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Fig･3･PropagationvelocltyaSafunctionofspherevolumefractlOn･Each
markerrepresentstheaveragevelocltyObtainedfrom丘vedifferentsamples,
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Fig･4･EffectivedielectricconstantsobtainedfrompropagationvelocitleS
using(3)･

becomesapparent･AtvolumefractionsofO･2and0.3,theeffective

dielectricconstantfortheO14mm sampleisslightlyhigherthan

thatofthe3,0mmsample.Atthe0.4volumefraction,theeffective

dielectricconstantofthe0.4mmmixtureisslgnificantlygreaterthan

thatofthe3･0mmmixture･Itisinterestingtonotethatforthesizesof

sphericalinclusionsusedinthisreport,theMaxwel1-Gametttheory

wasabletopredictmoreaccuratelytheeffectivedielectricconstant

ofthelargerspheremixture.

Theexperimentalresultspresentedinthispapersuggestthatthe

rangeofvalidityoftheMaxwell-GarnetttheorylSlimited･Additional

experimentsarerequiredtoprovidemoreconclusiveevidenceonthe

limitationsoftheMaxwell-Garnetttheory.Thiscanbeaccomplished

byuslngaWiderrangeofparticlesizesandawiderrangeofdielectric

contrastsbetweenthesphericalinclusionsandthehostmedium.Such

experimentsshouldalsoprovidethenecessaryinformationtoevaluate

thevalidityofhigherorderapproximationsforpredictingtheeffective

dielectricconstantsofspheremixturesinthesizeandvolumefraction

rangeswheretheMaxwel1-GarnetttheorylSnOlongerapplicable･
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HumanBodyDetectioninWet

SnowpaekbyanFMICW Radar

YoshioYamaguchi,MasashiMitsumoto,

MasakazuSengoku,andTakeoAbe

AbsfrLZCt-AnFM･CW radarsystemwasappliedtodetectahuman
bodyburiedinaverywetsTIOWpaek.Thisradar usestheL-band
microwavefrequencywithamaximumoutputpowerof100nW,and
uti)izesdigitalsignalprocess)ngtechniques.Fieldexperimentswerecar-
riedouttodetectandmapahumanbodyembeddedatadepthof125cm
inanatura)snowpack.Theradarisshowntohaveapotentialability
indetectingavalanchevictims,indicatingthatitmaybecomeatoolfor
stIOWrescuerOperations.

Ⅰ.INTRODUCTION

ThereisanurgentneedtodetectobjectsburiedinsnowinreglOnS

withheavysnowfall･Themostimportantobjectisahumanbody

thathasenTunteredanavalanche(avalanchevictim)･Ordinarily,
avalanchevICtimsareburiedinsnowpackwithin,atmost,afew

meters.Theconventionaldetectionmethodreliesonaman-operated
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TABLEI
SpECIFICAT10NOFTHEFM-CW RADAR

Frequency
Antenna

Aperture
Maximumpowerofgenerator
Sweeptime
Rangeresolution
Sensitivltyatmixerlnput
Controller
Numberofsamplingpointsinthefrequency
domain

1.1-2.2GHz

RectangularHorn
40×32cm
100mW
5.2ms
5,5cmintheair
-42dBm

32-bpersonalcomputer
512

Rammsonde-bar【1】whichutilizesaforcereactiontodetectbodies

stuckintoasnowpackfromthesurface,oradognose･Tbimprove

thesedetectionmethodsefficientlyortoexploreanalternativewaylS

highlyimportantandademandingmatterinsnowrescueroperations･

Theuseofmicrowavesubsurfaceradarseemsthemostlikelyanswer

tothiskindofdetectionproblem.

Thisletterpresentsafundamentaldetectionresultofahumanbody

buriedinaverywetsnowpackbyarealapertureFM-CW radar･The

FM-CW radarhaspotentialabilityinmeasurlngprecisedistancein

shallowregion【2】･Inthefollowing,theFM-CW radarsystemand

theresultsofthe負eldexperimentaredescribed,indicatlngthatit

ispossibletodetectanavalanchevictimbytheexploredFM-CW

radarsystem.

ⅠⅠ.FM-CW RADAR

ThefundamentalprlnClpleofFM-CW radarsystemistherelation

betweentargetdistanceRfromradarandbeatfrequencyfb･

R-読 岩 fb

(1)

where,R:distance,.C:3×108m/S,fb:beatfrequency,
At:sweeptime,Af:sweepfrequency,
E,:relativepermittivltyOfintervenlngmedium･

ItispossibletodetermineRiftherelativepermittivltyOfthe
inteⅣeningmedium(snow)andthebeatfrequencyareknown【2】･

lnourradarsystem,thebeatfrequencyisdeterminedbyfastFourier

transfomation(FFT)ofthetimedomainbeatsignal.Theblock

diagramoftheFMICW radarisshowninFigl1,whichisamodihed

versionofthatin[2].Weaddedareceivingantennainorderto
suppressaconversionlossatadirectlOnalcoupler･Asystemclock

triggersasaw-toothwavegeneratorwhichdrivesasweeposcillator･

Theoscillatorgeneratesafrequency-modulatedcontinuouswave

(1･1-2･2GHz)ata512-ms.interval.Themicr?wavesignalisdivided
intotwopartsbyadirect10nalcouplet(nomlna1-10dBcoupling):

Oneisusedasareferenceslgnalatadoublebalancedmixer,

andtheotheristransmittedthrougharectangularhornantenna.A

backscatteredwavefromthetargetatareceivlngantennaismixed

withthereferenceslgnalatthemixer,producingabeatfrequency･

Thenthebeatslgnalisamplifiedandreshapedinthepreprocesslng

analogcircuitand丘nallylSCOnVertedtodigitalslgnalsinthepersonal

computersystemwheretherequiredsignalprocesslngSuchasFFT

operations,graphicdisplay,andsystem controlsisexecuted･This

slgnalprocesslng,especially512polntFFT,isexecutedquitefast

(lessthan5ms)inanewlyequippedDigitalSignalProcessing

Board.Thetotaltimeneededforoneradardisplayroutineis

approximately100ms.TheFMICW radarsystem speciBcationis
listedinTableI.
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Fig.1.BlockdiagramoftheFM-CW radar･
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Fig.2.Radardetectablerangeofa5×100cmmetalplateinthesnowpack･

III.FTELDExpERIMENT

ThefieldexperimentwascarriedoutonMarch5-8,1991at

YamakoshiVillage,NiigataPrefecture,Japan･Wehada2･3-mdeep

snowpackonroadshoulders(seeFig･4(C))･Asmentionedin【3】,the

microwaveattenuationinsnowpackdeterminesthemaximumrange

atwhichradarcandetecttarget.Thesoundingcapabilityoftheradar

isdependentonthedielectricpropertyofsnow[3ト【5】andtarget

size.Thus,inordertochecktheradarperformancetothissnowpack,

wecarriedouttwofieldexperiments.Thefirstonewasaimedat

checkingrangeperformanceinsnowpack,andtheother,atdetection
ofanavalanchevictim.

A RangePerformance

Usinga5×100cmmetallicplateasatargetandemploylngthe

sameprocedure[2】,Wecheckedthesoundingcapabilityinthesnow-

pack.Thissnowpackhasundergonerefreezlngandmeltingcycle

repeatedlycoupledwithrainfall.Fig.2showsthedetectionresult,
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Fig･3･RadarechofromwetnaturalsnoTPaCk･(a)Three-dlmenSionaldlS-
playofthebeatspectrum.(b)Two-dimensionalgrayscalerepresentationof
(a).

wherethehorizontalaxisrepresentstheactualtargetdepthfromthe

surfaceandtheverticalaxisisthedepthmeasuredbytheradar.

Nineuniformlyspacedgray-scalelevelshavebeenusedtocoverthe

entiremagnituderangewithblack,indicatlngStrongreneCtion.Once

thetargetdepthbytheradarinsnowpackisobtained,itispossibleto

deteminetheaveragepermittivltyOfthesnowpack,andtocalibrate

theradarrangeaccordingto(1)･Sincethesnowpackconsistedofv?ry
wetsnowmultilayers,ltWasdifficulttodeterminethepermittivlty
ofeachlayer･Theaveragewaterinclusioninthesnowpackwas

approximately5-6%andsnowdensitywas0.4-0.6g/cm3,which
resultedintheaveragecalculatedpermittivitytobe2.5-2.9【4】.On

theotherhand,thepe-ittivltyObtainedfromthisrangedetection

measurementwasfoundtobe2.5forthissnowpack.Therefore,we

employedEr-2･5intherangeequation(1)･Fromthisfigureitis

expectedtodetecttargetslargerthantheplateatleast1mdepth.

BIBodyDetect10n

BoththetransmittlngandreceivlngantennaWereSCannedtogether

from 0upto190･5cm inthehorizontaldirectionoverthesnow

surface.ThescannlnglnterValwaschosentobe1.5cm.First,a

(a)

Scanningdirection(cm)

0 30 60 90 120 150 180

(b)

Flg･4･Detect10nOfhumanbodylnthesnowpack･(a)Three-dimenslOnal
displayofthebeatspectrum.(b)Two-dimens10nalgrayscalerepresentation
of(a).

radarechofromnaturalsnowpack(i.e･,withnoobjectinside)was

obtained･Thethree-dimensionaldisplayoftheechobyantenna

scanningisillustratedinFig.3(a),wheretheheightcorrespondsto

thenormalizedbeatslgnalmagnitudewhichisproportionaltothe

magnitudeofthescatteredwave,thehorizontalaxiscorrespondsto

thescannedwidth(190.5cm),whiletheobliquedirectionindicates

therange(Snowdepth)･Itisseentherearemanymountainpeaks

(clutter)duetodielectricdiscontinuities,eventhoughthesnowpack

seemshomogeneousataglance.Fig.3(b)showstwo-dimensional

quasi一grayscalerepresentationofFig･3(a)･Nineuniformlyspaced

gray-scalelevelshavebeenusedtocovertheentirelevelwlthblack,
indicatlngStrongreneCtion.Onecanseethatthereexistsastrong

reflectionlayeraround50160cm depthinthesnowpack,which

isactuallyaheavilywetDepth‖oarsnow layer.Andonecan

understandthatasnowpackexperiencedrefreezlngandmeltingcycle

repeatedlyishighlyinhomogeneousbothintheverticalandinthe
horizontaldirection,

Next,Wedugasmallhorizontalholewhereapersoncouldbe

buried･Theupperrimoftheholewas125cmdeepfromthesurface･

Oneoftheauthorsbecameanavalanchevictim model.Helay
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(C)

Fig･4 (continued)(C)PhotographofexperlmentSCene,

horizontallywithhisbodyparalleltothepolarizationdirectionof

thetransmittedwave.Thesamescannlngprocedurewascarried

outtodetecthim･TheresultisshowninFig･4,where(a)isthe
three-dimensionaldisplaycorrespondingtoFig･3(a),while(b)is

thetwo-dimensionalquasi-grayscalerepresentationof(a)･Onecan

clearlyidentifythebodyandthelocationatthedepthof125cm

inthesnowpackfromthisfigure･Flg･4(C)isthephotographofthe

experimentalscene･Eventhoughthebodywasburiedbelow the

DepthHoarlayer,itwaspossibletodetectandmapit･Thisisdueto

thetransmissioncharacteristicsof上-bandmicrowavesinsnowpack,

andthepermittivitydifferencebetweenthehumanbodyandthesnow,
i･e･,thehumanbodypermittivltylSmuchlargerthanthatofanysnow,
therealwaysarisesstrongscatteredwave･Ifweusehigherfrequency

abovetheL-band,thetransmissionlossinsnowpackdegradesthe

soundingcapabilityslgnihcantly,leadingtonodetection.

IV.CoNCLUDINGREMARKS

Wehavedemonstratedthedetectionresultsofhumanbodyina

verywetnaturalsnowpackbyuslnganFM-CW radaroperativein

thel･1-2･2GHzfrequencyband.Itwaspossibletomapbodyburied
atleast125cmfromthesnowsurface.ThisFM-CW radarisaimed

atdetectlnganaValanchevictim withinsnowpack･TheveryBrst

requlrementisto后ndburiedobjectsaccuratelyandquickly,I.e.,tO

checktheexistenceofbodyinthesnow.Thetotaltimeneededfor
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eachradardisplayroutinewas100ms,whichwouldbeenoughinreal

timeoperation.NowwearedeveloplngSyntheticaperturetechnique

andpolarimetricmeasurementfordetection･Thedetectionresultby

anadvancedFM-CW radarsystemwillbereportedinthenearfuture･
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MicrowayeObseryatiomsor

Finite･AmplitudeWaterWaves

V･A･IlyinandV･Yu･Raizer

Abstract-ThebrightnesscorLtraStSat20GHzatLd37.5GHzfreqllen-
ciesfrommechankallygeneratedwaterwaveswith8-40cmlengthand
0.6-3.0amplitudeareitLVeStigated.Thebrightnesscontrastdependson
thewavesteepnessandthewaveprofilegeometry･Asllrfacemicrowave
modelisdevelopedusingtheKirchofrapproximationwiththemuJtimode
surfaceslopedistribution.AgreementbetweenexperimentandtheorylS
roundforthenonlinearStokeswayeswithsteepr)essKa<0.25-0.30.

1.1NTRODUCTION

Thesurfacewaveshavealargeinfluenceontheocean'smi-

crowaveemission･Theimportantdisturbancesarefiniteamplitude

waves-shortgravltyandgravlty-Capillarywaves,whicharenon-

1inearl1].Theprofiletransformationofnonlinearwavescauses

redistributionofgeometricalandstatisticalpropertiesofthesurface
thatresultsinmicrowaveemissionvariations.Itisobviousthatthis

effectisweak.Foritsmeasurementahighlysensitiveradiometeris

necessary.ForthispurposethesuperconductingJosephsoncontact
radiometercanbeused.
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