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Main Results: multi-user (30 simultaneous connections tested), multi-experiment, multi-session, 7/7 days 24/24 hours, entire learning process including practical work

Discussion: pedagogical limits of all virtual, all digital;  collaborative work (distant team-work); evaluation process, learning objectives; online/offline; pros & cons of Simu vs. Real ?
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1)1) Context Context::  Remote Remote LabLab Work Work

nn SP & SP & electronicselectronics lab: engineering  lab: engineering studentsstudents

nn Distant Distant practical learningpractical learning (via Internet TCP/IP) (via Internet TCP/IP)

nn RealReal--world experimentsworld experiments and instrumentation: and instrumentation:

–– not onlynot only simulations simulations and  and virtualvirtual instrumentation instrumentation

–– physical devices physical devices & instruments (& instruments (analoganalog/digital)/digital)

–– PC PC remote controlremote control/monitoring of distant /monitoring of distant systemssystems

nn AdvantagesAdvantages::

–– reduced costreduced cost for for education education

–– pedagogical pedagogical resource sharingresource sharing

–– fast fast prototypingprototyping, , easy easy maintenance, extensiblemaintenance, extensible

–– automated measurementsautomated measurements,, speed speed--upup,, error error free free

3)3) Control Center Control Center
nn On On server server sideside::

–– start web serverstart web server

–– start remote start remote panelpanel

–– start watchdogstart watchdog

–– CGI scriptsCGI scripts

nn Management:Management:
–– pluggable experiment listpluggable experiment list

–– remote remote administrationadministration

–– users loginusers login,, passwd passwd

–– user user accessaccess, connections, connections

–– client client queriesqueries

–– configconfig. . experimentsexperiments

–– visu visu logslogs, , historyhistory, , statisticsstatistics

nn 5 types of 5 types of plugplug--insins::

–– experimentexperiment:: one plug one plug-in per -in per experimentexperiment

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

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

nn Server pluginServer plugin::

–– templatetemplate  availableavailable for  for tutortutor

nn WorkingWorking mode mode selection selection: : Local vs. ClientLocal vs. Client  &  &

ExpeExpe. vs. . vs. SimulSimul..

4)4) Plug Plug--insins2) Client-2) Client-ServerServer Architecture Architecture
nn GGlobal architecturelobal architecture

–– sofwaresofware & hardware & hardware

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

nn HTTPHTTP Server Server::

–– G G Web ServerWeb Server, CGI scripts, CGI scripts

–– Internet Internet Developper ToolkitDevelopper Toolkit

nn Client Client through internetthrough internet::

–– student at student at home(home(cdromcdrom,,runtimeruntime))

–– upload paramsupload params &  & configsconfigs

–– run experun expe., ., realreal-time visu of -time visu of curvescurves

–– download download of of resultsresults &  & measuresmeasures, , interpretationinterpretation

Client Application Server Application
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5) Prototype 5) Prototype ImplementationImplementation

nn ServerServer::

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

–– measurement devicesmeasurement devices: : waveform generatorwaveform generator,,
oscilloscope, programmable power oscilloscope, programmable power supplysupply, DAQ, DAQ
boardboard, , multimetermultimeter, , switchswitch--boardboard (for power on/off) (for power on/off)

nn Client : Client : graphicalgraphical interface = interface = control control panel panel

nn Server sideServer side Client Client sideside
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6)6) Student Student Application Application

nn Typical experimentTypical experiment: : BodeBode  plotsplots

–– frequentlyfrequently  usedused for  for systemsystem  characterizationcharacterization in  in electronic labselectronic labs

–– precise measureprecise measure of  of timetime delay delay  withwith oscilloscope (BWL, oscilloscope (BWL,
averagingaveraging, gain, gain limit limit, , autoscaleautoscale, noise...), noise...)

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

nn More:More: data acquisition + SP, image  data acquisition + SP, image processingprocessing, automation,, automation,
supervision of programmable supervision of programmable devices devices and interfaces, and interfaces, electricalelectrical

characteristicscharacteristics of of circuits &circuits & systems systems
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