DETECTION OF SHIP WAKES IN SAR
IMAGERY USING CAUCHY
REGULARISATION

Tianqgi Yang | Oktay Karakus | Alin Achim

Engineering and
. Physical Sciences @ab

Research Council Visual Information Laboratory



CONTENT

Background

Methodology

Results

Summary




)
-
>
O
L
@)

Y4
O
©

o




Background

local wave
disturbance
region

1
|
i
i
|
!
|
i

v

i
ship's hul

bow wave

free wave pattern region

- B -
e wam T -
B ool v o] o il oo e

L II-|. Rl Rl I I TR =
= - = u i
. N .. .

- transverse wave
‘-"‘l-.

S
S

"
"'\\,. “~~

Kelvin envelope

b
b

Sagdivergent
wave
CUSP wave




7

Ij

7
Background

* SAR image formation model :

Y=CX+N

where C = R~ represents the inverse Radon transform.

_ pY|X)pX)
' PN = v ixpCdx

* the unnormalised posterior

p(X|Y) o« p(Y|X)p(X).
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Background

e Using maximum a-posterior (MAP) estimator in optimization
algorithms :

Xyap = arg max p(X|Y) = arg m)g'n F(X)
where F(X) 1s denoted as the cost function.
F(X) < f(x) + g(x)

{ fx) =Y —CX||5
g(x) = —log(p(X))
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o Probability density function of Cauchy distribution :

X) «
p(X) Tt x?

¢ The minimization with Cauchy regularization :

Y

)?Cauchy — aryg mxin”Y — CX”% — z log ()/2 1 X, _2) )
i &

Moreau-Y oshida unadjusted Langevin algorithm (MYULA)
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Moreau-Y oshida unadjusted Langevin algorithm (MYULA)

Algorithm I MYULA for Cauchy regularized cost function

Input: SAR image Y, y € [0.0001,0.1]
Output: Radon image X

Set: § = 1/25L, w = 1/4L
do
ZWDN(0,1,)

. A N . .
XD = (1 —~ Z) X0 —svf(xW) + —proxg (xW) +v2620+D

while €e® > 1073 or i < MaxlIter
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Cauchy proximal operator :

proxg(x) = argmin [— log( > 4 ) +
u

Y% + u?

By using Cardano’s method :

proxg(x)——+s+t

w
N |
+

= +2x X (v2 + 2
q = xy?> 57 (V w)

lu — x||?

2w

|
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e The confirmation of the candidate :

where [, is the mean value over the un-confirmed wake, and [ is
the mean intensity of the image.

{ F; < 0 for turbulent wakes,

F; > 0.1 for narrow-V and Kelvin wakes
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Table 1. Visible wakes 1n used image dataset *

Turbulent 1st Kelvin | 2" Kelvin
N arrow Narrow

CSM_1 1 0 0
CSM_2 1 1 0 0 0
CSM_3 1 1 0 1 0
CSM_4 1 1 0 1 0
CSM_5 1 1 0 0 0
CSM_6 1 1 0 0 0

* 1 means visible and 0 represents invisible
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Table 2. Detection results over 6 COSMO-SkyMed images

Cauchy 40.0% 46. 7% 0.7% 6.7% 86.7%

GMC 36.7% 40% 20% 3.3% 76.7%

Graziano 33.3% 36. 7% 16.7% 13.3% 70.0%




Original Cauchy
Image Prior

Graziano

CMS 3
CMS 4
* Yellow:
Turbulent wake
CMS 5 Green:

Narrow-V wake
Red:
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* The use of Cauchy distribution in ship wake detection problem.

* Realization of MYULA 1n image reconstruction from SAR
1magery.

* Implementation of proximal Cauchy operator in solving inverse

problem.
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