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Extraction Method of Water Surface Weak Texture Based on
Improved Curvelet Transformation
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Abstract The internal wave generated by the movement of the underwater body makes the water surface form weak
infrared texture signals, which makes it possible to use infrared means for detection. However, the contrast of
texture signals is very low, and it is mixed with the background clutter with large amplitude, which causes great
difficulty in signal extraction. Based on the curvelet transform, the curvelet scale component and direction
component are screened according to the contrast and frequency characteristics of weak textures, and a clearer
texture extraction image is obtained by combining with the threshold optimization and the edge gradient operator.
Compared with the results of the traditional curvelet transform, the information entropy and frequency concentration
of the image are improved by 30% and 11%, respectively. When the contrast of the weak texture is greater than
5% and the deviation between the direction of the screening frequency and the direction of the weak texture
frequency is less than 12°, the algorithm can clearly extract texture information.
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Fig. 2 Simulation results of weak texture signal images of submarine's V-wake in direct course. (a) Weak texture image in

Ref. [7]; (b) weak texture image in Ref. [8]; (c¢) weak texture image in Ref. [15]; (d) weak texture image in

Ref. [16];

(e) weak texture image in Ref. [7] with background; (f) weak texture image in Ref. [8] with

background; (g) weak texture image in Ref. [15] with background; (h) weak texture image in Ref. [16] with

background
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Table 1 Contrast and average of grayscale of V-shape wake

Size component in

Size component in

Coefficient spacial domain frequency domain Cin GLCM Average of gray value
G - . 0.80 38.10
G . n 1.09 22.63
C, . E 0.92 18.80
C, . . 1.41 17.50
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Fig. 3 Directional component screening for V-shape wake. (a) Directional component sizer

in frequency domain; (b) weak texture after directional component screening
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Table 2 Extraction results of different algorithms

for V-shaped wake

) Frequency
Algorithm Entropy E )
concentration F
Algorithm in the paper 0. 26 0.91
Wavelet transformation 0.19 0. 39
Curvelet transformation 0. 20 0. 82
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Fig. 7 Different V-shaped wakes and edge extraction results of different algorithms. (a) Model in Ref. [7] added with

background; (b) result of proposed algorithm for Fig. 7 (a);

(c) result of curvelet transform for Fig. 7 (a);

(d) result of wavelet transform for Fig. 7(a); (e) model in Ref. [8] added with background; (f) result of proposed

algorithm for Fig.7(e); (g) result of curvelet transform for Fig. 7(e); (h) result of wavelet transform for Fig. 7

(e); (i) model in Ref. [15] added with background;

(j) result of proposed algorithm for Fig.7(i); (k) result of

curvelet transform for Fig. 7(i); (1) result of wavelet transform for Fig. 7(i); (m) model in Ref. [16] added with

background; (n) result of proposed algorithm for Fig. 7(m); (o) result of curvelet transform for Fig. 7(m);

(p) result of wavelet transform for Fig. 7(m)
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Table 3 Algorithm adaptability of texture contrast
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