
Designand Demonstrationof an AdvancedOn-Board
Processorfor the Second-GenerationPrecipitation Radar

�

Mark A. Fischman,Andr ewC. Berkun, Frank T. Cheng,William W. Chun, Eastwood Im
Jet PropulsionLaboratory , California Institute of Technology, Radar Scienceand EngineeringSection

M/S 300-241,4800Oak GroveDr, Pasadena,CA 91109-8099,USA
Tel: (818)354-3862,Fax: (818)393-6943,e-mail: ma�sch@mail1.jpl.nasa.gov

Ray Andraka
Andraka Consulting Group, Inc.
North Kingstown, RI 02852-1666

ray@andraka.com

Abstract—The Next-GenerationPrecipitation Radar (PR-
2) prototypedby NASA/JPL will dependheavily on high-
performancedigital processingto collectmeaningfulrain echo
data.Using�eld-programmablegatearrays(FPGAs),we have
developed for the PR-2 a pulse-compressionprocessorand
adaptive timing controller that will enablefull on-boardpro-
cessingcapabilitiesin a 13 and36 GHz spaceborneradar. This
paperdescribessomeof thenew technologiesfor theon-board
processor, including a 40 � 109 op/s bit-serial �lter attaining

� 60 dB rangesidelobeperformance,andanadaptive scanning
controlandtiming unit (CTU) whichyieldsa7-fold increasein
theradar'sdwell timeoverareasof precipitation.

I. INTRODUCTION

Globalthree-dimensionalrainfall dataacquiredby aspaceborne
precipitationradar provide crucial information about the hy-
drological cycle. The imaging of liquid water massin three-
dimensions(in altitudeandhorizontally) is alsoimportantfor
understandingthe global climatesystembecausesuchimages
reveal how latent heat is transferredthroughthe atmosphere.
The Ku-band(13 GHz) precipitationradaronboardthe Tropi-
cal Rainfall MeasuringMission(TRMM) satellite,launchedin
1997,wasthe�rst Earth-orbitingsensorto retrieve3-D rainfall
dataover tropical andmid-latituderegions[1]. With the suc-
cessof TRMM, a new classof spaceborneprecipitationradars
arebeingdevelopedfor follow-onmissionswith improvedsen-
sitivity, spatialresolution,andswathcoverage.

NASA/JPL is currentlyprototypinga Next-GenerationPre-
cipitationRadar(PR-2)thatofferstheadvancedcapabilities[2]
neededto succeedTRMM. ThePR-2projectinvolvesthepar-
allel developmentof severalbreakthroughtechnologies[3], in-
cluding: 1) a largeaperturein�atable/rigidizablemembranere-
�ector antenna,2)compact,solid-stateT/R modulesfor anelec-
tronically steerablearrayat 13 and36 GHz, and3) on-board
digitaldataprocessingandtimingcontrol,implementedin �eld-
programmablegatearrays(FPGAs). Fig. 1 illustratesthecon-
cept for the spacebornePR-2 instrument,with its lightweight
antennadeployed in a low-Earthorbit. Given the large 5 � 3 �
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Figure 1: Conceptualdrawing of the spaceborneSecond-
GenerationPrecipitationRadar(PR-2),with aninnovative5 � 3 �

5 � 3 m re�ector antennabaseduponin�atable/rigidizabletech-
nology.

5 � 3 m antennaapertureand the speciallydevelopedon-board
processingelectronicsfor adaptive steeringof the radarbeam,
the PR-2 is capableof collecting 3-D rainfall dataat a high
spatialresolution(2 km footprint) andover a wide cross-track
swath(500km).

Theon-boardprocessor, whichis thefocusof thispaper, must
bedesignedto meetthechallengingrequirementsfor measuring
precipitationfrom space.Seasurfacereturnscanbeasmuchas
55 dB strongerthanthe rain returnpower to becomea major
sourceof clutter [4]. Also, for conventionalscanningradars,
thereis a classictradeoff betweenswathwidth capabilitiesand
theavailabledwell timeovereachfootprint[5]. In thefollowing
sections,we describethe new featuresof our prototypedata
processorandcontrol and timing unit (CTU) that solve these
systemdesignchallenges.
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