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Single-Dimensional SAR

« Single-Polarization; Single-Frequency; Single-Baseline.
Multi-Dimensional SAR (Yirong Wu, 2013)

- Multi-Polarization; Muti-Frequency; Multi-Baseline; and their
Combinations.

Based on Multi-Dimensional SAR, we can obtain more
characteristics associated with forest AGB.

« Multi-Dimensional SAR is one of the most promising
technologies that can estimate forest AGB of large area.
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Terrain effects is a big problem for the application of Single/Multi-
Dimensional SAR data

« Owing to the characteristics of side-looking illumination by SAR
sensors.

Current terrain correction methods are not fully applicable to Multi-
Dimensional SAR data

- Most methods proposed for a single backscatter intensity value

_> Radar illumination —) Radar illumination

Terrain
Effects!

PoISAR PaullRGB
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2. Three—-Stage Terrain Correctio K\W\f
NASLL yethod for PolSAR Data &'esa

. 2.1 Background

The influence of topography on PolSAR image
» Variation of Effective Scattering Area (ESA)
e It is due to radar observation geometry and local terrain. In other words, it is the
variation of the number of the scatterer in one pixel.

« Variation of local scattering mechanisms, etc.

» This phenomenon is commonly known as Angular Variation Effect (AVE) that mainly
appears in vegetation area
« Variation of polarization states

It is caused by azimuth slopes that induce Polarization Orientation Angle (POA)
changes.

large local
incidence angle

J/
o
2 )
/

small local \
incidence angle
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. NASLL Method for PolSAR Data Q&‘;esa
. 2.1 Background

Effective Scattering Area correction (ESAc)

— e Based on local incidence angle

o’ = B siné

loc

(Freeman, 1989)

» Based on surface tilt angles
o' = B’ -sin(@ - 6.)cos O, (Zyl, 1993)

Based on projection angle

. o =B -cosy (Ulander, 1996) | !
: i ’6 R A,
! Based on area integral i 1
Ak /. | [y
g0 = g0 i
Mare | J'A (David Small, 2011) | o
Accuratet it e e X /v/
e More and more accurate method proposed for VAW e
L

calculating the effective scatterine

2017 DRAGON 4 SYMPOSIUM
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. 2.1 Background
Angular Variation Effect correction (AVEC)

Basic Model: 0, = o/ cos"(d,,,) n is the core !!

« Based on semi-empirical model derived from radiative transfer model

1 — exp(-h1)
1 — exp(—cr) ) T- crown optical depth (T. Castel, 2001)

n:1+alog(

» . These method can not adaptively determining the value of n and not
suitalbe'to PoISAR matrix data.
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. 2.1 Background

Polarization Orientation Angle correction (POAC)
« Based on Local imaging geometry (DEM) (Lee; Schuler, 2000)

tan @,

tan 0, = .
” —tan@, tan@ +sin@ O POA shift angle

e Based circular polarization method

Spp o rignt-right circular polarization

0, = Arg(<SRRSZ>) / 4 .

7, o left=left circular polarization

The most [ <‘5HH\2> (V2SS ) (St ) _
commonly used (25,53 <2\5HV\2> (25,5 )

algorithms !
* J_ * 2
<SVVSHH> < ZSVVSHV> <‘SVV‘ >
T
Croe = VCV 7. polarization orientation angle
4 1 + cos 20 \/5 sin 26 1 — cos 260 Rallliewa,
V:——\/Esin%? 2 cos 20 \/Esin29
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2. Three—Stage Terrain Correctio \\“
C(-g]””gw Method for PolSAR Data & CSa

‘ 2.2 Methods

Flow chart
" PolsARData .~ " ASTERDEM _~
v
PreProcessing
v
/ MLC Data / Geocoding
................ Ve, oo S 2,
{[ POA Correction |} GTC model
Terrain : S Geocoding of
Correction | ESA Correction 4—-— Projection angle . Terrain
process — :  Correction
:| AVE Correction [§+7 Local incidence angle (Ortho-rectification product)
---------------- w-----------..l“ .'l-----------------------------------------l"
Corrected
PolSAR Data
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. ( NASLL Method for PolSAR Data &&&?esa

. 2.2 Methods
Three-Stage Terrain Correction

cos @
0 _ 0 ref
.. = |0l cosy ||| —
cos 0,,.

:

Stage®:POA Correction -
. Circular polarization method

Stage®:AVE Correction
 Minimum correlation coefficient method

2017 DRAGON 4 SsYMPOSIUM
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' 2. Three—Stage Terrain Correctio K\\\“:E
. ( NASLL Method for PolSAR Data &&&?esa

. 2.2 Methods

Minimum correlation coefficient method

* We can evaluate the correction result by the correlation between corrected
backscatter value and the local incident angle.

(cos 0,. ]H £(n) = ,0(9100’ Oy, )
0. =9 cos @ '
Joc n = arg min{abs[f(n)]}

e The value of n for each polarization channel: n(hh)=N,,n(hv)=N,,n(vww)=N,
« So, we get the correction coefficient for each polarization channel :

M Ny Ny
r | cos 0., r | cos 0., | cos 0.,
hh hv T vy
cos 6, cos 6, cos 6

loc

 Finaly, the correction coefficient matrix K for polarization covariance matrix C is:

Ky \/khhkhv \/khhkvv

o |V k/mk/w km V khvkvv COUt b

Note: (© isthe Hadamard product.
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‘—C«]ﬂﬂgﬂc Method for PolSAR Data &““ esa
2.3 Test Data

DaXingAnLing test site in Inner Mongolia

e The location of study site:

ALOS2 PALSAR2
LiDAR forest AGB
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2. Three—Stage Terrain Correctio \\““ft
NHSLL Method for PolSAR Data &"—esa
. 2.3 Test Data Range E
Data N2 ! Pauli RGB

e PolISAR Data

>
. ALOS-2 PALSAR-2 HBO 3
. 2014-8-29 s
e L-band

e 2.64mMX2.86m

e Reference Data

1390 m

-
o
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(’ 2. Three—Stage Terrain Correctio K\\\“:E
L-c]””gﬂ' Method for PolSAR Data Q&‘—?esa
2.4 Result and Analysis « Angular Variation Effect correction (AVEC)

e Minimum correlation coefficient method

0.3 f(n) — p(eloc’ O-ejac)
% n = arg min{abs[f(n)]}
O
th:) n(hh)=0.63
o hv)=0.30
S —y n( :
— n(vv)=0.45
h=)
= J
(¢D) _ -
t mO. 630 mO. 465 mO. 540
Q.
(@) A/ — []]0' 465 mO. 300 ]]]0' 375
]]]0' 540 []]0. 375 []]0' 450
n = COS 0.,
ﬂv cos 6,

< 1The same values of n.corresponding to. different correlations coefficient.  C,,;= COK
This illustrates that different polarization should adopt different values of n.
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2.4 Result and Analysis

* Angular Variation Effect correction result (AVEC)
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, GTC Pauli RGB POAC+ESAC Pauli RGB ~ POAC+ESAC+AVEC Pauli RGB
 The remaining terrain effects in PolSAR image has been effectively removed, there is no

significant difference between front slope and back slope.
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2.4 Result and Analysis
Different stage Terrain Correction result (Enlarged)

121°6'49" 121°7'01"  121°6'49" 121°7'01" ‘121°6’49” 121° 701”

50°6'39"

50°0'22"

dence angle N

3 ' ,1. ,_‘.

50°6'39"

50°0'22"

-20dB 7dB  -25dB -3dB -20d4B 5dB
2017 DRAGON 4 SYMPOSIUM = S Aetal 7 P HH S AT

26—30 June 2017 | Copenhagen, Denmark H26-30F1., JT



2.4 Result and Analysis
Terrain Correction results of different stage
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Compare scatter plots of different correction stage, along with the correction stages
performed, the correction result is getting better and better.



( 2. Three—Stage Terrain Correctio \\“ es
NASLL Nethod for PolSAR Data

2.4 Result and Analysis

e The correlation between backscatter coefficient and forest AGB

HH HV vV
2 0 0
R=0.5173 o R =0.5391 R = 0.5055
a o
_4 4
Before s
|
correction g s
-10 4
=12 = T T T T T T 12 - . - . T r T =12 ! ! ! v T v 1
0 20 40 60 80 100 120 140 0 20 40 60 80 100 120 140 0 20 40 60 80 100 120 140
LIDAR Forest AGB LIDAR Forcst AGB LIDAR Forest AGB
-2 -4 -2
R =0.6679 R =0.8083 R =0.6531
-4 o
Af N
E a E -6
correction z “° > >
= : N
= T = 8
-8 4
10
=10 — T . T T T T -16 — T . T T r T 12 T . T T r T
0 20 40 60 80 100 120 140 0 20 40 60 80 100 120 140 0 20 40 60 80 100 120 140
LIDAR Forest AGB LIDAR Forest AGB LIDAR Forest AGB

+0.15 +0.27 +0.15

. Obviously, the corrected backscatter coefficients have the better correlation with forest AGB than uncorrected case.
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1. Background
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2. Three-Stage Terrain Correction Method For PolSAR
3. Terrain Correction Method For INSAR coherence

4. The combined estimation approach of Forest AGB
based on CASMSAR (X-InSAR, P-PolSAR)
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| 3. Terrain Correction Method g\
W
NHSLL for InSAR Coherence &&?esa

3.1 Background

INSAR coherence is an important feature for land cover type mapping and forest AGB

estimation.
INSAR coherence is also affected by terrain relief.
There are few correction method developed for forest applications.

We developed SINC differential correction method for INSAR coherence.

=P Radar il

lumination
-'.=5 Z e

o & g

Terrain
Effects!

Google image 8 INSAR Coherence b

RE N SCIA MR e P A

201 7=F < JevhkRl ™ PUHHSE ARG S
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. 3.2 Methods

Sources of INSAR decorrelation (Coherence)

7/ — VSNR ) yt | yproc ) 7/5 ) yv (ClOUde, 2009)

Vonr Olgnal-to-noise decorrelation;

* 7, Temporal decorrelation;

Visioe Data processing decorrelation;

v, Baseline decorrelation;
. Related to local imagery
v, Volume decorrelation. geometry !

2017 DRAGON 4 SYMPOSIUM 2017+ “ vk PUHHSE AR ==
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. 3.2 Methods
Baseline decorrelation
cB,
V= 1- WAR tan(6 — 17) (Cloude, 2009; Yongsheng Zhou, 2010)

c : Speed of light;
B, : Vertical baseline; <+ W :Bandwidth;
A : Wave length;

0 : Radar look angle.

R :Slant-range.

n : Slope angle;

» . Baseline decorrelation can be compensated by above model.
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. 3.2 Methods

Volume decorrelation

h
[ fnye' dn
y, =2 k. = an.gi (Cloude, 2009; Yongsheng Zhou, 2010)
J-f(h)dh AR sin®
0

e SINC model (while f(h) is a constant):

_sin(k,h/2)
Yo T Tk h2

=sinc(k h/2)

. Based on the relationship between Kz and slope angle(n), the

relationship between y, and 1 is established:

R i szi:Bg— —> W= Sinc{

hzB,
ARsSIN(O—1n)

2017 DRAGON 4 SYMPOSIUM 201 7=F < JevhkRl ™ PUHHSE ARG S
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. 3.2 Methods

Volume decorrelation

| hzB, .
Y, =SINC -

ARSIN(O = 11) |F et
. :. Forest—dependent parameter (FDP)
L Forest height ( h)

i EForest—independent parameter (FIP)
i Vertical baseline ( B, ) ; Wave length (1) ,

Look angle (&) ; Slopeangle (7 ) ;
Slant-range (R)

The purpose of coherence terrain correction :

o. Removal the effect of FIP on coherence:
. Only preserves the effect of FDP on coherence.
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. 3.2 Methods

The derivation of differential coherence model

slope sloeg
E(va’ kzp>5

Terrain
influence

2017 DRAGON 4 SYMPOSIUM 201 7=F < Jevikll]”

The volume decorrelation model considering the terrain etfect:

Model 1: %% =sinc(k™h/2)
The volume decorrelation model without considering the terrain effect:
Model 2: ¥.! =sinc(kl?h/2)

From the model 1 to solve the FDP parameter, then substituted into the

model 2. The difference equation of coherence was derived as follows:

Y =sinc{k'h/ 2]

SUEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE -
H ]

K

:> :sinc{kff [ZSinC_l()/ZZOPE)/kEZOPe]/2} EWithout Terrainé

influence

Using the above model, the coherence under different imaging geometric
conditions can be corrected to the same imaging geometry.

U HH 25 AR W ==
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l 3.3 Test Data

DaXingAnLing test site in Inner Mongolia

e Space borne TanDEM-X InSAR data
e Airborne double antenna X-band InSAR data
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l 3.3 Test Data
« DaXingAnLing test site in Inner Mongolia

e Space borne TanDEM-X InSAR data
170 Airborne double antenna X—-band |InSAR data

L

SAR sensors

TanDEM/TerraSAR-X CASMSAR-X
Date of imaging 2012.8.14 2013.09.13
polarization mode HH HH
Range resolution (m) 1.36 0.25
Azimuth Resolution(m) 2.02 0.34
Platform height(km) 515.6 5.8
flight direction From south to north From west to east
Lookangle range 36.5° - 38.6° 22° - 54°
Bandwidth(MH?z) 100 600
Baseline(m) 216 2.2

2017 DRAGON 4 SYMPUOU UM D = = vkl T P B S A T ==
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. 3.4 Result and Analysis

The coherence simulation analysis based on space borne and
airborne INSAR parameters

e |nfluence of Radar l|look angle on coherence under flat

terrain.
0.098 _— 0.870 0.20
0.096 :— 0.943 0.15
E 0.094 0.915 E E 0.10 E
By i 3 3 3
0.092 :— 0.888 0.05
0090 1 I365I |1 I37|0I |1 I37|5I L1 |38|0| L1 I38|.5I L1 I390 0860 00020I | I I I | I3|0I L1111 1 I4|0I | I O T | I5|0I I 111 080
look angle look angle
TanDEM/TerraSAR CASMSAR-X
Small look angle range Big look angle range
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3.4 Result and Analysis

The coherence simulation analysis based on space borne and
airborne INSAR parameters

e Influence of slope angle on coherence under Fixed look
angle (Center look angle)

03— 10 08— A
0.30 f sssss : 016 f ﬂﬂﬂﬂﬂﬂﬂﬂ :
C — 0.9 B — 0.965
L L 014 — L
Q.25 — . L C
£ C,/ R ---H=8m [ 8 Eonk i 8
B 020 [ 08 T i B 0.930 $
SR [ § gowop [ 8
015 F C - C
C — 0.7 008 - — 0.895
010 | - 0.06 - -
0-05 ?3I0IIiIIIII_I2|I0IIIIIII_I:||-IOII IlllléllllIIIII]-|0IIIIIIII:2|OIIIIIIIII3|0I_ 06 0-04 ?slloll||||||-I2|IOIIIIIII_I:||-IIOII ||||Ié|||||||||l|0|||||||||20| 3‘OI_ 0860’
slope angle slope angle
TanDEM-X InSAR CASMSAR-X
« The coherence of TanDEM-X is more affected by the slope angle.

2017 DRAGON 4 SYMPOSIUM 2017+ “ vk PUHHSE AR ==

=
Jd

26—30 June 2017 | Copenhagen, Denmark 2017464 26-301,. JT = A



@&m_
d:esa

3.4 Result and Analysis

The coherence correction results of space borne INSAR
Range
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3.4 Result and Analysis
The coherence correction results of space borne INSAR

Range ( Enlarged )
d' rec‘\'_\On

S o ' -

Before correction After correction
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3.4 Result and Analysis

The coherence correction results of Airborne INSAR
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3.4 Result and Analysis
The coherence correction results of Airborne INSAR
( Enlarged )

Range
direction
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3.4 Result and Analysis

0=
ﬁr

Application of the Coherence Terrain Correction

e |mprove the ability of InSAR to classify and identify.

For example, the Interference Land Use (ILU) image:

ILU image: v° R: InSAR Coherence
v" G: Average intensity
v" B: Intensity difference

e |ncreasing the estimation accuracy of vegetation

parameters based on the corrected coherent Image.
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3.4 Result and Analysis
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» The correction results of Space borne ILU image
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3.4 Result and Analysis
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» The correction results of Airborne ILU image
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3.4 Result and Analysis

The correlation between coherence (Space borne) and

LIDAR forest AGB

R=10.4710
Coh =-0.0031*AGB+0.8913

HIT-#% Coherence

0 30 60 20
LiDARZEHAGB LiDAR forest AGB (t/hm?)

Before correction
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3.4 Result and Analysis

The correlation between coherence (Airborne)

forest AGB
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(_c]ﬂﬂgﬂlj' Outlines

1. Background

- CSa

V=

2. Three-Stage Terrain Correction Method For PolSAR
3. Terrain Correction Method For INSAR coherence

4. The combined estimation approach of Forest AGB
based on CASMSAR (X-InSAR, P-PolSAR)

2. Summary
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4.1 Test Data

DaXingAnLing test site in Inner Mongolia
e (China CASMSAR Multi—dimensional SAR System

X—-1nSAR (15 images)
P-PoISAR(1 image)
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4.1 Test Data

China CASMSAR Multi-dimensional SAR System

e P-band PolSAR
e X-band HH InSAR

212616-34 ~ 212616-33  212616-32  212616-31 212616-30

204938-34 204938-33 204938-32 204938-31 204938-30
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4.2 Methods

Flow chart of combined estimation approach

®
2
Q)

Multi-Dimensional
SAR Data (CASMSAR)

‘[ X_InSAR E J Interference
) l Processing

-
------------------------- * b

[ High resolution ] [ Coherence ]

DSM
v k
Three-stage 1 ( SINC differential
PolSAR — model terrain
terrain correction J LPF(Lowpass filtering) L correction
k4
Corrected Corrected
Polarization Coherence
Feature Feature
!
The estimation of
Forest AGB
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4.3 Result and Analysis

X-InSAR interference processing result: DSM
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‘ 4.3 Result and Analysis

'S
o
N
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X-InSAR interference processing result: DSM
( Enlarged )

929 m

Original InSAR DSM ——)> Lowpass filtered InSAR DSM
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4.3 Result and Analysis
Terrain correction results of P-PoISAR
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4.3 Result and Analysis
Terrain correction results of P-PolSAR

Stepl: POAC Step3: AVEC

Step2: ESAC
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4.3 Result and Analysis

Terrain correction results of X-InSAR coherence
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4.3 Result and Analysis
Terrain correction results of X-InSAR coherence (Mosaic)

After correction
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4.3 Result and Analysis
Terrain correction results of X-InSAR coherence (Mosaic)
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4.3 Result and Analysis
Forest AGB combined estimation Modeling

Model: AGB=a+ b-HH + c-HV + d-VV + e-Coherence
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4.3 Result and Analysis
Forest AGB estimation results: P-PolSAR

AGB=a+b-HH +c-HV +d-VV

Model:
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4.3 Result and Analysis
Forest AGB estimation results: X-InSAR

Model: AGB = a + e-Coherence
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