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ABSTRACT

Vehicularradarmay producesubstantiaradiofrequengy interferenceor millimeter obser
vatories. The FCC hasrecentlyapproed the useof the 24 GHz bandfor this purpose.The
radarspresenta dangelin boththefundamentahndharmonicfrequenciesFCC emissionim-

its correspondo an0.6 MJy sourceatadistanceof 1 km. Carefulsiteselectiorcansignificantly
mitigatetheseeffects.
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1. Vehicular Radar

The FederalCommunication€Commissiorhasrecentlyissuedan orderpermittingthe operationand mar
keting of severalnew devicesusingultra-widebandUWB) technology(FCC 02-48). This is a revision of
the Part 15 regulations.Vehicularradarat 24 GHz is amongthe technologiesncludedin this order In the
past,the FCC hasconsideredhe implentationof vehicularradarat 47, 60 and76 GHz. The currentorder
doesnot excludethe possibility of futureimplementatiorat otherfrequenciesin fact,the currentorderis
probablyjust the beginning for the implementatiorof UWB technologiesThereportfrequentlynotesthat
thesearecautiousstepstowardsa broadeiimplementation.

Vehicularradaris intendedfor collision avoidancejmproved airbagfunctioningandimproved suspension
systemsAn implementatiormayinclude 12 transmitterger vehiclemountedon bumpersandfendersata
heightof 0.5m. Millimeter wavelengthsarepreferredfor operatiorbecaus®f the needfor asmallantenna
andsmallbeamandbecaus®f the needfor significantattenuatioratincreasinglistances.

The emitted signalis pulsedin shortbursts. One can estimatethe temporaloccupang of the radaras
follows. If the radaris intendedto give 1 foot accurag over 100 m, thenit mustproducepulseswith a
temporaloccupang < 0.01 ontimescalegessthan1 msec.We will take theupperboundasa conserative
estimate. The meanflux densitywill be reducedby this factor On timescaledongerthan 1 msec,the
temporaloccupang will be determinedy specificimplementation.Thereareno apparentegulationson
temporaloccupany.

The constrainton emissionlevelsaregivenin the FCCorder(Table1). The FCCgiveslimits on emission
in termsof EIRP, the total power emittedin a 1 MHz band. We evaluatethis emissionin termsof the flux
densityatadistanceof 1 km. Thesecalculationsarefor a singledevice.

Directionalantennasrerequiredfor theradarin orderto attenuatehe signalabove the horizontalplanefor
the purposeof protectionof passve sensingof the Earthfrom satellites.The signalsmustbe attenuatedby
25dB atanangleof 38 degreesabore the horizon.

Actual vehicularradarsystemsat 76 GHz have beenmeasuredand shavn to producea wide rangeof
emittedpowers(Clegg 1996). Measurementsf thethird harmonicpower level for threedeviceswerefound
to produce0.0004,0.04 and 1000 pw/cn? at 3m. All devices metthe FCC standard. The latter device
correspondso a flux densityof 10° Jyat1 kmin 100GHz.

Damageo or thelack of maintenancéor thesedevicesmayleadto performanceutsideof the FCClimits.

2. Effectsof Vehicular Radar on CARMA

Propagtion effectsthroughthe tropospherewill produceattenuatioron the orderof < 1 dB/km. These
arelargely neggligible consideringhe strengthof the signal. Moreover, theseeffectsarewealestwhenthe
observingconditionsarethe mostfavourable.
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The probability of detectionof the radarsignalin the primary beamof an antennas small. Detectionis
mostlik ely to bemadein afar out sidelobewhichwill have againof ~ 35dB lessthanin theprimary This
suppressionill leadto instantaneouandmeanflux densitiesof 200Jy and2 Jy at 24 GHz, respectiely.
Above 31 GHz, instantaneouandmeanflux densitieswill be2 Jyand20 mJy.

The overall effect on imagingwill be determinecby the temporaloccupang on timescaledongerthanl
msec.This includesthe numberof vehiclesthat passnearto the site andthe durationof their proximity, as
well asunregulateddetailsof the radarimplementation.Mitig ation may be assimpleasediting a few bad
pointsor asbadasrejectinganantenna.

The practicaleffect on imagingwill be a lossin dynamicrangeand sensitvity. In the extreme caseof
strongsignalsenteringthe main beam,SIS mixers may saturate.Effectively, this will leadto an artificial
horizonfor eachantennaWatervaporradiometergunctioningat K-bandmaybeespeciallysensitve to this
interference.

Terrainanddistancefrom the radararethe mostimportantmitigating factors. Limiting line of sightprop-
agationwill leadto a substantiafeductionof the interference Diffraction, scatteringandothereffectswill
enhancehepropagtionaroundobstaclesFor example researclin GreenBankhasdemonstratethatscat-
teringof 1.3 GHz aircraftradaroff terrain,airplanesandrain cloudsareall importanteffects(Fisher2001).
An accuratecomputatiorrequiresdetailedmodeling.

Fringerotationwill alsolimit the effectsof vehicularradar Rapidrotationof the phaseof the interfering
signalwill leadto a decreasén the correlatednterferenceat a ratefasterthant=%2. The maximumrateof
phasechangefor a systenthatimplementdelaycompensatiomt a frequeng vgq is

p= Zmd\—é rads 1, 1)

wherev is thevelocity of theradarandc is the speedf light. For v=100km h~! andvyq = 1 GHz,wefind
thatthe phasewill wrap on atimescaleof 10 msec. A moretypical resultcanbe found assumingmotion
perpendiculato a 100 m baselineat a distanceof 1 km. This will leadto a phasewrap on a timescaleof
2 sec. In generalshortbaselinesill suffer morethanlong baselines.Stationarysourceswill alsosuffer
fringe rotationatthe siderearate.
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Tablel. Powerlimits for 24 GHz VehicularRadar

Frequeng EIRP Peak Mean Peak Mean
Flux Density Flux Density Flux Density Flux Density

atlkm atlkm atlkm atlkm

in sidelobe in sidelobe
(GHz) (dBm/MHz) y) y) (Jy) y)

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




