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Abstract Laser active imaging systems are usually used in important region surveillance and dangerous target
identification. However, the imaging system is easy to be disturbed and this leads to the distortion of the images.
The positions of the target, imaging system, interference and the laser power change momentarily, so the dazzling
effect is different in every frame. Therefore, how to evaluate the influence of the laser on imaging systems must be
better understood. A new no-reference image quality assessment algorithm based on the dynamic features of
consistent multi-frame images is proposed, which is called feature-point dynamic (FPD). The feature-point matching
correlation and area diversification of one frame are calculated in the target region. The difference of correlation,
area distribution, structure, frequency and salience of multi-frame images are also compared in the target region.
The normalized results are obtained via product of these factors above. The luminance imaging experiment is
performed for the targets by utilizing the laser active imaging system. The disturbed images of different disturbing
powers and different spot positions are obtained. The proposed FPD algorithm is used to evaluate the laser-dazzling
images, and the results show that the FPD gives a more reasonable evaluation for multi-frame laser-dazzling images in
the period of time. The evaluation results reflect the invalidation of the target identification algorithm objectively.
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Fig. 1 Laser active imaging and recognition system
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Table 1  Quality assessment of a single image
Function Value
Power /mW 200 220 240 260 280 300 320 340 360 380

Md‘ 0.7436 0.6603 0.6154 0.5769 0.5513 0.5257 0.5001 0. 4809 0.4617 0.4425

AQ 0.2225 0.2058 0.1941 0.1831 0.1748 0.1665 0.1592 0.1542 0.1492 0. 1442

Sfrep 0.1655 0.1359 0.1194 0.1056 0.0964 0.0875 0.0796 0.0742 0.0689 0.0638

Power /mW 400 420 440 460 480 500 520 540 560 580

Md‘ 0.4233 0.4105 0.3977 0.3913 0.3849 0.3785 0.3721 0.3657 0.3657 0.3657

A¢ 0.1409 0.1376 0.1348 0.1326 0.1307 0.1290 0.1276 0.1264 0.1262 0.1262

Sfrep 0.0596 0.0565 0.0536 0.0519 0.0503 0.0488 0.0475 0.0462 0.0462 0.0462

% 2 RAE RS ST AN S
Table 2 Feature-point variety dynamic evaluating results
Power /mW A My A1 Ad Ai1.: Sty Fy, _, Sa,_, VEPD

200~220 1. 0000 1. 0000 0.4118 1 1 0.4118
220~240 0.5390 0. 7006 0. 3982 1 1 0. 1504
240~260 0.4622 0. 6587 0.3942 1 1 0.1200
260~280 0.3073 0.4970 0. 3889 1 1 0.0594
280~300 0.3073 0.4371 0.3543 1 1 0.0476
300~320 0.3073 0.2994 0. 3495 1 1 0.0322
320~340 0. 2305 0.2994 0. 2895 1 1 0. 0200
340~360 0.2305 0.2994 0. 2857 1 1 0.0197
360~380 0. 2305 0.1976 0. 2846 1 1 0.0130
380~400 0. 2305 0.1976 0.2735 1 1 0.0125
400~420 0.1537 0.1677 0.2720 1 1 0.0070
420~440 0. 1537 0.1317 0.2541 1 1 0.0051
440~460 0.0768 0.1138 0.2538 1 1 0. 0022
460~480 0.0768 0.1018 0.2296 1 1 0.0018
480~500 0.0768 0.0838 0.2028 1 1 0.0013
500~520 0.0768 0.0719 0. 2000 1 1 0.0011
520~540 0.0768 0.0120 0. 1985 1 0.9421 0. 0002
540~560 0 0 0.1603 1 0. 8889 0
560~580 0 0 0.1563 1 0. 8421 0
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Fig. 3 Different values for different frames
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Fig. 4 Laser-dazzling images. (a) Target image; (b)
laser-dazzling image; (c¢) matching image; (d)

laser-dazzling images with different positions
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Table 3 Quality assessment of a single image
Function Value
Distance /mm 14.5129 20. 0700 25.5353 31.3538 36.5941
M,, 0.4167 0.5357 0. 6547 0.7142 0.7737
Aq 0.2026 0.2706 0.3269 0. 3545 0. 3766
Sfrep 0.0844 0. 1450 0. 2140 0.2532 0.2914
Distance /mm 41. 8597 46. 3763 50. 7397 55. 3115 59.9696
M, 0.8213 0. 8689 0. 8927 0.9165 0.9284
A% 0. 3987 0.4208 0.4310 0.4365 0.4412
Srep 0. 3275 0. 3656 0.3848 0. 4001 0. 4096
Distance /mm 5.2319 9.9873 14,0776 18. 3599 23.3356
Ad@ 0.1548 0.2738 0. 3333 0. 3690 0. 3809
Ay 0.2003 0.2291 0.2488 0.2635 0.2702
frep 0. 0310 0.0627 0. 0829 0.0972 0.1029
Distance /mm 13. 8765 17.1973 20. 0385 23.3583 27.2209
M, 0. 4286 0.5238 0.5833 0. 6309 0. 6752
Aq, 0.2477 0.3082 0.3553 0.3922 0.4128
Srep 0.1062 0.1614 0.2072 0.2474 0.2787
Distance /mm 17.9414 22.4060 27.1985 31.1601 34.7798
My 0.5643 0.6071 0. 6476 0.6786 0.7024
A@ 0. 3139 0.3716 0.4077 0.4292 0.4339
Srep 0.1771 0.2256 0. 2640 0.2913 0.3048
# 4 RHAE RS ST AN S5 2R
Table 4 Feature-point variety dynamic evaluating results
Distance /mm Ay M, A1 Ay A1, Sty Fa . Sa, _, VFPD
14.5129~20. 0700 1. 0000 1. 0000 0.2917 1 1 0.2917
20.0700~25. 5353 1. 0000 0.8152 0.2203 1 1 0.1796
25.5353~31.3538 0. 4444 0.3618 0.1250 1 0.6667 0.0134
31.3538~36.5941 0. 4444 0.2749 0. 0909 1 0. 5000 0. 0056
36.5941~41. 8597 0. 3333 0.2749 0.0714 1 0. 4000 0. 0026
41.8597~46. 3763 0.3333 0. 2749 0.0533 1 0. 3333 0.0016
46.3763~50. 7397 0.1111 0. 0869 0. 0500 1 0. 2857 0.0001
50.7397~55.3115 0.1111 0.0126 0.0417 1 0. 2500 0
55.3115~59. 9696 0 0 0.0132 1 0.2222 0
5.2319~9.9873 1. 0000 1. 0000 0.7342 1 1 0.7342
9.9873~14.0776 0. 4444 0.5882 0.5645 1 1 0.1476
14.0776~18. 3599 0.2222 0.3620 0.5625 1 1 0.0452
18.3599~23. 3356 0 0 0.4821 1 1 0
13.8765~17.1973 0. 8197 0.5924 0.4156 1 1 0.2018
17.1973~20. 0385 0.4099 0.4501 0. 3934 1 1 0.0726
20.0385~23. 3585 0.2732 0.3418 0. 3889 1 1 0.0363
23.3585~27.2209 0. 2354 0.1688 0.3333 1 1 0.0132
27.2209~17.9414 1. 0000 1. 0000 0.6277 1 1 0.6277
17.9414~22. 4060 0.2181 0. 5626 0. 3544 1 1 0. 0435
22.4060~27.1985 0.1917 0. 3333 0. 3448 1 1 0.0220
27.1985~31.1601 0.0827 0.1783 0. 2556 1 1 0.0038
31.1601~34.7798 0 0 0. 2386 1 1 0
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Fig. 5 Different values for different frames. (a) Laser spot from center to the back; (b) laser spot from center to

the front; (c) laser spot vertical motion

1102001-8



B O SN0t RGBT £ W8 A T I RCR AL

2 R JE LT R W AN K. B Distance {H
3 R AR (13) X THEE Y wepn {822 W /) 3K I
i F I 25 H ARG, X B bR X8R AE o5 32 B 52
e Bl /0N S O TR 55 . 55 2 RIES 3 Al K AR
ERLEE S5 1 AR,

IS HRT L, TR R BE A2 B Lk dn el , Bl
{%ﬁj‘ﬁj‘ﬁﬁfﬁP;L\'ﬁ E *ZT‘ EF“L‘DEE% E"J i j]ﬂ ’ fFPDfEiZ?ﬁ
Fhis s BRI B W T 5 o veen (B BR T 22 R 1
FROE SBCH 7B o A R AR AR D R AR AL B
ERRE w225 B O TR 7 WUEMR K fren (H R
K UL A TE S BERS 2 1 o B2 Hp SR BEA B X R AE 25 11
PG A AL T 8~ 10 W EZ 1 veon TELEL /N, 25 4L
TV 22 Ul BDGBE 1Y % 2l 6 R A 4 R 52 e AN
j( ,zlj:l:Am" fFPD{Eﬂs\EH 91&'35‘1‘7\%357}6?%17:5% E *i‘tplﬂ‘fﬁ
B TSR B LLES 1 b 6B T 07 B
e, B IR MES oML B (o 1~
5 WU veen (BN B 256 oo (E TR0 R (1 0 2 7
TC S HAR DI, T PO RCR W5, 56 5 RIS 6 il 88
veep (H H B4R , Uk BH L B G BE A7 B & A 5 R ek g
JEBEHZ I H ARG, 6~ 10 W ER veen (980 /)> Ui B
I N DY B S e 5 H bR b TR L BT LAER 1
Wit r A G BE TP B A LU A 2 WURISE 6 i,
A FE B veen (BB ZE A6 TT LA 43 B — B s ] 9 56 BE A
B G S freo B T LAY BT G BE A7 B 1 2K
ARG B0 A5 B CBE M B A T AL E

4 4 e

X306 3 3 BUR R GE ok U R 3R Y o
bk de e T H AR R AR B AR, R
FPD B A 4GP A8 2. 1) B i [ 5T 1 7 il 2R
B fren s 02T OES TR 5 B bR AR 8] R7AE 5
VG e o B PR R0 o A e b PEAS R s 2) Bl
AR A PEAL PREL veen » 38 28 H BRI 5 PR T [ 45 TR] R AIE
SR U AR SR A 23 () Bl A VA sh B 2 R LA
Je T A R B G 0 B0 3% ) 25 1 R S 3 8l S L TR AN
FEAS T A O AR Al X G B s AR AR S5 3R
MR, SO H R AR T i 2 2 UK RO TP 2h
BN RDCBEA, & TP % 2 H i 5 FPD &
X EG TR, S5 R R iR AE RS
Seen T DAVRE By 52 B 3840 1 B8 X6 B it [RT 4% i 1 1) 52
Wil o 285 S AF A N8 32 IR 5 wepp 1T LA R IS AN T30
I v PRI o £ RN AR IR P o A AR AR A Bl A
PO O T PR .

5 F X

1Z Wang, H R Sheikh, A C Bovik. No-reference perceptual
quality assessment of JPEG compressed images[ C]. IEEE Image
Processing International Conference, 2002, 1(1);: 477 —480.

2 S Liu, A C Bovik. Efficient DCT-domain blind measurement and
reduction of blocking artifacts[J]. IEEE Transactions on Circuits
and Systems for Video Technology, 2002, 12(12): 1139—1149.

3 Sang Qingbing, Su Yuanyuan, Li Chaofeng, et al.. No-reference
blur image quality assessment based on gradient similarity[J].
Journal of Optoelectronics  Laser, 2013, 24(3) . 573—577.
FIRIE, UNIRIE, 2. . LTRSS B 1 E S
WER B T 0], e - #0%. 2013, 24(3): 573—577.

4 C Li, A C Bovik, X Wu. Blind image quality assessment using a
general regression neural network [ J]. IEEE Transactions on
Neural Networks, 2011, 22(5): 793—799.

5 C Schmid, R Mohr, C Bauckhage. Evaluation of interest point
detectors[J]. International Journal of Computer Vision, 2000, 37
(2). 151—172.

6 E Rosten. High Performance Rigid Body Tracking [ D ].
Cambridge: University of Cambridge, 2006.

7 L H Yuan, L Fu, Y Yang, e al. Analysis of texture feature
extracted by gray level co-occurrence matrix [ J]. Journal of
Computer Applications, 2009, 29(4). 1018—1021.

8 Liu Guixi, Liu Dongmei, Liu Fengpeng, et al.. Robust image
registration algorithm based on feature points matching[J]. Acta
Optica Sinica, 2008, 28(3): 454 —55.

XS XM, XIRUMS . 45, — i et v 4 AF 5 e i 5k [T .
Ye2FeF i, 2008, 28(3): 454 —455.

9 Tang Yonghe, Lu Huanzhang. Fast local feature description
algorithm based on gray value differential invariants[ J]. Optics
and Precision Engineering, 2012, 20(2) . 447 —454.

JEAHES, . BT KR 25 43 RS ik 1 MR JR) FR AR AE i A vk
[J]. 6 W% T, 2012, 20(2); 447 —454,

10 Mi Zengzhen, Xie Zhijiang., Chen Tao, e al.. Key technology of
image enhancement and edge extraction for heavy rail[J]. Optics
and Precision Engineering, 2012, 20(7): 1645~1652.

KRG E, WAL, BR W, SF. EBURMRE IR 0 SR IO oG B
AR, o B TR, 2012, 20(7); 1645—1652.

11 Han Xizhen, Zhao Jian. Enhancement of image texture and
contrast combined with partial differential equation[ J]. Optics
and Precision Engineering, 2012, 20(6): 1382—1388.

s, B @ A5G iy R SR EUR S0 Ko L EELT ] O
2 59 TR, 2012, 20(6): 1382—1388.

12 X Xu, X Q Sun, L Shao. Simulation of laser jamming and its
influence on CCD imaging performance[ C]. SPIE, 2010, 7850:
78501 W.

13 M A Schleijpen, A Dimmeler, B Eberle, et al.. Laser dazzling of
focal plane array cameras[ C]. SPIE, 2007, 6738 673800.

14 A Dureuc, P Bourdon, O Vasseur. Laser-dazzling effects on TV-
cameras; analysis of dazzling effects and experimental parameters
weight assessment[ C]. SPIE, 2005, 6738; 67380L.

15 A Dureuc, O Vasseur, P Bourdon. Assessment of laser-dazzling
effects on TV-cameras by means of pattern recognition algorithms
[C]. SPIE, 2007, 6738 67380]J.

16 Zhang Shaodi, Sun Honghai. High precision method of long-
ranged laser spot position measurement[]J]. Chinese J Laser,
2012, 39(7): 0708003.

R PR, e P B OE O BE AL RS I vk D] ok
[H#% . 2012, 39(7): 0708003.

17 Qian Fang., Guo Jin, Sun Tao, e al.. Assessment of laser-
dazzling effects based on weighted wavelet transforms [ ] .
Chinese Journal of Liquid Crystals and Displays, 2013, 28(5):
781—1787.

BoJr. 30 B N W, S TN BOE T R BOR R
5007, WS R, 2013, 28(5) ., 781—787.
=ERE REE

1102001-9



