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Abstract; Photoelectric imaging systems are widespread observation tools used to fulfill
various functions such as detection, recognition, and video-tracking. Laser countermeasures
against imaging systems aim to saturate or damage the full camera image. In order to evaluate the
dazzling effects of the laser and avoid such a disturbance, evaluation of laser-induced effects
must be better understood. This paper propose a new algorithm composed of weighted wave-
let structural similarity (WWSSIM) , based on wavelet transforms and HVS property. Four-level
2D wavelet decomposition is performed for the original and disturbed images, respectively.
Each image can be partitioned into one low-frequency subband and a series of octave high-
pass subbands. Different subbands are processed with different weighting factors. Based on

the results of the above, we can construct a modified WWSSIM. Comparison experiments
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show that the prediction accuracy and consistency of the proposed metric are respectively

5.2% and 4. 1% higher than the PSNR index. The prediction accuracy and consistency of the

proposed metric are respectively 2. 9% and 2. 6% higher than the SSIM index. In terms of

experiment results, the new algorithm shows good feasibility comparing with MSE, PSNR
and SSIM methods. WWSSIM is efficacious to reflect the laser dazzling effect.

Key words: laser countermeasure; human visual system; wavelet transform; image quality

assessment; structural similarity
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Fig. 2 A four-scale wavelet transform
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Table 1 Different types of images quality assessment
&1 45  f2 PFAil B
B 5(b) K5 K5 K5 K S

MSE 174.978 117.149 58.188 26.813 46.474

Methods

PSNR 25.701 27.443 30.482 33.847 31.458

SSIM  0.836  0.869  0.953  0.948  0.968

WWSSIM 0.739  0.781  0.832  0.966  0.869

B 5  Live #¥5 %E o — 41 %k B monarch F1{%. (a) & 1A K
%, (b) JPEG, (¢) JPEG2000, (d) & BB 4, Ce) 5
Wi (D e 3

Fig. 5 Monarch images with different types of distor-

tions. (a) Original image, (b) JPEG, (c)
JPEG2000, (d) Gaussian blur, (e) White noise,
(D) Fast fading.
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Table 2 Objective quality assessment

Methods CcC MAE RMSE OR
PSNR 0.871 6 7.361 3 9.2909 0.041 8
SSIM 0.915 7 5.720 4 7.466 9 0.003 9

WWSSIM  0.916 9 5.561 5 7.124 2 0.001 3
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Fig.7 Laser dazzling images. (a) 0 mW, (b) 250 mW,
(C) 260 mW, (d) 280 mW, (e) 290 mW, ()
300 mW.
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Table 3 Laser dazzling images quality assessment
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