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ContextContext:: RemoteRemote Lab Lab WorkWork

�� ElectronicsElectronics, automation, signal , automation, signal processingprocessing labslabs::

–– technicaltechnical & engineering & engineering studentsstudents

–– undergraduateundergraduate levellevel

�� Distant Distant practicalpractical learninglearning

–– via Internet TCP/IPvia Internet TCP/IP

�� RealReal--worldworld experimentsexperiments and instrumentation:and instrumentation:

–– notnot onlyonly simulationssimulations and and virtualvirtual instrumentationinstrumentation

–– physicalphysical devicesdevices & instruments (& instruments (analoganalog/digital)/digital)

–– PC PC remoteremote control / monitoring of distant control / monitoring of distant systemssystems



ClientClient--ServerServer ArchitectureArchitecture
�� GGlobal architecturelobal architecture

–– sofwaresofware & hardware& hardware

–– open, extensibleopen, extensible ((plugplug--insins))

�� HTTP Server:HTTP Server:

–– G Web Server, CGI scriptsG Web Server, CGI scripts

–– Internet Internet DevelopperDevelopper ToolkitToolkit

�� Client Client throughthrough internetinternet::

–– studentstudent atat home (home (withwith cdrom)cdrom)

–– uploadupload paramsparams & & configsconfigs

–– runrun expeexpe., ., realreal--timetime visu of visu of curvescurves

–– downloaddownload of of resultsresults & & measuresmeasures, , interpretationinterpretation
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Control Control CenterCenter

�� On On serverserver sideside::
–– startstart webweb serverserver

–– startstart remoteremote panelpanel

–– startstart watchdogwatchdog

–– CGI scriptsCGI scripts

�� Management:Management:
–– pluggablepluggable experimentexperiment listlist

–– remoteremote administrationadministration

–– usersusers login, login, passwdpasswd

–– user user accessaccess, connections, connections

–– client client queriesqueries

–– config. config. experimentsexperiments

–– visu visu logslogs, , historyhistory, , statisticsstatistics



�� 5 types of 5 types of plugplug--insins::

–– experimentexperiment: : oneone plugplug--inin per per experimentexperiment

–– simulationsimulation (math & (math & physicsphysics models)models)

–– webweb pages, pages, demosdemos, , otherother (reports, visu, (reports, visu, quizzquizz...)...)

�� Server Server pluginplugin::

–– templatetemplate availableavailable for for tutortutor

�� WorkingWorking mode mode selectionselection: : Local vs. ClientLocal vs. Client &  &  

ExpeExpe. vs. . vs. SimulSimul..

PlugPlug--insins



Prototype Prototype ImplementationImplementation

�� Server:Server:

–– PC Windows, PC Windows, GPIBGPIB bus (IEEE488), bus (IEEE488), LabVIEWLabVIEW

–– measurementmeasurement devicesdevices: : waveformwaveform generatorgenerator, , 

oscilloscope, programmable power oscilloscope, programmable power supplysupply, DAQ , DAQ 

boardboard, , multimetermultimeter, , switchswitch--boardboard (for power on/off)(for power on/off)

�� Client : Client : graphicalgraphical interface = control panelinterface = control panel

�� Server Server sideside Client Client sideside
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StudentStudent Application Application ExampleExample

�� CharacterizationCharacterization ofof electronicelectronic circuits & circuits & systemssystems::

–– Use Use ofof realreal systemssystems & & measurementmeasurement devicesdevices

�� TypicalTypical experimentexperiment: : BodeBode plotsplots

–– GainGain GdBGdB=20log(Vs/=20log(Vs/VeVe)  & )  & PhasePhase ∆φ∆φ=2=2ππff∆∆t: t: functionfunction of f(Hz)of f(Hz)

–– frequentlyfrequently usedused for for systemsystem characterizationcharacterization in in electronicelectronic labslabs

–– preciseprecise measuremeasure of of time time delaydelay withwith oscilloscope (BWL, oscilloscope (BWL, 

averagingaveraging, gain , gain limitlimit, , autoscaleautoscale, noise...), noise...)

�� StudentStudent uploadsuploads experimentalexperimental parametersparameters, , 

instrument instrument settingssettings andand electricalelectrical connectionsconnections

R2

+

-
VIN(t)

R1

1

R3 C2

C1

VOUT(t)



StudentStudent ApplicationApplication
�� DownloadDownload ofof resultsresults + + graphicalgraphical displaydisplay

–– GainGain GdBGdB=20log(Vs/=20log(Vs/VeVe)  & )  & PhasePhase ∆φ∆φ=2=2ππff∆∆t: t: functionfunction of f(Hz)of f(Hz)

�� InterpretationInterpretation + + sendsend reportreport ((cfcf pedagogicalpedagogical data)data)

�� OtherOther experimentsexperiments::

–– data acquisition + signal data acquisition + signal processingprocessing, image , image processingprocessing, , 

automation, supervision of programmable automation, supervision of programmable devicesdevices and interfaces, and interfaces, 

electricalelectrical characteristicscharacteristics ofof circuits & circuits & systemssystems, , mechanicalmechanical

engineeringengineering……



AdvantagesAdvantagesAdvantagesAdvantagesAdvantagesAdvantagesAdvantagesAdvantages
�� ReducedReduced costcost for for educationeducation

–– expensiveexpensive devicesdevices

�� PedagogicalPedagogical resourceresource sharingsharing

–– withinwithin / / betweenbetween universitiesuniversities

�� AvailabilityAvailability : : 7/7days 24/24 7/7days 24/24 hourshours

�� FastFast prototypingprototyping, , easyeasy maintenance, extensiblemaintenance, extensible

–– plugplug--inin conceptconcept

�� AutomatedAutomated measurementsmeasurements

–– speedspeed--upup, , errorerror freefree



OutlineOutline
�� KeywordsKeywords: : Distant Distant LearningLearning, , LabworkLabwork, , TechnicalTechnical

Education, Education, LabVIEWLabVIEW

�� Main Main ResultsResults::

–– multimulti--useruser (30 (30 simultaneoussimultaneous connections connections testedtested))

–– multimulti--experimentexperiment, , multimulti--sessionsession, , 

–– entireentire learninglearning processprocess includingincluding praticalpratical workwork

�� Discussion:Discussion:

–– pedagogicalpedagogical limitslimits of of allall virtualvirtual, , allall digitaldigital

–– pros & cons: pros & cons: SimuSimu vs. vs. RealReal ? (cf. ? (cf. universityuniversity surveysurvey))

–– collaborative collaborative workwork (distant (distant teamteam--workwork))

–– evaluationevaluation processprocess, , learninglearning objectivesobjectives

–– onlineonline//offoff--lineline? (? (cfcf videovideo, , realreal--timetime))


