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Introduction

Background- Detection concept for polarimetric SAR image [1]
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Introduction

Background - Conventional Conradsen’s detector [2] on single-band

The vector x € C* is distributed according to complex circular Normal CA (0,, ®)
distribution to handle spatial SAR image homogeneity:

px(x, @) = exp (—xH P 'x),

1
P [P
where & is the unknown covariance matrix.

Ho : ¢1 = ¢2

Detection problem:
P { Hy @ ®; # b,

The Conradsen’s classical Gaussian detector [2] is given by:

~ 2N
¢SCM’ u
A 3 h 4 SCM 2SCM ; -
Re =12 Z X, where ¢ and ®?~" are Sample Covariance Matrices.
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Introduction

Background - A. Mian Detector [1] on single-band

The vector x € C* is distributed according to CA (0, 7 @) to handle spatial SAR image
heterogeneity. «H -1 X)

1
Px(x, ®) = TP TP |P| &P <_ T

where the covariance matrix ® and the positive scalar texture T are unknown parameters.

HQ N {¢1,‘7’1} = {¢2,’7’2}
H1 . {¢1,‘7'1} 75 {¢2,T2}

Detection problem: {

The Mian’s GLRT Detector [1] is defined as:

2N
¢FP‘ k=N |~ 4 gy
A |7l 5 SFP SFP ; ;
Avt = = M= =X, where 7 and ®£" are Tyler Covariance Matrices.
| A N T .2 Ho
ICERSI
t=1 t=1
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Introduction

Problems and Contributions

Identified problems for multi-band case:
e Textures (or heterogeneity) are not taken into account in the design of the Gaussian
detector Ag.
e The detector Ayt will perform better only if the concatenated bands are characterized
by the same texture.

Contributions:
¢ Proposal for a multi-band change detection detector that considers heterogeneous
nature and variations in texture across the merged bands (inspired by [3]).
® Applications on simulated data to analyse regulation of False Alarm and performance
in terms of PD/SNR.
¢ Applications on polarimetric SAR data simultaneously acquired at two bands, L and
X, by the ONERA SETHI SAR system at two different dates, t; and t, at Captieux.
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Proposed multiband change detection method
Multiband SAR modeling

The vector x = [xI,xI,...,xI]" € C™ is distributed as CA (0, p, X):

px(x) =

_JHs—1
me|z|exp( xT X x),

where x; = /7jz; and with £ = E (xx") = T® T where

E (z;2% E(z128) ... E(z:2f] VI, 0, . 0,
o E zzzf’ E 2229' .. E 22xﬁ 0, W4rY PR 0,
E (zmzf) E (zng’) ... E (zng) 0, 0, coo ATmI,

The change detection problem is then characterized by: { ZO él ; §2
1 - 1 2
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Proposed multiband change detection method

Derivation of the detector - Estimation by the joint fixed-point method

Th o T Tt P! iven:
e parameters ( { k}ke{l N}) et ({ k}ke{l {12} { }te{m}) are given
e by the two foIIowmg Jomt flxed point equatlons under Hy,
ZRe( T, xx,t(H), Vk € {1,N},

N

1
2N Z Tk xkxk
k=1,t=1

e and by the two following joint fixed point equations under H,

A ~ ~ -1
Ft = Re <¢;1 (T;) xt x;”> .k € {1, N}, vt € {1,2}

N
A~ 1 ~ -1 N -1
b=y (Tz) xt xiH (T;) . vte{1,2}
k=1
ONERA
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Proposed multiband change detection method

Derivation of the detector

Estimating the parameters (T, ®) under Hy and (T}, ®.) under H; with N secondary
data through Generalized Maximum Likelihood Estimation procedure leads to:

12N L4
(0] N Tk H,
Ne == ” 2 2 A
= >t 2 Ho
[T)® 1|
t=1 t=1

where ) is the detection threshold.

Recall: CFAR (Constant False Alarm Regulation) Matrix or Texture property means
independence of the detection test with the PDF parameters!
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Results

Simulated data - False Alarm Regulation

a) Ay - Matrix CFAR ¢) Ag - Matrix CFAR

* x= () T() = (1)
® Band 1:|x; = /1123

{ zy ~ CN(Opv T(Pl))
T~ T(p1,1/p1) '

2y ~ CN(0,, T(p2))
where Ty ~ F(ug, k//.l,z)
k € Rt scale factor.

d) Ay - Texture CFAR

log

e * Interband: E (z; z') = po 1,.
Proposed Method Mian’s Method Conradsen’s Method
Peavs AWith N =16, p=3, m=2, k= 1.
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Results
Simulated data - Probability of Detection vs SNR (in dB)

Pry = 1073
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SNR (in dB)
Probability of detection vs SNR with textured Gaussian simulated data over two frequency bands (p1 = 0.1,
p2 = 0.5, po = 0.1, u1 = 1 and u, = 0.1, with scale factor k = 50 for Pra = 103,
At PD = 0.7, Ag gains approximately 5 and 25 dB compared to Ay, and Ag, respectively.
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Real data
L and X band SETHI POLSAR images in Pauli basis in RGB color composition

L-band - t; X-band - t;

Ground truth of the studied scene
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Results on experimental SETHI data

Apr > A: (X-X) bands Apr > At (L-L) bands Ap > A: (X-L / X-L) bands Apyr > At (X-L / X-L) bands
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A+ (X-X) bands

100

200

300

100 200 300 400 500 100 200 300 400 500 100 200 300 400 500

Left: Mono-band detectors Ayt and A¢. Right: L-X multi-band detectors Ay, Ag and Ag (P, = 1073).
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Conclusions and future works

In this work, we have,
¢ proposed a robust statistic for multi-band SAR image change detection and analyzed
his performance,
¢ applied the proposed detector on simulated data and SETHI SAR images in L and X
bands at two dates t; and t,

¢ the proposed detector are CFAR with respect to matrix and texture,

® the proposed detector outperforms the state-of-the-art methods in terms of PD vs SNR
and in terms of PFA regulation.

® it shows promising results on real data when combining X-band and L-band.
In the future works, we will,
¢ analyze the convergence of the joint fixed point equations,

¢ analyze the performance on experimental data of the proposed detector on more than
two bands.
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Thank you for your attention!
Any questions?



Appendix

Maximum Likelihood Estimation procedure with N secondary data to derive the detector:

L, ({{Xi, Tli}ke[l,N] ' ¢t}t€[1,2]>

Lo <{{Xlt<}ke[1,N]}t€[1’2] r{Tk}ke[l,N] ,¢>

k=N
t=2

£ ({{x i}, 00},) = [T e b Ti0: )

/\B(X) =

~+ X
)

Lo ({{xi3}, ATeh ®) = [ P (X T @ T

To maximize the two likelihood functions, £0 and L1, we need to perform the following
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Appendix

To maximize the two likelihood functions, £0 and L1, we need to perform the following
operations: By denoting C = —2m p N log(), the logarithm of (15), under Hp, is given by

K=y =y K=y
log(Lo) =C— > log(|®))+2> log (|T.Y) =Y (x T @' T ' x}) .
k=1 k=1 k=1
t=1 t=1 t=1

Now, we proceed by taking the derivative with respectto T 1 . Then, Vk € [1, N],

k=N
0log(Lo) Lyt xtH
ot _4ZT“22RG ((®T4) " "xixi) = Omp
t=1

5|;=auquz ONERA
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Appendix

dlog (|T,*
As oga_(r‘_‘) = Ty and xi (T, ®T,) 1 xt is a positive real scalar, then,
X (Tr®Ty) 1 xh = Re (tr (T o 1T M xf xi7)) .
we obtain,

otr (T, 1o, ' x xiH
Tt

Optimizing each Te individually results in:
1 t=2
ke[l N, Ti=33 Re <¢_1T;1xixi"’) .

t=1

) =2Re (@' T xfx{).

ONERA

EX °
MRS ——==__ SON JrRA @xail M. Diaw et al.

EUSIPCO, Lyon 2024

17/24



Appendix

Let us estimate @ by deriving log(Lo) with respect to ® 1. This involves by deriving the
trace of (xi" T, 1)®~1(T, ' x}) with respect to ®~* (see Eq. (101) in [?]):

k=N
6Iog(L‘.o =2 _
o1 2N®- nglxiXiHTklzomp-
k=N
i int @ 1 < -1t tH3—1
We finally obtain: & = ; T T L
t=1

ONERA
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Appendix

The same approach is used for H;: the texture parameters and the covariance parameter
are optimized separately:

= =
C < - 1, -1
log(L1) = C — Z log (|®¢|) + 2 Z lo (‘ ’) - Z (xf(H (Th) o7 (Th) xi) .
k=1 k=1 k=1
t=1 t=1 t=1
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Appendix

Similarly to Hy, let us derive log(L;) with respect to (T,f()’1 and ®; '

k=N k=N
dlog(L =2 =2 _
% =2Y T2 Re(o! () Fxixft)
o(Th) pt k=1
t=1 t=1
dlog(L1) - — ___ _
pot ~ 2 O X TuxTy
t — _
= =1
Letting the two previous equations be equal to 0 B leads to the following joint fixed point
equations: Ft _Re (& (fi) xixiH> ’
o 1N 1 . (1)
b= (T;) Xt Xt (T;)
k=1
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Appendix

Multiband SAR modeling - Closed-form Solution (two-band case only)

Under Hyp, we have

with ,
t=
S 1 a1
5%( = 5 (31 + 3—312> ,
=1 2
t=
2 1 ao
6%’( = 5 ( 2_312 + as
t=1 1
and
_ 1 tH M—l t _ 1 tH M—l t _ 1 R tH M—l t
= Xk (M7} X0 22 = p 2k (M™) 5, %24 212 = e (xik (M) o %2 ) -
RErUbLIGUE ONERA .
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Appendix

Multiband SAR modeling - Closed-form Solution (two-band case only)

Under Hy, we have:

with
2 a
2 o 1
(8) = = ot/ 2o,
N 2 a
t At 2
=Ty, = ax+ /a2,
< 2k) 2 a
and

1 1 1
= S M) 7= o (M) = Re (M), 5

Ex
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Appendix

Please note that, Vt € {1,2} and both hypotheses, xtHT;1®; 1T !x! is a positive real

scalar:
A A o~ \1 A A oA \—1
xtH (TtCDtTt) xt Re (tr ((TthtTt) xtxtH)> ,

tr <'i';1Re &3;1'?;1 xtxtH)> ,

= mp.

Plugging the estimated parameters leads to the statistic Ag(x).
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Appendix

4- 4-
® lllustration of models on real data [1]. _ s- R
T2 32
1;'_/\'7 1;'_/\'7
0 | 0 i
1 0 1 -1 0 1
R(z) I(z)

pd.f

o —_ %) w =
pd.f

o —_ %) w =

-1 0 1 —1 0 1
High-Resolution SAR image (Left) and a selected subset R(z) I(2)
(Right) for HH polarization.

Textured Gaussian fitting on the selected subset
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