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Abstract: To improve the metric precision of image background clutter for target acquisition perform-
ance,a metric method of image background clutter by introducing gradient features is proposed in this
paper. The method is based on the visual properties of the human eyes sensitive to edges and regards
the regional gradient distribution as a new structural characteristic. Firstly, the gradient direction his-
togram is used to represent goal structure characteristics and the Pap coefficients are selected for
measuring the similarity between the image target and the background clutter gradient direction histo-
gram. Then the structure similarity information is weighted with image structure similarity metrics.
Finally, the D. L. Wilson target acquisition performance model is taken as prediction models for pre-
dicting the target detection probability,false alarm probability and search time to predict the target ac-
quisition performance of the Search-2 database. The results show that the proposed metric method of
image background clutter by introducing gradient feature has improved metric precision of prediction
models, the linear correlation coefficients are 0. 870, 0. 845, 0. 897 and root mean square errors are

0.056 9, 0.046 9, 2. 129, respectively. These data means that the predicted results and the actual ob-
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server have good consistency, and the target acquisition performance is superior to those of other

methods.

Key words: background clutter metric; structural feature; histogram of oriented gradient; target ac-

quisition
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Tab.1 Clutter metrics of different images and detection probability (PD), search time(ST) and false alarm rate (FAR)

IMG_NO. Csv Cror Crssiv Gyso Cessiv PD FAR ST/s
1 2.831 60. 95 0.803 8 0.161 6 0.684 4 0.838 71 0.145 16 10.1
2 2.738 93.95 0.835 8 0.120 7 0.668 6 0.741 94 0.241 94 11. 2
3 2.770 61.79 0.819 4 0.134 8 0.667 6 0.887 10 0.112 90 9.6
4 2.893 20.07 0.745 4 0.146 9 0.6310 0. 483 87 0.322 58 24. 4
5 4. 742 1364 0.882 0 0.317 8 0.798 9 1 0 2.6
6 3. 308 37.65 0.798 6 0.312 3 0.759 8 1 0 5.1
8 3.021 36.33 0.801 9 0.1950 0.690 2 0.887 10 0. 080 65 7.6
9 4.210 1990 0.871 1 0.263 6 0.788 8 1 0 2.3
10 3.283 183.5 0.8350 0.168 5 0.709 4 0. 983 87 0.016 13 2.6
11 3.056 66.73 0.778 7 0.143 6 0.677 6 0.709 68 0.241 94 9.4
12 4.520 625.2 0.842 9 0.330 0 0.804 4 1 0 2.3
13 3. 661 198.7 0.828 9 0.200 5 0.750 4 1 0 3.1
14 3. 686 296. 6 0.858 4 0.2312 0.771 3 0.935 48 0.064 52 5.8
16 2.975 117.6 0.847 6 0.219 1 0.711 6 0.983 87 0.016 13 2.3
17 3.721 116. 4 0.8355 0.252 3 0.7319 1 0 4.1
18 2.987 444 0.900 3 0.220 8 0.710 4 0.983 87 0.016 13 2.6
19 3.788 455.1 0.758 4 0.127 9 0.673 7 0.822 58 0.161 29 8.8
20 4. 140 312.6 0.875 8 0.233 7 0.734 1 0.951 61 0.032 26 2.6
21 3.072 36.58 0.773 1 0.164 9 0.643 7 0.774 19 0.209 68 10.9
22 3. 220 51.31 0.761 6 0.100 2 0.644 6 0.645 16 0.322 58 21.6
24 3.497 47.13 0.761 5 0.141 3 0.679 7 0.870 97 0.112 90 6.2
25 3.399 91.45 0.716 1 0.239 3 0.7330 0.967 74 0.032 26 4.4
27 2.972 76.02 0.811 9 0.176 1 0.726 0 0.887 10 0.112 90 7.9
28 3. 700 175.4 0.836 1 0.199 9 0.752 6 1 0 3.9
29 3. 040 27. 34 0.822 6 0.199 3 0.700 1 0.887 10 0.112 90 5.5
30 3.458 55.63 0.794 7 0.216 5 0.743 5 0.967 74 0.032 26 4.9
31 4.024 430. 8 0.897 1 0.212 2 0.774 8 1 0 3.1
32 3.470 33.77 0.782 1 0.1817 0.701 0 0.725 81 0.258 06 10
33 3.694 58.51 0.839 8 0.256 5 0.737 6 0.967 74 0.032 26 4.2
34 5. 277 1851 0.878 9 0.303 8 0.814 9 0.983 87 0 2.2
35 4.905 1037 0.891 2 0.316 7 0.811 0 1 0 2.1
36 3. 849 196. 4 0. 866 8 0.258 1 0.774 2 0.967 74 0.032 26 4.3
37 4.598 662. 6 0.814 2 0.273 7 0.781 5 0. 983 87 0 2.4
38 3.575 218.1 0.819 7 0.296 8 0.744 3 0.951 61 0.048 39 8.3
40 4. 100 2565.5 0.873 8 0.239 3 0.759 5 0. 983 87 0.016 13 2.5
41 4. 425 1186 0.892 0 0.252 4 0.807 2 1 0 3.3
42 3. 851 100. 2 0.827 4 0.269 2 0.767 3 1 0 4.9
43 3. 828 100. 3 0.823 7 0.258 3 0.763 0 0.967 74 0.032 26 3.6
44 2.891 32.94 0.783 0 0.171 3 0.661 1 0.919 35 0.048 39 7.6
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Tab. 2 Correlation between PD and different

clutter metric methods

C Co E v R, R R
Cossm 0.6204 18.9565 0.0569 0.870 0.629 0.806
Coso 0.0879 3.0248 0.0718 0.751 0.582 0.752
Crssv 0.7343 25.7030 0.0653 0.807 0.537 0.693
Croz 11,2305 12271 0.0798 0.660 0.465 0.630
Cov  2.1852 5.3957 0.0961 0.556 0.462 0.641

x3 BSRFEEAFEEREEMERZ @HEXLME
Tab. 3

Different coefficients between false alarm rate and

different clutter metric methods
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Tab. 4 Different coefficients between search time and

different clutter metric methods

C x y v R, R R
Cessm 0.5792 —0.607 4 2.1287 0.897 0.772 0.595
Cvsp 0.779 —0.0633 3.15 0.756 0.712 0.528
Crssv —0.500 9—0.276 3 2.752 0.821 0.760 0.565
Croe 999.83  58.423 3.864 0.618 0.737 0.562
Cov  8.2546 —2.059 3.9874 0.561 0.698 0.546
x5 BREEENTEHITERE
Tab.5 Average computing time of different image
clutter metric methods (s/frame)
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Fig. 4 Fitted curves between PD and different image clutter metric methods
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