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Abstract Laser active imaging systems are usually used in important region surveillance and dangerous target
identification. However, the photoelectric imaging detector in the imaging systems is easy to be disturbed from
opponents and this leads to errors of the recognition. In practice, the laser power and the spot position change
momentarily and this leads to different laser-dazzling effects in every frame. Therefore, dynamic assessments of
laser-dazzling effects must be better understood. A new no-reference dynamic feature metric (DFM) assessment
algorithm based on the character of the laser spot and image feature is proposed. The features from accelerated
segment test (FAST) algorithm is used to extract feature points of the target image and disturbed image. The target
area is obtained via feature-point matching, and the characteristic of the laser spot reflects the image quality through
the saturated pixel number and spot position in the target area. After that, the distribution of the feature points,
edges and edge definition reflect the varieties of the image feature. The normalized DFM is obtained via product of
the five factors above. The luminance imaging experiment is performed for the targets by utilizing the laser active
imaging system. In the experiment, the disturbed images of different disturbing powers and different spot positions
are obtained. The proposed DFM algorithm is used to evaluate the newly obtained laser-dazzling images. and the
results show that the DFM gives a more reasonable evaluation result for different laser-dazzling images. The
evaluation results reflect the invalidation of the target identification algorithm objectively.
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(a) Recognition system; (b) operation control interface
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Fig. 2 Laser-dazzling images. (a) Target image; (b) laser-

dazzling image; (c¢) laser spot; (d) matching image;

(e) laser-dazzling image with different powers
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Table 1 Laser dazzling images quality assessment
Power /mW
200 220 240 260 280
Function

D 0. 4880 0. 4880 0. 4880 0. 4880 0. 4880
N 0.0269 0.0328 0. 0355 0.0382 0. 0409
S 0.0082 0.0075 0.0074 0.0072 0.0072
E 0.1121 0.1116 0.1105 0.1096 0.1087
G 5.3024 5. 2885 5.2742 5. 2552 5.2375
JoEM 0.4365 0. 3808 0. 3567 0. 3250 0. 3046

Power /mW 300 320 340 360 380
D 0. 4880 0. 4880 0. 4880 0. 4880 0. 4880
N 0. 0441 0.0466 0. 0491 0. 0521 0. 0541
S 0.0068 0.0067 0.0065 0.0063 0.0063
E 0.1061 0.1019 0.1019 0. 1006 0.1006
G 5.2179 5.2032 5. 1855 5. 1675 5.1467
Form 0.2628 0. 2359 0.2142 0. 1906 0. 1744

Power /mW 400 420 440 460 480
D 0. 4880 0. 4880 0. 4880 0. 4880 0. 4880
N 0. 0565 0.0598 0.0625 0. 0649 0.0679
S 0.0063 0. 0059 0.0059 0.0056 0.0052
E 0.1002 0.1002 0.0968 0.0968 0.0962
G 5.1282 5.1083 5. 0889 5.0672 5.0482
Jorm 0.1593 0.1347 0.1166 0.0964 0.0775

Power /mW 500 520 540 560 580
D 0. 4880 0. 4880 0. 4880 0. 4880 0. 4880
N 0. 0699 0.0726 0.0756 0.0785 0.0814
S 0.0051 0.0051 0.0049 0.0045 0.0043
E 0.0962 0.0939 0.0939 0.0918 0.0918
G 5.0248 5.0031 4.9828 4.9594 4.9169
JoEM 0.0623 0. 0485 0.0355 0. 0205 0.0109
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Fig. 3 Different values for different powers
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Table 2 Images quality assessment for different feature-point extraction methods
Power /mW
200 220 240 260 280
Function

foem Harris /107* 0.9582 0.9457 0.9312 0.9177 0.9046
foem SIFT /1077 0. 1544 0.1524 0. 1500 0.1377 0.1357

Power /mW 300 320 340 360 380
foem/Harris 0. 8280 0. 7909 0.7861 0.7256 0.7212
Soem/SIFT 0.1315 0.1256 0.1249 0.1224 0.1172

Power /mW 400 420 440 460 480
Sorm/Harris 0.7139 0.7086 0. 6800 0.6754 0. 6249
JSoem /SIFT 0.1160 0.1152 0.1063 0.1055 0.1042

Power /mW 500 520 540 560 580
Soem /Harris 0. 6207 0. 6015 0.5971 0.5792 0.4961
Soem/SIFT 0.1034 0.0962 0. 0955 0.0927 0.0916
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Fig. 4 Values for different feature-point extraction methods
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Fig. 5 Laser-dazzling images. (a) Targetimage; (b) laser-dazzling image; (c) laser spot; (d) matching image;

(e) laser-dazzling images with different positions
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Table 3 Laser dazzling images quality assessment

Distance /mm

14.5129 20. 0700 25.5353 31. 3538 36.5941
Function
D 0.1512 0.2091 0. 2660 0. 3266 0. 3812
N 0.1527 0.1527 0.1527 0.1527 0.1527
S 0. 0085 0.0109 0.0140 0.0144 0.0154
E 0.0663 0.0693 0.0712 0.0715 0.0722
G 4.7621 5.1299 5.2338 5.2476 5. 3086
form 0. 0564 0.1126 0.1928 0.2452 0.3127
Distance /mm 41. 8597 46.3763 50. 7397 55. 3115 59.9696
D 0.4360 0.4831 0.5285 0.5762 0.6247
N 0.1527 0.1527 0.1527 0.1527 0.1527
S 0.0166 0.0168 0.0178 0.0180 0.0189
E 0.0744 0.0753 0.0767 0.0793 0.0813
G 5.6570 5.9396 6. 0430 6.0932 6.0971
form 0.4234 0. 5044 0. 6060 0. 6964 0.8133
Distance /mm 5.2319 9.9873 14.0776 18.3599 23. 3356
D 0. 0545 0. 1040 0. 1466 0.1912 0.2431
N 0.1527 0. 1527 0.1527 0.1527 0.1527
S 0. 0097 0.0104 0.0104 0.0114 0.0133
E 0.0647 0.0757 0.0757 0.0761 0. 0780
G 6.1773 6.4510 6.6527 6. 7681 6. 8472
form 0.0529 0.1086 0.1681 0.2312 0. 3165
Distance /mm 13.8765 17.1973 20. 0385 23. 3585 27.2209
D 0. 1445 0.1791 0. 2087 0. 2433 0. 2836
N 0.1527 0. 1527 0.1527 0.1527 0.1527
S 0.0104 0.0128 0.0147 0.0154 0.0156
E 0. 0699 0.0715 0.0741 0.0751 0.0751
G 5.3379 5.4041 5. 5080 5.8202 5. 8491
form 0.0765 0.1211 0.1571 0.1991 0.2570
Distance /mm 17.9414 22.4060 27.1985 31.1601 34.7798
D 0.1869 0.2334 0. 2833 0. 3246 0.3623
N 0.1527 0. 1527 0. 1527 0. 1527 0.1527
S 0.0142 0.0152 0.0180 0.0185 0.0187
E 0.0719 0.0751 0.0767 0.0770 0.0770
G 5.4145 5.7981 5.9502 6.1623 6.2121
form 0.1709 0.2181 0.3174 0. 3886 0. 4420
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Fig. 6 Different values for different distances. (a) Laser spot from center to the back; (b) laser spot from center

to the front; (c) laser spot vertical motion
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Table 4 Images quality assessment with different feature-point extraction methods
Distance /mm
14.5129 20. 0700 25.5353 31.3538 36.5941
Function
Sfoem Harris /107* 0. 0597 0.0930 0. 1240 0.1533 0. 1827
Soem SIFT /107 0.0597 0.0930 0. 1240 0.1533 0. 1827
Distance /mm 41. 8597 46.3763 50. 7397 55. 3115 59.9696
foru/Harris 0. 3060 0. 3603 0.4085 0.4643 0.5164
Soem/SIFT 0.2295 0.2702 0. 3064 0. 3482 0. 3873
Distance /mm 5.2319 9. 9873 14.0776 18. 3599 23.3356
foru/ Harris 0. 0287 0.0776 0.1133 0.1541 0. 2344
Soem/SIFT 0.0446 0. 0905 0.1322 0.1798 0.2344
Distance /mm 13. 8765 17.1973 20. 0385 23.3585 27.2209
foem/Harris 0.0662 0.1324 0. 1549 0.1958 0. 2469
forn/SIFT 0.0662 0.0851 0.0999 0.1259 0.1587
Distance /mm 17.9414 22.4060 27.1985 31.1601 34.7798
foem/ Harris 0.1554 0. 1896 0.2367 0.2941 0. 3309
foem/SIFT 0. 0996 0.1219 0.1521 0.1891 0.2127
‘ —v—f . /SIFI @ s p /SIFL ) o ot /SIFT
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Fig. 7 Value for different feature-point extraction methods. (a) Center to the back; (b) center to the front;

(¢) vertical motion
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