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Inthisapplicationnote,Ihopetohelpyouobtainbetterresultsinyourfinalsystem by

addressingsomepracticalmattersthatcanholdyouback.Iwillshowyousometypicalpitfalls

ofRFengineeringprojectswithashortturnaroundtimeandtightbudget.Iwillproposehowto

wireyoursystem toallowmorethoroughtestingandlesserrorinyourdata.Iwillshowyoua

typicalproblem withthemodulationsourceinanFMCW radarsystem;Iwillshowyouhowour

team optimizedourantennasforchallengeswehadnotaccountedfor;andIwilladdressoneor

twoofthetimedifficultiesyoumayfaceinyourownproject.

Thoroughlytestingyoursystem isessentialtoobtaininggoodresults.Whenthetime

cameforustotest,wefacedsomelogisticalhasslesthatcouldhavebeenavoided.Wehad

poweredoursystem from adesktoppowersupplyeversincebuildingthebreadboardsystems

from thefirst-quarterlabs.Sinceitisimpossibletodoarealistictestofaradarinsideasmall

laboratoryroom,yoursystem mustbetakenoutsidetoanopenarea,whichmeansyouneeda

portablewaytopowerit.Oursolutionwastomakeourownbatterypack.Weusedsomelithium

cellssalvagedfrom alaptopbattery,butyoumightfindamorepracticalsolutionlikeanRCcar

batteryorsome9-voltbatteriesconnectedinparallel.Thechoiceofportablepowersolutionsis

somethingyoucanworkonwhileyouarewaitingforprintedcircuitboardstoship,andwork

seemstobestalledonyourproject.Whateveryouchoose,makesureitiseasytomovearound

andeasytoconnectanddisconnect.Rememberthatifyouoptforlithium cells,useofthe

improperchargercancauseheatandexplosions!

Mostteamshadpowerandsignalwiresflownhaphazardlybetweencircuitboards

and/orcomputers/powersuppliesoncompetitionday.Thismadeitawkwardtosetupanduse

thesystems.Mostteams(includingours)hadbreadboardwirestopluginforpower,ground,

andsync,plusaudioanddatawiring.Everytimewetestedthesystem,wehadtodealwiththis

wiring,andonedifficultyforuswasloosewireconnectionstotheboardcausingsignalstodrop

outduringuse.Youmightwastelesstime,achievemoreinyourtesting,andrunlessriskof

breakingthingsduringcompetition,ifyoucreateasimplewireharnesssothatyoucanplugin

andunplugyoursetupinonestep,withallthewirestiedtogether.OnegoodoptionisAnderson

"PowerPole"connectors(http://www.andersonpower.com/us/en/products/powerpole/index.aspx).These

aremodularandcanbeeasilyhookeduptogethertomakeoneunifiedwireharnesstoplugin

andunplug.Thisway,connectionstotheboardarehard-wiredandcanbesolderedinplace,

reducingthechanceoflooseconnectionscorruptingyourresults.
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Typicalwiringforacollegeengineeringproject(ourown).Syncwire(lowerleft,middleboard)brokeoffthePCB

duringcompetitionandhadtobeprobed.

Andersonconnectors.Wiressolderintothemetallugs,whichinsertintotheplasticsockets.Socketsslidetogetherto

makeaharness.

Giventhatweareworkingwithinthequartersystem,youwillprobablyfindthattimeis

moreimportantthananyotherconsiderationindesigningandtestingyourradarsystem.Itis

mostlikelythatyouwillonlyhavetimetoorderandassembleonePCBdesign,plusonebugfix

ormodificationtothatdesign.Inourcase,wehadsometracesonourcircuitboardthatshould

havepassedthroughacomponenthole,totheothersideoftheboard,butdidnot.Wealmost

hadtouseaboardwehaddrilledthrough,withwireconnectingbothendsofthehole,butwe

managedtogetaredesignedversionoftheboardshippedtousjustintime.Itmightbeinyour

bestinteresttofindasupplierfasterthanthedefaultoneusedbytheclass.Insomecases,

PCBscanarrivemorequicklyfrom overseasthanfrom locally.Itisworthwhiletofindsucha

supplierbecausealmosteveryprintedcircuitboarddesignwillhavesomekindofproblem inits

firstiteration.

Whileyoumaybeabletopredictthebehaviorofyoursystem usingsomecarefulhand

calculations,itsactualperformancewillbeaffectedbyfactorsyouhadnotthoughtofor

includedinyourmathematicalmodel.OurdesignusedYagi-Udaantennasforboththe

transmittingandreceivingend,butsomefactorsintheirimplementationhadtobeobtained
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experimentally.Wedidnotpredictanoptimalspacingbetweenthetwoantennas,theiroptimal

orientation(vertical,horizontal,sideways,etc.)ortheeffectofambientnoise,reflections,and

crosstalkbetweentheantennas.Wedealtwithallthesefactorsexperimentally.Crosstalkwas

themostimportantunforseenvariableforus.Whiletestinginthelab,weviewedthereceived

waveform onanoscilloscopeandsawaverynoticeablechangeinthewaveform wheneverwe

insertedametalplatebetweenthetransmittingandreceivingantennas.Ourfinalsolution

lookedgoofy,butitwaslightweightandeffective:weplacedtinfoil-wrappedcardboardvertically

betweenourantennastostopcrosstalkbetweenthem.Wecouldhavefabricatedsomething

outofasteeloraluminum plate,butthechangeinsystem weightwouldbesignificant,andthe

onlyothergainwouldbeaesthetic.

Silly-lookingbuteffectiveantennacrosstalkeliminator.Otherantennaisbehindfoilplate.

Finally,wealsoimprovedourresultsbyworkingonthetrianglewaveweusedfor

modulation.Wehadstartedwithasimple,commonly-usedPythonscript,andwedidgetusable

resultswithit,butwhenweviewedthewaveonanoscilloscope,itwasclearwecoulddobetter.

Thewaveform was"stair-stepped",meaningitonlymadeuseofasmallnumberofbitsfor

verticalresolution.Ultimately,wegeneratedabetterwavewithourRaspberryPi,andthehigher

resolutionmeantthatourVTunewasmovingsmoothlybetweenalargenumberofvalues,

insteadofsteppingtheVCOabruptlyfrom onefrequencytoanother.Thisgreaternumberof

differentVCOfrequenciesasafunctionoftimeallowsyourcodeonthereceivingendtobetter

discerntheexactdistancefrom thetarget;thisisbecauseeachfrequencycorrespondstoa

differenttimeoftransmissionforacontinuously-modulatedwave.Makesureyoulookatyour

trianglewaveonanoscilloscopetoseeifyouaregettingasmoothwaveform;ifyouarenot,

eitheryouneedaDACwithahigherbitdepth,oryouneedtoadjustthemaximum andminimum

valuesinyourcodetomakefulluseofwhateverbitdepthyouhave.
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Low-resolutiontrianglewaveshowing"stair-stepping"effectfrom lowbitdepth.Avoidthisbyusingagoodenough

DACandoptimizingyourcodeforasmuchamplitudeaspossible.

Rememberthatnoteveryresultortechnicaldifficultycanbepredictedonpaper.Getsomething

donefast,thengetoutandtestit!Thebestsystemsaretheonesthathavebeenburnedinand

shakendownbeforethetimecomestopresentyourwork.Thisistrueinindustryaswell!Good

luckwithyourprojects!


