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Summary

GeoSTAR is a microwave sounder i
— Also suitable for MEQO

Functionally equlvalent to AMSU
— Tlopospheuc T-

* Prim

intended for GEQ deployment

sounding @ 50 GHz with < 50 km resolutlon
ary usage: Cloud cleanng of IR sounder

Secondary usage Stdnd alone soundmgs

Tropospheric q- soundlng @ 183 GHZ w
* Primary usage: Rain mappmg |

Secondary usage: Stand alone soundmgs
Using Aperture § yntkeszs

— Also called Synthetic Thmned Arra
= Also called Synthetic Aperture Micy

- lth < 25 km resolution

y Rédiometer (STAR)
rowave Sounder (SAMS)

ITSC-13
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Why?v |

* GEO sounders complement I.EQ sounders

- LEO: Global coverage, but poor temporal resolution; high spati
— GEO: High temporal resolution and covera
coverage; high spatial res. is hard o
— Requires equivalent measU1'emeﬁ't_-capabilities as now in LEO: IR + MW
* Enable ful] sounding capability from GEO
— Complement priI"r’lafy~3,IR Séﬁhder with-siﬁaiching MW sounder
* Until now not fé‘ésii)le due to Vefy Iafgé aperiure required (~ 4-5 m dia.)
— Microwave provides. cloud clearing information
* Requires T-s’ounding:through clouds
* Must reach surface under all atmospheric conditions

al res. is easy
ge, but only hemispheric non-polar

* Stand-alone IR sounders are Only‘]marginally useful
— Can sound down to cloud tops T
~ Can sound in clear areas (“hole hunting”’)

Both exclude active-weather regions & conditions
~ Clear scenes make up < 1% globally

. Corresponding to state-of-the-art sounding accuracy (e.g., AIRS)
* As clear criteria are relaxed (e.g., 10 %, as used in NWP){ QQUivalent retrieval errors grow
ITSC-13 e
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- Functionality & Benefits of GeoSTAR J

* Soundings

* Rain

* Synthetic aperture appl‘bﬁéh

ITSC-13

Full hemisphere @ < 50,25 km every 30 min (continuous) - initially, but easily
improved : ‘

Cloudy & clear conditions e
Complements any GOES:_.IR sounder G
Enables fullﬁsoundings to surface iinder cloudy conditions

IFull hemisphere.@. 525 km eréry'SO‘min‘(c‘:()nvtin“uo(us) - initially, but easily improved

Feasible way to get adéquate spat1al resolution from GEO

Easily expandable: aperture size;&channels ->‘Adaptable to changing needs

Easily accommodated: Sparse array -> Can sha're real estate with other subsystems
Above all: No Moving purts -> Minimal impact on host platform & other systems
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‘Background

* GeoSTAR based on GEO/SAMS (1999):
One of 4 innovative concépts ’se]ect‘ed for NMP/EQ-3 Study
Medium-scale space demo @50 ‘éGHz;T-souhding only
— Phase A completed (cost $0.75My - 9/99 A, | AL
— Projected mission cost: $87M (with r'ésveri/evs)
— Projected payload de\{)elopil_l__lent CQSti $36M(W1th reserves)
~  Not selected for implémeljtation ('GIFTS,'S_eIéf_:‘ctéd‘ instead)
* Proto-GeoSTAR: Grounddemo now being developed
~ Sponsored by NASA’SInstrument Incubator Program (I1P)
— Similar to GEO/SAMS: ‘é'méiH‘:chale prdof—of—cqllcept ground demo @ 50 GHyz
— Projected cost: ~$3M e |
~ JPL teaming with GSFC (Piepmeier) & U. Mich. (Ruf)
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Aperture Synthesis Is Not New

i)
I
i
|
I
[
}
§
j o |

Very Large Array (VLA) at National Radio Astronomy Observatory (NRAQO)

In operation for many years
ITSC-13
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Others Are Developing STAR for Space

ESA’s Soil Moisture and Ocean Salinity (SMOS)

L-band system under development - Launch in 2006-2008
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GeoSTAR System Concept

Concept R e
—  Sparse array employed to synthesize large aperture | . v ¥5 :
—  Cross-correlations -> Fourier transform of Tb field | § PN PSS NI 3
— Inverse Fourier transform on ground -> Tb field @ BRSSP o '
Array SRR PO
~ Optimal Y-configuration: 3 sticks; N elements BAEa Ay G w b l

— Each clement is one 1/Q receiver, 3A wide (2 cm
@ 50 GHz)

—  Example: N = 100 = Pixel = 0.09° = 50 km at
nadir (nominal)

—  One “Y" per band, interleaved

Other subsystems

—  A/D converter; Radiometric power measurements

—  Cross-correlator - massively parallel multipliers
—  On-board phase calibration Example: AMSU-A ch. 1
—  Controller: accumulator -> low D/L. bandwidth

TSC-13
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What GeoSTAR Measures J

Visibility measurements
— Essentially the same as the spatial Fourier transform of the radiometric field
— Measured at fixed uv‘-planesampling points - One point for each pair of recejvers
~ Both components (Re, Im) of cofh’plg’;X Visibiliti‘es measured

— Visibility = Cross—correlat_ioh = Digital I-bit multiplications @ 100 MHz

~ Visibilities are accumulatéldﬁb’:\w/er,calibration, cycles —> Low data rate
Calibration measurements ’

— Multiple sources and éonﬁbinationsﬂ '_ ,

~ Measured every 20-3¢ seCOhds_ = calibration cycle
Interferometric imaging B

— All visibilities are measured Siﬁiultaneously‘ - On-board massively parallel process

~ Accumulated op ground over severa] minutes, to achieve desired NEDT

Spectral coverage
— Spectral channels are Imeasured one at a time - LO twnes system to each channel

ITSC-13
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Calibration

* GeoSTAR is 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 monitored b‘éyqnd stability period (e. 8., every 20 seconds)

* Multiple calibration metﬁod‘s“‘"

Common noise Signal}n'disﬁfib‘ilt‘ed,to multiple receivers > complete correlation

Random noise source in each receiver —> complete de-correlation
Environmental noise sources monitored (e.g., sun’s transit, Earth’s limb)
Occasional ground-beacon noise signal transmitted from fixed location

Other methods, ii’sedfinﬁ;r,adio)'a,s_trono'my i

* Absolute radiometri(:"'éalibration -

ITSC-13

One independent high-precision receiver measures “zero baseline visibility”
Same as Earth disk mean brightness temperature (Fourier offset)

Also: compare with equivalent AMSU observations during over/under-pass
The Earth mean brightness is highly stable, changing extremely slowly
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‘GeoSTAR Data Proc’esSing '

* On-board measurements

— Instantaneous visibilities: high-speed cross-correlations

— Accumulated visibilities: accumulated over calibration cycles

— Calibration measurements | 3
* On-ground image reconstruction s

— Apply phase'cvalibjratipn: Aliwgfn,galib‘r‘étidn-cycle"V‘isibility subtotals

~ Accumulate aligned-ﬁsibﬂjtiés .dVer’ 'Ioﬁger p’éfiod —> Calibrated visibility image
* On-ground image reconstruction '

— Inverse Fourier t1‘énsf(5rm 0fV131b111ty image, for each channel

— Complexities due to ﬁén—-perfé@t transfer functiOns are taken into account
* On-ground geophysical retrievals

— Conventional approach o

~ Applied at each radiometric-image grid point
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Technology Development

* MMIC receivers
— Required: Small (2 cm wide ‘slices” @ 50 GHz), low power, low cost
— Status: Receivers 0ff~the?shqlf @< 100 GHz; Chips available up to 200 GHz
* Correlator chips P T T |
— Required: Fast, low powér, Shigh, d'elié'it:.y_ G ey :
~ Status: Real chips developed for 1IP & GPM; Now 0.5 mW per 1-bit @ 100 MHz
e Calibration T .. - |
— Required: On—bOard;f.i’cfih—ngund, pOSt—pbeeSs' ‘_
— Status: Will implement &.L’Vdémo G'E‘O/SAM'SVdesign in Proto-GeoSTAR
* System i > e |
— Required: Accurate imélge_' recoh'structiqn (Brightness temps from correlations)
— Status: Will demonstrate c"a‘pa’bilit:y with Proto-GeoSTAR
* Related efforts: Rapidly maturing approach & technology
— European L-band SMOS now in Phase B: to be launched ~2006-8
— NASA X/K-band aircraft demo (LRR): candidate for GPM constellation
— NASA technology development efforts (IIP, etc.); vari._ous stages of completion

ITSC-13 LAMBRIGTSEN, 11/04/03
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Science & Algorithms

* Rain: New methodology @ sounder frequencies

Requires 1 band @ 83 GHz; additional sounding bands are advantageous
Advantage: High freq. = High res. @ small aperture

Algorithms being developéd:for;EVDS Aqua/AIRS by Staelin (MIT)

Not yet mature - expect ma’tii_fe in v~_\1—v2yrs R

Being consideredi't(’)” complement GPM

Measures snowfall as well as rain: unique capability

* Soundings: Existing methodology

[TSC-13

Tropospheric T-fSounding_re’qu_ires 1 :band @ 50 GHz (4-5 AMSU channels)
Full T/q-sounding requires 2 bands @ 50 + 183 GHz (+ windows)

Use algorithms developed for AMSU ‘

Mature - little further development needed

LAMBRIGTSEN,11/04/03
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GeoSTAR Prototype Development

* Objectives

Technology risk reduction

Develop system to maturity’ and lest pertormancc
Evaluate calibration approach |

Assess measurement accuracy

* Small, ground- based

ITSC-13

24 receiving element 8 (9) per Y—arm

Operating at 50-55 GHz L

4 tropospheric AMSU A channels 50.3, 52. 8 53 711/53.841, 54.4 GHz
Implemented with mmlature MMIC recelvers

Element spacing as for GEQ apphcatlon (3 7\)

FPGA-based correlator | |

All calibration subsystems implemented -
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Proto-GeoSTAR Block Diagram
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 Proto-GeoSTAR Antenna Array

~ Parabolic Potter Horn
Y-Array of 24 HOTnS Gold Plated Copper
Knife Edge (0.5 mm)

ITSC-13
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Proto-GeoSTAR Radiometer Module

- LNAZ
52 1<dbpolar(10,0)
NF=3 dB
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Proto- GeoSTAR 25- GHZ LO Subsystem

} VAVAVAVAVIVIVIVERR
—ENN NN Q

XCO LO Switch or
combiner Shifter

Phase  Amplifiers Front End Modules

ITSC-13
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Proto-GeoSTAR Multiplexer

RE-in 1 wan [t
* 4 -
[FADC pampr—tstuitsn Fvon
—— «data
Interface
LL il RS-422 A
Ll; o v Interface
LL g e Serial Data (High Speed) To
RF-in Vi - : ,. g e — Correlator
Pl R . ; FPGA Clock (LVDS)
Q (1 of 8) il Lk _ L l—
~ Threshold adjust
- 20 In - <;h]tegrate (LVDS)
L ] e Parallel Data (test port)
C 5 )
LL i
L : Power Supply
L | Regulation N
and Distribution
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Proto-GeoSTAR Corrrelator
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Proto-GeoSTAR Correlator Module I/F

LVDS x 24
Source Control
24 bits @ 100 Hz

LVDS x 4 LOVCntd
| . )
LO/Cntl Module Status Module

Correlator [#—
. Module

Control ' :
Computer = Xilinx Rocket /O Serial x 2
pute - Digitizer Data Stream

220 M samples/sec

(I+Q) x 8 Channels

12 Mbps USB o & [ 73 Mux

<+— Correlator Data Packets S e sl | || Module

2930 bytes/pkt /4 73 %3
100 pkts/sec T E _ _ v
— Mux Command Packets - 230 kbps RS-422 Serial
Correlator Cmd Pkts <—Mux Data Packets
Small size, sporadic rate 170 bytes/pkt
<&— Correlator Cmd Resp Pkts 100 pkts/sec
Mux Cmd Resp Pkts —» Mux Comm‘a‘nd Packets
Small size, sporadic rate Small size, sporadic rate

“—Mux Command Response Pkts
Small size, sporadic rate
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_ Proto-GeoSTAR C&DH Subsystem

Operator
Computer
e PentumPC .| )
= (Level OSW | -~ - ; Mux 8
£ Bes| running under | | Module 1 Receivers
el - WinXpP) | - -
e BF Y = 3
E 3 o |gMbps, [Correlator - Mux |
E S Q@e»| Control . ~Use™ Module || Module 2| Receivers
P — Computer | % =
= PentumPC |
(D Gielid o '
= (Control SW [ | 3 Mux 8
% runningunder| | | Module 3 [ |Receivers
: QNX) L2
4
LO/Cntl
e Module
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‘Roadmap

* Prototype: 2003-2006

— Functional system expected ready in < 1 year
— Fully characterized in < 2 years

* Flight demo (optional): 2006»2008 5
— Ruggedize Proto- GeoSTAR for aitcraft deployment

* Further technology development 2005- 2008
— Develop efficient radlometer assembly & testlng approach
— Migrate correlator de31gn to rad-hard ASICs
— Develop signal dlStI‘lbutIOIl theImal Control & other subsystems

* Space demo: 2008- 2012
— Ready for Phase B in 2008
— Ready for launch in 2012
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