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Affection of polarimetric orientation angle for yamaguchi

model decomposition

Shi Lei Li Pingxiang Yang Jie

( The State Key Laboratory of Information Engineering in Surveying
Mapping and Remote Sensing of Wuhan University Wuhan 430079 China)

Abstract: Based on the polarimetric orientation angle estimation we discuss the decomposition error caused by the azimuth

slope. We analyze the azimuth slope effects on the Yamaguchi model and use the polarimetric SAR azimuth estimation to

reduce the terrain effect. Finally we apply this approach to a full polarimetric AIRSAR image of San Francisco from 1992.

The experiments show that the polarimetric orientation angle composition could improve the precision of the Yamaguchi

model.

Keywords: polarimetric SAR; polarimetric orientation angle; azimuth slope; Yamaguchi model decomposition

1989  Durden  VanZyl !
: 1998 Freeman Durden >
3
( POLSAR) SAR N
SAR o N ;
SAR Freeman-Durden
N : Lee H/a/A
i . 2005 Yamaguchi
Freeman-Durden
12010-05-12; :2010-12-15
(60890074 40523005) (863)  (2009AA127145)
(20106190201000158) .
(1986— )

o E-mail: comefromshilei@ sohu. como



1990 www. cjig. cn 16
Lee
10
o SAR
; tan 6 =~ tan *y::)r;;)+ sin ¢ (1)
. o w Y
DEM 7 .
Lee
1042 - o
. T =RTR' (2)
T
o Lee  Yamaguchi T
Yamaguchi n 0 0
Yamaguchi R = B) cos 260 sin 20% (3)
Yamaguchi —-sin 20 cos ZHD
Yamaguchi 1.2 Yamaguchi
1 Yamaguchi 4
o (2)
1.1 Ty =T,
POLSAR T;,_Re = T,,_Re x cos(26) + T);_Re x sin(26)
T, _Im = T, _Im x cos(260) + T;_Im x sin(20)
Se T,_Re =—T,,_Re xsin(26) + T;_Re X cos(26)
T;,_Im == T, _Im x sin(26) + T\;_Im x cos(26)
. T;, = T, x cos’(26) + T,,_Re x sin(46) +
v ( ' L T, x sin’(26)
( HH.VV.HV.VH) T3, Re =0.5 x(T;y; —T,) xsin(40) +
Z

Fig. 1 The geomelry relation between polarization

orientation angle and the terrain siope

T,,_Re x cos(46)
T, _Im =T, _Im
T; = Ty xsin’(260) - T, _Re x sin(46) +
Ty, x cos’(26)

(4)
Re.Im N
Yamaguchi S o fo A
~ !f;, f;l/ f‘v/ ﬁ\/
4 o

j’il/ = 2 i T/23_Im‘ = 2 ‘ T23_lm‘ :fh (5)



1 : Yamaguchi
0" = arg( SgeSis) (11)
f= %( T35- %fh/) = %( T, x sin’(26) - arg( Sy Sy) >m/4
0" = arg( SpgSy) — w/2 (12)
T,,_Re x sin (460) + T;; X )
0 0
cos’(26) —%fh) (6) 7 0
VA N °
f=f 4 W6) ()
2
N 0
fi=D(f, 0 f =S(f 0) (8) AIRSAR 1992 San Francisco
21__ ' . ) . Golden Gate Bridge L
' SAR 10 m x 10 m.
1) o . 2
Freeman-Durden
0 DEM
DEM SRTM .
( ) .
0 ( ) ( .
) 3 o

2)
V() V( 6) 0
0 e T
° ()] RERER (b)DEME (%
1.3
2
T 9 i Fig.2 The reference data set of test suit
2000 Lee 5 DEM
Y. Lee DEM .
0 BN 415 Cloude- , .
Pottier Huynen "™
DEM N i
° 2.1 POLAR
L 3( a) SAR RGB
| S + 5oy | 2 1Sy | \
S = (Syy = Sy + L.ZSHV) /2 (9) ‘SHH ~ Sy ‘ .
Ser = (Suu = Syy +128yy) /2
1 .
arg( SppSy) = 4 X |

(arctanc - 433 (SHH - va) SHV) I) ﬂ)( IO)P o . _
© 1994-2012-(lsina Asyddie 4dnal*flectronic Publishing House. All rights reserved. — http://www.cnki.net

[




1992

WWW. ¢jig. cn 16

3(b) Lee

o Lee

DEM

(b) Hefk Jr{ir fr bt/ ak )G

B3 SEEEIX SAR ¥4
Fig. 3 The SAR dacta of test suit

(Area A) |
B) . (Area C) 3
100 ( 3

Dyff_vol =f,” = f,

D. hl = - V' - n
© 1994-2012 C}]irL{Z‘_Aélcig‘l}i]iC{;}i)UI‘nall Electronic Publishing House. All 1‘i§ﬂ!t'me ey

( Area

)o

2.2

0.1

Forest Area
0.05 |. Water Area
—+— City Area
0 .
Fﬁ" @l Mgt M t
-0.05 ‘ﬂ'lﬂ 'f I‘ .’;'} ’,*.I 4 G WP I
Ul Ty
=1 p 1 ”,.TT ! +4 :I 4
015} | 1'\1' |. ﬂ| t
4 i
Il L
02 | 11. ,\1:
025

Dyff_dbl =f," =/

Diff _sur =f." - f.
SN

~N N

oo,

~N

Yamaguchi

0348

-0.128

4 (RIBOARMEERR

Fig.4 The subtracted operation results on the

volume-component

0

0 20 30 40 50 60 70 &0 90 100

B S (RO HME 2 AR Y]

Fig.5 The transect-analyze results on the

steserved.  http://www.cnki.net



11

Yamaguchi

POLSAR

2.3
Yamaguchi
Freeman-Durden
6
2.4
7

[

0.00
RVOG
e -0.30
SV el L
4 5 - ) - )
6 EREEMAHG RME R
Fig. 6 The subtracted operation results on
! the helix-component
° 0.08
-0.005
BT fEuEai e RS
Fig. 7 The subtracted operation results on the
Yamaguchi double-component
- ' ' i1 ) : ; 'l . I' A
0 0.071 } 3 F — Wuler Area
| \ | —+— (lily Area
0061 ( { ?!1 " ,||| ]
0.05h ||j 1 . I .:.\J|
T | |
| F v ! . |
I-HJ-LIE M - *.! J“\ ‘ ‘L.
nl]j-l . I?III* l\;ﬂ | y I l o ]I ‘
:m_‘j-ﬁ II| L. |+ I| 1| | l|‘|
0ol oy - ) )
W+ A : Hi
() fases e i}E ' !‘i -~ - s
00l 20 30 30 30 60 70 80 90 100

B8 U MR R U E
Fig. 8 The transect-analyze resulls on

the double-component



1994

WWW. ¢jig. cn 16

2.5

0.12

0.1}

008 ¢

006

004

0.02

B9 AREE MR

Fig.9 The subtracted operation results

on the odd-component

10

OO

Yamaguchi 4
1)

;2
0.14 )
:3)
1 4)
-0.005
( References)
L : .
1 Durden S L VanZyl ] J Zebker H A. Modeling and observation
) i . of the radar polarization signature of forested areas J . IEEE
----- Forest Areq,

———Water Areald

Trans. Geosci. Remote Sensing 1989 27(5) : 290-301.

—+— (ity Area 2 Freeman A Durden S L. A three-component scattering model for

polarimetric SAR data J . IEEE Trans. Geosci. Remote
Sensing 1998 36(5) : 963-973.

3 Lee ] S Grunes M R Ainsworth T L et al. Unsupervised
classification using polarimetric decomposition and the complex
Wishart classifier J . IEEE Trans. Geosci. and Remote
Sensing 1999 37(9) : 2249-2257.

4 FerroFamil L Pottier E  Lee J S. Unsupervised classification of

multiHfrequency and fully polarimetric SAR images based on the

= p - A -
L0200 200 30

10

Fig. 10  The transect-analyze results

40

50 60

70 80

90

H/A/a Wishart classifier J . IEEE Trans. Geosci. and Remote
Sensing 2001 39( 11) : 2332-2342.

100

5 Ferro Famil L Pottier E  Lee J S. Unsupervised classification

and analysis of natural scenes from polarimetric interferometric

© 1994-2012 Clrintbe addedempiengwiurnal Electronic Publishing Folstata | Crighfrrssiperal ICARD Az it

USA: IEEE Piscataway Publications 2001: 27152717.



11 Yamaguchi 1995

6 Yamaguchi Yoshio Toshifumi Moriyama Motoi Ishido et al. Four 11 Lee ] S Dale L Schuler Thomas L Ainsworth et al. On the
component scattering model for polarimetric SAR  image estimation of radar polarization orientation shifts induced by
decomposition ] IEEE Trans. on Geosci. and Remote terrain slopes ] IEEE Trans. on Geosci. and Remote
Sensing 2005 43(8): 16994705. Sensing 2000 40( 6) : 30-40.

7 Curlander J C Thomas L Ainsworth. Location of space-borne 12 Lee J S Dale L Schuler Thomas L Ainsworth. Surface roughness
SAR imagery ] IEEE Trans. on Geosci. and Remote and slope measurements using polarimetric SAR data J . IEEE
Sensing 1982 20(7) : 359-364. Trans. on Geosci. and Remote Sensing 2002 40( 3) : 687-698.

8 Walter Gkropatsch Dieter Strobl. The generation of SAR layover 13 Krogager E. Aspects of polarimetric radar imaging D
and shadow maps from digital elevation models ] IEEE Denmark: Denmark University 1993.

Trans. on Geosci. and Remote Sensing 1990 28( 6) : 98-407. 14 Krogager E Czyz Z H. Properties of the sphere diplane and helix

9 David Pairman Stephen McNeill. Efficient calculation in the map decomposition C //Proceedings of 3th International Workshop
domain of SAR layover and shadow masks C // Proceedings of on Radar Polarimetry. France Nantes IEEE Piscataway
IGARSS. Singapore. USA: IEEE Piscataway Publications 1997: Publications  1995: 1064 14.

2057-2059. 15  Cloude S R Pottier E. A review of target decomposition theorems

10 Lee J S Dale L Schuler Thomas L Ainsworth. Polarimetric SAR in radar polarimetry J . IEEE Trans. Geosci. Remote Sensing
data compensation for terrain azimuth slope variation J . IEEE 1996 34(3): 498-518.

Trans. on Geosci. and Remote Sensing 2000 38(9): 2153- 16 Huynen J R. Phenomenological Theory of Radar Targets D .

2163.

Delft: Delft Technical University 1970.



