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公路超速检测激光测速仪研究

厉文涛1,汤灏2,周健1

(1国防科技大学 前沿交叉学科学院 光电工程系,长沙410073)

(2湖南省计量检测研究院,长沙410014)

摘 要:为了减少公路违章超速现象的发生,使交通安全监测体制更完善,设计并研制了一种可远距离

工作的便携式激光多普勒测速系统.阐述了激光多普勒测速的基本原理和光束变换的实现方法,并利用

双透镜类望远系统的结构搭建了用于公路超速检测的激光测速仪.理论分析与路边测试试验表明:该激

光多普勒测速系统具有长工作距离和大景深的特点,并且可以较高精度获得车辆的行进速度.相比于传

统激光测速仪,便携式激光多普勒测速系统提升了中心工作距离并增大了景深.新激光测速仪的中心工

作距离为10m,景深为±1m,测速精度可以达到0.1%.
关键词:遥感;激光多普勒测速仪;光束变换;超速检测;远距离工作
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ResearchonLaserVelocimeterforOverspeedDetectiononHighways

LIWen-tao1,TANGHao2,ZHOUJian1
(1DepartmentofOptoelectronicEngineering,CollegeofAdvancedInterdisciplinaryStudies,

NationalUniversityofDefenseTechnology,Changsha410073,China)
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Abstract:Inordertoreducetheillegaloverspeedonhighwaysandimprovethetrafficsafetymonitoring
system,aportablelaserDopplervelocitymeasuringsystemforlong-distanceworkisproposed.The
principleoflaserDopplervelocimeterandthemethodofbeamtransformationaredescribedindetail.And
usingthestructureofthedoublelenstelescopesystem,thelaservelocimeterforhighwayoverspeed
detectionisbuilt.TheresultsoftheoryandexperimentshowthatthislaserDopplervelocitymeasuring
systemhasthecharacteristicsoflongworkingdistanceandlargedepthoffield,andthevehicle’svelocity
canbeobtainedwithhighaccuracy.Comparedwithtraditionallaservelocimeters,thecenterworking
distanceandthedepthoffieldareincreasedbythisportablelaserDopplervelocitymeasuringsystem.The
centerworkingdistanceofthisnovellaserDopplervelocimeteris10m;thedepthoffieldis±1m,and
thevelocitymeasurementaccuracycanreachto0.1%.
Keywords:Remotesensing;LaserDopplervelocimeter;Beamtransformation;Overspeeddetection;
Long-distanceworking
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0 Introduction
Overspeedisoneofthebiggesthiddendangerswhichwillleadtotrafficaccidents.Itnotonlyaffects

thenormaltrafficorder,butalsoposesahugethreattopeople’slivesandproperty.Accordingtorelevant
statistics,over70% oftrafficaccidentsonhighwaysinChinaarecausedbyoverspeed.Therefore,
developingadvancedvehiclevelocitymeasuringtechnologyanddetectingvelocityofvehiclesintrafficare
importantandsignificant[1,2].

Thetraditionaloverspeeddetectiontechnologyincludesradardetection,groundsensecoildetection
andvideodetection[3].Radardetectiontransmitsradarwaveswithacertainfrequencytoamovingvehicle,
anddetectsthefrequencyofthereflectedwaves[4,5].Finally,thevehicle’svelocitycanbecalculatedbythe
differencebetweenthetransmissionandreceptionfrequencies.Duetothelargeconeangleoftheradar
waveanditswideirradiationarea,radardetectionhastheadvantageofeasytargetdetection,butits
effectivemeasurementdistancewillalsobereduced,andthemeasurementaccuracywillbeaffectedby
othervehicles.Thegroundsensecoildetectionistoembedtheinductioncoilonthegroundandcalculate
thevelocitybysensingtheelectromagneticsignalofthevehicle.Thismethodhashighaccuracyand
sensitivity,butitrequiresalargeamountofconstructiontolaytheinductioncoilundertheground,andit
isgreatlyaffectedbyenvironmentalfactorsandroadsurfacequality.Thelatermaintenancecostis
relativelyhigh.Inaddition,thevideodetectiontechnologyusesaclosed-circuittelevisionordigitalcamera
todigitallyanalyzethebehaviorofvehiclestoobtaintheirvelocityinformation[6,7].Thisdetection
technologyhastheadvantageofprovidingmanagementinformationsuchasvisualimages,butitsdetection
accuracyissensitivetothechangeoflightattheintersection,andthequalityoftheimagealgorithm
directlyaffectsthedetectioneffect.

ThelaserDopplervelocitymeasurementtechnologyiswidelyusedinmanyfields,suchasmachinery,
aviationandmedical[8,9],duetoitsadvantagesofhighaccuracy,goodlinearity,fastdynamicresponse,
largemeasurementrange[10,11].Atthesametime,theworkingfrequencyoftheLaserDopplerVelocimeter
(LDV)ishigh,soitsaccuracywillnotbeaffectedbythenumberofmeasuredobjects,anditalso
performswellinharshenvironmentssuchasdimlight[12].AlthoughtherearemanymatureLDVproducts
onthemarketandthescholarsathomeandabroadareconstantlyimprovingthem[13-15],theyhavenotbeen
wellappliedinthefieldofoverspeeddetectiononhighwaysbecauseofitsshortworkingdistance(The
workingdistanceofcommonvelocimetersisabout0.5m).

Therefore,inordertomakeupfortheshortcomingsofthetraditionaloverspeeddetectiontechnology
onhighways,andtobeabletocombinethelaserDopplervelocitymeasurementtechnologywiththe
overspeeddetectionwell,theprincipleandimplementationmethodofbeamtransformationarediscussedin
detail,andaportablelaserDopplervelocitymeasuringsystemthatcanbeoperatedfromalongdistanceis
designedbasedontheopticalstructureofsingle-beam LDVinthispaper,andusedtodetectmobile
overspeedvehiclesonhighways.

1 Principleoflaservelocimeterforoverspeeddetection
1.1 OpticalprincipleoflaserDopplervelocitymeasuring

DopplereffectisthetheoreticalbasisoflaserDopplervelocimeter,itreferstothatwhenabeamof
laserlightwithasinglefrequencyshinestoamovingparticle,andthefrequencyofthelightreceivedbythe
particleisdifferentwiththatofthelightsource.Thelightfrequencyf'receivedbyparticlecanbegivenby

f'=fo1-
v·eo

c
æ

è
ç

ö

ø
÷ (1)

wherefoisthefrequencyofthelightsource,visthevelocityofthemovingparticle,eoistheunitvector
oftheincidentlightofthelightsource.

UsingEq.(1)ofsingleDopplereffect,thefrequencyfsdetectedbythephotodetectorwhenthelight
wavereachesthephotodetectorthroughthemovingparticlescanbecalculated(twiceDopplereffect),and
thenthedifferencefD(theDopplerfrequencyshift)betweenfsandfocanbeexpressedby

fD=fs-fo=
v·(es-eo)

λ
(2)
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whereesistheunitvectorofthescatteredlightoftheparticle,andλisthewavelengthofthelightemitted
bythelightsourceinthemedium.

Whenthelasersourceandthephotodetectorarepackagedtogether,therelativepositionsofthe
componentsinFig.1(a)canbeshownasFig.1(b),andeo=-es,thenEq.(2)canbeexpressedas

fD=2
v·es
λ

(3)

Fig.1 Relativepositionsoflightsource,movingparticleandlightdetector

AccordingtoEq.(3),iftheanglebetweenthedirectionofthevehicle'svelocityandthedirectionofthe
lightisθ,theDopplerfrequencycanbegivenby

fD=2
vcosθ

λ
(4)

  Therefore,thevelocityofthevehiclecanbegivenby

v =
λfD

2cosθ
(5)

  BecausethebeamoutputbythelaservelocimeterisGaussianbeamandithasacertaindivergence
angle,thespotdiameteratmiddleandlongdistanceofthedecameterrangebecomeslargerwhichcauses
theechosignaltobeveryweakandthesystemcannotworknormally.Thelightfielddistributionof
GaussianbeamisshownasFig.2(a),whereω(z)istheradiusofthespotatthecoordinatez,ω0isthe
radiusofthewaistspotofthelaserbeam,andθ0isthedivergenceangleofthefarfield.

Fig.2 Gaussianbeamfielddistributionanditstransmissiontroughasinglelens

Inordertoenhancetheechosignalandimprovethesignal-to-noiseratiooftheDopplersignal,sothe
Laserspeedometercan work withlongdistance.The Gaussianbeam emittedfrom thesystemis
transformedbyonelensgroupinthispaper[16].ThetransmissionoftheGaussianbeamthroughasingle
lensisshowninFig.2(b),andthemathematicalprinciplecanbeexpressedby

l'=F+
(l-F)F2

(F-l)2+
πω2

0

λ
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è
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(6)

ω'20 =
F2ω2

0

(F-l)2+
πω2
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whereFisthefocallengthofthelens,ω0istheradiusofwaistspotoftheincidentGaussianbeam,lis
thedistancebetweenthewaistspotandthelens,q0istheparameterqatthewaistoftheincidentGaussian
beam,qBistheparameterqoftheGaussianbeamattheexitsurfaceofthelens,q'0istheparameterqat
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thewaistoftheexitGaussianbeam,ω'0istheradiusofthewaistoftheGaussianbeamandl'isthe
distancebetweenthewaistandthelens.

Consideringthatitisdifficultforasinglelenstofocusthelaserbeamtoalongdistance(decameter
level),weuseashort-focusconcavelensandalong-focusconvexlenstoformatelescope-likesystem,and
transformtheGaussianbeambasedonthesystem,asshowninFig.3.

Fig.3 Diagramofbeamtransformationofdouble-lenstelescopicsystem

1.2 Opticalstructureoflaservelocimeterforoverspeeddetection
TheopticalstructureofthevelocitymeasuringsystemisshowninFig.4.Thebeamemittedbythe

laserisdividedintotwobeamswithequalintensitybythebeamsplitter.Thereflectedbeamreturnsinthe
originaldirectionthroughthemirrorandtheattenuator,andthenenterstheavalanchediodethroughthe
beamsplitter,polaroid,filteranddiaphragm,whichisthereferencelight;tetransmittedbeampasses
throughthebeamconversionlensgroupandgetstothesideofthevehicle.Atthistime,thereare
scatteredlightsinalldirections.Amongthem,thescatteredbeamsreturnintheoriginaldirectionare
convertedbythelensgroupagain.Andsimilarlytheygettotheavalanchediodethroughthebeamsplitter,
polaroid,filter,anddiaphragm,whichisthesignallight.Therearetwomainfunctionsofthebeam
conversionlensgrouphere:thefirstoneistochangethebeamwaistofthelasertothefarlane;thesecond
oneistoreceivetheechosignal.Thereferencelightandthesignallightinterferewitheachotheron
thephotosensitivesurfaceoftheavalanchediode,andthevoltagesignaloutputbytheavalanchediode

Fig.4 Structureofthelaservelocitymeasuringsystem

modulecontainstheDopplersignalwiththeDopplerfrequencybecauseofthesquarerateeffectofthe
photodetector.ThesubsequentcircuitcanprocesstheDopplersignalandextracttheDopplerfrequency,
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andthenthevelocitycanbecalculated.
Asforthesignalprocessingmethod,FastFourierTransform (FFT)isused,mainlybecausethis

methodhasastrongabilitytoextractsignalsfromnoiseandcanacceptdiscontinuoussignals.Theflow
chartofsignalprocessingisshowninFig.5.Aftertheavalanchediodemoduleconvertstheopticalsignal
intotheelectricalsignal,thedataacquisitioncardcompletesthesignalacquisitionandtransmitsittothe
PC.Theoriginalsignalisfirsthigh-passfilteredtoremovethebasesignalintheLabVIEWplatform.
Then,theFFTisperformedonthefilteredsignaltoobtainitsfrequencyspectrum.Thefrequency
spectrumrefinementalgorithmandcorrectiontechniqueareusedtorefineandcorrectthefrequency
spectrumofthesignal[17,18].Finally,theDopplerfrequencyisextractedfromthecorrectedfrequency
spectrumtoobtainthevelocityoftheobject.

Fig.5 Theflowchartofsignalprocessing

2 Experimentsandanalysis
AccordingtoFig.4,theopticalpathisadjusted,andalaservelocitymeasuringsystemisdesigned.

ThemaintechnicalparametersofthesystemareshowninTable1.
Table1 Maintechnicalparametersoflaservelocimeter

Parameter Value
Wavelength/nm 532

Laser Power/mW 50
mode Singlelongitudinal

Focallengthofconcavelens/mm -35
Beamconversionlensgroup Focallengthofconvexlens/mm 500

Distancebetweenlenses/mm 335
Photodetector APD
Beamangle/(°) 75

Signalprocessingalgorithm FFT
Centralworkingdistance/m 10
Measurementaccuracy/% <0.1
Resolution/(m·s-1) 0.01

Measuringrange/(km·h-1) 0~200

  Thecentralworkingdistanceofthesystemis10m,andthemeasuringdepthoffieldis2m.The
resultsofmeasuringthespotdiameterswithintheworkingdistancebyaspotanalyzerareasfollows:the
spotdiameteratthebeamwaistis1.28mm (Fig.6),andthespotdiametersat9mand11mfromthe
systemare1.31mmand1.35mmrespectively.ItcanbeseenthatthelensgroupconvertGaussianbeam
verywell,andthespotdiameterswithinthetargetworkingdistancearelessthan1.5mm,whichenables
thesystemtocollectstrongechosignal.
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Fig.6 Two-dimensionalimageofthespotatthecentralworkingdistance

Beforetheactualvelocitymeasurementtestontheroad,theprecisionevaluationexperimentofthe
laservelocimeterwasimplementedusingaturntableoftheProvincialInstituteof Metrology.The
rotationalspeedofthisturntableisverystableandtheaccuracyisgoodto3×10-5,sothespeedofthe
turntablecanberegardedasthereferencevalue.Sincetheactualvelocityofvehiclesontheroadcannot
meetthetestconditionsoflowspeedtohighspeedchangesideally,inordertoverifythatthelaser
velocimetercanstillguaranteeacertainaccuracywhenitworksunderdifferentvelocityconditions,the
speedoftheturntableissetto20km/h,80km/hand200km/hrespectively.Theaccuracyevaluation
experimentwascarriedout,andtheexperimentalresultsareshowninTable2.Therefore,themeasuring
accuracyofthelaservelocimeterinthispaperisgoodto10-3,andthemeasuringrangecanmeet0~
200km/h.

Table2 Experimentalresultsatdifferentvelocitylevels

Speed
level/(km·h-1)

Serialnumber
Turntable/
(km·h-1)

Laservelocimeter/
(km·h-1)

Accuracy/%

20

1 20.053221 20.0426 -0.053
2 20.053357 20.0469 -0.032
3 20.053293 20.0555 0.011
4 20.053221 20.0382 -0.075
5 20.053150 20.0598 0.033
6 20.053007 20.0512 -0.009

80

1 80.152359 80.1403 -0.015
2 80.152428 80.1708 0.023
3 80.152466 80.1743 0.027
4 80.152496 80.1391 -0.017
5 80.152466 80.1083 -0.055
6 80.152390 80.1408 -0.014

200

1 200.227173 200.1240 -0.052
2 200.227249 200.4280 0.100
3 200.227463 200.2760 0.024
4 200.227737 200.2330 0.003
5 200.228104 200.2330 0.002
6 200.228348 200.3190 0.045

  Inparticular,theworkingfrequencyofthevelocimeterinthispapercanreach200Hz(thatis,the
periodis5 ms).Whenanormalcarwhoselengthis4 mpassesthevelocimeteratahighspeedof
200km/h,ittakes72ms,whichisgreaterthan5ms,sothevelocimetercanstillworknormallywhenthe
trafficvolumeislarge.

Inaddition,theresolutionofthevelocimeteris0.01m/s,whichisobtainedbytheresolutionof
Dopplerfrequency.AccordingtotheopticalDopplereffect,thevelocityofthemeasuredobjectcanbe
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calculatedfromtheDopplerfrequencyshift(Eq.(5)),sotheresolutionofvelocityisdeterminedbythe
frequencyresolution,andthefrequencyresolutionisgivenby

Δf=fs/N (8)

wherefsissamplingfrequency,Nisthesamplingpoints(analysisdatalength).
Aftertheaboveanalysisofmainperformanceparameters,severalwell-knownvelocimeterproducts’

parametersarelistedinTable3inordertofurtherdemonstratetheadvantagesofthevelocimeterinthis
paper.

Table3 Performancecomparisonofvelocimeterproducts

Brand
Maximumworking
distance/mm

Depthoffield/mm
Measurementrange/
(m·min-1)

Elovis 500 ±20 0~3600
POLYTEC 2500 ±30 0~7000
BETA 3000 ±175 0~4000

Velocimeterinthispaper 10000 ±1000 0~3600

  Ascanbeseenfrom Table3,theworkingdistanceofthevelocimeterinthispaperhasobvious
advantages,andthemeasuredvehiclecanbeallowedtomovewithinacertainrangeinthelongitudinal
positionduetothelargedepthoffield.Themeasurementrangecanreach0~3600m/min,andthe
correspondingmaximumvelocityisabout200km/h,soitcanmeettheactualvelocitymeasurement
requirementsontheroad.

Afterthecriticalperformanceofthelaservelocimeterhasbeenverified,thelaservelocimeterisused
foractualroadsidetesting,whichincludestheexperimentoftheeffectofthebeamconversionlensgroup
ontheechosignalandthevelocitytestoftheactualdrivingvehicles.

Themeasuringsystemisinstalledfortestingbyatripodontheroadside,asshowninFig.7.Inorder
toverifytheeffectofthebeamconversionlensgrouptoenhancetheechosignal,acomparativeexperiment
basedontwosystems(onesystem withthebeamconversionlensgroupandanotherwithoutthelens
group)iscarriedout.Atthedistanceof10mfromthesystem,thehandheldcardboardswaysbackand
forthagainstthelaser,andtheresultsareshowninFig.8,whereFig.8(a)andFig.8(c)arethevoltage
signalsandtheirspectrumcollectedbythesystemwithouttheconversionlensgroup;Fig.8(b)andFig.8
(d)arethevoltagesignalsandtheirspectrumcollectedbythesystemwiththeconversionlensgroup.It
canbeseenfromFig.8thatwhentheconversionlensgroupisnotinstalledinthemeasuringsystem,the
Dopplersignalcannotbeextractedduetothenoise.Aftertheconversionlensgroupisinstalled,theecho
signalissignificantlyenhanced,andthesignal-to-noiseratiooftheDopplersignalisrelativelyhigh.Thisis
mainlybecausethespotradiuswithintheworkingdistanceisgreatlyreducedaftertheconversionlens
grouptransformstheGaussianbeam,whichenhancesthescatteredlightreturningintheoriginalpathand
itisreceivedbythesystem.Accordingtothespectrumofthesignal,wecanknowthatthecorresponding
DopplerfrequencyisfD=4.18MHz.

Fig.7 Actualtestingenvironmentofthesystem
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Fig.8 Signalsofthesystemwithouttheconversionlensgroupandthesystemwithconversionlensgroup

Inaddition,wemeasurethepassingvehicles’velocitiesbythemeasuringsystemwithconversionlens
group,andtheresultisshowninFig.9.Fig.10(a)~Fig.10(f)areenlargedviewsofthesixpeaksinFig.9
respectively.ItcanbeseenfromFig.9andFig.10thattheentiretestprocesstakeslessthan8minutesand
6vehiclespassedby.Themaximum velocityis14.61 m/sandtheminimum velocityis6.93 m/s.
Moreover,thetimecorrespondingtoobtainthevelocityofeachcarisdifferent,andthetimeofthefirst
caris0.28s(shortest),thetimeofthefifthcaristhe0.71s(longest).Thisismainlybecausethelengthof
eachcarisnotthesame,andthevelocityofeachcarisalsodifferent.Whenthebodylengthisthesame,

thelowerthespeedwhenthevehiclepasses,thelongerittakestoobtainthevehicle’svelocity.

Fig.9 Resultsofvelocitymeasuringofpassingvehicles
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Fig.10 TheenlargedviewsofthesixpeaksinFig.9

3 Conclusion
AimingattheproblemofshortmeasuringdistanceoftraditionallaserDopplervelocimeter,aportable

laserDopplervelocitymeasuringsystemwiththedoublelenstelescopicsystemwassuccessfullydesigned
basedonthereferencebeammeasuringmodelinthispaper.TheGaussianbeamaftertheconversionwas
measuredandanalyzed,andtheactualvelocitytestbythedevelopedmeasuringsystemwascarriedout.
Finally,thevelocitiesofpassingvehicleswereobtainedsuccessfully.Comparedwithtraditionallaser
Dopplervelocimeters,thisportablelaserDopplervelocitymeasuringsystemimprovesthecenterworking
distanceandthedepthoffieldgreatly.Thecenterworkingdistanceis10m,andthedepthoffieldis
±1m,andthevelocitymeasurementaccuracycanreachto0.1%.Therefore,itisfeasibletousethis
portablelaserDopplervelocitymeasuringsystemforoverspeeddetectiononhighways.
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