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« GeoSTAR is a microwave sounder intended for GEO
— Ground-based prototype under development
— Space-based version can be developed in time for GOES—R
— Configuration suitable for MEO elso under study

e Functionally equlvalent to AMS
- eric T-s: ng @ 50 GHz witl 50 km resolutlon

Stand-alone all—we ather tempemture soundm

Cloud clearmg of IR sounder

— Tropospheric q—soundmg @ 183 GH‘ Lyfwrth < 25 km resolutlon

 Stand-alone all—weathe az‘er va? or/lzquzd water soundmgs
* Rain mappzng : : . . [

e T ropospherlc wind prof les (-New product only feas1ble ﬂom GEO)
« Using Aperture Synthesis e |
— Also called Synthetrc Thinned Array Radlometer (STAR)

— Also called Synthetic Aperture Microwave Sounder (SA/"“ S
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« GEO/MEOQO sounders complement LEO sounders

— LEO: Global coverage, but poor temporal resolution; high spatial res. is easy

— GEO: High temporal resclutlon and coverage but only hemispheric non-polar
coverage; high spatial res. is difficult

— MEO: Global coverage and hrgh temporal resolutlon (assumlng constellation)
— Requires equivalent meas ement capablhtles as now in LEO IR + MW

 Enable full soundlng capablllty from GEO/MEO
— Complement prrmary IR SO :der Wlth matchmg MW sounder

* Must reach surface un tm pherlc cond1t1ons ‘

« Stand-alone IR sounders are only margmally useful
— Can sound down to cloud tops-(* clear channels’ ) : '

— Can sound in clear areas (“hole huntlng”)
« Clear scenes make up <2% globally at AMSU resolution (50 km)

— Both exclude active-weather regions & conditions



National Aeronautics and
Space Administration

Jet Propulsion Laboratory
California Institute of Technology
Pasadena, California

« Difficult to build large enough aperture
— AMSU-equivalence requires 6 meter parabolic dish

+ Difficult to stow and deploy

— High surface ﬁdeh‘gy requ1red for adequate beam efficiency
+ Beam efﬁc1ency of 95%+ requlred for sounding

— Mesh or film technology not available at soundlng frequenc:1es
» . Must use solid dish =
. Means large volume and mass

. Difﬁcult _",'hleve adequate spatlal coverage
~ Dish antenna must be mechanically scanned -

roblematic .
y degrades w1th scan angle

e Therefore scan range is very limited

. leﬁcult to overcom system llmltatlons

—  Mechanical scannmg causes platform dlsturbances -
+ Cannot coexist with super-hlgh resolution i imagers

— Large platform resources required
* Mass, power, volume, platform control

— High risk at system level
e Solution: GeoSTAR!

— None of the drawbacks of real-aperture systems

- Scannmg subreﬂ tor is
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‘ -
« Radiometric sensitivity ::: - -
— Must be no worse than AMSU (< 1K) y o7 ipjjoi K vestamm
 Spatial resolution = I;:‘ o :))
— At nadir: <50 km for T; <A 75 k E “T :
* Spectral coverage v -
— Tropospherlc T-soundmg ‘Must use 50 56 GHZ - ::0_. AT 1 AT

FREQUENCY (GHz)

» Note: Higher frequen01es (118 GHz, etc ) cannot.
penetrate to the surface: everywhere ,
* Bottom 2 km is the mos
— Tropospheric q-soundmg Must use 183 GHz (AMSU B channels)
» Note: Higher. frequenmes (325 r ,450 GHz) cannot penetrate even
moderate atmospheres

— Rain by scattermg Best to use 183 GHz (AMSU-B channels)

+ Temporal coverage from GEO
—  T-sounding: Every 1-2 hours @ 50 km resolution
— Q-sounding: Every 30 minutes @ 25 km resolution

There are no short-cuts! - e (,
— Using high frequencies to obtain small aperture & hi h resolution is not feasible

TRMMW/GPM

L L L
20 50 100 200 350
Frequency (GHz}
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« All-weather soundings @ 2-4 km vertical resolution
—  Full hemisphere @ < 50/30 km every 30-60 min (continuous) - easily improved
— Standalone soundings;' Alsocomplements any GEO IR_Sounder

* Rain \ ¢ e
— Full hemlsphere @ <30 km every 30 min (contlnuous) = V‘ V"ily improved
— Measurements: Scattermg from ice caused by preupltatmg cells

— Real time: full hemispt eric snapshot every 30 minutes or less
» Tropospheric wind p: ' '
- Surface t0 300 mb a

— Very high temporal resolution p0351ble » :

— Vertical winds may also be fea&ble requ1res some research e
« Rapid-cycle NRT storm trackmg

—  Scattering signal from hurricanes/convection detectable in < 5 minutes

— Switch to detect/track mode = Update every 5 mmutes (contihUous)
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 Concept Anton sy -
— Sparse array employed to synthesize large aperture | &K .. I.;..
— Cross-correlations -> Fdﬂrier transform’of Tb ﬁeld et : N
— Inverse Fourier transform on ground > Tb field "'T"*--l--j-
* Array | s .
— Optimal Y-conﬁ‘guration' 3 sticks; N elements A
— Each element is one I/Qrecelver A wide (2 cm 'Receiver array & Resulting uv samples

— Example: N = 100 = Plxel ~0.09° = 50 kmat
nadir (nominal) 4 o e

— One “Y” per band 1nté§léaVeﬂ

- Other subsystems e
— A/D converter; Radiometric power rneasurements
— Cross-correlator - masswely parallel multrphers '
— On-board phase cahbratron »

Controller: accumulator -> low D/L bandwidth

Example: AMSU-A ch. 1
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Very Large Array (VLA) a
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| Othefs Aré DeV ,’ :

ESA’s Soil Moisture and Ocean Salinity SMOS)
L-band system under development - Launch in 2007
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* Visibility measurements
— Essentially the same as the spat1a1 Fourier transform of the radiometric field
— Measured at fixed uv-plane samplmg points - One pomt for each pair of receivers
— Both components (Re, Im) of complex visibilities measured
— Visibility = Cross- correlatlon Dlgltal 1-bit multlphcatlons @ 100 MHz
— Visibilities are accumulated over cahbratlon cycles —> L.ow data rate

+ Calibration measurements |
— Multiple sources and combmatle
—  Measured every 20 30 se =
 Interferometric imaging ,
— All visibilities are measured s1multaneously On—board masswely parallel process
—  Accumulated on ground over several minutes, to achleve desired NEDT
— 2-D Fourier transform of 2-D radiemetric image is fd‘rmed‘— without scanning
» Spectral coverage - =
— Spectral channels are measured one at a t1me LO tunes system to each channel
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« GeoSTARIs an interferometric system
— Therefore, phase calibration is most important
— System is designed to maintain phase stability for tens of seconds to minutes

— Phase properties are momtored beyond stablhty perlod (e g., every 20
seconds) -
*  Multiple cahbratmn émetho

—  Common noise signal ¢ uted to multlple receivers —> complete
correlation i e -

— Random noise source in cach reeelver — complete de-correlation

— Environmental n01se sou, momtored (e g., sun’s transit, Earth’s limb)
— Occasional ground-beaco ise 31gnal transmltted from fixed location
—  Other methods, as used in rad: ) | |

» Absolute radmmetrlc callbratlon

— One conventional Dicke sw1tched receiver measures “zero baseline visibility”
 Same as Earth disk mean brlghtness temperature (= Fourier offset)

—  Also: compare with equivalent AMSU observations durmg over/under-pass
— The Earth mean brightness-is highly stable, changmg extre _ nely slowly
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* On-board measurements
— Instantaneous visibilities: hlgh-speed Cross- correlatlons ‘
— Accumulated visibilities: accumulated over cal1brat10n cycles
— Calibration measurements ‘

* On-ground image reconstr ction

—  Apply phase cahbratlon Align. callbratlon-cycle Vlslblhty subtotals

— Accumulate al1gned V131b111t1es over longer period —> Cahbrated visibility
image St e

« On- ground image reconst uctlon
— Inverse Fourier transfotm of '"hty 1mage for each channel
— Complexities due to non ect transfer functlons are taken into account
* On-ground geophys1cal retrlevals '
' — Conventional approach 4 e
— Applied at each radlometrle 1mage grld pomt
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e MMIC receivers »‘

— Required: Small (2 cm wide ‘slices’ @ 50 GHz), low power, low cost
— Status: Receivers off-the shelf @< 100 GHz; ChlpS available up to 200 GHz
» Correlator chips ( -~
— Required: Fast, low power, hlgh dens1ty | =
— Status: Real ChlpS develop‘ fIIP & GPM Now O 5 mW per 1-bit @ 100 MHz
* Calibration o
— Required: On-board' on-ground post—process ‘
— Status: Will 1mp1ement & demo GEO/SAMS de51gn in Proto GeoSTAR
* System B
— Required: Accurate image reconstructlon (Brlghtness temps from correlatlons)
— Status: Will demonstrate capablhty w1th Proto -GeoSTAR .
* Related efforts: Rapidly maturing approach & technology
— European L-band SMOS now in Phase B; to be launched ~2007

— NASA X/K-band aircraft demo (LRR): candidate for GPM constellatlon
— NASA technology development efforts (IIP etc. ) Varlou

iges of completion
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Small, ground-based
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 GeoSTAR Prototype Development |

PCB backplane

Technology risk reduction

Develop system to maturlty and test
performance

| calibration controller,

source correlator,
¢ & accumulator

Evaluate calibration approach

Assess measurement accuracy

fiber optic &
serial command (3x)

serial command

24 receiving elements - 8 (9) per’ ’
Operating at 50-55 GHz =~ ‘

53.71/53.84 - 54.4 GHz
Implemented with miniature MMIC reccwers
Element spacing as for GEO apphcatlon (3 5 K)
FPGA-based correlator
All calibration subsystcms" implcmcntcd
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_ GeoSTAR vs. Real-

Feature

Aperture size

Scanning

Spatial coverage

Spectral coverage

Accommodation

Power consumption

W s

Technologyrisk = High | Moderate

Platform disturbance




' National Aeronautics and
Space Administration

Jet Propulsion Laboratory
California Institute of Technology
Pasadena, California

Array arms folded for launch Stowed in Delta fairing Deployed on-orbit

Ball Aerospace
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GEQ Roav‘" map

» Prototype: 2003-2005

— Functional system expected ready in 6 months
— Fully characterized in < 2 years

* Further technology development 2005- 2008

— Develop efficient radlome U ssembly & testmg approach
» Reduce cost per recelver '

— Migrate correlator de51gn & low-power technology to rad hard ASICs

« Correlator state of the art is now ~ ~0.1 mW/corr'
— 2-bit ASIC chip us1h 3 mW/corr isnow being tested by U Mich/GSFC

« Correlator power consumption is ,rapldly becomlng a non-issue
— Develop signal distribution, ther ,'_'control & other subsystems
 Space demo: ~2008-2012 '
— Ready for Phase B in 2008
— Ready for launchin 2012
* Operational: ~2015
— Ready for GOES-R #2 in 2015
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Bjorn Lambrigtsen (JPL) Principal »vI\r;yéétig‘ator
‘William Wilson JPL) ~~  Task Manager
Alan Tanner (JPL) ‘ System Engineer

Todd Gaier JPL) | - MIMIC receivers
Pekka ] angaslah (JPL) MMIC receivers
Chris Ruf (U. Mich) = Corrélators & electronics
Jeff Plepmelerf(GSFC) . Correlator subsystem & testing

Shya.ﬁ‘m‘.Bajpai (NOAA'E)‘ _ v(‘Sciené’é advisory board
James Shiue (GSFC) ~ Science advisory board





