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Ship wake extraction and detection from

infrared remote sensing images

Cheng Yan, Yu Xuelian', Qian Weixian, Qian Ye
(School of Electronic and Optical Engineering, Nanjing University of Science and Technology, Nanjing 210094, China)

Abstract: In infrared remote sensing images with low or medium spatial resolution, the number of pixels
occupied by ships on the sea is very small, and the geometric shape and specific texture structure of the target are
difficult to obtain. In order to improve the detection limit signal to clutter ratio, the ship wake feature with linear
feature was taken as the detection element, which was mathematically characterized. The Dot-Curve detection
system was established innovatively. Based on the two-dimensional curvature filtering, the ship detection and
wake feature extraction were carried out preliminarily. The feature set was established, from which a number of
features with large difference from the background interference items, including wake gray variance, positive and
negative gray slope on both sides of the wake, wake linearity and the distance from the hull detection results, were
selected to identify the detection results of the candidate targets, remove interference items and extract targets.
The results show that after target identification, the ship false detection rate in different bands of infrared images
is reduced to less than 8.40%, and the detection rate is improved to at least 94.53%. The ship detection algorithm
combines the physical and image characteristics of the wake, which is suitable for many scenes and bands. The
algorithm is refined and effective, the physical laws are clear, and the samples needed are few.

Key words: wake characteristics;  remote sensing infrared;  curvature filter;  Dot-Curve
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Fig.2 Optical remote sensing image of ship wake with bubbles
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Fig.4 Wake detection and feature extraction algorithm

B g T AR S T, R S RO I
MEE 0, SR 5 A XHE R 285 P 3 B A 25 BRI AR 1
R AT B SRR Ly

Fil 5 — B S AOM B SRR, A5 2 R
S Z Je B EALE AR R Ly BN N2 Loty = Liero Lua o

R T BT — A s B R SO i T il R
AOSEAR, B LA 1 JRE IR 75 5 B i SR (150N -

C =10y Lo+ Lo I )

i 2 P& G b (BOR T B R A A5 3R R I 2ok i
60 RV A A 1 AR, o PN R SR AT AR L A
HERD | 32 E A 1 A b RS 15 3] Curve £, B ILE
i, 5 1) RIS R T B ELAIR N Dot s, RIMBEREALT .
2.3 fRAREE 4 AE

T SR LA R RRAIE, 0 ) 0 5 R s A1 I 2
AT R KA ARG

Main axis grayscale
6200

Original value
Fitting value

6000

5800

5600

Grayscale

5400

5200

5000

Pixel

Grayscale

& 5 kw48 Ik 2019 4F 10 A 21 H % ik 21 4h

W BEEME TR 3RS 5, R AT — SR, T T
T RGBSR T ‘ﬂ;ﬂﬁi}%%lﬂﬂlﬂﬁm

H/NERF 2 il KT@ELE’J@JEN

— AT I — Z% Curve £k, ZL A 2R X B 3=
i, 2% @ 2R X IO B, B8 @ x B XN Dot 45
F R AR 2 AN 15T 6 Bran o F2 OB B it 42 A
Ze B A AR AR R T 1w, T R 0 S B 5 BE Bt

5 SERLIUA B EE

Fig.5 Bright wake original image and test results
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Tab.1 Statistics of characteristics of main and auxiliary axes of bright wake
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. . . . Gray mean value of auxiliary axis
main axis main axis

Gray variance of Gray variance of auxiliary
main axis axis

Gray slope of auxiliary axis

28 5484.89 [5270.13;5227.13;5201.33]

271.58

[107.77,98.12;33.06,

[265.54;124.75;47.66] 58.71:15.80.21.13]

7 Mk E 48 1 2019 4F 8 H 2 H IR 404k
B i iR R 43 e, TR v A T 2% R ) A T B Y
PR, i 7 Rl A i /b, S A MR (g 15 R, A
0 2 Al Ay s S i 2. Rl
& aniE 8 i .

[ S Y e Y gl

Fig.7 Dark wake original image and test results
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Tab.3 Efficiency of ship wake detection
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