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WEATHERRADARSIGNALANDDATA

PROCESSINGINHAILSUPPRESSIONSYSTEM
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PredragVukovi�c,DejanRan�ci�c

Abstract.Theweatherradarsignalanddataprocessingoftheautomated
hailsuppressionsystemisdescribedinthispaper.Thecreatedsystemincreases
e�ciencyoftheradarcenterbyapplyingautomationofprocessfromcollect-
ingradarinformationaboutcloudstolaunchingrocketwithseedingmaterial.
Thesignalprocessingalgorithmsandthearchitectureofthesystemaswellas
softwareorganizationforrealtimeDSP(DigitalSignalProcessing)ofweather
radarechoarepresentedanddiscussed,withemphasisatproblemofestimation
ofmeanreectedpowerfrommeteorologicaltargets.Thespecializedinforma-
tionsystembasedonGIS(GeographicalInformationSystem)technologyand
objectorientedparadigmisdevelopedasasubsystem.Also,theantennamov-
ingcontrolsubsystem.Theautomatedhailsuppressionsystemisdesignedfor
awiderangeofapplicationssuchas:hailsuppressionactivities,meteorological
research,precipitationmeasurementsandshort{termforecast.

1.Introduction

Weatherradarshavebeenusedsincethe1950sforqualitativeassesment
ofmeteorologicalphenomenameasurablebyradars.Researchhasbeendi-
rectedtowardsprovidingshort{termforecastingandhydrologicaldataina
clearandunambiguousmanner.Therearethreemainapplicationsofthis
information.Stormwarningandhailsuppressionactivitiesarethe�rstand
mostfrequentapplicationsofweatherradars.Thesecondisshort-termfore-
castingandthethirdapplicationisinhydrology,involvingthemeasurement
ofwatercontentreachingthegroundandcontrolofthewaterresources
thereafter.
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Thesystemdescribedinthispaperisdesignedforthe�rstapplication
butitcanbeextendedfortheremainingtwo.Hailsuppressionsystemis
verycomplexandverylargeone.Radarcenterautomationsystemhasbeen
underdevelopmentforsometimeattheFacultyofElectronicengineeringin
NiundersupportofHydrometorologicalServiceofSerbiaandMinistryof
scienceandtechnologyofrepublicofSerbia.

Increasinge�ciencyofhailsuppressionsystemmeanstointroducethe
seedingmaterialinprecisede�nedvolumeofhailcellsincloudsbythe
rocketslaunchedfromtheground.Forthispurpose,itisnecessarytohave
veryaccuratemeasurementsofcloudradarreectivity,theseedingzones
geometricalcharacteristicsdetermination,trackingandpredictionoftheir
positions.Accordingtoprepreparedmeteorologicalandtechnicalcriteria
andcertainmeteorologicalseedingmethods,theinformationsubsystem,asa
partoftherealizedautomatedsystem,makesthedecisionandselectsthehail
suppressionstations(HSS),tolaunchtherocketswithmaximumcalculated
e�ciency,separately.Theidenti�cationnumbers,rocketlaunchingazimuth
andelevationdata,separatelyforallHSS,andcorrespondingtiming,follows
selectedHSSbytheautomatedsystem.Theoperatorwhocoordinateshail
suppressionactivitiesmakesthe�naldecisionaboutlaunchingtherocket
amongtheselectedHSSsaccordingtogivene�ciencies.

Methodologyofhailsuppressionactivitiesneedsspecialrequirementsin
regardofprocessingweatherechopowerandshapeofanantennavolume
scan.Forthispurpose,thefollowinghasbeendeveloped:

�hailcellsinCb(cumulonimbus)cloudsanalysisonthebasisoftheir
reectivityasdescribedinSection2.Followingtheoperator'srequire-
ments,thesystemisabletoperformverypreciseanalysisuptothe
spatialresolutionleveldeterminedbytheantennarevolutionspeedand
pulserepetitionrateintheangulardomainandtheA/Dconvertersam-
plingrateintherangedomain.Maximumappliedsamplingrateis4
MHzcorrespondingtothe37:5mrangeresolution.

�Time,angleandrangeaveragingofradarechoesfromdistributed
targets(clouds)hasbeenimplementedinthesystemindi�erentde-
grees,accordingtomodesofoperations,throughthemowingwindow
integration{adaptable.

�Becauseofgettingtheradarpicturewithoutuncoveredzoneinthe
analyzedcloud'scell,theantennaspeedisautomaticallyadaptable
from0.1to6rpm(itdependsontheradarservosystemsensitivity),
accordingtotheappliedA/Dconvertersamplingrate.

�Volumesectorialscansoftheradarantenna.Thelimitsofthesector,
inazimuthandelevationdirections,areautomaticallyadaptableand
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determinedbygeometricalcharacteristicsofcloudcellsatacertain
reectivitylevelselectedbyoperator.

2.Automatedhailsuppressionsystemdescription

Thenewautomatedhailsuppressionradarcenter(Fig.1.),[12],consists
oftheMITSUBISHIRC{34Aradar,mainworkstation,twoadditionalwork-
stationsandintelligentmicrowavelink.Theworkstationsareconnectedby
EthernetLAN.Thee�ective,exible,modernsolutionoftheradarsignal
processingisimplementedbyconnectinganadditionalhardwaretoaPC
motherboard.Theadditionalhardwaretransformsthesystemintoavery
powerfulonefordigitalsignalprocessing.Threeadditionalcardshavebeen
installedintothemainworkstation:A/Dconverterforradarlog{videosig-
nal,DSP,containingtwodigitalsignalprocessors(TMS320C040)andA/D,
D/AanddigitalI/Ogeneralpurposecard.ThehighspeedoftheA/D
converterandabilityofexternalsamplingcontrolenablesadynamicchange
ofthesamplingrate,i.e.rangeresolutionofreectedradarsignals.DSP
cardprocessesthedigitizedradarsignals(three-dimensionalpolarvolume
ingestdata)inrealtime[9]andstoresthecalculateddata(volumetricdata
inCartesiancoordinatesystem)intotheRAMofthemainworkstationfor
variousmeteorologicalproductsgeneration.

Figure1.Newautomatedhailsuppressionradarcenter.

Theintelligentmicrowavecommunicationlinkisalsoapartofthesystem
responsiblefordatatransmissionbetweenradarandcommandcenteraswell
asbetweennearestradarcenters.

Themainworkstation(Fig.2.)performsnumeroustasks,[8].Some
ofthemare:digitalizationofradarsignals,compensationforattenuation
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causedbyelectromagneticwavespropagationthroughtheatmosphere,com-
parisonwithcertainthresholds,integrationandaveragingintime,angle
andrangedomain.Then,transformationfrompolartoCartesiancoordi-
nates[13],memorymappingandstoringdataintotheRAMofthemain
workstation,transferofoneradarsweepprocesseddatatohostmemory,
antennascanregimecontrol[15],man{machineinterfacing[5],generating
meteorologicalproducts,etc.

3.Signalprocessing

Inradarmeteorology,theaverageoftheweatherechopowerisusedin
thecomputationofreectivity,liquidwatercontent,rainfallrate,etc.,[6],
[1],[4].Typicalreceiversusedinradarsarelinear,quadraticandlogarith-
mictype.Anyofthemcanbeusedtoestimatethepowerreturnfrom
distributedscatterers,suchasclouds,butowingtothelargedynamicrange
ofmeteorologicalsignals[6],thelogarithmicreceiveriscommonlyemployed.
InMITSUBISHIRC-34Aradar,too.

Figure2.Themainworkstationcon�guration.

EstimatesofmeanreectedpowerP0areobtainedfromNsampleaver-
agesofreceiveroutputsignals(assumedtobeindependent).Theestima-
tionproblemiscomplicatedduetothefactthattheinput-outputtransfer
functionQi=g(Pi)isnonlinear(exceptforthequadratictype).Thus,the

computationallye�cient�rstestimateQ̂Nofthereectedpowerisobtained



A.Kosti�cetal:Weatherradarsignslanddataprocessingin...329

by:

Q̂N=
1

N

NX
i=1

Qi(1)

andthentheinputpowerestimateP̂Niscomputed,

P̂N=g�1(Q̂N):(2)

ItisshownthatunderassumptionofRayleighdistributedreceiverinput
enve-lope,i.e.

p(A)=
2A

P0
exp

�
�A

P0

�
;(3)

whereAistheamplitude,estimateP̂Nisbiasedbyconstantfactor(indB)
comparedtounbiasedonewhichcanbeobtainedbyaveragingg�1(Qi),
whichismuchmoretimeandmemoryconsuming[16].

Inthesystemssuchasweatherradars,eitherblockaveragingor�rst{
orderdigital�ltershavebeenemployed.Aweightedwindowispracticalto
implementandalsoprovidesacontinuousestimateofthemeanvalue[10].
Blockaveragingintegrationisnotstrictlycontinuous.Insystemthatistaken
intoconsideration,thesweep{to{sweepandrangeaveragingisperformedby
movingwindowintegration.

Sincethesignalatthedetectors'outputisproportionaltotheinput
power,thedi�erenceequationfortheestimateP̂N=Qnatthen-thiteration
is
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AssuminganinitialconditionQ0=0,the�lters'outputcanbeexpressed
intermofQnas

Q̂n=
1

N

NX
i=1

Qi+n�N:(5)

FortheassumedRayleighinputamplitudedistribution(3),thedistribu-
tionofinputpowerisexponential.Itisshown[19]thattheexpectedvalue

andthestandarddeviationofP̂nforlogarithmicreceiver{detectorare:
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respectively.�isthegammafunction.Onthecontrarytosquare{lawre-
ceiver,thatisanunbiasedestimator,thelogarithmicreceiversintroducea
biaswhichisafunctionofN,ascanbeseenfromtheexpressionforthe
expectedvalueofP̂N.

ImplementationofthealgorithmwasmadeforthecaseofaGaussian{
shapedDopplerspectrum,aGaussian{shapedantennapatternandarect-
angularlyshapedtransmittedpulse.Anin�nitebandwidthreceiver,station-
arityandhomogeneityareassumed,too.

Itisessentialtodeterminetheaccuracyofmeanintensityestimatesfrom
weatherechoes.Whenindependentradarechodataareaveraged,thevari-
anceofthemeanintensityestimateisinverselyproportionaltothenumber
ofsamples[2].Thisreductioninvariancemaybeusedasameasureofpre-
cisionofthemeanestimate.Also,thenumberofindependentsamplesused
tomakethemeanintensityestimatemaybeusedasameasureofprecision
ofthemeanestimate.Whendependentradardatasamplesareaveraged,we
useasameasureofprecisionei-therthevariancereductionortheequivalent

numberNiofindependentsamples.ItmeansthatNiassociatedwithamean
intensityestimateisde�nedastheratioofthereceiversignalvarianceto
thevarianceofthemeanintensityestimate[6],[18].

Ni=
�2Q
�2
Q̂

;(8)

whereQisoutputsampleandQ̂ismeanoutputestimates.

Inatypicalpulseradarsystem,echosignalsaresampledatregularly
spacedinstants(i.e.regularlyspacedslantrangepoints)whileantennaaxis
changesangularpositionataconstantrate.Undertheseconditions,time
andrangecanbeconsideredasindependentvariables.Anglesamplingis
thenrelatedtotimeintermsofaconstantrotationrate�.Thecorrelation
functionforangleandtimeatonerangeiscombinedasfollows:

�(�;�)=exp

�
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where�(�;�)isthenormalizedcorrelationfunctionforangleandtime,��is
thecorrelationtimescale,�1istheantennabeamwidthand�=[2ln(2)]1=2.
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Oneneedsonlytocomputevaluesof�0�andobtainNiforcombinedtime
andanglesamplingfromthenextequation[18].
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wheresubscriptlogstandsforlogaritmicreceiver,Nisthenumberofdiscrete
samplesspacedl�secondsapart.

Toincluderangewiththecombinedtimeandanglesampling,Niwould
bethenumbercomputed(fortime{angle)multipliedbythenumberofinde-
pendentsamplesinrange.ForNdiscreterangesamplesspacedadistance
lr,Niis[18]:

N�1
ilog=

8>><
>>:

1

N
+

12

N2�2

KuP
K=1

1P
m=1

(N�K)m�1

�
1�

Klr
D0

�2m
;Ku�

D0

lr
1

N
;lr>D0

(12)
whereD0isthepulsevolumelength.

Figure3.Equivalentnumberofindependentsamplesforapplied32discrete
samplesofthelogarithmicreceiverversussamplingfrequency.
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4.Calibrationofradar

Toobtainthedesiredaccuracyinradarreectivityestimatesforquanti-
tativeuseitisnecessarytoverifyasu�cientsystemstabilityandtogetreal
parametersthatdependontransmitterpower,sensitivityofthereceiver,
wavelength,antennapropertiesandsoon,inordertocorrectmeasurements
andpossiblyZ{Rrelationship[3],[16].

Fromthesecondorderpolynomialregressionofthemeasuredradarcal-
ibrationcurve,onecangetitscoe�cients.Figure4showsthecalibration
curvebelongingtoweatherradarMITSHUBISHIRC{34Ainstalledonthe
hailsuppressionradarcenterKameni�ckiVisnearNi�s.Thesecoe�cientsin
conjunctionwiththeparametersoftheradarincludedinC2andcompen-
sationforattenuationduetodistanceoftheobserveddistributedscatterers
(ananaloguetoSensitivityTimeControlinclassicradardesigns)transform
theirreectivityinmeteorologicalusedmeasure{dBZ[14].

10logZ[dBZ]=A1(ktUUd)
2+A2ktUUd+A3+C2dB

+20logn�r+2k
n�r

1000

(13)

where:
A1;A2andA3{thecalibrationcoe�cientsofradar,
ktU{theanalogtodigitaltransformationcoe�cient,
Ud{theestimatedreceiveroutputsampleindigitalform,
�r{rangebinlength,
nrangebinordinalnumber,
k{theattenuationcoe�cientintheatmosphere,and

C2=
�3

210ln2

Pth

�2
jKj2G2���(14)

whereare:Pt{transmitterpower,h{pulselength,�{wavelength,G{
antennagain,�;�{beamwidths,�{lossesandjKj2{therefractiveindex.

Inuenceofthereceiverthermalnoiseonthemeteorologicalproductdis-
playislimitedbythecomparingaveragedsignallevelwiththresholdob-
tainedbywell{knownCA{CFARalgorithm[17],slightlymodi�ed,applied
onperiodicallyestimatedmeannoisepower.Namely,noisesamplesare
takenfromafewgatesbelongingtothetimeintervalbeyondmaximum
rangeofradar,underassumptionthatthetimeintervalisclearofclutter
andmeteorologicaltargets.Weightedmeanvalueofthenoisesamplesde-
terminesthethreshold,accordingtotheCFARalgorithm.Onlythesignals
abovethresholdundergor2compensation[1].
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Figure4.MITSUBISHIRC{34ACalibrationcurve(RadarCenterNi�s).

5.Realtimesoftware

Thissectiondescribesimplementationofrealtimepartofmainworksta-
tionsoftwareinbrief.

Besidestheintendedfunctionality,softwareorganizationofthemain
workstationisstronglyinuencedbyhardwarearchitectureandoperating
systemissues.Asalreadymentioned,themainworkstationisbasedonPC
platformrunningunderWindows'95operatingsystem.Hardwarespeci�cs
ofDSP,A/DanddigitalI/Ocardsimposesomeconstraintsandpartlydeter-
minereal{timesoftwarestructure,especiallydispositionofit'scomponents
atprocessors.Also,varioustasksperformedbythemainworkstationappli-
cationrequestdi�erentprioritiesand/orservice{timedelayboundaries,and
haveawiderangeofexecutiontimes{characteristicsthatstronglysuggest
applicationofdecouplingevenpartsofthesametaskwhicharedistributed
among2DSPsandhostprocessor.

Realtimesoftwarethatperformstaskslistedinsection1,consistsof
threemainparts:DSP0program,DSP1programandhostprocessorpro-
gram.DSP0andDSP1programsaredownloadedatthebeginningofthe
hostapplicationsoftwareinitialization,usingtheDSP'ssystemroutines.
NextphaseofinitializationcommencesafterDSPprogramsstart{upand
it'spurposeistoestablishmemorybu�erthroughwhichradarpictureis
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transferredfromDSPstohost.Duetorelativelyhighandconstantrequired
datathroughputofabout2MB/s,slowdatatransferringroutinesfromDSP
carddevicedriverareuseless,andtheonlysatisfactorysolutionistoperform
directdatatransfertohostmemorybymeansofDSPcard'sPCIcontroller
inbusmastermode.However,seriousproblemtothisconceptuallysimple
ideaisposedbytheWindows'95implementationofmemorymanagement,
reectedinthefactthatthereisnosimpleandgenerallypredictablecorre-
spondencebetweenvirtualmemoryaddressesuserapplicationprogramsees
andworkswith,andphysicaladdressescorrespondingtothem.Sizeofele-
mentarymemorychunkinWindows'95OSis4kBimplyingthat12least
signi�cantaddressbitsarethesameinvirtualandphysicaladdress,while
mappingof20higherorderbitsisde�nedbythetablesmanagedbyop-
eratingsystemkernelexecutingat0-thprivilegelevel,thatarecompletely
invisibletotheuserapplicationrunningatlevel3ofprivilege.Anelegant
solutiontothisproblemistoletthehostprocessorreservememoryspacefor
thebu�erandputsomeuniqueenumeratedmarkersatthe4kBboundaries,
andstartscanningofthememorybytheDSPinbusmasterregime(Fig.
8).Bythetimewhenallmarkershavebeenfound,DSPhasmaintained
tableofstartingaddressesofhostmemoryblocksbelongingtobu�er.In
ordertopreventrandomoccurrenceofmarkersomewhereinmemory,ac-
tualprocedureisperformedintwosteps:DSPmemoryscanandmarkers
modi�cation,inthe�rst,andhostveri�cationthatmarkersaremodi�edin
expectedway,inthesecondstep.

Afterinitialization,systemstartsacquisitionandprocessingofradar
echoes[8].Stepsinvolvedinprocessingofoneradarpulseechoareout-
linedinFig.5.

Radartriggerpulse(trigi)startsRFpulseemissionandsynchronizesboth
radarandautomatedhailsuppressionsubsystem.Itstartsacquisitionoflog{
receiversignalsamplesblockperformedbyA/Dcardaswellasacquisitionof
currentantennapositionaccomplishedthroughsteps1�3.Attheinstant
1triggerinterruptsDSP0whichinturnissuesinterrupttohostprocessor
(intci).Duringinterruptprocessinghostreadsantennacoordinatesthrough
digitalI/OcardandtransfersthemthroughmailboxregisterofDSPcard's
PCIcontroller.WritingtothisregisterissuesinterrupttoDSP0(3)which
acceptsdataandassociatesthemtodatabelongingtosweepi.

A/Dconverteroutputs12{bitsamplesto1024wordslongA/DcardFIFO
register.AsFIFOis16{bitwide,samplesaresign{extended.Afterthe
FIFOishal�lled,TMScommunicationport1controllerstartstransmission

1DigitalsignalprocessorTMS320C040hassixb-bitwide,20MB/Sasynchronous
communicationportsthatenablefastI/Oandnetworking.
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tooneofDSP0communicationports(4)whichlastsaslongasFIFOholds
morethan512samples.Hence,FIFOintroducesdelayof512TS(TS{
samplingperiod),whichisinworstcase(fortheminimumsamplingrate
fSmin=300kHz)about1:7ms.SamplesarereceivedbyDSP0commport
attachedinternallytooneofsixchan-nelsofDMAcoprocessorwhichpacks
pairsof16bitsamplesin32{bitwordsandstorestheminoneoftwoinput
samplesbu�ers.Aftertransmissionofpreprogrammednumberofsamples
DMAstopsandissuesinterrupttoDSP0informingitthatnewsweepdata
isreadyforprocessing(5).

Figure5.Timesequencesofechosignalsprocessing.

Interruptservicingroutine(ISR)interruptshostprocessor(intri;y),and,
incaseDSP0has�nishedsweepi�1processing,performsbu�erswitching,
sothatDMAreceivingbu�erandDSP0processingbu�erareexchanged
(Fig.6).Atexit,ISRsendssignaltomainloopandsoinitiatesnewcycleof
processing.HostISRservicingintriresetsFIFOandreinitializesA/Dcard
preparingitfornewechoacquisition,interruptingDSP0(7)beforeexiting.
Havingreceivedthisinterrupt,DSP0reinitializesDMAcoprocessor.

Afterunpacking,samplesfromprocessingbu�erareinputtothesweep{
to{sweepintegration�lterwhoseoutputisfedtoarangeintegration�lter.
It'soutputiscomparedtoCFARthresholdobtainedthroughprocedure
mentionedinprevioussection.Samplesabovethethresholdarecorrected
forr2andatmosphericattenuationand�nallyconvertedfromdBmtodBz
units.

Processedsamplesarestoredinoneofthefourblocksofcircularbu�er
(s1s4),implementedintheDSPglobalmemory(Fig.7).Thelengthof
datablocksismatchedtothenumberofsamplescorrespondingtosweep
maximumresolution.Inadditiontoalengthofusedblock,slotheader
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storedprevioussamplesincircularbu�erslotalsocontainsazimuthand
elevationoftheradarantenna.

Figure6.Packedsamplesreceivingbu�ers.

ThenextstepisatransformationofpolarcoordinatesintoCartesianones
expressedintheformofo�sets,i.e.relativeaddressesofsamplesinregard
totheoriginofmemorymapofradarsearchedspace.

MainloopoftheprogramexecutingonDSP1iscontinuouslyscanning
headersofcircularbu�erslotsandstartscoordinatetransformationproce-
durewhennonemptyslotisobserved(8).Asthetransformationisdone
solelyupondatastoredinslotheader,circularbu�erensuresdecoupling
betweenprocessesexecutingonDSP0andDSP1.Thecoordinatetrans-
formationprocedureoutputconsistsoftwodatablocks:the�rst,whichis
stringofreectivitiesandthesecond,holdingcoordinatesofthepointsin
observedspacetowhichthesereectivitiescorre-spond.Ingeneralcase,
reectivitiesblockisnotmerelycopyofthecircularbu�erslot,since,in
ordertoavoidemptyspotsinradarpictureappearingincer-tainmodes
ofwork,coordinatetransformationroutinealsoexecuteselaborate�llingal-
gorithmwhichcanassignthesamereectivitytoneighboringelemen-tary
spacecells.

Afterthecoordinatestransformation,DSP1,byPCIcontrollerinbus
mastermode,storesblockofreectivitysamples(an)andblockofaddresses
(bn)inoneofthesixslots,rn,ofdoublecircularbu�erimplementedina
commonspaceofhostRAM(Fig.8).Afterstoring,DSP1writeslengthof
datablockstosemaphorel(n),andinterruptshost(intpi9,Fig.5).Host
interruptserviceroutinetransfersreectivitydatatoamemorymapped
spacethroughindirectindexedaddressingwitho�setsfromaddressblock.

Hostprocessorexecutingalgorithms,describedin[13],[8],[7]and[5],
performsfurtherprocessingofradarpicturetogetmeteorologicalproducts.
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Adetaileddescriptionofgeneratingmeteorologicalproductsandhailsup-
pressioninformationsystemisbeyondthescopeofthispaperandhence,is
notgivenhere.

Figure7.Processedsamplescircularbu�er.

Figure8.OrganizationofDSP{hostcommonmemory.

Finally,let'sgiveafewconcludingremarksonreal{timesoftwarestruc-
ture.HostinterruptsintrandintcarerequiredbyDSPcardinabilityto
workasbusmasterinhostI/Oaddressspace,andhadtobeimplemented
inordertocontrolI/Omappedhardware.Thereasonsforimplementation
ofhostinterruptintparemanifold:1.)DSPcardcanaddressonly32{
bitwords,andsincereectivityis8{bitlongunacceptablelossofmemory
spacewouldbeincurred,2.)duetophilosophyofPCI,favoringblockdata
transfers,andmuchsimplerprogrammingofDSPcard'sPCIcontrollerchip
whendatatobetransferredhaveconsecutiveaddresses,transferspeedsare
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muchhigherforblocktransferscomparedtorandommemoryaccesses,3.)
inordertoavoidDSP1executingphysicaltovirtualaddressesconversion,
calculatedaddressesareino�setformandactualaddressesconversionis
automaticallydonebyhostprocessor'sMMUhardware.

Introductionofwholesuiteofbu�ers(Figs.6,7,8)althoughmaking
softwaremuchmorecomplexthanittheoreticallycouldbe,greatlyenhances
systemro-bustnessandpreventdatalossduetounpredicteddelaysincurred
mostlybythehostoperatingsystemactivitiesrunningathigherlevelsofpri-
ority,inabilityofDSPto�nishsweepprocessingbythetimenextsweepbe-
gins,andsimilarevents.Bu�eringofdataalsoenablesDSPstousethewhole
interpulseperiodof5msforprocessingalthoughradarecholastingtimefor
themaximumdistancetobeobservedbythissystemDmax=250km,is
�max=2Dmax=c=1:67ms.However,shoulddatalossbeinevitabledue
toprolongeddelays,softwaredesignguarantiessmoothrecoveryfromany
pointdataand/orsynchronizationlosscaneventuallyoccur.

6.Conclusion

Thebriefdescriptionofradarsignalanddataprocessinginautomated
hailsuppressionsystemispresentedinthispaper.Specialattentionhasbeen
paidtothesignalprocessingalgorithmwhosepropertiescontributetothe
qualityofgeneratedmeteorologicalproductsinadirectway.Thesolution
ofreal{timesoftwarestructure,calibrationoftheradarandthresholding
processusingmodi�edCFARalgorithmareemphasized,aswell.

ClassicalnonDopplerweatherradars,likeMITSUBISHIRC{34A,can
meas-ureonlyoneparameter,reectivity,andtheyarenotenoughaccurate
withpossibilityofgreaterprobabilityofoperator'swrongrocketlaunch-
ingdecision.Usingcalibrationcurvesandtakingintoaccountallrelevant
radarparameters,thewholesystemconsistingofradarandautomatedhail
suppressionsubsystembecomesmoreaccurateand,ofcourse,muchfaster
thenmanualwork.Inadditiontocommontasks,theautomatedsystem
performsmanyhailsuppressionrelatedspecializedrequirementsaccording
tothemethodsdevelopedinHydrometeorologicalServiceofSerbia.The
systemisdedicatedtothemandisrealizedbytechnicalsolutionsasfollows:

�adaptablethresholdingforhighprobabilitydetectionpurposes,

�movingintegration,adaptable,windowinrangeandazimuthdomains

�zooming,

�automaticmatchedantennamovingpatternandspeedaccordingtoa
selectedzoomlevel,

�trackingandpositionpredictionofacloudradarecho,
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�makingdecisionaboutHSSthatshouldlaunchtherocketwithacertain
degreeofe�ciency,and

�launchingrocketelementsandtimingcalculations.

Theinitialresultsoftestingoftherealizedsystemhaveliveduptoex-
pectationsandshowedthatthesystemwouldbesuppliedwithnewfeatures
increasinge�ciencyofthewholehailsuppressionactivities.
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