-
ware that provides these sameinstrumentsto stu-
dents.The systemuseshe hardwareshovn in gure
8 and open-sourcesoftware that runson a personal
computer For the costof about2 textbooksiit is fea-
siblefor a studento own anelectronicdab.

At thistime, 3 instrumentsareavailable,similarin
appearanc® gure 8:

Dual channeROMS/sewscilloscope
Waveformgenerator
Pawver Supply

Thesearetheinstrumentaisedn basicelectricityand
electronicdaboratoried

A fourth instrument,a network analyserfor mea-
suringtheamplitudeandphaseesponsef electronic
circuits[2], is availableasfree softwarethatworksin
conjunctionwith theoscilloscopeandwaveformgen-
erator

3.1 OIP Architecture

A block diagramof the oscilloscopesystemis shovn
in gure 9.

TheOpeninstrumentatiofProjectinstrumentard-
ware attachedo a PC hostvia the USB port. The
USB connectiorprovidespower to theinstrumentso
thatan AC adaptoris notrequired. The oscilloscope
hardwareis smallandlight enoughto t into a shirt
pocket.

An exampleof thesoftware—theoscilloscopes Ul
(GraphicalUser Interface)— is shown in the back-
groundof gure 8. Thereareno mechanicaswitches
or controls - all operationof the instrumenttakes
placeonthevideodisplay

In addition to the control functions, the host PC
provides printing, storageand analysisfacilities for
data.

The USB connectionprotocolis complicated. In
this case,it is treatedas a high-speedvirtual serial
connection,which avoids much of the compleity.

3Low-costdigital voltmetersarealsorequired. They arereadily
availablefrom othersources.
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Figure9: OIP Block Diagram

Therearetwo componentgo this system( gure 9).

In the hardware,anIC corvertsthe USB datastream
to asynchronouserialformat which is thenhandled
by theserialcommunicationinterfaceof amicropro-
cessor In the host,driver softwareinterceptscallsto

a serial (tty or COM port) and convertstheminto a
USB datastream.

With thisarrangemerih place theinstrumensoft-
wareonthehostPCcancommunicatevith theinstru-
menthardwareby readingfrom andwriting to a vir-
tual serialport. Tcl/Tk, Visual Basic,C++ andMat-
lab have all beenusedto programthe hardware. A
terminalemulatormay be usedto sendASCIl com-
mandstringsto thehardwarefor detuggingpurposes.

3.2 The Host Software

The PC host software is written in the Tcl/Tk lan-
guage which hasa numberof attractve featuresfor
this typeof application:

It is opensource,maintainedand extendedby
a large usercommunityandfreely availablefor
ary use[3].

It is multi-platformandrunsunderLinux, Unix,
Windows and Apple operatingsystems. Engi-
neeringstudentsat RyersonUniversity oftendo

software developmenton a Windows machine
at home and then demonstratehe samesoft-
wareon a Linux machineat Ryerson.The GUI

changesdo suitthelook andfeel of its hostma-
chine.

Tcl is a scripting language,and so no compi-
lation or linking arerequiredto run a program.
Programsarepuretext andareinterpretecy the
host.

The Tk partof Tcl/Tk is a tool kit for the con-
structionof agraphicaluserinterface.As there-

sult of somecleverdesigndecisionsTk is pow-

erful andeasyto learn. A graphicaluserinter-

facecanbe constructedn a matterof minutes.
An eventhandleris intrinsic in the languageso
mouseand keyboard events are trivial to pro-
gramandmanage.

AccesdotheUSBportis built into thelanguage.
It is treatedasa 'virtual serialport'. No drivers
arerequired.

It is possibleto operatemultiple instance®f the
sameprogram. For example,onecomputercan
hostseveral power supplies,eachconnectedo
its own USB port.



Soclets are available to support the inter-

processcommunicationof multiple GUI mes-
sagesources. This simpli es the designof the
software. As well, socletscansupportconnec-
tionsto othernetworkedsourcesThesecouldbe
computersn the samelaboratory or via thein-

ternetto someremotelocation. This hasthe po-

tentialfor supportingremoteaccesgo the hard-
ware,or the duplicationof GUI clientsat differ-

entlocationssothatotherpeoplecanseewhatis

beingmeasured.

The Tcl instrumentsoftware sourcecodeis avail-
able software from the Syscompweb site [1] and
from Sourcefoge [4], the traditional repositoryfor
open-sourcsoftware.

3.3 Con gurable Instrumentation

It is possibleto con gure the hardwareasnew instru-
mentsfor speci ¢ measuremenapplications. This
is accomplishedy creatinga virtual instrumentand
graphicaluserinterfaceonthehostcomputeywithout
modi cation of the hardware.

For example:

The waveform generatorand oscilloscopeare
programmedto a perform frequeng response
plot of a circuit network.

The programmablgower supplyandvoltmeter
form asimplecurvetracer

The power supply is usedto sweepa heatsink
througha rangeof powerswhile the voltmeter
usesa thermistorto measura¢emperature.The

GUI calculatesand displaysthermalresistance
vs power dissipation.

The systemcontaingwo functiongenerator$or
a communicationgxercise.Onegeneratopro-
videstheinformationsignalandthesecondyen-
eratomprovidesthemodulationsignal. Theoscil-
loscopesoftware performsa Fourier Transform
anddisplaysthe spectrunof the modulatedsig-
nal.

In this manneythe systemcanbe usedfor projects
in instrumentatior performspecializedunctionsin
alargerproject.

3.4 Applications in Education

Any real technologicalinnovation has applications
and socialimplicationsbeyond its obvious rst use.

The rst and primary use,asindicatedin the intro-
duction, is to supportproject-basedearning. How-
ever, thereareotherinterestingpossibilitiesfor anaf-
fordable modularelectronicinstrumentatiorsystem:

StagedIntr oduction Becausehis instrumenta-
tion is modularand affordable, studentscould
stagetheir acquisition of a complete system.
The power supplyand voltmetersupportanin-
troductorycircuitscourse Thewaveformgener
atorandoscilloscopeompleteafunctionalelec-
tronicslaboratory The total costcould be dis-
tributedover a periodof time.

PresentationBecausehis instrumentatioruses
aPChost,it is possibleto usea digital projector
to demonstrateperationof the instrumentsin
a classroomor laboratory Commercialinstru-
mentsgenerallydo not have this facility.

Networking Soclet communicatiorin the host
software supportsvariousforms of distanceed-
ucationvia theInternet.

New Exercises and Demonstrations Tradi-

tional lab equipmenthaslimited functionality.

For example,the standarduniversity lab wave-

form generators capableof sine,squareandtri-

anglewaveshapedf anarbitrarywaveformgen-
eratoris available,thena numberof interesting
exercisesarepossible For example thegenera-
tor is setup to producea cardiogramwaveform
plus 60Hz noise. The oscilloscopeis setup in

spectrum-analysemodeto shaov the spectrum
of this signal. Thestudenthendesignsaanactive

Iter to bandpasdter thedesiredsignal.

Instrumention Project As partof acoursdn in-
strumentationstudentsouldaddfeaturego the
existing software or, at a more advancedlevel,
addnew hardwareandsoftware modulesto the
system.

Open Software EnhancementsTheinstrument
graphicaluserinterfacecodefor this projectwill
bein thepublicdomain.In thetraditionof Open
Software,we expectthatstudentwill contribute
andbene t from contributionsthatenhanceand
modify the instruments.For example,students
have alreadycontributeda waveform editor for
the generatomanda waveformmathpackageor
theoscilloscope.



4 Conclusion

Project-based-learnings an effective method of
learningin theengineeringurriculum. It encourages
involvementof the studentsin the learningprocess
and corveys importantinformation on project man-
agement.

Projectcanhave avarietyof formsandstructures.
In the processof organizingan engineeringproject,
someexplicit consideratiorshouldbegivento theal-
ternatves and how they supportthe learningobjec-
tives.

It is now feasibleto supportproject-basedearning
by providing studentswith theirown setof electronic
instruments. The combinationof of low-costelec-
tronic componentsppensoftware and powerful per
sonalcomputeranakesit possibleto provide amod-
ular, versatilesystemat very modestcost.

Providing studentswith electronicinstrumentation
holdsoutthepromiseof de-structurindabaccessind
improving learning.It alsocreatesa numberof inter-
estingpossibilitiesat the lab curriculumlevel andin
theorganizatiorof universitylaboratories.
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