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Future perspectives of SAR Polarimetry with applications to multi-parameter
fully polarimetric POLSAR Remote Sensing & Geophysical Stress-change
monitoring:

Implementation to agriculture, forestry & aqua-culture plus natural disaster
assessment & monitoring within the equatorial/sub-equatorial belts by advancing
implementation of equatorially orbiting POLSAR single and tandem satellite sensors
(90 minutes)
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OUTLINE
1. Recent most pertinent POLInSAR Workshops

- 1. POLInSAR 2003 January 14 - 16: No space-borne SAR, participants: 80
http://earth.esa.int/workshops/polinsar2003

- 2. POLInSAR 2005 January 17 - 21: No space-borne SAR, participants: 120
http://earth.esa.int/workshops/polinsar2005

- 3. POLInSAR 2007 January 22 - 26 : ALOS-PALSAR, patrticipants: 160+
http://earth.esa.int/workshops/polinsar2007

- 4. POLINSAR 2009 January 26 - 30: 3 space-borne SAR, participants: 180+
http://earth.esa.int/workshops/polinsar2009

- 5. POLInSAR 2011 January 24 - 28: 3 space-borne SAR, participants: 150+62
http://earth.esa.int/workshops/polinsar2009

2. Advent of 3 Fully Polarimetric Space-borne SAR Sensors

- ALOS-PALSAR L-Band: January 2006
- RADARSAT-2 C-Band: December 2007
- TerraSAR-X X-Band: June 2007 & TanDEM-X June 2010
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SUMMARY & PREVIEW of POLINSAR 2009 & 2011

POLINSAR 2011: 3 Fully Polarimetric SAR & 1 Tandem Sensors, ~ 200 +
participants http://earth.esa.int/workshops/polinsar2011

- Summary: further advancement of POLINSAR with all single &
tandem fully polarimetric satellite POL-SAR sensors

- New Findings: POLINSAR old & young expert community is growing

- What was accomplished: Excellent presentations especially by junior experts
& advances made on several basic and applied POLINnSAR R&D projects

- What is still required: More test-site multi-sensor data acquisitions

- Future perspectives: Advance multi-band high-resolution wide-swath
repeat-pass fully polarimetric spatial & temporal DIFF-POLInSAR
environmental remote sensing & geo-physical stress-change monitoring
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POLINSAR-2009 Participants: Wednesday, 2009 January 28
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Apollo 11: 1969 July 16 — 24: Neil Armstrong, Michael Collins, Edwin Aldrin, Jr.



Apollo 17: 1972 Dec. 7 — 19: Eugene Cernan, Ronald Evans, Harrison Schmitt
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Pacific and Indian Oceans

WIDEBAND INTERFEROMETRIC SENSING AND IMAGING POLARIMETRY 9



UIC 50"  Communications, Sensing & Navigation Lab £k Gompuiat Engineering

MAJORTECTONIC PLATES l;:

DF THE WDHEIﬁF Y- Hurth A.rnr-_-r
. - piate-

" s plat
. il
thpLﬂE F;E;L*T \'t plate
) l.'ﬂut ‘I:"' .
Ewa : ‘|‘_

N Cocos plate ™
s

il Vo azc
Auﬂnﬂgﬁh‘-indra GIHE

_ platgf South American

Fiate

From BBC news site

WIDEBAND INTERFEROMETRIC SENSING AND IMAGING POLARIMETRY 10



UIC 0" Communications, Sensing & Navigation Lab £k onpeer Engineering

The terrestrial tectonology: Alfred Wegener’s tectonic plate theory and the
two major seismic belts

The theory of plate tectonics was pioneered by
Alfred Wegener in the early 20th C. He was
originally drawn to the idea when he tried to
explain the ancient climates.
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Antarctica

Q continent % mid oceanic ridge " Kranch
i iocean AKX transcurrent fault &= aseismic ridge
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The terrestrial tectonology: Alfred Wegener’s tectonic plate theory and the
two major seismic belts

Major Plates of the World
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The terrestrial tectonology: Alfred Wegener’s tectonic plate theory and the
two major seismic belts

B @l P *W‘{ N
F

§>

l,
é P
}
(_\ \ e o

,) ry\}\l &‘/ Ny

Belt 2, Circum-Pacific belt
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Multi-Altitude Near-Range and Remote Sensing in Wide-Area Environmental
Surveillance for Real Time Monitoring of the Earth’s Biosphere

for an ecological investigation of the Earth through observation and identification of harmful
anthropogenic influences due to the interaction of:

. Ooceans — Atmosphere/Stratosphere/Mesosphere

Biosphere (Water)
8l<<g(f)>>1

Hydrosphere

¢ for an early warning system of natural and man-made environmental catastrophes and to take quick
actions to buffer the impact to the catastrophe under the increasing pressures of a relentlessly un-
abating population explosion:

Severe weather — Typhoons
Earthquakes —> Volcanic Eruptions

* Global Weather Changes

Degeneration into steppe «— Retreating Glaciers

Pollution of Ground Water | | Pollution of Air

* Destruction of the Biosphere

WIDEBAND INTERFEROMETRIC SENSING AND IMAGING POLARIMETRY 17



UIC 5" Communications, Sensing & Navigation Lab £k Eompuial Enginesring

Hydrologic cycle with volcanologic & seismic activity
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Signatures of Earth Surface Vegetation Cover
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Sensitivity of brightness temperature to geophysical ocean-surface
parameters
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Transmission Spectrum of Atmosphere
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Transmission spectrum of the atmosphere / Attenuation
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Most affected regions

ANNUAL average rainfall total (mm)
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POLARIMETRIC AIRBORNE SAR SENSORS

P — S =)

AES1 AIRSAR DOSAR RENE

AeroSensing (D) NASA / JPL (USA) EADS / Dornier GmbH (D) UvsQ / CETP (F)
GulfStream Commander DC8 DO 228 (1989), C160 (1998), 6222 (2000) Ecureuil AS350
X-Band (HH), P-Band (Quad) P, L, C-Band (Quad) S, C, X-Band (Quad), Ka-Band (VV) S, X-Band (Quad)

ESAR EMISAR MEMPHIS / AER II-PAMIR STORM
DLR (D) DCRS (DK) FGAN (D) UVsQ / CETP (F)

DO 228 G3 Aircraft Transal €160 Merlin IV

P,L, S-Band (Quad) L, C-Band (Quad) Ka, W-Band (Quad) / X-Band (Quad) C-Band (Quad)

C, X-Band (Sngl)

PHARUS PISAR RAMSES SAR580
TNO - FEL (NL) NASDA / CRL (J) ONERA (F) CCRS (CA)
CESSNA - Citation IT GulfStream Transal C160 Convair CV-580
C-Band (Quad) L, X-Band (Quad) P,L,S,C, X, Ku, Ka, W-Band (Quad) C, X-Band (Quad)

+ CASSAR (China), MIT/Lincoln Lab (USA), P3-SAR (NADC / ERIM -USA), Military Systems ..
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PacRim2 Mission Statistics

« 46 flight days over a 3-month
period, 215t July to 23" Oct.

e 15 Dbases in 9 countries

« 648 flight lines collected at 201
sites in 18 countries & territories

54,623 km of flight-line data

Provided by

Prof. Tony Milne ,
PacRim-1&2 Coordinator JULY-OCTOBER, 2000

WIDEBAND INTERFEROMETRIC SENSING AND IMAGING POLARIMETRY 26



7 Electrical and

UIC 0" Communications, Sensing & Navigation Lab £k onpeer Engineering

Landcover mapping, crop inventory and
agricultural practlces (PacR|m2 2000)

e

Kedah, Malaysia — radar’s sensitivity to = Coastal Pannay, Philippines - broad alluvial

vegetation types and density permits plain supporting rural agriculture and fish pens
the mapping of rice paddy-fields, rubber Prof. Tony Milne
and palm-oil plantations. PacRim-1&2 Coordinator
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E-SAR and F-SAR

. The E-SAR and F-SAR are operated onboard DLR’s DO228-212 D-CFFU by the Microwaves and Radar
Institute in cooperation with DLR’s Flight Facilities based in Oberpfaffenhofen

The F-SAR is currently in development and is planned to fully replace the E-SAR until middle of 2011

WIDEBAND INTERFEROMETRIC SENSING AND IMAGING POLARIMETRY 28



UIC

University of lllinois
at Chic

ago

New features:
- significantly enhanced resolution and image quality

- simultaneous data recording in up to four frequency bands
- modular design for easy reconfiguration
- single-pass polarimetric interferometry in X- and S-band
- fully polarimetric capability in all frequencies

E-SAR technical characteristics

X C L P

RF [GHZ]
BW [MHZ]
PRF [kHZz]
Rg res. [m]
Az res. [m]
Pol/InSAR
Rg cov [km]

Sampling

96 53 13 0.35

50-100 (selectable)
upto 2

1.5 15 20 3.0

0.2 03 04 15

-+ -I- +/o +/o
3-5

6-8 Bit complex; 100MHz;

max number of samples 4 K per
range line; 1 recording channel.

=

Communications, Sensing & Navigation Lab £k’

F-SAR technical characteristics

Electrical and
Computer Engineering

X C S L P
RF [GHZ] 96 53 3.2 13 0.35
BW [MHz] 800 400 300 150 100
PRF [kHZz] up to 12
Rg res. [m] 0.3 06 07515 2.25
Az res. [m] 0.2 03 03504 15
Pol/InSAR +/+ +/o +/+ +/o +/o
Rg cov [km] 12.5 (at max.bandwith)
Sampling 8 Bit real; 1000MHz;

max number of samples 64 K per
range line; 4 recording channels.
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DLR-HR’s new SAR sensor
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F-SAR X-Band Quad-Pol
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DLR
F-SAR
S-band
Quad-Pol
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Quad-Pol

Zoom
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Mea urement of car velocities with F- SAR X-band (ATl mode)
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spruce forest reflactor

Airborne Polarimetric SAR Tomography

Upper image: Polarimetric color composite (L-band) of a tomographic slice in the height/azimuth-direction
HH+VW, HH-VV, 2*HV

Lower image: Schematic view of the imaged area
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Random-Volume-over-Ground Model Inversion Results

ESAR / Test Site: Kuettighoffen,
Switzerland

SAR Image L-band Corn Height Map
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Polarimetric SAR Tomography

SAR Tomography Polarimetric SAR Tomography

P-Band SW - HH P-Band SW —Ground

&

Elevation
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EQ f
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s ¥ I

P m [ 7 —
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2000 2500 3000 3500
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Goal: Separation Of the backscattered power profiles associated with
ground and volume scattering
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JaBad)

PI-SAR=TU-CNEAS-Sato-lab-Koike-Takafumi-1=030317
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X-band VL

Main Antenna

X-band
Sub Antenna

PI-SAR

P1-SAR=TU-CNEAS-Sato-lab-
Koike-Takafumi-2=030317

WIDEBAND INTERFEROMETRIC SENSING AND IMAGING POLARIMETRY 41



UIC 57"  Communications, Sensing & Navigation Lab £k Eomsiist Bngineering

N

Red: Sendai7602_HH polarization
Green: Sendai7603_HH polarization
Blue: Sendai7604 HH polarization
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Square path data
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SIR-C/X-SAR-1994-Oct-11 C&L-Band POL-IN-SAR Optimization

By Kostas Papathanassiou, Dissertation DLR, 1994
Polarimetric Interferometry

£ f
Image 1: Scattering Matrix: [5]= Sy v
! ‘ﬁ/f ‘S/I
H ¥
-1
Scattering Vector: K = ﬁ[s,;,q + -ﬁ/ 5,5;H - @jv Z Sf{rv]r
So, 54
Image 2: Scattering Matrix: [S,]1= { > *;1
Su Sw
- 1
Scattering Vector: k, = ﬁ['s,jq + -ﬁx 5,;; - @fx 25§v]r
and /L =w3- 3{9 where #; are complex unitary vectors

5= k)W K = W, k- KW = W, L0217

_ . <l iy > <w, [2)w; =
Interferometric Coherence: VW, w,)= __ = _ . _ _
(complex) \/“f I ly =<l 1, > \/*f (w, [2)w] ) > < (w,[2]w] ) >
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SIR-C/X-SAR-1994-Oct-11 C&L-Band POL-IN-SAR Optimization

By Kostas Papathanassiou, Dissertation DLR, 1994

Pol-SAR Pauli Images: SIR-C / Test Site: Selenge-River, Kudara/Buryatia,Russia

N

RGB-Coding:
HH-VV
2HV
HH+VV

C-band L-band
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SIR-C/X-SAR-1994-Oct-11 C&L-Band POL-IN-SAR Optimization

By Kostas Papathanassiou, Dissertation DLR, 1994

Interferometric Coherence Images

SIR-C / Test Site: Kudara, Russia

Rt R R et

Range
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SIR-C/X-SAR-1994-Oct-11 C&L-Band POL-IN-SAR Optimization
By Kostas Papathanassiou, Dissertation DLR, 1994

Interferometric Coherence Images
L-band

SIR-C / Test Site: Kudara, Russia

Azimuth

Range

Opt 1

Opt 3
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SIR-C/X-SAR-1994-Oct-11 C&L-Band POL-IN-SAR Optimization

By Kostas Papathanassiou, Dissertation DLR, 1994

Random Volume+Ground Scattering Model

z=z0+hv
<=2,
- \ 4 Parameters:
B v, +mw)
( hy 2 :
I= J.exp(/x z )exp[ i Ja’z' Extinction o
% cos G,
Volume v pl ) 0 }
Coherence: %, W 2 gz
A= je ( ] Topography ¢,
.’ cos g,
GIVRatio: m(#) = —Te%) vertical Wavenumber: &, =42 GIV Ratio  m(w)
m, (w)I,

sin(6,) )

WIDEBAND INTERFEROMETRIC SENSING AND IMAGING POLARIMETRY 48



UIC 0" Communications, Sensing & Navigation Lab £k Sompuiat Engineering

SIR-C/X-SAR-1994-Oct-11 C&L-Band POL-IN-SAR Optimization

By Kostas Papathanassiou, Dissertation DLR, 1994

Phase Difference between Scattering Mechanisms

SIR-C : L-band

Test Site:
Kudara, Russia

L-band
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SRTM/X-SAR Image of Volcano Koma-ga-Take, Hokkaido
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Brief introduction of DIFF-RP-IN-SAR

6D DIFFERENTIAL SAR INTERFEROMETRY
HOW DOES IT WORK?

*  Three-pass “repeat track” interferometry uses
two baselines (B, ,); (B,.a,) to acquire ﬁ
interferograms at different times.

»  Despite exaggeration in picture on the right,

the incidence angles and absolute ranges are
nearly the same. ﬁ ___________________

*  Now suppose that the surface deformed
slightly between the second and third
acquisitions in such a way that the range
changed by an amount Ap

* Inthe repeat-track implementation of
interferometry, the signal travels each path
twice, since the transmitter and receiver are in
the same place. Therefore, the
interferometric phase is

2 47
AP =——2xrange = —ran
¢ 2 ge 2 ge
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Brief introduction of DIFF-RP-IN-SAR

DIFFERENTIAL SAR INTERFEROMETRY
Example: 1995 North Sakhalin Earthquake (M 7.6)

Deformation Model
Predictions

Radar
Differential
Interferogram

4/28/1995 - 6/11/1995
20km

20km

~H8m

Radar Line-of-Sight Displacement

Reference: Tobita, et al., Earth Planets Space, 50, 1998
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POLARIMETRIC SPACEBORNE SAR SENSORS

ALOS / PALSAR

RADARSAT 2 NASDA / JAROS (J)
CSA / MDA (CA) 2003
2004 L-Band

C-Band (Quad) HH,VV, (HH,HV), (VV,VH)

ENVISAT / ASAR

Eszgégu) TERRASAR
C-Band (Sngl / Twin) BMBF / DLZ% 65ASTRIUM

HH, WV, (HH,WV), .
(HHHV), (HV.VV) X-Band (Twin)
(HH,WV), (HH,HV), (HV,VV)

L-Band (Quad)
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Table 1. Comparison of High-Level Parameters

Parameter

PALSAR

RADARSAT-2

¥ Electrical and

Communications, Sensing & Navigation Lab ECE corewtar Bogineucioy

TerraSAR-X

k

ALOS / PALSAR
Japanese Space Agency (JAXA)
L-Band (quad), 2006

=

RadarSAT-II
Canadian Space Agency (CSA)

C-Band (quad), 2007

Orbit: LEO, circular Sun-synchronous | Sun-synchronous Sun-synchronous
Repeat Period (days) 46 24 11
Equatorial Crossing time (hrs) | 22:30 (ascending) | 18:00 (ascending) 18.00 (ascending)
Inclination (degrees) 08.16 98.6 97.44
Equatorial Altitude (km) 692 798 515
Wavelength (Band) 23 cm (L) 5.6 cm (C) 3cm (X)
Fully polarimetric mode Yes Yes Yes

TerraSAR-X
German Aerospace Center (DLR) / Astirum
X-Band (quad), 2007
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The RADARSAT-2 satellite bus is based on the PRIMA
architecture developed by Alenia Spazio of Italy. The bus
features a primary rectangular structure with the body-
mounted SAR antenna on the Earth-facing panel, and
two solar panel arrays mounted on single-degree-of-
freedom axels. The antenna and solar arrays are parallel
to each other, a consequence of the dawn-dusk sun-
synchronous orbit. The X-Band down link presents no
interference hazard with the C-band SAR. Dawn-dusk
operations permit a relatively large 28-minute data
acquisition time per orbit.

Table 1. Selected RADARSAT-2 Modes

Resolution (m) Swath (km) Looks Polarization
Standard, stripmap 25 100 4 HH or VV
Fine 8 50 8 HH or VV
ScanSAR Wide 100 500 8 HH or VV
Dual polarization (as above) (as above) (as above) (HH, HV), (VV, VH)
Quad-pol (standard) 25x 8 25 4 Full polarization
Quad-pol (fine) 8 25 1 Full polarization
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RADARSAT-2

Orbit Parameters

ORBIT RADARSAT-2 will operate in an orbit identical as
CHARACTERISTICS RADARSAT-1 except for an offset in time
Altitude (average) 798 km Descending orbit

Right-
looking

Inclination  98.6 degrees »

Left-

Period  100.7 minutes \fakng
Ascending node 18 hrs (£ 15 min)
Sun-synchronous 14 orbits per day

Repeat cycle 24 days

COVERAGE
ACCESS

USING 500 KM
SWATH WIDTH

North of 70° Daily
North of 48° Every 1-2 days

Equator Every 2-3 days

Right-
Left- ' f :
Iooking\ looking

Ascending orm
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RADARSAT-2 Imaging Modes

¥

gy Ex tendid Boam:

-"-.::"?\.""! Bk TEHOHNE :_"." 1041
Fine-Regal ulion ik neidencs)
Beame {50 km Sarath)

All beam modes
available in
Lefi-fooking Mods

Bith-d aok Fine Besobidion
Blandard Bomma
Beame

Srarzard Besoison Fing Resatition
Litra-fine Gt Polarizalion e Fdarization
=oakm Beams fradiiomg seath wiathl {dured swalh wigth)

SAR Operating Modes

¥
: X Extended Beams
. w Incidence)
" i
: Fin

‘

.l.'n. o

s . SCANSAR Cronded Beams
" Resolution Beams (high Incldence)

P Wide Swath
e &

i
|
£ \\. P
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of lllinois

University
at Chic

Space-borne RADARSATZ2 PolSAR Sensors
San_Franasco Bay_ July 2008

? o,
-,‘;,\ 2
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Space-borne RADARSAT-2 PolSAR Sensors
Flevoland_—_ uly 2008

e )

TR
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The TerraSAR-X satellite bus claims heritage from the
successful Champ and Grace Missions. The spacecraft
bus features a primary structure with a hexagonal cross
section. The active phased array SAR antenna is
attached on the Earth-facing panel in the figure. The solar
array is body-mounted, a satisfactory scheme for the sun-
synchronous orbit plan. The X-Band down link antenna is
mounted on a 3.3 m long deployable boom in order to
prevent interference with the X-Band SAR instrument.
This concept enables simultaneous data acquisition and
data down link.

Table 1. Selected Mode Parameters

Mode (selected) Resolution (m) Swath (km) Polarization
Standard, stripmap 3 30 1 HH or VV
High-resolution Spotlight 1 10 1 HH or VV
ScanSAR 16 100 1 HH or VV
Quad-pol (experimental) 3 15 1 Full polarization
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Dual Receive Antenna Mode (DRA Mode)

Transmit L Receive

R A Y

Principle

 For transmit the full antennais used

* For receive the antenna is ,electrically‘ divided into two sections in
azimuth direction = two independent receive channels are available

New Experimental Modes Quadpol switching scheme

« Along-Track Interferometry (ATI) TX: V H V H ..
(Moving Target Indication, Widespread Traffic Control, RX11 V V V V ...
Ocean Current Measurement) RXZZ H H H H ...

* Quad polarization CH;: VV HV VWV HV ...
(Seallce, Snow Cover, Urban Environment) CHZZ VH HH VH HH ...
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Single Polarization Polarization Modes
H

. larizati H H H
ihﬂiﬁgfa{ﬂoﬁ wy ] ! I I

* stripmap, spotlight,
ScanSAR _ NN DUUUCUUNES O DUUTUCESEE s e

Dual Polarization

» 2 polarization

channels, {HH/VV, H H H H H H H H

HH/HV, VV/VH
* stripmap, spotli}ght T T T T T T T T » Transmit

* coherent pol. phase
POl P \Y \% \Y \Y Receive

+ smaller elevation beam

Twin Polarization

« 2 polarization H H H
channels, {HH/VV, T XT XT

HH/HV, VV/HV} > Transmit
« Stripmap, incoherent \Y \Y Receive
pol-phase, full el beam \

Quad Polarization

* All 4 pol. channels TH T H T H T H
» Stripmap

» coherent pol. Phase

* smaller elevation beam —-—-—_—-—-—-—-—-—>

i Rece
« Experimental product % Y v v v v v y  recewve

»

» Transmit

» Transmit
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First TerraSAR-X Quadpol Image!

i
g

L

Workuta, Russia
Stripmap
June 23, 2008
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Polarimetric Analysis (dual pol HHVV vs quad pol)
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NATIONAL SPACE DEVELOPMENT AGENCY OF JAPAN

ALQOS Satellite System

. Data Relay
Antenna

HEH G
GPS Antenna

PALSAR

Solar

PRISM AVNIR-2

¥ Electrical and

Communications, Sensing & Navigation Lab A%k Compuier Engineering

. o §

Advanced Land Observing Satellite

Launch Date

June 2004

Launch Vehicle

H-11A

Spacecraft Mass

4,000kg

Generated Power

7KW

Orbit

691.65km
Sun Synchronous

Répeat Cycle
(Sub-Cycle)

46 days
(2 days)

JALray

AVNIR-2: Advanced Visible and Near Infrared Radiometer type 2
PALSAR: Phased Array type L-band Synthetic Aperture Radar

n
Earth

-

DFIighi/l PRISM : Panchromatic Remote Sensing Instruments for Stereo Mapping
irectio
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PALSAR Observation Geometry -

. ScanSAR mode (3scans - 5scans)
Fine mode (#1 - #18) . .
Direct downlink mode (#1 - #18) :
Polarimetric mode (#1 - #12) g

]
]
1
. 1
1

1

N

Off-nadir : 9.9 deg.- 50.8 deg.
(nominal operation : 34.3 deg.)
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Mode (selected)
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g
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ALOS is one of the largest Earth observing satellites
ever developed, at 3850 kg. It is in a near-exact 45-
day repeat sun-synchronous orbit, 690 km altitude
above the equator. The active phased array SAR
antenna is obliquely Earth-facing, aligned with the
spacecraft velocity vector. The solar array is
arranged at right angles to the orbit plane, consistent
with the near-mid-day orbit phasing. The X-band
down-link must be shared with optical instruments,
which constrains SAR operation times.

Table 1. Selected PALSAR Mode Parameters

Resolution (m)

Swath (km)

Looks

Polarization

Standard, stripmap 20x 10 70 2 HH or VV

Fine 10 70 1 HH or VV
ScanSAR (5-beam) ~100 350 8 HH or VV
Dual polarization (as above) (as above) (as above) (HH, HV), (VV, VH)
Quad-pol 30x10 30 2 Full polarization
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ALOS-PALSAR In Orbit Demonstration Study

Exploration / Validation of the INDREX-II Campaign

Classification of Land Cover Types using PALSAR WB & Dual Pol

10E 110°E 11I°E 112°E 113°E 1I4°E 1IS°E 116°E 1IT°E 1IS°E 1I9°E
4145413 412 -

414: Mangrove area

426: Oil palm
development area

WAGENINGEN UNIVERSIT

Courtesy Prof. D. Hoekman — POLINSARO09 0CE 110°E I°E 1U2E II¥E 14E 1IFE 16E ITE 1187 HUI:'
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ALOS-PALSAR In Oroit Demonstration Stucly

(a) SarVision MODIS 2007 aggregate; (d) PALSAR 2007 classification;
(b) Landsat 2008; (e) Ministry of Forestry 2005 classification based on Landsat;
(c) PALSAR FBS-FBD 2007 (f) GlobCover 2005-2006 regional classification m

Courtesy Prof. D. Hoekman — POLINSAR09
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ALOS-PALSAR In Oroit Demonstration Study

PALSAR WB & Dual Pol
- ‘ —_—

R
%v

WA

(@) SarVision MODIS 2007 aggregate; (d) PALSAR 2007 classification:;
(b) Landsat 2007, (e) NRM 1997 classification based on Landsat;
(c) PALSAR FBS-FBD 2007 (f) GlobCover 2005-2006 regional classification

Courtesy Prof. D. Hoekman — POLINSARO09
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ALOS-PALSAR Polarimteric Mode

Ascending . [ Descending

2006/8/19

2006/8/17 o3 | ALPSRP030192750-1.1D
ALPSRP029970850-% 1, o
2006/10/2 z% Tomak_o_mal
ALPSRP036680850-1.1A: Hokkaido ©IAXA, METI

2007/10/10 _ _
ALPSRP091090850-1.1A  YOShio Yamaguchi

% Niigata University
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POLSAR image analysis
Scattering matrix HV Basis ..
= Quad. Pol. data
HH, 2HV, VV .I
HH ||HV ||VV
Pauli Basis .. Color-Composite

<Average> HH-VV, 2HV, HH+VV

Eigenvalue Entropy, Alpha-angle, Anisotropy

>
I)\l A2 ||A3

Scattering Power Decomposition ~ pq double
Covariance matrix bounce
Coherency matrix .. Ps oy

surface volume
Pd, Pv, Ps, Pc scattering scattering
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Surface + Double + Volume + Helix scattering
scattering bounce scattering

expansion matrix

1550

570

30 o 0 s
1 8 0 200 200 000
o] e LI610 Llo1 %5
3'_5"[} a 10 TDDI i [P
00 0 0 00 0zj 1

550

57 0

3010 o0 8

Scattering Power

Pc

The four-component decomposition of scattering powers Ps, Pd, Pv, and Pc
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Fugen-dake
Unzen

32.825N
130.364E

Google earth optical image

ALOS-PALSAR pol. image

ALPSRP072570650-1.1A
©JAXA, METI

2007/6/5
Pd

ﬁﬂ Niigata University
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Scattering power
decomposition

Pd
Ps c Pv

Niigata University

Pauli-basis

HV-basis

Fugen-dake Unzen

32.825N

130.364E o HH, 2HVY, W
2007/6/5 ALPSRPO72570650-1.1A  ©JAXA, METI
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4-component scattering power decomposition algorithm
using rotated coherency matrix

q Rader line of sight

Deorientation ¢

A

Rotation of imsge
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'Jrll ‘Fl T 1 n
Rotation of data matrix [T]= ;"1 !" f33 - 2 k, ';‘
31
]: ] 1 0 0
.1 2Re(Ty) R (8) |= 0 cos2B sm 28
gzl # e S
4 T.-T. 0 sin 26 cos 16
| Tu(8) Tiz(8) T12(8)
[T[BH = [R."I:B}:[[ T] [R.‘.I:EJ}:[ = T:l[B] }":,__[E}] T:5{B]
' TBI{B] TSZ[H] T::{B}
Four-component , . . .
et c:-mposlition —p| P=2[Im(75(8) | | Helix scattering power

I
10 loe "TII(B) +7T.,(8)-2Re [T13(B:']]
T,(8) + Ty, (8) + 2 Re (T1,(6))

7 - = )
Volume scattermng ) 2\B)+ 2 3
powet 2 dB v > dB

1
5 13 ey g 15
== T.:,(8) = I ' = . -1P |
P,=7 Ts3(8) -2 P, | P,=4T5(08)-21 | p=LT1, 5
if P,<0. then P.=0 (remove helix scattering) = 3 comp. (P,. P,. P,) decomposition
s=1,0)-1p, ! S=T,(0)-1p, L s-7,0)-1p
}=Th, -—? —L =T, (8) - Tas =T4a ——T ’-l’
D=Ty®)-55P,-5P, D =T, (8) - T (6) D=Ty®)-55P-5P

C=T,@®+Lp

v e 1 _ p
C=Typ®)- %P, C=Tpn(0) = P,

4-compornent scattering power decomposition algorithm using rotated coherency matrix
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TP=T,(0)+T5(8)+T5(8)

Surface Double bounce
scattering scattering
C |
P=5+ |
D
_ | €]
P,=D- oy

T T
if [ P,>0,P;>0 1 P,>0.P<0 | P,<0,P>0 J
i I . I .
| : | : | : ¥
Decomposed power I 1 | P.
I I I
P .P,.P P : P .P P,=0 : P,.P. P =0 : P=pr=0
TP=P+P;+P+P V P=TP-P-P 1V P,=TP-P -P} P=TP-P,
Four comp. Three comp. Three comp. Two comp.

4-compornent scattering power decomposition algorithm using rotated coherency matrix
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Four-component decomposition New rotated decomposition

Scattering power decomposition by rotation of coherency matrix
for Niigata City area in Niigata Prefecture of Japan
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P

L |5 45 o a5° -45 0 45"

(c) Patch A: orthogonal urban  (d) Patch B: oriented urban (e) Patch C: fores

Deorientation
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Decomposed color coded image of Sapporo, Japan
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Monitoring of ongoing surface deformation along Cheleng-Pu fault

Data fusion of DEM and
RADARSAT SAR images
By CSRSR.

Talwan

3800m
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ELF/ULF Electromagnetic Spectrum

PCS

100
£ 10
° PC4
S PC3
2 PC2 Magnetotail
Pr |

PC1
o1+
ELF

0-001 | = 1 | J

10°¢* 10°¢ 1074 1072 1 102

Frequency (Hz)
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: Iore __

{Inospherel

Schumann
Transverse
Resonance

—_— Resonance
Earth-lonosphere Cavity R S
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Atmospherics
Geomagnetic

Pulsations

Power ¥*/Hz

et ————— \
T - 'y ible Lithospheric
o Z T~ oy Spectrumsp
-~ N\ ~
N\ ~
i T '< T
1.0 5.0 e 20
f (Hz)

Tectonic Stress Electromagnetic Signhatures
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RANGE: 23 dBV STATUS: PAUSED
A MAG RMS: 100

—680 g ‘1o = ‘20 : S 30 i - 4o

START: O H=z N BW: 477 .42 mHz ‘ STOP: 50 H=z
X: 26.5 H=z Y: —35 .86 dBV

Schumann Spherics (Electric Storm) Signatures
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Recent electromagnetic signatures associated with the Chi-Chi and Chia-
Yi earthquakes of 1999.

H Three-axes Fluxgate
E; Magnetometer

CONDITIONER

'SIGNAL
CONDITIONER

PHONE
LINE

ULF Magnetometric & Electrometric Measurement Arrangement
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University of lllinois
at Chicago

UIC

Recent electromagnetic signatures associated with the Chi-Chi and Chia-
Yi earthquakes of 1999.

Field Sensors:
Magnetic

@
=’
m
*
St

Electric
Fluxgate

(DC Magnetic)
Field Mill

(DC Electric)

A/D

OR

ANALOG |—{CONTROLLER

MODULE

MODEM
OR
TRANSMITTER

VLF

WWV (timing)
Meteorological ’
OMEGA ’
Seismic

LI LIl tiild

& 1 SmE#2
HEADQUARTERS F

Recelver Recelver |7 4
#1 #2

SITE #3

MAINFRAME

-— |
el = COMPUTER |“°°°"’°’| [recorcer | \X,/

Receiver -

#3
DISPLAY #1 DISPLAY #2 DISPLAY #3

Ed| [Spind) (GRS

Simplified Schematic of the Site and Equipment Layout

Figure 5.

Simplified schematic

of the site and equipment
layout of part of proposed
network ’

_ Clock

WIDEBAND INTERFEROMETRIC SENSING AND IMAGING POLARIMETRY 91



B, ¥ Electrical and

Communications, Sensing & Navigation Lab £ Compuier Engineering

University of lllinois
at Chicago

Atmospherics

Geomagnetic
Pulsations

Y?/Hz

Resonances

Power

e WA
N
e ible Lithospheric
\/t 7~ POSS]SB osphe
25 ~ pecrun
X ~N
T T S
10 50 b
f (Hz)

=20
dBv

dB
/DIV

-60

START: 0 Hz
X: 26.5 Hz

-30 dBV

-40 dBV

RANGE: 23 dBV STATUS: PAUSED

A: MAG RAMS: 100

BW: 477.42 mHz
Y: -35.86 dBV

1100, 4,/16/90, Z-axis

-50 dBV

ULF Tectonic & Spherics Signatures at About .1 to 20 Hz

10 20 30

Frequency (Hz)
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L

MIDNIGHT LEVELS 0.1 - 0.5 Hz

? Jan 17, 1994
:- N
o
g ‘. B
= Dec 7, 1994 | ll_. |H| l I Il||I
» l' l I 1 b, l I I' ll
- I| || lll' I I l I' l || l I| ||
L J | ! ||| ||| | || |
:- l|I I |'|I I |l II II ll | II""I ! , A
BT S S X LA S
- l L I 1 1
A 1101 = = L1 w1l
DAYS

Averaged Tectonic Stress Signatures during Northridge Earthquake
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25.5 =
Earthquakes
245, 77 6“’90 . que circle:
: i - - C Radius 50 Km
= c2h4i- Ay 5 ¥4 _ m * Red line:
“oChia-Yi - Chelungpu fault
g 235 .
§ m=5.31 . « Star mark: Three sample
23 © earthquakes
225 S - Black circle: Earthquakes M >=5.0
2 = Earthquakes occurred in six blue
" circles (except HC, LP) were
’ Taii/van compared with the anomaly

21. 1
120 120.5 121 121.5 122 122.5
Longitude (E)
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Recent electromagnetic signatures associated with the Chi-Chi and Chia-
Yi earthquakes of 1999, May to December in Taiwan

LY CHEICEnRR eI PP PR NN ARERRE LY SUBIES3ERRCECIRELEeRLINNIRRNRRASS

i
CHi-Chi sarhquake |

o) " Chia-Yi eanhnunk.‘
w0 Y T ,,’ W o
L o Mo
a0 "o
g0y —3 Mo
POy ano
“wa “ »o
el May Mo Nov

gammo
. - -
- - -

ganma
P E 48 13

Cay of manth

The raw data in LY station in March, April May, August, September,
October, November and December, 1999.
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Brief introduction of DIFF-RP-IN-SAR

6D DIFFERENTIAL SAR INTERFEROMETRY
HOW DOES IT WORK?

*  Three-pass “repeat track” interferometry uses
two baselines (B, ,); (B,.a,) to acquire ﬁ
interferograms at different times.

»  Despite exaggeration in picture on the right,

the incidence angles and absolute ranges are
nearly the same. ﬁ ___________________

*  Now suppose that the surface deformed
slightly between the second and third
acquisitions in such a way that the range
changed by an amount Ap

* Inthe repeat-track implementation of
interferometry, the signal travels each path
twice, since the transmitter and receiver are in
the same place. Therefore, the
interferometric phase is

2 47
AP =——2xrange = —ran
¢ 2 ge 2 ge
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Monitoring of ongoing surface deformation along Cheleng-Pu fault

(a) (b)

120°45" 121°00'
L 1

24°15" -

24°00" -

23°45"
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£
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(d)

Chelung®" fa(,/[
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The destruction along the Cheleng-Pu fault caused by the Chi-Chi
earthquake of 1999 September 21
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2 earthguakes occurred
on 10/22/1999 in Chiayi
area

Combined surface
deformation of the two
eqs were observed by
SAR Interferometry
(Bh=232m)

Approx. 2 fringes can be
observed from
interferogram,
representing 5~6c¢cm slant
range deformation
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The destruction along the Cheleng-Pu fault caused by the Chi-Chi
earthquake of 1999 September 21
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The destruction along the Cheleng-Pu fault caused by the Chi-Chi
earthquake of 1999 September 21
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Mode (selected)

Resolution (m)
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ALOS is one of the largest Earth observing satellites
ever developed, at 3850 kg. It is in a near-exact 45-
day repeat sun-synchronous orbit, 690 km altitude
above the equator. The active phased array SAR
antenna is obliquely Earth-facing, aligned with the
spacecraft velocity vector. The solar array is
arranged at right angles to the orbit plane, consistent
with the near-mid-day orbit phasing. The X-band
down-link must be shared with optical instruments,
which constrains SAR operation times.

Swath (km)

Table 1. Selected PALSAR Mode Parameters

Looks

Polarization

Standard, stripmap 20x 10 70 2 HH or VV

Fine 10 70 1 HH or VV
ScanSAR (5-beam) ~100 350 8 HH or VV
Dual polarization (as above) (as above) (as above) (HH, HV), (VV, VH)
Quad-pol 30x10 30 2 Full polarization
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Scattering power
decomposition

Pauli-basis
Taiwan

HV-basis
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Sun-Moon Lake
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The destruction along the Cheleng-Pu fault caused by the Chi-Chi
earthquake of 1999 September 21
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ALOS-PALSAR Polarimteric Mode
2008 Sichuan earthquake, China

Descending
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YOShiO Yamaguchi ﬁ Niigata University
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ALOS/PALSAR Footprint

503km g Epicenter

Off-Tohoku 9.0
Earthquake with
Super-Tsunami
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Destruction of City and Harbor of Ishinomaki by 110311 Tsu-nami (Harbor-Wave)
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Off-Tohoku M9 Seaquake & Tsunami 110311
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Off-Tohoku M9 Seaquake & Tsunami 110311
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Mt. Mayon — The pearl of the Orient
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South-East Asia
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ALOS-PALSAR Polarimteric Mode
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Mount Semeru puffs steam behind a cloud of sulphur gas
from Mount Bromo in the Tengger caldera on Java.
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“Natural hazards are inevitable.
Natural disasters are not.”
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ALOS-PALSAR Polarimteric Mode: 2007 ~ 2010
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A flurry of ruptures have occurred since 2000
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7 Section I-Palaeogeography

{

S ‘,
Plate 3. Four views of a smaller globe with continents and shelves almost covering the total surface, leaving - “
few spaces between land areas. Redrawn from Jordan, 1964. &
s
c

NOSNYT!

Plate 4. As the earth grew, the Sialic Crust cracked, and the continents drifted apart. Redrawn from
Schmidt-Thome, 1972. (After Haber, and Jordan.)
GEerHARD O. W, KReMP

1932 HILGENBERG Model of Primondial Earth
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* O. C. Hilgenberg of Germany in 1933 showed that if the radius in a model
of earth could be reduced to two-third of its length, all the continental blocks
could be adjusted in a perfectly snug-fit manner. The concept of earth’s
expansion was revived in the 1960s by S. W. Carey of Australia.

« It can be noted that in the primordial small earth there were no oceans
although epicontinental seas or lakes were present. The ocean-forming water
at that stage must have been associated with the mantle. Under such
condition, namely, association of large quantum of water under pressure, the
mantle rock must have been considerably fluid (Sen, 1983-2003).

« This vital clue has been based on experimental studies conducted by
Roy and Tuttle (1961) confirming depression of melting point of silicate
rocks under hydrothermal and ultrahigh pressure condition.
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rupture of core-mantle

stage
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tidal pull

core-mantle contact .

facession

mantle

@ rupturedq void zone
Surface

iron core solid core

DEFLECTION OF THE EARTH
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Fundamental Earth Parameters
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Indian Ocean Tsunamis: 1833 & 2004

10 20 40 inches 8 24 40 inches

1833  MAXIMUM WAVE HEGHT OFFSHORE N 2004  wanum wave HEIGHT OFFSHORE |

Hannah Fairfield/The New York Times, Science Section, January 4, 2005
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Physical interpretation of rain cell signatures

« Partial backscattering at hydrometeors (precipitation volume)
« Attenuation of incident wave

Received signals

Amplitude

- ———  Backscattered wave (attenuated) (B)
—  Backscattered wave from hydrometeors (A)

—— Transmited wave
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Slant range reflectivity profile (,,A-scope®) for the rain
cell cut from a very recent TerraSAR-X measurement

Back'scatterin'g at
/ hydrometeors

Area with strong
attenuation

L

Backscattering
without visible

attenuation effects
00 100 200 300 400 500 600 0 160 260 360 400 560 660 700

Range —
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Recent examples of propagatlon effects recorded W|thTerraSAR X

Data acquwed over Sheffleld UK
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NASA-JPL UAVSAR on Global Hawk
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Upcoming High- altltude PoISAR Sensors
@ uavsar JPL ‘ =

Gulf-Stream lII
L (Quad - Pol)

(HH-VV, HV, HH+VV)
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UAVSAR Port To Global Hawk

 Measuring millimeter-scale surface deformation at both high temporal and spatial
resolution (20 minutes to years at resolutions down to 10 m)

* Full polarimetric imagery enables reflectivity analysis of surface properties supporting
— Soil moisture and sea surface salinity measurement
— Biomass measurement and land surface classification
— Archeological studies

 Global Hawk application with two UAVSAR pods would enable high precision
topographic map generation and single pass fully polarimetric interferometry for
vegetation structure measurements

« Global Hawk endurance of nearly a day would enable long loiter time over dynamic
targets such as volcanoes and earthquake prone regions for pre-event signature
studies or post-event scientific and hazard management activities

« Global Hawk range on the order of 8500 nm could enable data collection of distant
areas of interest (e.g. Greenland, Aleutians) without complicated campaign
deployments

* Global Hawk would be an ideal platform to performing mapping and regional science
using the UAVSAR
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= Global Hawk Reconnaissance Imagery
&’ Electro-Optical (EO) and Infrared (IR)

Global Hawk's onboard, high-reselution sensors can look . The Electro Optical (EO) and
through adverse weather conditions, day or night, and \ 2 - Infrared (IR) sensors onboard
conduct surveillance over an area the size of lllinois in just P Global Hawk operate through
24 hours. Theimagery is processed on board and relayed : shared reflective optics

to the user via line-of-sight or satellite communication links.

F-418 Spot Data CONBCHON Mode

, Chima Lake, CA
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Global Hawk Reconnaissance Imagery
Synthetlc Aperture Radar (SAR) and GMTI

The Integrated SensorSuite. cons&sts ofan all-weuther Synthetic - The Synthetic Aperture Radar (SAR) gimballed antenna
Aperture Radar/Moving Target Indicator (SAR/MTl) a high " > can scan from either side of the aircraft to obtain 1foot
resolution Electro-Optical (EO) digital camera and a third generation ’ . resolution spotimages, 3 foot resolution images in wide
Infrared (IR) sensor, all operating through a common signal processor — area search mode and 4 knots minimum detectable
thatis the equivalent of an airborne super computer. -~ J velocity in the ground moving target indicator (GMTI) mode

CA Statq —mMmM—————————
Highway 99

Lake Isabella, CA —

Bakersfield ~

Interstate 5
Santa Barbara, CA
Pacific Ocean _

Los Angeles, CA

e T L R (T GLOBAL HAWK IMAGERY
GLOBAL HAWK1MAGERY e BT MOVING TARGET INDICATOR (MTI) Overlay

ICAPERTURE RADAR (SAR)

NORTHROP GRUMMAN
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GROB Super-High-Altitude UAV

Grob G520T Egret D-FSTN

Copyright © SilverwingPix Airplane-Pictures.net
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UAVSAR Overview

« UAVSAR developed under NASA ESTO funding beginning in 2004.

« UAVSAR is an L-band fully polarimetric SAR employing an electronically scanned
antenna that has been designed to support a wide range of science investigations.

— Science investigations supported by UAVSAR include solid earth, cryospheric
studies, vegetation mapping and land use classification, archeological research,
soil moisture mapping, geology and cold land processes.

— To support science applications requiring repeat pass observations such as solid
earth and vegetation applications the UAVSAR design incorporates:

» A precision autopilot developed by NASA Dryden that allows the platform to
fly repeat trajectories that are mostly within a 5 m tube.

« Compensates for attitude angle changes during and between repeat tracks
by electronically pointing the antenna based on attitude angle changes
measured by the INU.

« UAVSAR is testing new experimental modes, e.g. the multi-squint mode whereby
data is collected simultaneously at multiple squint angles to enable vector
deformation measurements with a single repeat pass.
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Initial Flight Testing of UAVSAR

San Andreas Fault Repeat-Pass Baseline
80 km Datatakes on February 12 and 20 of 2008.

Mt. St Helens Repeot Poss Boseline
5 m Tube in Red — 10 m Tube in Grreen.

Verlicol Boseline (m)
1 1
o\ & o N -_ o — N w S (3.}

Vertical Baseline (m)

5 1 1 1
-5 -4 -3 -2 ~f

Cross—Track Baseline {m)
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San Andreas Fault

(HH-Red, HV — Green, VV — Blue)
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San Andreas Fault Imagery

The same trees in Google Earth image
can be seen in UAVSAR L-band image

\ S

The different colors in the |
UAVSAR image generally 1 km
correspond to different vegetation

characteristics on the surface. LHH=red
Compensation for & projection to  LHV=green  pata collected Feb 12, 2008 2x6 looks (3m resolution)
surface topography not applied. LVV=blue
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The TerraSAR-X Satellite
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Overview of effects

Effects:

« delay

e attenuation
* noise

« scintillation

caused by:

« atmospheric gases
* rain, precipitation
« clouds, fog

* lonosphere
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Transmission spec

trum of the atmosphere / Attenuation

e

= a4 —
yi i3S

Gaseous attenuation negligible
—> focus on precipitation

Specific Attenuation [dB/km]

0 20 40 &0 #20 100
Rainrate [mm/h]
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Most affected global precipitation regions

ANNUAL average rainfall total (mm)

|
h'_.l.' FAD - SDRM - ,a'."n.,gr|:|rr|et|3|:|r|:|hjg'_.l.' (aral 1p - 1997 0 73 225 375 725 1473 4975 10005
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Physical interpretation of rain cell signatures
« Partial backscattering at hydrometeors (precipitation volume)
« Attenuation of incident wave

Received signals

Amplitude
%

- ———  Backscattered wave (attenuated) (B)

—> Transmited wave ——  Backscattered wave from hydrometeors (A)
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Raincell signatures at Davangere, Karnataka, India
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Clouds over Melaka Strait
TerraSAT-X X-Band

A. Danklmayer

Microwaves and Radar Institute

German Aerospace Center (DLR)
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Outlook

v' The disadvantage of rain features in SAR imagery may turn out to
be a useful source for assessing precipitation intensity over SAR
surveyed areas such as oceanic surfaces, a problem hitherto only
poorly addressed.

v TerraSAR-X offers new possibilities for investigation of
propagation effects. New Experiments are scheduled in order to use
TerraSAR-X as a measurement device for precipitation, possibly in a
Nadir looking geometry

v Simultaneous measurements with weather radars and SAR are
now available and will be implemented for further in-depth study of
attenuation effects and quantification.
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Prediction of Future Megastorms: California & East Coast
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Outlook & Future Needs

- New Sensors, space-borne: TandemSAR-X, TandemSAR-L (Destiny), . . .
-New Sensors, air-borne: F-SAR (P, L, S, C, X, K, V, W), ...

- New Sensors, ultrahigh air-borne: JPL-UAV (Global Hawks), . . . ..

- Algorithm Developments: Fully Polarimetric RP-POLINSAR assessment

- Applications: Focused increase providing clear-cut successes

POLINSAR 2011 Single & Tandem Space-
borne POL-SAR Sensors, Increase number
of Text books & Training Workshops
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Global Monitoring of Bio-, Geo-,
Cryo- and Hydrosphere processes
with hith temporal and spatial

resolution.
(Prof. A. Moreira — POLINSARO09)

Radar Interrerometry
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TerraSAR - X (1 & 2)
(2010)

Pol — INSAR Sensors
TanDEM-X
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| -band SAR
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qinterferometry
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TUB-LAPAN-ORARI ORBIT PROFILE

(14 pass per 24 hr / orbit time 100 minutes and stay above horizon at about 10
minutes)
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SATELLITES ORBIT PROFILES

(14 pass per 24 hr / orbit time 100 minutes and stay above horizon at about 10 minutes)

CHIBA-ISAS-AJOU
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Recent Textbooks on Radar Polarimetry
& Polarimetric Interferometry

Mott, Boerner, Yamaguchi, Souyris, Jin, Jin-Xu,
Pottier-Lee, Cloude, Jian Yang,Cumming-Wong

Addendum: Boerner, Literature Assessment
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Recent Books on Polarimetric Radar & SAR, Polarimetric Interferometry

Harold MOTT, Remote Sensing with Polarimetric Radar, Wiley-IEEE Press, 1st ed., January
2007, pp309, ISBN: 978-0470074763 {also see previous books by late Harold Mott, 1986 & 1992}

Boerner, Wolfgang-Martin, Introduction to Synthetic Aperture Radar (SAR) Polarimetry, Wexford Press
(reprinted without permission from W-M. Boerner (April 2007), Basics of SAR Polarimetry 1, In Radar
Polarimetry and Interferometry (pp. 3.1- 3-40), Educational Notes RTO-EN-SET-081bis, Paper 3, Neuilly-sur-
Seine, France RTO, available from: http://www.rto.nato.int/abstracts.asp

Yamaguchi, Yoshio, Radar Polarimetry from Basics to Applications: Radar Remote Sensing using
Polarimetric Information (in Japanese), IEICE Press, Dec. 2007, (soft cover), ISBN: 978-4-88552-227-7,
http://www.ieicepress.com/

Masonnett Didier & Souyris Jean-Claude, Imaging with Synthetic Aperture Radar,
EPFL/CRC-Press, Engineering Sciences/Electrical Engineering, Taylor & Francis Group, 2008, (hard-
cover), ISBN 978-0-8493-8239-4; http://www.crcpress.com

Ya-Qiu JIN & Feng XU, Theory and Approach for Polarimetric Scattering and Information Retrieval of
SAR Remote Sensing (In Modern Chinese), Beijing: Science Press, 2008, (hard cover), ISBN978-7-03-022649-5;
http://www.sciencep.com

Lee Jong-Sen & Pottier, Eric, Polarimetric Radar Imaging — from basics to applications, CRC Press —
Taylor & Francis Group, January 2009, ISBN 978-1-4200-5497-2 (hard-cover), TK6580.L.424.2009, 621.3848- -
dc22; http://www.crcpress.com {Chinese version to be published by 2009 October}

Cloude, Shane Robert, Polarisation: Applications in Remote Sensing, Oxford University Press, UK &
EU, August 2009, ISBN 978 -0-19-9569731-1 (352p, 260 line-ill: hard-copy), http://www.oup.com.contact/

vanZyl Jakob-Johannes & Kim Yun-Jin, Introduction to SAR Polarimetry — in progress and to be
completed by 2009 December: To be published with the JPL Series, John Wiley.

Cumming, I. G. and F. W. Wong, “Digital Processing of Synthetic Aperture Radar Data”.
Artech House, 653-pages, January 2005. (Published in Chinese, October 2007).
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IMAGING WITH SYNTHETIC
APERTURE RADAR

Didier Massonnet & Jean-Claude Souyris

Synthetic Aperture Radar (SAR) is a field that has been transformed by the
recent availability of data from a new generation of space and airborne sys
tems, and the authors take full advantage of this data to offer a synthetic geo-
metrical approach to the description of the SAR technique, one that addresses
physicists, radar specialists, as well as experts in image processing.

The book begins with a “theoretical emergency kit” that provides the founda-
tion necessary to understand the math and science behind the SAR technol-
ogy. It then provides a comprehensive description of the technique itself,
stressing the geometrical approach to radar processing, followed by a descrip-
tion of how these principles are applied by considering SAR design from a
radiometric perspective. The authors then turn their attention to radar inter-
ferometry, aining the practical aspects behind obtaining interferometric
products from radar data, in the context of resolving ambiguity interpreta-
tion, the availability of space-borne systems, radar-data archives and soft-
ware-processing resources. The book closes with a detailed description of
radar polarimetry.

Richly illustrated with a careful mathematical development of the basic sci-
entific concepts, the book is intended for both academic use (by professors
and students), as well as by professionals working in industry or government
laboratories

DIDIER MASSONNET of the CNI fellow and an AGU member; he’s the author of sev-
eral patents, notably the interferometric cartwheel.

JEAD AUDE SOUYRIS is head of the altimetry and radar department at the CNE eisan [E
member, and Associate Editor for Geoscience and Remote Sensing Letters.

2008, 290 pages, Hardcover,

W EPFL Press ISBN 2-940222-15-5 CRC Press
(#. (CRC Press ISBN 978-0-8493-8239-4) Taylor & Francis Group
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POLSARPRO ==

The development of POLSAHPRO Software is a direct result of recommendations
made during the POLINSAR Workshops held at ESA-ESRIN in January 2003.
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d-esa

ie BAR ialn Proe o[ 2 POLSARPRO v. 4.0

—— -
3 Y The Polarimetric SAR Data Processing and Educational Tool
35wl .© P

POLSARPRO v2.0
POLARIME TRIC SAR
DATA PROCESSOR

SPECTAL EDITION for P

www.esa.int European Space Agency

2003 New version 4.0 released in
occasion of POLINSAR 2009

WIDEBAND INTERFEROMETRIC SENSING AND IMAGING POLARIMETRY 201



UIC 0" Communications, Sensing & Navigation Lab £k onpeer Engineering

This book combines, for the first time, the topics of radar polarimetry and interferometry.
This combination was first developed in 1997 and has since becorme a major topic in radar
saences and their applications, in particular to space sciences. In its simplest form it concems
the study of interferograms formed by combining waves with different polarisations and their
exploiation to infer impartant physical properties of the planetary surface being investigated
The book s written in three main sections. The first four dhapters provide detailed coverage of
all major topics of polarimetry, including its basis in electromagnetic scattering theory, decompas-
tion theorems and a detaied analysis of the entropyfalpha approach. The next chapter offers a
brief introduction to radar interfercmetry, before developing in three chapters the important
newtopic of polarimetricinterferometry. In this way the book provides a complete treatment of
the subject, suitable for those working in interferometry who wish to know about polarimetry,
or vice versa as well as thase newto thetopic who are looking for a one-stop comprehensive
treatment of the subject. The ermphasis throughaut s on the application of these techniquesto
remote sensing, and the book condudes with a set of practicl examples to ilustrate the theo-
reticad ieas.

S.R. Cloude s Director of AEL Consultants, Cupar, UK.

POLARISA

S. R. CLOUDE

ALSO PUBLISHED BY OXFORD UNIVERSITY PRESS

Hectromagneti Scattering from Random Meda
TR.Field

Multipole Theory In Electromagnetism
RE.Razb, OL de Lanpe

Remote Sensing and GIS
B. Bhatta

Remote Sensing
J.R. Schott

NOILVSIdV10d

Covor Imags: Estmated tree halgihts r 3 forest festarea (Traursteln, Bavarty) ganorziad from 11 Arborme imaghg radar
systom E-SAR, oparzied by the Carman aarspam cantre, DUR. The trea hoights wero pencrziad using achniques of potark-
Metric SAR imarkromatry or POLINSAR 25 daacr bad In 1his book. Tha data & imporied and diplayed i Gaogke Earth 253
3.0 represmntation, Alewingintagration of 1ha troe hoight product with othar Land 1 Ratures (image courtesy of DLR).

ISEN 978-0.19-056375-1
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www.oup.com
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*Developed to be accessible to a wide range of users from novices to experts in the field of
POLSAR and POL-INSAR

«Educational Software offering a tool for self-education in the field of POLSAR and POL-
INSAR data processing and analysis

*Open Source Software Development

Airborne Spaceborne
AIRSAR & TOPSAR SIR-C

EMISAR Envisat ASAR
E-SAR -> F-SAR RADARSAT-2
Pi-SAR ALOS PALSAR
SAR580-Convair TerraSAR-X
RAMSES TandemSAR-X

http://earth.esa.int/polsarpro

2 POLSARPRO v. 4.0

The Polarimetric SAR Data Processing and Educational Tool
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Summary
References
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Radar Polarimetry

2. Basic Principles of SAR Polarimetry
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Mathematical Representations of
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Polarization Response
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Contrast Enhancement

Summary
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3. Advanced Polarimetric Concepts
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References

Jakob van Zyl and Yunjin Kim
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4, Polarimetric SAR Calibration
Polarimetric Radar System Model
Cross-Talk Estimation and Removal
Co-Polarized Channel Imbalance
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Absolute Radiometric Calibration
References

5. Applications: Measurement of
Surface Soil Moisture

Surface Electrical and Geometrical
Properties

Scattering from Bare Rough Surfaces

Example: Bare Surface Soil Moisture
Inversion Models
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Simulation Results
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To appear in 2010 July
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Major Paradigm for Remote Sensing from
Air and Space of the Terrestrial Covers:

“Natural hazards are inevitable!
Natural disasters are not & how
can we reduce aftereffects?”

Accomplished with fully Polarimetric POLINSAR Sensors at
all pertinent frequency bands:
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ACQUISITION OF NEW BANDS FOR ROTHPASSIVE & ACTIVE SENSING

Deep earth sounding

Ground penetrating radar

Mineral resource exploration

Biomass and vegetative cover estimation
Man made surface structure monitoring

Atmospheric passive remote sensing

ULF - LF
LF - VHF
HF - UHF
HF — EHF (P/L/C-Band)
HF — EHF (C/X/K-Band)

cm - sub-mm

¢ We need to put our act together as the global remote sensing community and request from
ITU/WMO the protection of the “fundamental natural resource: the e-m spectrum”, and for
providing the spectral bands for us to fulfill our professional duties as

“The Remote Sensing Pathologists and Radiologists of Earth and Planetary Covers”
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THE IMMINENT COLLISION:

Passive vs Active Spectrum Users, e. g. radio-astronomy vs global telecommunications complex
¢ CLEAN THE PROPAGATION SPACE FROM PROPAGATION LITTER:

- users not requiring free propagation space must be relegated
to the use of the global EO fiber transmission network

¢ PRESERVE THE GLOBAL NATURAL RESOURCE - THE E-M SPECTRUM FROM MISUSE:

- misuse of spectral band acquisition by aggressive
telecommunication complex must be put to an end

¢ ASSIST AERONOMISTS AND RADIO ASTRONOMERS IN ESTABLISHING THE
BACKGROUND NATURAL NOISE SIGNATURES OF TERRESTRIAL, PLANETARY AND
GALACTIC ORIGIN

- establish natural background signatures in all spectral bands

¢ THERE DOES NOT EXIST A SINGLE SPECTRAL BAND IN WHICH THE TERRESTRIAL
COVERS DO NOT POSSESS DISTINCT EIGEN-RESONANCES

- the measurement and monitoring of natural eigen-resonances is essential for natural hazard
prediction and mitigation — short term and long term
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Interference
Obstruction:
EMI-SAR
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Ul RFImonitoring by JERS-1 SAR (1992-

1998)

Normalized-zeropadded bandwidthm A
0
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RFI monitoring by PALSAR

(2010/4~2011/4)

Normalized-zeropadded bandwidthxm A
0

10.
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Custom RFI-Filtered Data
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ESTABLISHMENT OF WORLD NATURAL HERITAGE
ELECTROMAGNETIC QUIET SITES

Radio Astronomic Planetary and Galactic Background Signature Validation
across the Entire Electromagnetic Spectrum

ULF - ELF: earthquake prediction

LF — HF: lithospheric sounding and solar terrestrial interactions
VHF — UHF: layer soil and vegetation cover remote sensing

UHF — EHF: vegetation canopy remote sensing and atmospheric
monitoring

mm — sub-mm: atmospheric — mesospheric absorption bands
monitoring

mm — sub-mm: transmission windows remote sensing
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Recent Advances in Fully Polarimetric Space
SAR Development and Its Applications

Conclusions:

The Vector Electromagnetic Spectrum:
A Natural Global Treasure

Terrestrial Remote Sensing with PolSAR :
The Diagnostics of the Health of the Earth
at all weather and volcanic conditions
and at day and night
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