REMOTE
ot RS Qesa

University of Zirich, Switzerland

CEOS SAR Calibration/Validation Workshop

Local Incidence Angle
Considered Harmful

David Small!, Nuno MirandaZ2, Erich Meier!

I: Remote Sensing Laboratories, University of Ziirich, Switzerland
david.small@geo.uzh.ch

2: European Space Agency, Frascati, Italy

Pasadena, California, USA -- Nov. 17-19, 2009

CEOS SAR Cal/Val Workshop 2009.11.17-19 - Local Incidence Angle Considered Harmful

Tuesday, 17 November 2009



Qutline
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® Role of Local Incidence Angle
® Evaluation of Radiometric Terrain Correction Methods

® Examples from PALSAR & ASAR
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Radiometric Normalisation
Conventions
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Standard Areas for Ellipsoid-normalisation
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Standard Areas for Ellipsoid-normalisation
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Ground llluminated Area
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Radar Equation & Reference Area

® Relating received to transmitted power:
AZ J‘ BGZ

= - ; o'dA Ulaby, Moore, Fung, 1982.
(4rm) R

P,

area
illuminated

® Standard equation of: ¢° = f3° -sin6,

uses an ellipsoid Earth model approximation as a
standard normalisation area - using ellipsoidal
incidence angle Oc as a proxy for area

For radiometric terrain correction, we need to actually
on a DEM
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Existing SAR Normalisation
Conventions: 3°, 6°, y°

Symbol

Normalisation Area

Derivation

p

None

Sample Interval in

Slant Range Plane: Aﬁ

Ground Area: Ao'

Ground Area projected in plane L to

Look Direction:

Natural radar observable:

IB:k°Ps/Pl
p? = p/Ap

180 Aﬂ/éa — ﬁ() 'Sinﬂe

:30 ‘AplAy =
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Time to Leave Kansas

® “The” Local Incidence Angle a flawed concept:
® adapted from ellipsoidal incidence angle for flatlands
® fails to account for:
® shadow
® foreshortening
® layover
® |Improve sensor model:

® use local illuminated area, not angle!
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Summary of Normalisation Conventions

Convention | ‘ 2 3
0 0
p ),
Earth Model None Terrain
Reference Area Ag A A, A,
Area Derivation | 6,-6, | 9,6, S,-o, 18,0,
Aﬁ 0 Aﬂ
o 0,._F [3 2 . A
Normalisation F = Aﬂ s 4, B
’ =p°-sin6, | =B°-tan6, !
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Local Incidence Angle Mask (L!1")

® The most common slope-normalisation
methodology found in the literature is best placed
between the ellipsoid- and terrain-based
normalisation conventions

® Normalisation for local variation of scattering area:

0 o SIn@
GNORLIM — GE * ] Kellndorfer et al., TGRS, Sept. 1998.
sin@,
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Introducing Terrain-Normalisation

Symbol Normalisation Reference Derivation
Beta 0 Area formed by Sample Intervals in ,6 =k - Py/P;
Nought ﬁ Slant Range / Azimuth Plane 180 — 13/ Aﬁ
Iii)gun;t O-g Ellipsoid Ground Area 0.2 _ ,BO 'A/}/Ao-
Noug | Ve | lioLookDreon | 7 =B Ag/A,
ammatar| 0| e o Mepriensdin |0 g gy
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Definition of Taut

Merriam-Webster Dictionary:

|.  having no give or slack: tightly
drawn

2. kept in proper order or condition

3. not loose or flabby; marked by
economy of structure and detail
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Evaluation of Normalisation Methods

Flatlands Lowlands / Simple
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Evaluation of Normalisation Methods

Flatlands Lowlands / Simple Alpine / Complex

Seek out complex (challehéing) terrain for RTC testing!
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Olympic Peninsula - Washington, USA

® | ocated at NWV corner of continental USA -
terrain ranging from sea level to mountainous

e DEM: SRTM3 v4 CGIAR
® ASAR beam-diverse IM & AP acquisitions
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Olympic Peninsula - GTC vs. RTC
ASAR AP 2004.10.09 IS7 - scaled -20 to +5 dB/m?

VH 4% VH 4%
GTC RTC
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ASAR AP 2006.04.29 IS| - scaled -20 to +5 dB/m?

HH

GTC RTC
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Olympic Peninsula - GTC vs. RTC
ASAR AP 2007.12.230 IS4 - scaled -20 to +5 dB/m?

HH
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Olympic Peninsula - ASAR IM
ASAR IMP 2007.10.18 1S6

Ground Range LIM GTC
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Olympic Peninsula - GTC vs. LIM vs. RTC
ASAR IM 2007.10.18 IS6 - 25dB dynamic range

GTC NORLIM RTC
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Tests of Flatness

® GTCyvs.RTC
® Histograms of backscatter for GTC/RTC
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GTC - Olympic Peninsula: ASAR IM IS6D VvV

WA, ASAR IM 2007.10.18
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RTC - Olympic Peninsula: ASAR IM I1S6D VV

WA, ASAR IM 2007.10.18
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GTC - Olympic Peninsula: ASAR AP IS7D HV

WA, ASAR AP 2004.09.04
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NORLIM - Olympic Peninsula: ASAR AP IS7D HV
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RTC - Olympic Peninsula: ASAR AP IS7D HV
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Switzerland: PALSAR FBD

HH & HV polarisations
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FBD tests in
Bernese Oberland:

GTC vs. NORLIM vs. RTC

Verbano:Cusio
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Bernese Oberland,
Switzerland

>3000m of in-scene
height variations

—  20dB
1000m Height Cycle

2008.06.02A

GTC

FBD HV
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Bernese Oberland,
Switzerland

—  20dB
1000m Height Cycle

2008.06.02A

RTC ey e AN g T DHM25 courtesy swisstopo

FBD HV
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Bernese Interlaken
Oberland,
Switzerland

20dB

2008.06.02A

RTC

FBD HV
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Bernese
Oberland, L
Switzerland G yiadl®
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Bernese
Oberland,
Switzerland
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Bernese
Oberland,
Switzerland

20dB

2007.08.14A

GTC

FBD HV
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Bernese
Oberland,
Switzerland

20dB

2008.07.01A

GTC

FBD HV
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Bernese
Oberland,
Switzerland

20dB

2008.07.01A

RTC

FBD HV
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PALSAR: Forest vs. Non-Forest

® Forest boundary ambiguous in GTC imagery
(influence of terrain interferes)

® Forest boundary relatively in RTC imagery
(terrain influence largely eliminated)
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SWV Switzerland

Mixture of
terrain and
thematic land
cover

Lake
Geneva

2008.06.19A

GTC >

A&
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SWV Switzerland

cover
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2008.06.19A
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SWV Switzerland

Mixture of
terrain
(reduced) and
thematic land
cover

Lake
Geneva

2008.06.19A

>AR Cal/Val Workshop 2009.11.17-19 - Local Incidence Angle2 eggsidered Harmful
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Bernese Oberland, Fribourg, & Vaud - SWV Switzerland
NORLIM RTC

Local Incidence-angle Mask Image Simulation
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, Fribourg, & Vaud - SWV Switzerland
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Fraction of Occurences

GTC on Foreslopes

Foreslope-GTC

FBD 2008.06.19A
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0.04 —

0.02 —

0.00

-30

-10
Backscatter [dB]
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Fraction of Occurences

RTC on Foreslopes

Foresl

FBD 2008.06.19A
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on Foreslopes

FBD 2008.06.19A
Foreslope-NORLIM
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Poor performance: mixture of under- and over-correction
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GTC on Backslopes

FBD 2008.06.19A
Backslope-GTC
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Fraction of Occurences

RTC on Backslopes

Backslope-RTC
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. NORLIM on Backslopes

2 1)
- o

FBD 2008.06.19A
Backslope-NORLIM
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Poor performance: varying “visible” area not modelled
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Foreslopes vs. Backslopes

® |mage simulation-based RTC is superior to Local
Incidence-angle Mask (LIM) methodology

® Non neighbouring DEM-samples considered
® Shadow modelled

® Varying “visible” area modelled (highly significant on backslopes)

® Foreslopes poorly normalised using LIM (less
refined sensor model)

® Use of RTC recommended for thematic
interpretation in variable terrain
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ASAR Wide Swath (WS)

Snow Melt in Switzerland
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ASAR WS GTC 2007.05.06D

Mix of Terrain Variations + Thematic Land Cover

y , A .,ﬂ\ L B ,‘.; $ % b BTGP Wl SR AT A 400km swath
) Tdi ) . ) L Yo A g R o AR a 2 L A
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ASAR WS RTC 2007.05.06D

Thematic Land Cover (snow melt)

DHM25 swisstopo

- SN 'ﬁ.; - 400km swath
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ASAR WS GTC 2009.04.11A

Mix of Terrain Variations + Thematic Land Cover
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ASAR WS RTC 2009.04.11A

Thematic Land Cover (snow melt)
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ASAR WS Asc/Desc RTC

2009.04.1 1A 2009.06.08D

DHM25 swisstopo

Height-dependency in seasonal snow-melt
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Conclusions

*Seek out highly variable complex terrain for testing RTC

*ocal Incidence Angle Mask (LIM) a poor proxy for true
radar equation-based area normalisation:
* Radar simulation approach is preferable to
conventional LIM-based normalisation in variable terrain
* DHM'’s with resolutions even higher than radar imagery
can be harnessed in the simulation’s sensor model

* Time to leave Kansas: use integrated areal measures not
angle!

e Standardised test sites & CEOS-test for RTC?
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