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Covariance{T5l| | ==x=======- A Bl SROBEETILA L
(Three-component scattering model , A. Freeman, et al)
SHH
k=25, A ~ o A, o
. Cl= "Nt e + N
[C(HV)] = (kK7)
Coherency{THI| | r====e==e > Bl R-FYAN)yH T OE—-TIL D7
(Polarimetric Entropy /alpha, S. Cloud, et al)
| [ Sy +S), H-a plane
k =—1S -S 80 - I I I ‘.\I\ 4
g \/5 HZS v ol 77 74 z Zone3,6,9 : Surface scattering
L ar 3 wE Z8 Z5 Zone2,5,8 : Dipole (Vegetation) scattering
L [T(HV) = <kp . kp T> oL Z9 Z Z3| zone1,4,7 : Multiple scattering
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(Polarimetric signature, circular polarization, coherency matrix)
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)
I

k
—xBcosysecH, xTEC [radians]
f S

k : Constant of value (2.365x10%)

B : Magnetic flux density

f: Frequency

v : Angle between earth’s magnetic field and radar wave
0, : Incident angle

TEC : Total electron content

m 2T FH(TEC)DHI m J7oT—EIEAD S A
-BEE L -FEEE

e \
. T
A'“f_f—”ﬁl// —>90": |
., Faraday Rotationn degrees Cosy — 0

' | Q-0 |

http://www.aiub.unibe.ch/ionosphere/ - Wright, et al.,”Faraday rotation effects on L-band
spaceborne SAR data.” IEEE TGRS, vol.41, no.12,
December 2003.
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Zoy Zuy _ 1 6\ Su Sw\ 1 6 hWhL=2,,12Z,
Zy Ly o, HN\Sw Sy )\o, f, - BRSNS

a=f1f, 6,0,,0,,0,
* Freeman method (0=0): FEp *CRAD:

Zy Z., 1 cosQ sinQ\(S,, S, \[cosQ sinQ\/1 (0 Qlz fifs =2 Z,
Zy Zy) O f\-sinQ cosQ/\ S, S, [\-sinQ cosQ[(0) f,) | PV T -BRMENS:
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-Rio branco (T2 )L) 1y = 90 [deg.]

— Q= 0 [deg.]

No. [ Obs. date Path (D/A) aggg[lggg]
1| 7/20,2006 A 1S
2 | 7/21,2006 D 1S
3 | 9/4,2006 A 13
4 | 9/5,2006 D s
5 | 10120, 2006 A 1S
6 | 10/21,2006 D 1S

“E /M (ER)

No. Obs. date Path (D/A) ag;fé?ggér]
1 | 5/19,2006 D 1S
2 | 77,2006 A 31
3 8/ 19, 2006 D 231
4 8/22,2006 A 231
5 10/4, 2006 D 231
6 | 10/7,2006 A Y
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mFYURILAINTG R m 70X +;—% (Quegan methodH o)
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Before calibration After calibration

PALSAR D {m K IE %%8(7/20,21 & 9/4,50 F-15)

F, =0.957217+ j0.382956 =1.03£21.81°
F,=0.721712 - j0.023677 = 0.722£1.88°
=0.002427 + j0.012930 = 0.013479.37°
-0.011472 - j0.006228 = 0.013£ -151.50°
= —-0.006263 + j0.007083 =0.010£131.48°
—-0.006297 + j0.008027 =0.010£128.11°
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Faraday rot. Angle [deg.]
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TEC(Z£EFH) [BR:

TECT—7%:
Rio brancoM#EERE :  (lat., lon.)=(-9.922°, -68.013°)
HINIDIRERE: (lat., lon.)=(42.745°, 141.471°)
Wright. et al..”Faraday rotation effects on L-band
—_ - spaceborne data.” ,vol.41.no.12.
57557 —EEf: Secember 23135 ta.” IEEE TGRS, vol.41. no.12
TE : .
Q =0.299 x SU X {2 [sm 6, sin@cos(g, —p)+cos b, cos (9]

GHz

+tan 6, [sin 6, sin Asin (¢, — @, ) = cos 6, cos /1]} [degree]
at ALOS height=691.65 [km]
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Zyy Zy\ (1 0\ cosQ sinQ)(Sy, Sy \(cosQ sinQ)\(1 0
Zy Zy ) \6, fi]\-sinQ cosQ)\S,, S, ||-sinQ cosQ|\J, f,
f;=0.957217 + j0.382956 =1.03£21.81°
f, =0.721712 - j0.023677 = 0.722£1.88°
) 8, =0.002427 + j0.012930 = 0.013£79.37°
6, = -0.011472 - j0.006228 = 0.013£ ~151.50°

0, =-0.006263 + j0.007083 =0.010£131.48°
L 0, =-0.006297 + j0.008027 =0.010£128.11°
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Z Z., 1 6\ (Zy Z, cosQ  sinQ\/S,,, S, \/cosQ sinQ
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2 DOUWN T

J75F—EEEDARIT T 7 (2006,7/21)

75T —EIEDHE
No. | Latitude/Longitude | FR angle (PALSAR) | FR angle (IRI2001)

[deg.] [deg.] [deg.]
1 40.738 / 140.666 -2.00 -2.14
2 40.244 / 140.533 -1.94 -2.17
3 39.751/140.399 -1.93 -2.18
4 39.257/140.27 -1.95 -2.19
5 38.763 / 140.141 -1.98 -2.22
6 38.269 / 140.012 -1.96 -2.23
7 37.775/ 139.887 -2.02 -2.25
8 37.281/139.763 -2.01 -2.27
9 36.786 / 139.637 -1.93 -2.29
10 36.292/139.511 -1.94 -2.31
11 35.798 /139.387 -1.93 -2.33
12 35.303/139.267 -1.91 -2.34
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i
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m R ¢
%&EL‘??&IJ S(HV)] = HH L > 15']: f%jj_ﬁ&ﬁ[,f%*ﬂ O Orys Owy
[ ( )] (SVH vy R K FEIFERE % 8 Cor(HH,HV)
Covariance{TFl| | =x======== > 5l =P EELETILREE
p (Three-component scattering model , A. Freeman, et al)
k=|V2s,, A ~ o A
P [Cl= "\t % T \&
" NS Ry
[C(HV)] = (kKT)
Coherency T4l | === > ;. R-ZYAyHyTobOE—-T7ILT7
(Polarimetric Entropy /alpha, S. Cloud, et al)
"SHH + SVV“ H-a plane
L o e g O A A A~
J75 T —EEDFE (SETECHALRLTIKIENFEIND)
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" BATS g (B
R (50x50
INumination Eot) L)

m BABELZRSE VS. Faraday[ElEz

Zyy =S, 008 Q-S,, sin* Q
Ly =S,y +(SHH +SW)sichosQ
Zy =Sy = (S +5,, )sinQcos Q

Z,, =8, cos’ Q-8 sin’ Q

1L

Satellite
direction
LS i
g s

SR e

-

&N (HH,HV, VV)
#1412 : 2007 05/25
(Ascending)
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m BRAEELIZRER VS. Faraday[El#z :50 x 50E /LD F{E
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m ITUhOE—-7JLD7## VS. Faraday[El§x
- CoherencyfTHI[T|DEFEEREF

A 0 O
[T]= <k ' kT> = [U3] 0 4 0 [U? ]= hee +hee +iee;
0 0 A

C 1
B—F YRR k=—[SHH+SW SH —SW 2SHV

V2

—_ 7= . 6 . . 5
=5 —1751: [U3]=[e1 e, e3], e = [cos a, sing, cos e’ sina,sin fe’ ]

Iﬁlﬁﬂﬁ@%ﬂé?ﬁ\ 6§g$®%ﬂiﬁ€$ H-Alpha Classification

T
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al )rgc. ; r
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I./ I 60l ]
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ML { 7 anseTEor: /
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H=-Plog. P -Plog. P, - P log. P, of
1 g3 1 2 g3 2 3 g3 3 rao_ RANDOM SURFAC
8 5
< << < ) SURFACE |
7}b77 . (O - H - 1 SCATTERING 1% BRAGG SURFACE
) 10t
L \
— e e — — H
o = })10{1 + })2a2 + I):;a:; R 0.1(0.3 04 0§ 08 3:_ 08 09 A
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m I hAOE—-7I)LI7#EHT VS. FaradayElE: :4 x 16E7ILMGETE

& INE(HH,HV, VV)

Q=30°

H-Alpha Classification
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M REELET ILGRECRE)

The Small-Perturbation Model

= ASTHAoDBEE#H —
X o = COSP—+/€, —sin” ¢
COSP++/€, —sin’ ¢
e wlp) 0 : |
. [S(¢)]=\/; 0 o (¢) < " =(€r—1 sm2¢—8r(1+s1n2¢)]
7k ' (er COS@++/&, —sin’ ¢)
Lo AR N .
S o =8k"h" cos ¢W(2ksm¢)
RREROEMAE: REST RFv—
3 O = g
I g % s — =
0 S = 20 0 g
O O O O O Ellipticity anale m%ngb
— — R RFr— D
I=H;6927 *?V—(Polarlmetrlc signature)  (Co-pol. channel, L-band, i)

&
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a, 0 o 4 w
Sl=vo| "
e [ ] 0 «, /D/ 7
— | Azimuth /4R
- _ i TSR
o Z L :
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‘HHEVVIRIBE D /NS RZEE
IO RBEDFERE

L-band (HH,1\/,VV)
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0: orientation (tilt) angle shift
tanw : azimuth slope

]
n
]

7 — 2 b
m D.L. Schuler, J.S. LeebDETIL R =) O O O ==
tan 6 = t tanc; g . ?%fgg
—tan y cos ¢ +sin £
fa &) é 0 JO
O T O

tany : slope in the ground range direction
@ : radar look angle

> Copol maxDiEFEIREDTiltFEH B E)

Azimuth75 [Al DAEFHETE AV AT AR (E 3K/ S\AHLE)

- DAY —DEEL TR I X EAZImuUth Slopefd 1IE

[Swire(ﬁ)];cosg ‘SinHHI 01[ cosd sinel

sind cos@ ||0 Of||-sin@ coséd
- .
% cos’fd —sin26
4 . 2

> X =11
Q Esin 20 cos’ 6
Linc of sight - Q

0=0°DHFE

KD ZE#EE(IZAzimuth slope®
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m Co-pol. maxDtiltH 57 E (L- band)

tan w

tan= _
—tan y cos¢@ +sin ¢

row

0: orientation angle shift

tanw : azimuth slope

tany : slope in the ground range direction
¢ : radar look angle
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m (A —2JTOARN)— _—Qtwttﬁﬁi -1-
e E s : 5
(Bt thIBFEWebh D) fmi.—d’mﬂ»(x band) %% 7077 1)L (X-band)
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Azimuth slope
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m L-band&X-band® ik
Co-pol. maxtiltAnfa(L-band) Co-pol. maxdtiltf % i (X-band)
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SARRIE T — Z I\ X DI H DT — Z T
mPolarization orientation angle® §%ifi (ALOS/PALSAR)
00000 -
tan o 0: orientation (tilt) angle shift i ? N i) g 9 »
— tano : azimuth slope P .
tan{ = — tan v cos ¢ +sin ¢ tany : slope in the ground range el 4 “ 0
Y direction SO O U () =

¢ : radar look angle
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Freeman and DurdenS &A= 0 & (ET /LD #E)
Surface scattering Double bounce Volume scattering

% % Double % Canopy
\ bounce Layer
. \\ 4 _____
Observation N Lv Rousn &i\%
. SO surface
guantlty AN N A

hv

([P = £1€ o 1 1€ e 1€ L
b ( s Jas f, ) : Features 1n interested area

Estimation of measured (St V= LIBL + Sl + s (S0 )= fo S+
covariance matrix [C L (SuSi) = £+ fua £13,

<SHVSHV> =2f,/3

(SuiSiw)

SHHSHV = <SHVS;V> =0

» Unknowns are calculated by deterministic method

8
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Dr. M. Arii, Dr. J. J. van Zyl and Dr Y. Kimb (2 KA ET L7 825D YRR

Large

Randomness

Small

B Uniform distribution

| | Delta function d1str1but10n

///W

14

6

6y: Mean orientation anglel
1

Freeman and Durden® [t %8

Negative power
can be reduced.

Overestimation of
volume scattering

[

HV

v

)=

Surface

ol B / \
1 /
> 4 L
9 Y
6 27 n:Randomness
A \
N f,x Rough
AR surface
PAV ANV A

CCCCCC
er

hv

+fd\_ _Idouble +f (l’l 9 )\_CJvolume

b (f fd, So» 11, 6 ) : Features in interested area
)
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Radar polarization orientation shift/angle affects the scattering matrix.
= The cross-polarization (HV) component increases. o %r

: Overestimation of volume scattering

Bl Double bounce model:

[Sonl= |, 1| =

a
<SHHS:IV> * <SVVS:IV> =0

B Surface (Bragg) scattering model:

%“gg(HV) [ cos¢g sing|[f O0][cos¢
[ ] | —sing c0s¢”0 1”sin¢

[ Boos’ p+sin’ ¢ (1-fB)cosgsing
(1-B)cosgsing cos’ ¢+ Bsin’ ¢

; /“ Wall Patch
— tan a a, ¥
(zazimuth)

tanf = Ground Plane

COSQ

Radar polarization orientation shift

(H. Kimura, “Radar Polarization Orientation,Shifts in Built-Up Areas”,
IEEE GEOSCIENCE AND REMOTE SENSING LETTERS, VOL. 5,
NO. 2, APRIL 2008)

tanw
—tanycos ¢+ sing

r tan @ =

cos ¢

—singb}

Polarization orientation angle

<SHHS;V> = <SWS;V> =0 (J.S. Lee, D.L. Schuler, etc)
mﬁ RIGKZF SARM YIRS Bk N EIB R F D F R, 2013 8/22
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If azimuth rotation angle of the covariance matrix is known, its inverse rotation (-6)
can be done.

B Rotation of covariance matrix

[C(HV_OO)] = [U, (-0)][C(V _0)][U,(-0)]

*T

cos” 0 J2sinGcos 6 sin” @
[U6]= —v2sinfcost cos 20 J2sin@cos
sin” @ —J2sinfcosd cos’ 0

“ [C(HV_0)] - [c(av _0°)] yﬁ

The measured cross-polarization (HV) component can be decreased by
phase rotation compensation.
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Normal of wall

0 7

& Lie of sient [Sd]=\/7d[1 2]

Double bounce model:

1 p

[%&W@p

(SuSi ) = (S Spy ) =0

—tana

/" Wall Patch tan¢ = cosd
s

Ground Plane (2azimuth)

Radar polarization orientation shift
(H. Kimura, “Radar Polarization Orientation,Shifts in Built-Up Areas”,

IEEE GEOSCIENCE AND REMOTE SENSING LETTERS, VOL. 5,
NO. 2, APRIL 2008)

il
ki
>t
Nk
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B Bragg scattering o s o - m
-Flat ground HH = —
% . B8 0 cosd, +1/‘€rz—sm g .
Sragg(HV)]= (8r_1) Sin 19i—8r(1+81n 81)
\ ) [ 0 1 S,, = :
o T Rough = Sy (8, cos B, +./&, —sin’ 6, )
/\/\/‘/\'\J\f\/\/\ SVV
- Sloping ground in azimuth direction
Rice, ‘VQ: o S [ Yyaze ( HV)] _ [ Co.S¢ sing |16 0 C?S¢ —sing
N _—sm¢ cosg||0 1||[smng cos¢
I ’ [ Bcos’g+sin’g  (1-)cosgsing
| (1-B)cosgsing  cos® g+ Bsin’ ¢

) tanw e "
tan @ = .
—tanycos ¢+ s ¢
i i i i y -
Polarization orientation angle

(J.S. Lee, D.L. Schuler, etc) & Line of sient

) !
st
SN
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B Estimation of azimuth rotation angle

y :
" Sy

[S_HV(9)]= 5. S

SVV

Line of sight

SLR
SRR

[S_LR]= [ELL

LR

cos
| -sin@

cos’ @ +asin’ 6 —%(l—a)sinZH

—l(l—a)sin2(9 sin® @ + o cos” 6

-

<

SHH - SVV + jZSHV
j\/E(SHH +SVV)

sin@1[1 O07[cos@ -sinf
cos@||0 al||sinf cosbO
j\/E(SHH +3Sy, )

SVT/ - SHH + szHV

5,55, = _%{mz +lof - 2Re(a")fexp(-46)

N

) o

Arg(—SLLS;R ) =-46

|
—— Ar
4 g

(_SLLS;R )
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Bl PALSAR data (L-band)
Obs. date:2007/12/23 PM10:49(JST)
"Scene ID:
ALPSRP101890650
* Off-nadir angle:23.1 [deg.]
*A/D: Ascending
"Processing level :L1.1
- Site : Nagasaki, Japan

Bl RADARSAT 2 data (C-band)
*Obs. date:2010/10/22 AM6:22(JST)
"ImagelD: 104029

" Incidence angle(center):36.3 [deg.]
* A/D:Descending

"Processing level : SLC

- Site : Nagasaki, Japan

e e

PALSAR image RADARSAT 2 image

Hl PSO
Number of particles: 20 HH-VVHVHH+VV(Pauli image)
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+
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% Double

i ﬁ bounce

Double Volume

Surface Double/ /Surface Polarization
Adaptive nonnegative eigenvalue decomposition(ANNED) orientation angle
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Double Volume Surface Double/

/Surface
Adaptive nonnegative eigenvalue decomposition(ANNED) with POA
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Blue

Comparison before and after POA compensation (Before POA comp.)

3 Green
Red -

(Before POA comps (After POA comp.)

Double bounce component after POA comp.

% Double
i ﬁ bounce '

Volume scattering component after POA comp.

% Canopy

o, A Layer

Surface
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Polarization
orientation angle
compensation

Randomness(o) Mean orientation Randomness(o) Mean orientation
angle(6,) angle(6,)
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Comparison before and after POA compensation

(Before POA comp.)

Blue

Green
Red

(Before POA comp.)  (After POA comp.)

Phase

Mean orientation angle (6,) = change

Randomness(0) Mean orientation

Randomness (o) = no change
angle(6,)

B Rk SARD YR HBR A BRI D E R, 2013 8/22



Double

Surface Double/ /Surface

Adaptive nonnegative eigenvalue decomposition(ANNED)

3
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Double Volume Surface Double/

/Surface

Adaptive nonnegative eigenvalue decomposition(ANNED) with POA

&
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Comparison before and after POA compensation

(Before POA comp.)

Blue

Red

(Before POA comp. ) (After POA comp.)

Double bounce component after POA comp.

% Double
i E bounce .

Volume scattering component after POA comp.

% —

Double Volme Suface
mﬁ Rl KF SARM IV FR<HhER AR R E D HTER, 2013 8/22
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Phase rotation
Polarizatioi
orientation angle
ompensation

Randomness(o) Mean orientation Randoness() “ Mean orientation
angle(6,) angle(6,)
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Comparison before and after POA compensation (Before POA comp.)

Blue

Green
Red

(Before POA comp.)  (After POA comp.)

Phase
rotation

Mean orientation angle (4,) = change

Randomness (o) = no change

Randomness(o) Mean orientation
angle(6,)
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- SARfRI T — Z 12 L D HIBAE R DT — & fif AT
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Ml U CORMEDORT D3,

- SARfRIE T — Z 12 L D B DT — & fifdT

=TT IV LD H - 7B EOFR R EEIZ 72 > T
XTEBY, ISHORKGD .
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Adaptive nonnegative eigenvalue decomposition(ANNED) of POLSAR data

St\la}rt To find best 6,, o and f,, all combinations are examined.
iZO\LjZO (Round-robin algorithm)
> i=itl i: index of mean orientation angle 6, (0= 6, <90[deg.])
j:}:-] j: index of randomness o (0(delta) < &’ < 0.9V (uniform))
Find maximum £,___| (€]}~ ([C..(é. 0")]) 5 k=k+1_|k: index of volume component
Do eigenvalue:decomposmon (D=1 ([Con (8 0 )]) = 7 ([ Cote ]) + £ ([l ]) + [Cinr |

Calculate residue

] =([D (el ) (i) ]

There are three loop calculations.

min P(|Cl ) Calculation time is very long.
JEW 0,. 0, f, are discrete number and
very rough

SARMEIY FESHEER A TR BRI F D #E R, 2013 8/22



SARIRIE T — X 12 & A FIFH DT — X fEMT

Adaptive nonnegative eigenvalue decomposition(ANNED) of POLSAR data

Start
Vv
Preparation of initial guesses
for particles
Find maximum f, <[C]> - £ <[Cvoz(‘9éa o’ )]> « Generalized eigenvalue problem
Vv
Do eigenvalue decomposition | ((C])- /" <[Cvol (65, o )]> =i’ <[Cﬁ};];bze]> + £ <[ e ]> +[Criinaer |
Y
Calculate residue [ Crominger | = (<[C D-r <[Cvoz (6, 0 )]>) -1’ <[C2;];bze ]> A <|:C§z;{;ﬂzce ]>
. Y min P(|C,)
Find best parameter set by PSO N
v J
End Iteration calculations
Calculation time is fast.
0,, O are accurate.
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