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JPL High Altitude MMIC Sounding Radiometer (HAMSR)

- Microwave radiometer for 3-D all-weather temperature and water vapor
sounding, similar to AMSU on NOAA platform

- 25 sounding channels in three bands:
50-60 GHz, 118 GHz, 183 GHz
Cross track scanning
- + 60° off nadir
- 65 km swath
- 1.9 km resolution

Swath narrows
with altitude
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2012 ¥

[IP-98 “High Altitude MMIC Sounding Radiometer on a Remotely

Piloted Aircraft” — Lambrigtsen (PI)

HAMSR Development Timeline —=FPL

Jet Propulsion Laboratory
California Institute of Technology

2005: TCSP on ER2

ACT-05 “Miniature MMIC Low Mass/power
Radiometer Modules for the 180 GHz GeoSTAR

Array” - Kangaslahti (PI)

2006: NAMMA on DC-8

AITT-07 “Unmanned Aerial Vehicle - High Altitude MMIC
Sounding Radiometer for Atmospheric State

Reconnaissance” - Lambrigtsen (PI)

AIST-08 “Technology Infusion
for the Real Time Mission
Monitor - Goodman (PI)

2010: GRIP on Global Hawk

2011: WISPAR on Global Hawk

2012-2014: HS-3 on Global Hawk




Upgrades for Global Hawk SJPU

Jet Propulsion Laboratory
California Institute of Technology

e Recently completed extensive upgrades for HAMSR in preparation for Global Hawk
deployment under NASA AITT program

 AITT objective was to make a state of the art operational instrument

State-of-the-art Low Noise Amplifier (LNA) added to 118 and 183 GHz receivers

Data system upgraded to provide real time data access and on-board science
processing

Instrument re-packed into light-weight compact housing for deployment in forward bay
of GH

Perform detailed instrument calibration and characterization




System Diagram JPL

California Institute of Technology
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California Institute of Technology

@ New 183 GHz Receiver JPL

1831 Old HAMSR New
HAMSR e Installed MIMRAM LNA developed

Receiver Noise 9000 K 580 K by JPL under NASA ESTO ACT
Tempe(ratures — — program into HAMSR 183 GHZ
NEDT (7ms, 3 GHz | 2K 2K :
BW channel) receivers

* Noise reduced by an order of
UAV-HAMSR 183 F . Mmagnitude

-
»
®

- Noise at 0.1-0.2K level will
l . improve observation of small

&LN scale water vapor features
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Jet Propulsion Laboratory
California Institute of Technology

Measured System Performance D

e NEDT between 0.06-0.15 K for 118/183 GHz channels

e 0.16-0.3 K NEDT at 50 GHz - currently upgrading 50 GHz
receiver front end to reduce noise temperature by a factor of 3

50 GHz NEDT | 118 GHz NEDT | 183 GHz NEDT
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180.31

@ Impact of 183 NEDT Improvement L=

279

180.31 GHz TB simulated from 3km
* km-scale water vapor WRF model output — S. Calif. Coast M

features washed out with
large NEDT

e Upgraded 183 GHz receiver
will resolve water vapor
structures at the scale of the

277

- 1276

F 4275

1274

observation (2km) o

272

180.31 180.31 271

Old System: 1.2 K Noise Upgraded HAMSR: 0.1 K Noise

Small scale structure unresolved km-scale structure now resolvgd

| |




HAMSR PWV Feb 2, 2010 JPL Buiding 148

12.2

15
12

Time
(15 min)
1.2 &6 3 111y 18 W N
o rime eecones Precipitable Water VVapor

~3km s °

Scan rositon

JPL 2/2/2010

« HAMSR operated in upward
looking scan mode at JPL
2/2/2010

 Retrieved PWV time series
along scan arc reveals small
scale structure
0.3 mm resolution



HAMSR retrieved integrated water
vapor compared to WRF model off
Southern California coast

Retrieval of small scale variability
possible with new system

In Flight Illustration of 183 GHz Improvement JPL

Jet Propulsion Laboratory
California Institute of Technology
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Instrument Calibration/CharacterizationPL

California Institute of Technology

* Detailed instrument characterization
performed
- Passband measurements
- Scan bias assessment

- Scan rate/NEDT optimization
- Linearity characterization o 1=
. . : |1 che
- Absolute calibration =
530: 44 Moas .ﬁl | Hl | N
* Detailed instrument i
. . . LT ¥ : . . 120
characteristic data available to
users oasf - -
ost . NEAT (1) " -
- e.g. direct radiance assimilation o |
g g
Brown, S. T.; Lambrigtsen, B.; Denning, R. F.; Gaier, T.; Kangaslahti, P.; Lim, B. H.; Tanabe, J. M.; G Tln::l:seconds] w

Tanner, A. B.; 2011, "The High-Altitude MMIC Sounding Radiometer for the Global Hawk Unmanned
Aerial Vehicle: Instrument Description and Performance,” IEEE Trans. Geosci. and Rem. Sens., in press



HAMSR participated with dropsondes in NOAA
WISPAR 2011 campaign

Preliminary dropsonde profiles used to generate
model TBs at aircraft altitude

Compared to HAMSR in
scenes (~30 profiles)

each band for mostly cloud-free

Good agreement observed

More scatter at the higher frequencies mostly due to
residual un-modeled clouds in scene

< 0.5K mean difference at 50/118 GHz
< 0.5K mean difference for upper 183 GHz channels
1-2K difference for lower 183 GHz channels (model or

calibration)
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HAMSR 50 GHz TB compared to Dropsondes

Dropsonde Derived TB (K)

T
4]
0®
7@
G
R
Yot i
et ]
Foo
[
%6 ©
[}
. L L . . L
210 220 230 240 250 260 270
HAMSR TB (K)

HAMSR 183 GHz TB compared to Dropsondes
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Flight -GLOPAC 4
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* Improve understanding of tropical
cyclone formation and intensification

* First ever over flight of a tropical
cyclone with the Global Hawk




Mission News
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HAMSR GRIP Ground Data System =JFPL

Jet Propulsion Laboratory
California Institute of Technology

HAMSR ground
data processor




SJPU

Jet Propulsion Laboratory
California Institute of Technology

HAMSR RTMM
Display for GRIP

Select HAMSR channel —TB imagery
-Full data set,past 30 minutesor past60 minutes

e Misan Maniter Ind Generation v0.01 - o~ esit and Hapid nlensitication Proceses

HAMSR software upgraded after
GRIP to provide real-time imagery
over Iridium

: Successfully tested during 2011
_“_I""_‘_‘_i"“ WISPAR campaign
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HAMSR data used in JIPL

RTMM to determine Jot Propuision Lataratory
flight path
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Jet Propulsion Laboratory
California Institute of Technology

WISPAR Atmospheric Rivers Flights JPL

* HAMSR real-time PWYV data used to time release of
dropsondes near atmospheric rivers

 Data available within 10-30 seconds of acquisition
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@ Tropical Cyclone Reconnaissance =JPL

California Institute of Technology

e HAMSR on the Global Hawk is a powerful tool for monitoring the
thermodynamic evolution of tropical cyclones when loitering near eye of
storm for periods up to 24 hours

- Track intensity by observing warm core anomaly and 3-D precipitation
structure

- Useful for validating satellite retrievals

 Long duration data also key for demonstrating geostationary microwave
sounding science -> PATH mission




HAMSR Composite 55.5 GHz Limb Corrected TB (K)
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Hurricane Karl 2010
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Summary JPL

California Institute of Technology

* Recent JPL HAMSR upgrades to make it a reliable
operational instrumentwwithstate-of-the-art (-
performance = I

e UAV-HAMSR has deployed on the GH during GRIP
2010 and WISPAR 2011 - data available

e Next mission will be HS3 - 2012{2014




SJPU

Jet Propulsion Laboratory
California Institute of Technology




ftp://grip.nsstc.nasa.qov/grip/HAMSR/
http://grip.jpl.nasa.gov/
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