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RADAR POLARIMETRY

POLARIMETRIC AIRBORNE SAR SENSORS

AES1
InterMap Technologies (D)
GulfStream Commander
X-Band (HH), P-Band (Quad)

ESAR
DLR (D)
DO 228
P, L, S-Band (Quad)
C, X-Band (Sngl)

PHARUS
TNO - FEL (NL)
CESSNA - Citation II

AIRSAR
NASA / JPL (USA)
DC8

P, L, C-Band (Quad)

EMISAR
DCRS (DK)
G3 Aircraft

L, C-Band (Quad)

PISAR
NASDA / CRL (J)
GulfStream

. g @REEOOR O

AuSAR - INGARA DOSAR
D.S.T.O (Aus) EADS / Dornier GmbH (D)
DC3 (97) KingAir 350 (00) Beach 1900C DO 228 (89), C160 (98), G222 (00)
X-Band (Quad) S, C, X-Band (Quad), Ka-Band (VV)

1#:

MEMPHIS / AER II-PAMIR STORM
FGAN (D) uvsSQ /CETP (F)
Transal C160 Merlin IV

C-Band (Quad)

Ka, W-Band (Quad) / X-Band (Quad)

RAMSES SAR580
ONERA (F) Environnement Canada (%
Transal C160 Convair CV-580

C-Band (Quad) L, X-Band (Quad) P,L, S, C, X, Ku, Ka, W-Band (Quad) C, X-Band (Quad) _ ,»
imsn
e oo + CASSAR (China), MIT/Lincoln Lab (USA), P3-SAR (NADC / ERIM -USA), Military Systems ...
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RADAR POLARIMETRY

POLARIMETRIC SPACEBORNE SAR SENSORS

SIR-C
NASA / JPL (USA)
April 1994 (10 days)
October 1994 (10 days)
L, C-Band (Quad)

TERRASAR

X-Band (Twin)
(HH,VV), (HH,HV), (HV,VV)
L-Band (Quad)
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ENVISAT / ASAR
ESA (EV)
2002
C-Band (Sngl / Twin)
HH, WV, (HH,VV),
(HH,HV), (HV,VV)

ALOS /| PALSAR
JAXA (J)
L-Band
HH,VV, (HH,HV), (VV,VH)

RADARSAT 2
CSA /MDA (CA)
C-Band (Quad)
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POLARIMETRIC DESCRIPTORS é{—"ﬁ

4 N

THE DIFFERENT
TARGET POLARIMETRIC
DESCRIPTORS

SINCLAIR Matrix

—

y k, Q Target Vectors
2 K] KENNAUGH Matrix
J T]  Coherency Matrix
TRANSMITTER: X&Y C] Covariance Matrix
RECEIVERS: X&Y \

e
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PAULI SCATTERING VECTOR  k =V ([S]) = ETmce([S] lw,])

SET OF 2x2 COMPLEX MATRICES
FROM THE PAULI MATRICES GROUP

AR PN XE PO X [ et
!

[ — [S +SYY SXX_SYY SXY+SYX j(SXY_SYX)]T ]

Advantage: Closer related to physical properties of the scatterer oy,

e

B Note: Also known as k,p
° iETR E\/E E. Pottier, L. Ferro-Famil (01/2005) T;-EQW
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COHERENCY MATRIX %\—/
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BISTATIC CASE

PAULI SCATTERING VECTOR ]_C
1 .
I—Czﬁ[sxx +S8yy Sy =Sy Sy + S8 ](SXY _SYX)]T

4 COHERENCY MATRIX [7] N\

24, C-jD H+jG L-jK
C+jD B,+B E+jF M- jN
H-jG E-jF B,—-B J+jI
L+jK M+ jN J-—jI 24

[T]=k-k" =

HERMITIAN POSITIVE SEMI DEFINITE MATRIX - RANK 1

\_ ) o

e
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COHERENCY MATRIX

MONOSTATIC CASE
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PAULI SCATTERING VECTOR ]_C
1 T
I—‘zﬁ[sxx +SYY SXX _SYY ZSXY]

\

4 COHERENCY MATRIX [7] )

24, C-jD H+jG
[T]=k-k" =|C+jD B,+B E+jF
H-jG E-jF B,-B

\_ HERMITIAN MATRIX - RANK 1 -/

A0, B0+B, B0-B : HUYNEN TARGET GENERATORS

[7] is closer related to Physical and Geometrical Properties of the Scattering
Process, and thus allows a better and direct physical interpretation
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SINGLE BOUNCE

SCATTERING
(ROUGH SURFACE)
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PHYSICAL INTERPRETATION

DOUBLE BOUNCE
SCATTERING
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TARGET GENERATORS
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SCATTERING
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fETR  SAN FRANCISCO BAY
L-band 1988

DC8
P, L, C-Band (Quad)
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== ELLIPTICAL BASIS TRANSFORMATION

Ernst LUNEBURG
(PIERS9YS - Pasadena)
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RELLIPTICAL BASIS TRANSFORMATlON@Q’“‘}E

SINCLAIR MATRIX
E{an) =[St Elan) E{s.n) =St  Ela.1.)

\[[ ]]/

T
S.)]= Ui a0 ] 1S Ui o0
CON-SIMILARITY TRANSFORMATION

COHERENCY MATRIX

[[T(B’Bl) ] i [U3(A’Al }-(B,B,) ] [T(A,AJ ] [U 3(4,4, )~(B,B,) ]1}

SIMILARITY TRANSFORMATION

[U ] U(3) SPECIAL UNITARY ELLIPTICAL
3(4,4,)~(B,B,) BASIS TRANSFORMATION MATRIX “ks

e
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2 SPECIAL UNITARY SU(2) GROUP )
V] [cos(¢) - sin(¢)}{ cos(7) jsin(r)} e’ 0
sin(p) cos(¢) || jsin(t) cos(z) || 0 e®
8 0,(#)] e @)

4 SPECIAL UNITARY SU(3) GROUP N
1 0 0o || cos(Zr) 0 jsin(Zr) ) cos(Za) —jsin(Za) 0]
0 cos(2¢) sin(2¢) 0 1 0 —jsin(Za) cos(Za) 0
0 —sin(2¢) cos(2¢)_ | J sin(ZT) 0 cos(Zr)_ i 0 0 1

\_ [U;(29)] [U;(29)] |U;(20)] | oj’/

......
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POLARIMETRIC TARGET DIMENSION %\

Ve @[S] 5 }\

s 5;:
[ 5 DEGREES OF FREEDOM )
SxxsSxy Sy
¢XY—XX ’¢YY—XX
L J
p

TARGET MONOSTATIC
POLARIMETRIC « DIMENSION »
|

_ S
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COHERENCY MATRIX [7]

9 HUYNEN REAL PARAMETERS
(A0, B0, B, C, D, E, F, G, H)
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PURE TARGET — MONOSTATIC CASE

/

o

[T]=k-k" =

9 PRINCIPAL MINORS =0 -/

H-jG E-jF B,-B|
3x3 HERMITIAN MATRIX - RANK 1

24, C—jD H+jG| )
C+jD B,+B E+jF

!

SAPHIRE=

-

24,(B,+B)-C’-D’=0 2A4,(B,-B)-G’-H’=0
~2A4,E+CH-DG=10
C(B,—~B)-EH-GF =0

B -B’-E°-F’=0

~

~-D(B,—B)+FH-GE =0
24 F-CG-DH=0 -G(B,+B)+FC—-ED=0
H(B,+B)-CE—-DF =0

J
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POLARIMETRIC TARGET DIMENSION %\
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5 DEGREES OF FREEDOM
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TARGET MONOSTATIC

POLARIMETRIC « DIMENSION »
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9
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COHERENCY MATRIX [7]

9 HUYNEN REAL PARAMETERS
(A0, B0, B, C, D, E, F, G, H)

'

4 9 -5=4 TARGET EQUATIONS )

24,(B,+B) = C’+D’

24,(B,-B) = G’+H’
24,E = CH-DG 9%

 24,F = CG+DH ¥




IETR  SCATTERING POLARIMETRY %\—)E
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SINCLAIR MATRIX [S]

4 )

THE DIFFERENT
TARGET POLARIMETRIC

—

7 DESCRIPTORS
S

[S] SINCLAIR Matrix

k, Q Target Vectors

[K] KENNAUGH Matrix
TRANSMITTER: X&Y [T] Coherency Matrix
RECEIVERS: X&Y \[C] Covariance Matrix/

[ POLARIMETRIC REMOTE SENSING ]

e
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POLARIMETRIC
SPECKLE TARGET

FILTERING DECOMPOSITION

WISHART
POLARIMETRIC CLUSTER POLARIMETRIC
DESCRIPTORS POLARIMETRIC SEGMENTATION
EXTRACTION IDENTIFICATION MONO/DUAL FREQUENCY
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SPECKLE PHENOMENON
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DISTORTION OF THE INTERPRETATION

N\

HETEROGENEOUS AREA

B =~

DETAILS PRESERVATION _;
(SPATIAL RESOLUTION) Py
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SPECKLE FILTERING

SPECKLE REDUCTION
MULTI-LOOK SAR PROCESSING (BoxCar)

Averaging Amplitude / Intensity (Not complex images) of
neighboring pixels

Good Noise Smoothing

Spatial Resolution Loss - blurring edges - erasing thin lines
Loss of linear or point features ...
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SPECKLE FILTERING g\—/

SPECKLE : MULTIPLICATIVE NOISE MODEL

« SPECKLE is a scattering phenomenon and not a noise.
However, from the image SAR processing point of vue, the

speckle can be modeled as multiplicative noise for extended
target » (Lee, IGARSS-98)

Y Ry 0 0 || xuy Xaa Py
Y=|ym |=| 0 nyy 0 || Xpy |=| Xy
Vv | | 0 0 n, 1L Xvr | [ XpwPyy |
SCATTERING NOISE REFLECTIVITY
FIELD DENSITY

qupq = VoV pg = qupqqupq INTENSITY = MULTIPLICATIVE MODEL

) O
Y, s =Y Ves =X sV pars  NOISE MODEL 22272
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ECART TYPE

ECART TYPE

HHHH (Nwin = 7)

HF

1HH

4 6
HHHV (Nwin =7)

8 1

1HVr

HHHV; (Nwin = 7)

5

1

H

HVI

| saPHI®

5 10
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25

0.5

35

25

0.5

0

ECART TYPE

ECART TYPE

ECART TYPE

HVHV (Nwin = 7)

—

4 6
HHVV (Nwin =7)

HHVV, (Nwin = 7)

10

-10

25

0.5

3.5

25

0.5

3.5

25

0.5

ECART TYPE

4 6
MOYENNE
HVVWV  (Nwin =7)

0
HVVV, (Nwin = 7)

AVVVI
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POLSAR SPECKLE FILTERING %\—/

POLARIMETRIC VECTORIAL SPECKLE FILTER

1) = § Shik" —{[f )= B - () -] | —r]
A

SPAN IMAGE
S = <T11>+<T22>+<T33>
var( S) CVs,—o,
l k= var( Ss) - CVszsl I+o7 |

r ~N J.S. LEE

LINEAR SCALAR Homogeneous Areas

LEE FILTER var(S)~0 = k=0 =S=E(S,)
S E( ) k[E(S ) sl Highly Inhomogeneous Areas
var(S)—var(S) = k=1 =8=385,
ks
REFINED FILTER “35inisn
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POLARIMETRIC SPECKLE FILTERING IS NOT AN EXACT SCIENCE
SUBJECTIVE, IMAGE DEPENDENT

Quantitative Criteria (J.S. Lee - IGARSS 98)
»Speckle Reduction (E.N.L)

»Edge Sharpness Preservation

»Line and Point Target Contrast Preservation

> Retention of Mean Values in Homogeneous Regions

> Retention of Texture Information

»Retention of Polarimetric Information (co, cross-correlations)
»Computational Efficiency

»Implementation Complexity

N
- [F]- E(r)-KEQr)-[7]]
THE POLARIMETRIC SPECKLE LEE FILTER iy
| ISTODAY A GOOD COMPROMISE | “Fliis

© ;ET @ R E E Pottier, L. Ferro-Famil (01/2005) lﬁQﬁ
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SAN FRANCISCO BAY JPL - AIRSAR L-band 1988

J.S. Lee, M.R. Grunes and G. De Grandi, "Polarimetric SAR Speckle Filtering and Its Impact
on Terrain Classification" IEEE TGRS, September 1999
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SAN FRANCISCO BAY JPL - AIRSAR L-band 1988

J.S. Lee, D.L. Schuler, T.L. Ainsworth, M.R. Grunes, « Scattering Model Based Speckle
Filetring of Polarimetric SAR Data" EUSAR 2004, UIm, Germany, May 2004
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MULTIPLICATIVE-ADDITIVE NOISE MODEL
( N
SZ.SJ".‘ = S//EnnmNc exp(j¢x) + w(‘p‘ -Nz )exp(j¢x) + W(”ar + jnal) _
Multiplic;tive term Addit;\:e term v )‘
- N C. LOPEZ
N MARTINEZ
Z{VC +jvs}
E{n)}=1 Efn. }=E{n,{=0
N var{m =1 varfn, J=varfn, = (1 |of )
&,
> R

‘Spq‘z - Spq ‘S;q ER{ZeMZ} —yn Speckle Noise

Diagonal elements Multiplicative model

< /{9 } _
C. Lopez-Martinez and X. Fabregas, “Polarimetric SAR Speckle Noise Model,” '-;gmg' SR
IEEE TGRS, vol. 41, no. 10, pp. 2232 — 2242, Oct. 2003 s
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MULTIPLICATIVE-ADDITIVE NOISE MODEL
( )
$,8; =wz,n,N.exp(jg,)+v (|o|- Nz, )exo(jg,) +v (n, + jn,,)

Multlpligc;tive term Addit;\:e term
. J
\/

Polarimetric Coherence

Multiplicative speckle component: », mmp High coherence
Homogeneous areas

Additive speckle components: 7,1, = | o oobooo oo
Non-homogeneous areas

\

Combination of multiplicative and additive noisé*s

Final speckle noise behaviour { components, determined by ¢ it

e

° iETR %\,E E. Pottier, L. Ferro-Famil (01/2005) . O
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L-band (1.3 GHz) fully PoISAR data. E-SAR system. Oberpfaffenhofen test area (D)
Sh h» Total R{S,,Sk,} Muﬁlt. term R{Sy,S5, ) Agd. term R{Su,S),}

L
o x10° x 10
- 10 T 10 - 10
N i 8
o
V 3 6 3 6 o 3}
o h=l o
- O b=l o
G o4 & 4 % 4
o 2 2 ?
0 0 0
-1 -0.5 4] 0.5 1 -1 -05 0 0.5 1 -1 -05 4] 05 1
Mean ¥ 10° Mean x 10° Mean x 108
x10° x 10° x 10
10 10 10
(o}
. s 8 8
o
V oz 5 6 ;6 i
Q. © o ke
- O - o ¥
V @ 4 nh 4 o 4
: 2 2 2 2
0 : 0 = 0
-1 -05 4] 0.5 1 -1 05 0 05 1 -1 -05 0 05 1
Mean ¥ 108 Mean x10° Mean x10°
x10° x10° x 10°
10 10 10
~— 8 8 8
B 5 z 6
V k=] © =
= =] =
n 4 n o4 7 o4
O 2 2 3 2 :
i !

-1 -05 o} 0.5 1 =1 -0.5 0 05 1 -1 -05 o} 05

Mean x10° Mean x 10° Mean x10°
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[T]= kk™ — FILTER —>[f]: EAILAT

AVERAGING DATA

\

SECOND ORDER STATISTICS

\

COHERENCY MATRICES

SMOOTHING AVERAGING

}

CONCEPT OF THE
DISTRIBUTED TARGET

nnnnn
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POLARIMETRIC
SPECKLE TARGET

FILTERING DECOMPOSITION
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Preserving Scattering Mechanisms
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Scattering Characteristics,” IEEE TGRS, April 2004
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L: Number of Look
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P (L).r(L-p+1)

[2Zm] : Cluster Center of the class m/':”m’ﬁ
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LAND — AGRICULTURE APPLICATIONS

Ground truth measurements Retrieved dielectric constant
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QUANTITATIVE ANALYSIS

1 : Seedbed winter cereals

2 : Seedbed winter cereals (80%,15 cm)
3 : Harrowed

4 : Harrowed

5 : Pasture, grassland (95%,10 cm)

6 : Seedbed winter cereals (30%,4 cm)

9 : Harrowed

10 : Pasture, grassland

May | invert ?
Where can |l invert ?
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