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MOST
Mapping, Western China

X-InSAR
- high precision DSM extraction
- X-PolInSAR (undergoing)

P-PoISAR (experimental mode)
- classification, DEM estimation
- repeat pass P-InSAR, P-PolInSAR

X/P dual-frequency (experimental mode)
- precision DEM / DTM extraction
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Entire Data Processing Chain

€

InSAR
Processing

Data
Acquiring

ESA - MOST Dragon 2 Programme | 2011 DRAGON 2 SYMPOSIUM 20 - 24 June 2011 | Prague | Czech Republic

REMNER-BNEEREE itk =8 "Bk HR011EEARMITE ¥ fRiAg 201146820-24H



ECS (Extended Chirp Scaling) algorithm with auto-registration

% RCMC
&Range Compression

¢

Range IFFT

Residue Phase
orrection

e
(7

Azimuth IFFT

% Second
> Compensation
Azimuth FFT
X '
Azimuth IFFT

SLC

ESA - MOST Dragon 2 Programme | 2011 DRAGON 2 SYMPOSIUM 20 - 24 June 2011 | Prague | Czech Republic
FEREE-RNZERBAE RITRIZH R THR011FZ AR % g 201146H20-24H



o
M e

(-INSAR Data Progessing @©sa

&

Motion Compensation

* Phase correction is introduced to
motion compensation
« Suitable for platform with severe
attitude angle, as yaw angle
* Data set: :

WEI RIVER of Shaanxi Before phase correction

Flight height:
10,000m
Average yaw angle:
10.8degree : |

After phase correction
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Bundle Adjustment Calibration
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Bundle Adjustment Calibration
« simultaneous multiple

adjustment of critical
parameters for the SAR i

i mag eS US| ng Information of Bundle sensitivity
. - correspondin matrix
CorreSpOndlng pOIntS points ispacui?ed Bundle a(tjjustment
e Interferometric conesponing poin m
un | a f0r klnd 1 accuracy is satisfie ?
parameters of blocks CPare
. required es
without GCPs can be ! nformstion :

corresponding interferometric
parameters are acquired

acquired by height
transferred.

Flow chart of calibration
* Error of different
overlapping pairs can be
minimized.
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— Calibration Site
« Farmland
« Runway 2 | Farmlanc
* Viliage h
— Calibrator

Corner Reflector 1.5m

3‘ R g = > '-t'-'

« Three 0° dihedral corner reflectors

o Three 45° dihedral corner reflectors

« Six trihedral corner reflectors W

— Calribration Methodology
» [Ref]A. Fore etc. 2009*

* Alex Fore , Bruce Chapman , Scott Hensley .etc, UAVSAR Polarimetric Calibration
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O Polarimetric Calibration

— Model ootV ' S fg exp(ig)Syy [[1 U A N, N,
z 1] | f/gexp(ig)S,, f’exp(ig)S,, |[w 1 Ny, Ny
=AR'ST+AN
— Absolute Calibration  10log,[o, /(S,,S;;)]=—10log,, A?
o f=[ssrsus]
— Channel Imbalances Removing | R
g=[S, [>/I<S, [>]
— Phase Bias Removing arg(S,-Si) = (4.4)
' * rrt
arg (<Shv : Svh >)
i (C5Ch — chCly) /A
— Cross-Talk Calibration B _<001> Bo=CiCh- |G ™ = (ChCh-GCl) /%,
o - 20 (CaaCa — CnCy) [ A,
iy I:lf"'J':'| E'.‘:!]d - 'f.% cfi]-i :I Sy,
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< 4dB

Ointensity difference between far range and near range

Ointensity difference between HH and VV
OPhase difference between HH and VV

O Co-Pol Imbalance ratio
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O Polarimetric Calibration
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Measure

Polarization Response
After Cal Model

.......

Dihedral corner reflector 0°
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S
Polarization ellipse rotation A geometrical scheme illustration of incidence plane, flat
and tilted surfaces and polarization ellipse rotation

w: azimuth slope
tan w

Topography-POA shift model (Lee, 1998)  tan@. = — - around ranae slope
T sinp—cosntan F g gesiop

n: incidence angle

: Pollzigz{iac\m Azimuth Slope *L :
Flow chart: | PoisAR Data = Qrientation < 7 DEM Compensation-
ngie | o
| = Ground Range 4 Lambertian method
[
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Basic principle of the Compensation-Lambertian method™

POA Shift —Slope Model**

tan(w)

tan(@) = sin(p) —cos(p) tan(f3)

**J. S. Lee et al, “Polarimetric
SAR Data Compensation for
Terrain Azimuth Slope Variation”,
2000

Lambertian Model***

Polarization Orientation Angle
(POA) Shift*

Initial Slope

| (@, f)

@ = arc cos(

(0, ) = Ko,R.R cos(g)sin’(p+ B)

cos(w)

cos(p+ )

2
| = M,, + Mg, i \/(mzz B m33) +4m23
2 2

*Yang LI et al, “Estimation of Terrain
Slope Using A Compensation-Lambertian

Method from Single-Pass POLSAR Data”,

IGARSS 2008.

Polarization Compensation**

1 0 0
T rew =UTUT;U =10 cos280 sin26
0 -sin260 cos260

tan(0)
sin(¢) —cos(e) tan(5)

tan(0) =

sin(4¢—tan™( 3; 22))

23

A 4

1(0, ) = KoyR R, cos(@)sin*(@+5) . c0)
cos(p+ )
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A\ 4

)
10, 5)
sinp—tanw/tan @
cos ¢

p =arctan(

Full Multigrid Method
(2nd order)

A 4

Estimated Height Value H

A 4

Slope Estimation

(H (X, y) _RH (X_L y))

a

B(x, y) ~ arctan( H(x.y) _RH (xy —1))

g

(X, y) ~ arctan

20 - 24 June 2011 | Prague | Czech Republic
7 Hhifg 201146520-24H




=2 DEM estimation results

——Ground range—»

I~ -1400

Profile 1

~ 1350

Profile 2

: :
v v
Profile 3 Profile 4
INSAR DEM POLSAR DEM

AIRSAR, L-band, Camp Roberts, California, Resolution 10m X10m
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== DEM estimation results

* Profile line comparison

Height/ m Profile 1
400 -
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Size: 1024 X1024
RMSE: 19m
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i ! IECAS P-band SAR 4 ¢
A I azimuth beam width: 46° .

o T e N
- / Radar ,” P
v, -~ I3 H il N(Surface Normal )
Radar v T/' ~
(Gr()und Range)
——— >
Y
T
2(72)
tan w cosé_ -tanw+sind,, -tany
tan 6 = = >

tand =
(

—tan~ycosf +siné sind,, -tanw—cosd,, - tany )-cosd, +sing,

New feature is used to estimate the two orthogonal slopes from single-pass POLSAR data

ESA - MOST Dragon 2 Programme | 2011 DRAGON 2 SYMPOSIUM 20 - 24 June 2011 | Prague | Czech Republic
RERRB-BNEER/AE BRI ZH  “RITR"THIR011IFEARIT S #w Hhig 201146520-24H




IECAS P-band SAR
azimuth beam width: 46°

POA Estimation:
-Subaperture Proc

-POA est. from different
observation angles

Slope Estimation:

-two-element linear
regression

Polarization Orientation Angle
(POA) Shift*

Polarization Compensation**

1 0 0
TneW=UTUT,U =({0 cos28 sin28
0 -sin26 cos26
tan(0) = tan(0)

sin(g) —cos(g) tan(5)

1(0, ) = KoyR R, cos(@)sin*(@+5) . c0)

cos(p+ )
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Initial Slope

A\ 4

| (@, ﬁ))

10, 5)
sinp—tanw/tan @
cos ¢

@ = arc cos(

p =arctan(

Full Multigrid Method
(2nd order)

A 4

Estimated Height Value H

A 4

Slope Estimation

H (X, y)_ H (X_L y))
R

a

(X, y) ~arctan(

B(x, y) ~ arctan( H(x.y) _RH (xy —1))

g
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O Polarimetric Topography Estimation

Range Slope pe, Azimuth Slop
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O Polarimetric Topography Estimation

Site 1: Mountain Area

Meter
<1250

-1200
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Intensity Map Height Map
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O Polarimetric Topography Estimation

Site 1: Mountain Area

928

Intensity Map Height Map
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12 corner | y
reflectors ’
were used to
validate the
accuracy of @@, ;@ //@@s &/@w& /@@ ;@% @«% @% /@@ & //@9 //@@?‘
Test 2 DEM % Q,\,vk S & S Qq;a‘ & & & R &
3

%Q’ Q'b"*v

mad Ground Measured & [Estimated

O Error: P1#B (2.9436m) P2B (5.7310m) P6# (4.3056m)
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Interferograms After Flat Earth Removing Coherence Maps
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O Repeat-Pass PolInSAR Maps (80m Baseline) _‘

' Flat Earth Removing

B= 80m
Rmin=2140m

H=1663m
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Involved IN aII 4 packages

— WP1. Land Cover Analysis

— WP2. Earth Surface Deformation Monitoring and DEM
— WP3. Forest Vertical Structure Parameters Extraction
— WPA4. PolSARpro Software Continued Development

Future work

— Continually contribute to the 4 packages
— Classification methods for land use

— Scattering models for terrain targets

— [ECAS-X/P-SAR system data processing
— Young scientists and students

ESA - MOST Dragon 2 Programme | 2011 DRAGON 2 SYMPOSIUM 20 - 24 June 2011 | Prague | Czech Republic

REMNER-BNEEREE itk =8 "Bk HR011EEARMITE e HRAg 20114E6820-24H



Thank you !
Welcome to IECAS!

ESA - MOST Dragon 2 Programme | 2011 DRAGON 2 SYMPOSIUM 20 - 24 June 2011 | Prague | Czech Republic

REMNER-BNEEREE itk =8 "Bk HR011EEARMITE e HRAg 20114E6820-24H




