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Application of comprehensive similarity in the evaluation of
infrared target stealth effect

Zhao Xiaofeng, Wei Yinpeng, Yang Jiaxing, Cai Wei, Zhang Zhili
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the Rocket Force Engineering University, Xi’an 710025, China)

Abstract: For the stealth effect evaluation of a single infrared image, it is necessary to consider the
image similar feature information reflected by the pixels in the image. A single similarity measurement
method cannot fully and accurately reflect the similarity between infrared images. On the basis of equally
dividing a single infrared image, the advantages of four similarity measurements based on image gray
histogram method, direction gradient histogram feature method, structural similarity method and target
classification were considered comprehensively. The principal component analysis method was used to
determine the weight values of different similarity measurements, and an evaluation method based on
comprehensive similarity measurement was proposed. Through the comparison of horizontal and vertical
experiments between the similarity measurement methods, the mean and standard deviation of each
similarity measurement between the target and the background image for different occlusion situations

was analyzed. The results show that the comprehensive similarity measurment can more accurately reflect
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the similarity information between images, the problem of single—infrared image stealth effect evaluation

is more effectively processed.

Key words: similarity;  stealth effect evaluation;
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Tab.1 Accuracy analysis statistics

Equal Standard
v 1 2 3 4 5 Mean o oonean
score deviation

11x11 0.923 0.889 0.867 1 0.941 0.924 0.05
12x12 0.964 0.935 0.944 0.933 0.955 0.946 0.01
13x13  0.905 0.962 0.81 0.947 0.947 0.914 0.06
14x14 0.941 0.955 0.963 0.882 0.952 0.939 0.03
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Tab.2 Four similarity measure results

Method 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
1 0.4881 0.529 0.474 3 0.6712 0.6814 0.5092 0.5522 0.499 0.5968 0.461 2 0.540 7 0.526 3 0.5724 0.4968  0.5176
2 0.6447 0.4156 0.276 5 0.392 3 0.483 1 0.2473 0.6251 0.693 2 0.3169 0.4144 0.2031 0.558 0.2722  0.431 0.678 5
3 0.562 0.5548 0.5657 0.497 8 0.4992 0.4719 0.533 1 0.5519 0.5346 0.5318 0.5228 0.5225 0.555 0.5487  0.561 7
4 0.936  0.896 0.976 0.899 0.933 0.925 0.919 0.933 0.899 0.867 0.828 0.886 0.894 0.934 0.929
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Tab.3 Component score coefficient matrix

Component
Method
1 2
Hist -0.671 0.216
HOG -0.061 0.589
SSIM 0.517 0.080
Classification -0.126 0.618
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Tab.4 Component matrix

Component
Method
1 2
Hist -0.654 0.623
HOG 0.645 0.489
SSIM 0.808 -0.293
Classification 0.592 0.556
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Tab.5 Weight values of four methods

Method Weights
1 0.039
2 0.148
3 0.210
4 0.303
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Tab.6 Five methods similarity measurement results
Method 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

1 0.4881 0.529 0.4743 0.6712 0.681 4 0.5092 0.5522 0.499 0.596 8 0.461 2 0.540 7 0.526 3 0.5724 0.496 8 0.517 6

2 0.644 7 0.4156 0.276 5 0.3923 0.4831 0.2473 0.6251 0.693 2 0.3169 0.4144 0.2031 0.558 0.2722 0.431 0.678 5

3 0.562 0.554 8 0.5657 0.4978 0.4992 0.4719 0.5331 0.5519 0.5346 0.531 8 0.5228 0.5225 0.555 0.548 7 0.561 7

4 0.936 0.896 0.976 0.899 0.933 0.925 0.919 0.933 0.899 0.867 0.828 0.886 0.894 0.934 0.929

5 0.662 25 0.628 8 0.574 2 0.6625 0.69 0.5886 0.670 1 0.6704 0.6339 0.5921 0.574 0.6392 0.621 8 0.630 4 0.675 3

RTSHAEFHBEUEMREZEESER

Tab.7 Five methods average similarity and standard deviation measurement results

Method 1 2 3 4 5
Similarity 0.541 1 0.443 5 0.534 2 0.910 3 0.637 1
Standard deviation 0.063 3 0.159 1 0.048 5 0.033 8 0.036 8
x8SHMAFENERE
Tab.8 Weight values for five methods
Method 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

1 0.6412 0.608 0.553 7 0.8225 0.8182 0.581 3 0.7971 0.7234 0.806 7 0.4399 0.6245 0.644 9 0.731 9 0.536 1 0.665 6
2 0.4793 0.364 7 0.9071 0.2927 0.6929 0.498 3 0.2398 0.502 0.4229 0.2302 0.8025 0.2362 0.758 7 0.27 0.563 6
3 0.7055 0.686 8 0.6919 0.4105 0.6459 0.5856 0.656 7 0.696 4 0.653 0.6714 0.6782 0.662 3 0.681 3 0.6972 0.704 8
4 0.936 0.896 0.976 0.899 0.933 0.925 0.919 0.933 0.899 0.867 0.828 0.886 0.894 0.934 0.929

5 0.7449 0.706 9 0.753 5 0.718 8 0.8098 0.693 6 0.768 1 0.7733 0.776 7 0.623 0.7184 0.702 4 0.777 7 0.689 4 0.757 1

RISHMAEZFHHEUENTEZEEESER

Tab.9 Five methods average similarity and standard deviation measurement results

Method 1 2 3 4 5

Similarity 0.666 3 0.484 1 0.668 5 0.910 3 0.736 9

Standard deviation 0.111 4 0.214 8 0.071 7 0.033 8 0.046
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Fig.6 Infrared images in different detection distances and

equal block statistics
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Tab.10 Five methods similarity measurement mean and standard deviation statistics

a b d e f
Image target
X, X, X, X, X, X, X, X, X, X, X, X,
Method 1 0.541  0.666  0.085  0.128  0.188  0.136  0.456  0.500  0.295  0.455  0.216  0.090
Method 2 0.444  0.484  0.280 0.111  0.310  0.164  0.196  0.191  0.260  0.153  0.205  0.223
A::fjege Method 3 0.534  0.669  0.683  0.649  0.373  0.346  0.422  0.372  0.501  0.425  0.246  0.211
Method 4 0.910  0.910  0.908  0.908  0.924  0.924  0.908 0.908 0921  0.921  0.921  0.921
Method 5 0.637  0.737  0.448  0.565  0.454  0.539  0.605  0.580  0.483  0.48  0.502  0.518
Method 1 0.063  0.111  0.125  0.092  0.114  0.091  0.164  0.099  0.164 0.141  0.108  0.09
Method 2 0.159  0.215  0.227  0.100  0.140  0.166  0.207  0.150  0.252  0.098 0.172  0.278
j;i‘::s;i Method 3 0.049  0.072  0.135 0.139  0.086  0.152  0.021  0.021  0.094  0.083  0.085  0.088
Method 4 0.034  0.034  0.024  0.024  0.023  0.023 0.018 0.018 0.021  0.021  0.022  0.022
Method 5 0.037  0.046  0.136  0.053  0.062  0.08  0.065 0.041  0.055 0.075  0.05  0.08
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Tab.11 Six images of stealth effect evaluation value statistics

Image a

b c d e f

Stealth effect evaluation value 0.687

0.506 5 0.522 0.597 0.484 5 0.51
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