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ABSTRACT

The Ministryof Postsand Telecommunications
in Japan organizeda committeeto studymillimeter
wave sensingtechnologiesin 1984.Sensorsfor
automotivevehicleshave been mostlystudiedas
appropriateapplicationsof millimeterwaves.Thk
pa~r presentsthe outlineof threetypesof radars
eg.FM–CW, 2D–imaging,and pulseDoppier,and aiso
presentsthe study resuitsand a lotof fundamentai
data measuredthroughthe laboratoryand road
tests.Among those,the FM–CW systemshowsgood
performanceon freewaytestand under adverse
environmentalconditions.

iNTROi)[JCTION

Automobilesare becomingan increasingly
important means of lransportin Japan,wherethere
arc now over 50 miiiionautomotillcson the roads.
The increasein the number of vehicleshas
complicatedthe trafficsituationand safety
depends10 a largeextenton the capabilityof the
driver.11is,therefore,vitalthatdriverscan
reactquick]y to the changingtrafficsituationand
make sound judgments.Justone mistakemay leadto
a majoraccident.In the lastfew years,therehas
been a marked increasein the number of traffic
accidents,particularityon highways.

In orderto reducethe burden imposedon the
driversand increasethe safetyof driving,an
automotivesensingsystemisbeingcievelopedas a
means of supplementingthe driver’ssensesof sight
and hearing.However,unlikeairplanesand ships,
in whichradardevicesare aireadyin use as safety
sensors,itisvitalin the caseof automobilesto
graspthe complicatedsituationof the road and
surroundingarea.Conseguentiy,the radar
technologyhas been only introducedto a collision
warningsystemforprofessionaldriveruse or a
backwardwarningsensor.

As Fig.1 shows,the historyof the
developmentof automotivesensingtechnologybegan
in the 1970’sand untilthe 1980’sthe mainstream
was electromagneticwave (e.g.millimeter–wave,
microwave)sensors.However,sinceitwas (iifficult
to obtainsuitablemicrowaveand millimeter–wave
devicesand becauseof theircomplexityand
high-cost,opticaipulseradarswithinfraredlaser
diodeswere firstdevelopedas automotivesensors.
However,safetysiandardsconcerningvisionorgan
restrictsthe outputpower of opticairadarswith
laserdiodes,and adversecondition,such as foggy
or snowy weather,,reducesthe maximum operating
rangeof radars.(Onthe otherhand,millimeter–wave
automotiveradarmust be an appropriatesubstitute.
Furthermore,millimeterwave devicesmay,as a
resultof advancesin compound semiconductor
technologyand processingtechniques,be supplied
as MiCsand MMICSin the near future,removingone
of ihe obstaclesto development.

The Ministryof Postsand Telecommunications
in Japan,which ac[ministcrsradiofre[]uencies,
commissionedthe MNimeter-WaveSensingSystem
Study and ResearchCommitteeto conductvarious
experimentsin order10 collectthe basicdata to
developnew automotivemillimeter–waveradar
systcrns.Thispaperoutiincssome of the test
resultsdescribedin the committee’sreportand
clarifieswhat has to be done to put automotive
millimeter–wavese[lsingtechnologyintopractice.

1970s
1

1980s I 1990s

NHTSA Study 50 — 70GHZ

— 50GHz

20 — 3DCHZ

MPT Experiment & Study of

— 10GHz Automotive WW Sensor
. . . . . . . . —

MI crowave
Ea. 1Drnent MPT Study and Research for

Mill! meter Wave System

Infrared / Ultrasonic
Autanot, ve Sensor

Fii. 1 MiiiimeterWave Sensorsin Japan

709

CH3141-9/92/0000-0709$01.00~ 19921EEE 19921EEEMTT-S Diges{



receive transmit

antenna antenna

w,:,.\,,,..‘/:.,,,,V–shaped
,;/.~..\. .? Antenna+... ..

.>..

MI Cmixer jz

OUTLINE OF EXPERIMENTAL SYSTEMS

The basicexperimentwas conductedusingtwo
modulationsystems– FM–CW and puke–DoDPler– at
threefrequencies– 50,60,and 70GHz – as shown in
Table1.The homodyne receptionmethod,which
facilitatesthe settingUP of the system hardware,
was adopted for the receiver.

The configurationof the 50GHz sensorsystem
isshown in Fig.2.To simpiify the structure,the
mi~lmeter–waveelectroniccircuitwas integrated
and installedin the base of the V–shapedantennas.
Each antennaformsan angle2 x 6 degreefan beam,
witha cylindricalparabolafor a reflectorand a
slotarray antennafor a radiator.The transmission
and receptionbeams form a combinedbeam angleof 2
x 2 degrees,thus formingthe targetbeam angle BY
configuringthe transmissionand receptionantennas
in a V–shape,45 degreePolarizationisrealized
thus avoidingradiointerferencefromvehicles
comingfromthe oppositedh-ection.

The configurationof the 60GHz sensorsystem
isshown in Fig.3.Itisconstructedso that
scanningcan be performedin the duectionsof the
X and Z axes in orderto obtain2–dimensionalimage
data.A pyramidalsinglehorn antennaisused so
thatthe polarizationof the receivedsimal can be
measured.The Pulse–DoPDlermodulationsYstemis
alsoadoptedso thatscatteringpatternsare
measuredwithcarrierwaves.

The 70GHz sensorsystememploysmultiplebeams
in orderto pickup dkectioncomixmentsignalsas
wellas distancecomponent.The modulationsystem
isFM–CW, same as in the 50GHz sensorsystem.The
multi–beamantennaisreaiizedwitha primary
multi–hornradiatorand a parabolareflector.

OUTLINE OF EXPERIMENT

Usingthe 50GFIz,60GHz,and 70GHz sensor
systemsas shown in Table1,basicdata necessary
to developan automotivesensingsystemwere

ITEM SySTEM A SYSTEM B SYSTEM C

FREQUENCY 50GHz

RADAR System FWCW

ANTENNA Fixed si.g Is,
Mill’s cr..,

ALARM LOGIC Vehicle sDeed,
Closing Speed,

Relative Dista. ce

EXPERIMENTS scattering Pattern,

On-Road Drive Test,
At OrnOSDheric Co”d.

Table1 Study arxi
Sensor

60GHZ

Pulse Dormler

ScrmnlnE Single,
Horn, Parabola

2D Inmee Processing,
Image Recoenitlon

Scattering Pattern,
X–Y Sca”ninK Data,
Detect to” 0“ the

Curved Road

70GHz

Fh+CW

Mu I t i–Beam,
Multi–Horn,

Parabo I a

Combination of
Speed, Distance,
Target-Direct ion

2 channel Beam,
Target Am?), Det.
Detection on the

Curved Road

Experimentof Automotive
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collected. These data include the basic
characteristics of each system, radio wave
propagation characteristics, characteristics of
detected objects, radio interference, evaluation of
system functions, target object image data, curved
road simulation, and directional angle signal
processing. The most important results of the
experiments are summarized below.

(1)Experimentto DetermineScatteringPatterns
Detectedobjectssuch as vehiclesand guard

railstake many differentshapesand forms.
MeasuringdifferentscatteringDatternsaccording
to shape isvery importantfor dktinguishing
betweentargetobjects.Fig.4 showsthe cross
sectionalscatteringpatternsmeasuredforfour
vehiclesand objectssetalongroadsides.The cross
sectionalscatteringpatternof the passenger
vehiclesare largein the frontand reardh-ections
but diagonallyvery smailThe scatteringpatterns
of the truckand motorcycleare almostthe same in
every direction,but thoseof the motorcycleare
smaller.Sincethe anglefordetectingflattarget
objectssuch as guard railsand trafficcontrol
signsisnarrow,reflectionsignalpower of such
objectswhiledrivingare expectedto be smalL
However,as cylindricalobjectsiikemetalpipes
are nondirectionaland have a relativelyhgh
refIectivity, reflectionsfrompolessuch as
roadsidestreetlightsmay be obstaclesto radar
detectiom



(2) Radio Interference
In the future, when radar systems are

installed in a large number of vehicles, mutual
interference between similar types of radar system
installed in vehicles is expected to occur. In.
orderto assessradiointerference,50GHz sensor
systemswere installedin two vehiclesand the
levelof interferencewas measuredin one of the
vehiclesas the dktancebetweenitand the other
vehicle coming from the oppositedirection(R)and
the angleat which they facedeach other((?)
changed (SeeFig.5.) The experimentdemonstrated
thatwhen two vehiclesapproachedeach otherfrom
oppositedkectionsthe interferencelevelwas well
suppressedby the effeetof a polarizationc)f45
degrees.When the two vehiclesran parallelto each
other,the necessaryseparationratiowas attained
by sharpeningthe directivityof the beam

(3)Road Test
To determinehow wellthe radarsystemworks

in actualroad condltions,a 50GHz sensorsystemas
shown in F]g.2 was installedin a vehicleand a
road functionevaluationtestwas IRrformed (See
FE. 6.)When the vehicleran on straightroads
closeto the guard railthe systemdki not
malfunctionbut on windingroadsthe guard railor
roadsideobjectsweresometimesdetectedOn uphill
roads,the systemlostthe targetat the startand
finkhof the inclineThe systemcoulddetecta
concretewallin front,but not trees.

In addition,the systemwas testedon ordinary
roadsover a distanceof over 1,000kilometersand
the number of timesthe alarmworkedland the false
alarmratewere recordedThe resultsof the test
are shown in Table2.The frequencywithwhich the
driverjudgedthe alarmto have workedmistakenly
was low,rangingfrom1.5%on highwaysto ‘7–10%on
otherroads.Mostof the falsealarmoccurredon
windm roadsand weremostlycausedby roadside
objectssuch as the guard rail,wallsand poles.
Thesefalsealarmscan be overcomeby adopting
extensivetechniquessuch as steeringor scanning
the beam and by minutealterationssuch as
improvementsin the signalprocessingmethodand
alarmlogic.The currentsystemisprcwedalready
sufficientfor use on highways.
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Fig.4 Cross--SectionalScatteringPatterns
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Fig.5 RadioInterferenceBetweenVehicles

(4)Collectionof ImageData
A spherica]objectand a flatplatewere used

as targetobjectssincetheirshapeis
comparativelysimpleand theircharacteristicseasy
to extract,facilitatingcomparisonbetweenthem
The experimentshown in Fig.3 was conductedusing
the 60GHz CW system.Measurementresultsare shown

H
Driving Driving Total Alarm Rate Total False
Distance Time Alarm False Alarm

Road
(km) (hr. ) (times) [“7;$ (“7::) :;::~, ‘;g

Down t own 215.0 10.4 31D 1.4 29.8 22 7.1

Rural 482, 5 “14.5 314 D. 7 21.7 32 To. 2

Freeway 378.0 4.8 135 0.4 28.1 2 1.5

Total 1075.5 29.7 759 0.7 25.6 56 7.4

F~. 6 Road Testof
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in Fig.7.As the main beam iswide(4.5deg.)and
the resolutionispoor,the edgesare blurred,but
the shape of the objectiscomparativelywell
displayed.The distributionof reflectionintensity
of the flatplateand the sphericalobjectwere
compared.In the caseof the flatplate,the
distributionisunimoda],the maximum intensity
beingalmostat the centralpositionand
monotonouslydecreasingfrom thk pointoutwardsin
alldirections.The maximum intensityof the
sphere’sreflectionisalsoalmostat the central
point,but thereisno monotonousdecrease,the
intensitydecreasingand increasingalternately.

Thisexperimentshows thatcomparativelygood
imagedata can be obtainedforobjectswitha
simpleshape fromreflectionintensitymeasurement:.

DISCUSSIONSOF AUTOMOTIVE SENSORS

There are severalpointsthathave to be
solvedin the implementingautomotivesensing
systemsforpracticaluse.Some of the more
importantones are discussedbelow.

(1) Downsizingof Antenna
The sizeof antennaisalmostentirely

determinedby the frequencyused and the required
beam width On the basisof the characteristicsof
reflectionsand malfunctionrate,a beam widthof
approximately2 degreesisconsideredmost
suitable.fn orderto have such a sharpbeam,a
millimeterwave frequencymust be used.Itisalsct
necessaryto use arrayantennawitha smallsurface
area which have an electronicscanningfunction,

(2)improvementof Reliability
Devicesand equipmentused in automotive

systemsmust be ableto withstandthe rigorsof
variousenvironmentsand must be equippedwith
diagnosticand fail–safefunctionsto ensurethat
breakdownsdo not leadto accidents.As the
radiatorgrillewherethissensorisinstalledis
relativelycloseto the engine,the systemmust be
made vibration–proofand heat resistant.

(3)Influenceof ClimaticFactors
The greatestdifficultyin usingthe

millimeterwave systemisitssusceptibilityto
precipitation.However,testsshowed thatthe
systemissufficientlyeffectiveeven in strong
rainof 10mm/hr. The problemcausedby rainis
ratherthe decreasedeffectivenesswhichoccurs
when raindropson the surfaceof antennaform a
waterscreen.Itisthereforenecessaryto designa
radomewhichdoes not permitwaterscreen
formation

(a)Sphere (#200 (mm)) (b) Flat Plate (150(mm)X150(mm))

Fig.7 ImagingData

encodiigtransmissionsignals.In fact,thesetests
revealedhardlyany radiointerferenceproblem
causedby equipment.in vehiclesor betweenvehicles
withradarsystemswithoutencodhg.

(5)FrequencyBand
To installthe antennawitha narrowbeam

width,itisnecessaryto choosea frequencyof
50GHz or more Shce sensorsystemsare expectedto
be used in many vehk;les,the 60GHz and 120GHz
frequencybands,at whichmuch radiopower is
absorbedby oxygen moleculesin the atmosphere,are
suitablefromthe viewpointof avoidingmutual
interference.

CONCLUSIONS

In viewof the high levelof precisionand the
compactnessof system,thereare greathopesfor
usingmillimeterwave systemsas visualsensorsfor
road vehicles.The experimentsshow thatthe
millimeterwave sensorsystemperformsvery well
under adverseenvironmentalconditionssuch as rain
and fog,and itislikelythatthey willbecome
increasinglyimportantas trafficaccident
preventionand drivingsafetysystems.
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(4)Radio Interference
Itseemspossibleto solvethe problemof

radiointerferenceby usingantennawithsharp
directivity,adopting45 degreefmlarizatio~and

712


