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* THz absorption and scattering spectrum

e Passive applications
— Temperature and water vapor profiling
« Weighting functions

— Cloud liquid and ice sensing
« COSSIR, ISSASI, SIRICE, ISS Ice

— Ground-based T/Q profiling and LWP
measurement

— Geostationary microwave imaging/sounding

— Interference mitigation
» Density of Interferers equation
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« Active applications
— Standoff detection
— All weather landing imager
— Short range security imaging
— Double resonance transmission spectroscopy
— MMW cloud radar (90, 140, 210 GHz)
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Effects of Hydrometeors on Propagation
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Fast B-Spline Mie Absorption
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Fast B-Spline Mie Scattering
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Fast B-Spline Mie Asymmetry
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Sensitivity of Brightness Temperature Model to Water
Vapor from 22.235 to 340 GHz
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* THz absorption and scattering spectrum

o Passive applications
— Temperature and water vapor profiling
« Weighting functions

— Cloud liquid and ice sensing
« COSSIR, ISSASI, SIRICE, ISS Ice

— Ground-based T/Q profiling and LWP
measurement

— Geostationary microwave imaging/sounding

— Interference mitigation
» Density of Interferers equation
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Vertical Sounding Capabilities
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Spaceborne Sensing Heights
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* THz absorption and scattering spectrum

o Passive applications
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Nadir IWP Brightness Signatures

150 GHz

100
20 km flight level

0° view

3.0
A Sabreliner VIPS/2DC
O King Air 2DC
1.0
0.1 0.3 1.0 3.0 10
AT, (K)

Brightness temperature depressions
using discrete dipole approximation
for several ice crystal habits.

THz frequencies provide greater
sensitivity to IWP and mean ice
particle size.

Evans et al., JAM, 1998

340 GHz

100

0.3 1.0 3.0 10

30




MMW/SMMW Bands

Ing using

Cloud Ice Sens

(w) Jejewelq waeAnb sseyy ueipay

0%]

.....

____________,_,_ 1]

09l

Zimm

L

|

VR S i by G
ﬁ
(Lw/B) yed 1eepm 82)
000ze 0000+ 00zge 000+ 0ge 001t ce ] g
_ N
S9l 09l a9's 0'S|
' - |
“Ydmi | \ _‘- m
dMl . .\ ‘
e, '
hdMI _ _
r__ , - |

(W) aimesadwa | ssauiybug

062 _ :
_lll-I-_-_D L LT L]

(anoy L) e
g9l 091 5°G
_ I .__
! ﬁ__ﬂ
__.4_ _u |
ﬁ___i_ _ |
i%,

¥ ___ VY
- el
UL,

j_
RGO

_m_

HY.i8

AOT9

_‘-_'

HOt9

¢'9+08€E

£'€t08E
8'1+08€
8'0+08¢

HogZ
9'9+eRL

0etesl

0 L+EBI

sjpuueyn

o

F. Evans et al., 1998




ISSASI

Principal Investigator
Albin J. Gasiewski
University of Colorado at Boulder

September 28 2011




Brightness Temperature [ K ]

ISSASI and CIWSIR THz Passive Bands
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* THz absorption and scattering spectrum

o Passive applications
— Temperature and water vapor profiling
« Weighting functions

— Cloud liquid and ice sensing
« COSSIR, ISSASI, SIRICE, ISS Ice

— Ground-based T/Q profiling and LWP
measurement

— Geostationary microwave imaging/sounding

— Interference mitigation
» Density of Interferers equation
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Ground-based Scanning Radiometer (GSR)

Fans Cold Calibration Target

Hot Calibration Target
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Ground Based Scanning Radiometer Channels
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Retrieved Water Vapor Profiles
and Liquid Water Path Sensitivity
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* THz absorption and scattering spectrum
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Filled Aperture Geostationary
Spatial Resolution
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6.8 Y 19611.0( 7844.4| 3922.2| 1961.1| 1307.4 5| 445.7| 245.1| 130.7| 65.4 1.764
10.7 W 12463.1| 4985.2| 2492.6| 1246.3| 830.9| 623.2| 283.3| 155.8] 83.1| 41.5 1.121
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GEosynchronous Microwave (GEM) Sensor

Baseline system using 54, 118,
183, 380, and 424 GHz with ~2
m diameter Cassegrain antenna.

~16 km subsatellite resolution
(~12 km using oversampling)
above 2-5 km altitude at highest

frequency channels.

The 380 and 424 GHz channels

selected to map precipitation

through most optically opaque
clouds at sub-hourly intervals.

(Gasiewski, TGARS, 1992)

Temperature and humidity

sounding channels penetrate

clouds sufficiently to drive

I(;IWP models with ~hourly
ata.

m«— 3" Thick

Nodding / Morphing Composite Reflector

Subreflector
Space Calibration

/ Tube

Y ) 54GHz Feeds
. A | &
i/ ; 4“/

' | Receivers

‘ Elevation Motor
e & Compensator

Azimuth Motor

Backup & Compensator

Structure

Estimated Mass ~65 kg

Geosynchronous Microwave Sounder
Working Group (GMSWG):
Chair: D.H. Staelin (MIT)




November 2011

doc.: IEEE 802.15-15-11-0765-00-0thz

Simulated GEM
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* THz absorption and scattering spectrum

e Passive applications
— Temperature and water vapor profiling
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— Cloud liquid and ice sensing
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— Ground-based T/Q profiling and LWP
measurement
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» Density of Interferers equation
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Density of Interferers

From Friis formula
and £7TB thermal noise:

6.9 GHz was originlly intended as the primary

AMSR-E channel for soil moisture measurement
NRC Report on “Spectrum Management for Science in the 215 Century” http://www.nap.edu/catalog/12800.html
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Calibrated (uncorrected) Imagery
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Basic Spectral RFI Mitigation Algorithm

—
w
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Interference-Corrected Imagery
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RFI to Passive Systems at THz Bands

 There 1s little concern about RFI above 275 GHz at
present since all activity 1s nascent
e As sources become cheaper and receivers are able
to be integrated both passive and active applications
will expand
» RFI mitigation efforts and actions at lower
frequency bands will be representative
e Water vapor screening (producing exponential
decay) can be likely be used to facilitate band
sharing:
» Requires knowledge of humidity fields
» May require on-board ROM radiative transfer
calculations (WRF+MPM on a PDA)
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e Active applications
— Standoff detection
— All weather landing imager
— Short range security imaging
— Double resonance transmission spectroscopy
— MMW cloud radar (90, 140, 210 GHz)
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187 GHz Radar Imaging for Security Imaging

: “Design and testing of an active
\{w 190-GHz millimeter-wave imager”

i
[

h“.""ﬁ-n_h
Gunn T [
oscillator ,i'l-i----l
{93 5 GHz) 10dB coupler -

FPGA-based
digital
correlator

Fig. 6 (a) Composite photograph with superimposed 187-GHz im-
age and (b) active 187-GHz image of a subject with a concealed
metallic knife.

Timms et al., J. Electronic Imaging, 2010
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675 GHz Radar Imaging for Standoff Detection
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Siegel group/JPL:
Cooper et al.,
Trans. MTT, 2008
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Airborne Imaging Applications

e Passive MMW Imaging for landing during fog
» Technology for MMIC receiver arrays
demonstrated in late 1990’s at 94 GHz
» MMIC LNA receiver chips being developed
up to ~700 GHz
e Radar for landing during brownout being demonstrated
at frequencies up to 340 GHz
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Double Resonance Spectroscopy

* Proposed active IR/THz technique for remote detection
of trace snecies.
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Fig.2. SMM/THz signature as a function of separation of the pump induced ab-
sorption and pump induced emission in units of pressure broadened line width.

DeLucia at al., IEEE J. Quantum Electronics, 2009
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Summary

 There Is a rapidly growing number of
applications of THz technology for
environmental (and related) applications
— Both passive and active
— Highly dependent on power/cost and propagation

requirements

o Current spectral needs are modest, but could

be expected to become significant

— Water vapor screening could potentially be
standardized and used to facilitate sharing
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