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ABSTRACT

Vehicularradarmayproducesubstantialradiofrequency interferencefor millimeter obser-
vatories. The FCC hasrecentlyapproved the useof the 24 GHz bandfor this purpose.The
radarspresenta dangerin boththefundamentalandharmonicfrequencies.FCCemissionlim-
its correspondto an0.6MJy sourceatadistanceof 1 km. Carefulsiteselectioncansignificantly
mitigatetheseeffects.
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1. Vehicular Radar

TheFederalCommunicationsCommissionhasrecentlyissuedanorderpermittingtheoperationandmar-
ketingof severalnew devicesusingultra-wideband(UWB) technology(FCC02-48). This is a revision of
thePart 15 regulations.Vehicularradarat 24 GHz is amongthetechnologiesincludedin this order. In the
past,theFCChasconsideredthe implentationof vehicularradarat 47, 60 and76 GHz. Thecurrentorder
doesnot excludethepossibilityof future implementationat otherfrequencies.In fact, thecurrentorderis
probablyjust thebeginningfor theimplementationof UWB technologies.Thereportfrequentlynotesthat
thesearecautiousstepstowardsabroaderimplementation.

Vehicularradaris intendedfor collision avoidance,improvedairbagfunctioningandimprovedsuspension
systems.An implementationmayinclude12 transmitterspervehiclemountedon bumpersandfendersat a
heightof 0.5m. Millimeter wavelengthsarepreferredfor operationbecauseof theneedfor asmallantenna
andsmallbeamandbecauseof theneedfor significantattenuationat increasingdistances.

The emittedsignal is pulsedin short bursts. One can estimatethe temporaloccupancy of the radaras
follows. If the radaris intendedto give 1 foot accuracy over 100 m, then it mustproducepulseswith a
temporaloccupancy � 0 � 01on timescaleslessthan1 msec.We will take theupperboundasaconservative
estimate. The meanflux densitywill be reducedby this factor. On timescaleslonger than 1 msec,the
temporaloccupancy will bedeterminedby specificimplementation.Thereareno apparentregulationson
temporaloccupancy.

Theconstraintson emissionlevelsaregivenin theFCCorder(Table1). TheFCCgiveslimits on emission
in termsof EIRP, thetotal power emittedin a 1 MHz band.We evaluatethis emissionin termsof theflux
densityata distanceof 1 km. Thesecalculationsarefor asingledevice.

Directionalantennasarerequiredfor theradarin orderto attenuatethesignalabove thehorizontalplanefor
thepurposeof protectionof passive sensingof theEarthfrom satellites.Thesignalsmustbeattenuatedby
25dB at anangleof 38degreesabove thehorizon.

Actual vehicular radarsystemsat 76 GHz have beenmeasuredand shown to producea wide rangeof
emittedpowers(Clegg1996).Measurementsof thethird harmonicpower level for threedeviceswerefound
to produce0.0004,0.04 and1000pw/cm2 at 3m. All devicesmet the FCC standard.The latter device
correspondsto aflux densityof 105 Jyat 1 km in 100GHz.

Damageto or thelackof maintenancefor thesedevicesmayleadto performanceoutsideof theFCClimits.

2. Effects of Vehicular Radar on CARMA

Propagation effects throughthe tropospherewill produceattenuationon the orderof � 1 dB/km. These
arelargely negligible consideringthestrengthof thesignal. Moreover, theseeffectsareweakestwhenthe
observingconditionsarethemostfavourable.
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The probability of detectionof the radarsignal in the primary beamof an antennais small. Detectionis
mostlikely to bemadein a faroutsidelobewhichwill haveagainof � 35dB lessthanin theprimary. This
suppressionwill leadto instantaneousandmeanflux densitiesof 200Jy and2 Jy at 24 GHz, respectively.
Above 31GHz, instantaneousandmeanflux densitieswill be2 Jyand20mJy.

The overall effect on imagingwill be determinedby the temporaloccupancy on timescaleslongerthan1
msec.This includesthenumberof vehiclesthatpassnearto thesiteandthedurationof their proximity, as
well asunregulateddetailsof theradarimplementation.Mitigationmaybeassimpleaseditinga few bad
pointsor asbadasrejectinganantenna.

The practicaleffect on imaging will be a loss in dynamicrangeand sensitivity. In the extremecaseof
strongsignalsenteringthe main beam,SIS mixersmay saturate.Effectively, this will leadto an artificial
horizonfor eachantenna.WatervaporradiometersfunctioningatK-bandmaybeespeciallysensitiveto this
interference.

Terrainanddistancefrom theradararethemostimportantmitigatingfactors.Limiting line of sightprop-
agationwill leadto a substantialreductionof theinterference.Diffraction,scatteringandothereffectswill
enhancethepropagationaroundobstacles.For example,researchin GreenBankhasdemonstratedthatscat-
teringof 1.3GHz aircraftradaroff terrain,airplanesandrain cloudsareall importanteffects(Fisher2001).
An accuratecomputationrequiresdetailedmodeling.

Fringerotationwill alsolimit theeffectsof vehicularradar. Rapidrotationof thephaseof the interfering
signalwill leadto a decreasein thecorrelatedinterferenceat a ratefasterthant � 1� 2. Themaximumrateof
phasechangefor asystemthatimplementsdelaycompensationat a frequency νd is

φ̇ � 2πνd
v
c

rads� 1 � (1)

wherev is thevelocityof theradarandc is thespeedof light. For v � 100km h � 1 andνd � 1 GHz,wefind
that thephasewill wrap on a timescaleof 10 msec.A moretypical resultcanbe foundassumingmotion
perpendicularto a 100m baselineat a distanceof 1 km. This will leadto a phasewrapon a timescaleof
2 sec. In general,shortbaselineswill suffer morethanlong baselines.Stationarysourceswill alsosuffer
fringe rotationat thesiderealrate.
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Table1. Power limits for 24GHz VehicularRadar

Frequency EIRP Peak Mean Peak Mean
Flux Density Flux Density Flux Density Flux Density

at1 km at 1 km at 1 km at 1 km
in sidelobe in sidelobe

(GHz) (dBm/MHz) (Jy) (Jy) (Jy) (Jy)

0.960- 1.610 -75.3 230 2.3 0.08 0.0008
1.610- 22 -61.3 5900 59 2 0.02

22 - 29 -41.3 590000 5900 200 2
29 - 31 -51.3 59000 590 20 0.2

� 31 -61.3 5900 59 2 0.02


