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Abstract: Although the current laser active detection system used to find "cat-eye" target has large transmitting
power and long detection distance, it generally has the disadvantages of high quality and poor flexibility. In order to
enhance flexibility, reduce operational response time and ensure that the target can be destroyed as soon as it is
found, a low-power active "cat-eye" detection system can be integrated in the intelligent sight to complement the
existing system. Because the intelligent sight is integrated with a small laser rangefinder and CMOS image sensor,
according to its hardware characteristics, this paper designs an anti-interference "cat-eye" target detection method,
which uses low-power laser to emit pseudo-random coded laser pulse sequence, CMOS sensor to synchronously
collect data, and extract target information through correlation operation, and carries out theoretical analysis and
experimental verification. The experimental results show that the method has strong stability and anti-interference
ability, and can make the intelligent sight find "cat-eye" target in complex background.
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Fig. 1 Schematic diagram of active laser detection system
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Fig. 2 SLD-400 sniper detection system
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Fig. 3 Flow chart of "cat-eye" target detection
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Fig. 4 n-stage M-sequence generator
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Fig. 5 M-sequence and its self-correlation sequence
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Fig. 6 Principle of fast detection algorithm
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210115-9



JEH TH#E, 2021, 48(9): 210115 https://doi.org/10.12086/0ee.2021.210115

i 5‘8; “““H ‘ ik i
S ”’W oo zoo M| wnHNZMW@MJIWHWJ%

B11 Z2AHTEE, (@) ALGHELELER; (b) TRy ELHEER
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Fig. 12 Contrast experiment at roadside in rain. (a) Passive image; (b) Active image; (c) Target position detected by paper method;

(d) Gray image processed by paper method; (e) Gray image after treatment with contrast method;
(f) The processing results of paper method; (g) Treatment results of contrast method
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Fig. 13 contrast experiment at building front in rain. (a) Passive image; (b) Active image;
(c) Target position detected by paper method; (d) Gray image processed by paper method;

(e) Gray image after treatment with contrast method;
(f) The processing results of paper method; (g) Treatment results of contrast method
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Fig. 14 Outdoor contrast experiment on sunny day. (a) Passive image; (b) Active image; (c) Target position
detected by paper method; (d) The processing results of paper method; (e) Treatment results of contrast method
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Fig. 15 Target detection image of intelligent sight. (a) Passive image; (b) Active image; (c) Target position;
(d) Target photo; (e) Processing results of paper method; (f) Shape of the light reflected by the target

R, M BRSO AR RIUE MBI AR R R AT T —F R BARRBIT .
&, TR AR AR ., ASE SR T RO E S AR AL 7ESTIR R
], 7 R 2 FIA S IR E AR . T SISO S R R G A S A, T
ARSI IR EARERI, RN EL- 4 DR B, SRR 22 55 1 7 2559
PR TR T, A SCHGHE T 24007, 1R

= v M A ERISERE R, M RIS ISOE, 4

ARSCEX RO A R A IR AETE ORIk I RIEHG ST A A EE 4 RR (S
FREOR . SRIRALAREHOPAT, JETE M b T A S S B LR 22 4

210115-13



St THE, 2021, 48(9): 210115

https://doi.org/10.12086/0ee.2021.210115

i NVEAL, FEAR B FE I T PR BCHERR Y

FENINEIAIR KR, A SO LR AR R

JCAR SR A RN R “AHR” Fbs o AHEESCHER[10]
HER IR I, A SO A T R e MR
fEST, PRBEIEN PR

S2Z 3Rk

(1]

[2]

[3]

[4]

[8]

[6]

[7]

Sun HY, Xiong F, Gu S L. Ranging performance of active laser
detection[J]. Proc SPIE, 2006, 6344: 63442P.

Liu M H, Chen Q S, Li X Y, et al. Comparative study on the
numeric models of “Cat’s eye” echo power[J]. Laser J, 2017,
38(6): 12-15.

X BAAE, FhAL, ek, & RIREK ) R A AR iR
BrJ]. #okde &, 2017, 38(6): 12-15.

Gu S L, Sun HY, Zhang Y J, et al. Laser active detection of
aerial target[J]. Laser Infrar, 2005, 35(7): 476—478.

BAAR, FMEE, RORSE, LR W EATOBOLZHIER]. #L
5414h, 2005, 35(7): 476-478.

Zeng L C. The study on echo’s detection probability of photoe-
lectric systems based on cat’s eye effect[D]. Chengdu: Institute
of Optics and Electronics, Chinese Academy of Sciences, 2014.
G TR IREOT 4 6 B G E IR AR R [D). AR
b B A AR A R (L AR B R FT), 2014,

Zhao Y Z, Sun HY, Song F H, et al. Research and prospect of
cat-eye effect used for active laser detection technique[J]. Laser
Optoelectron Prog, 2010, 47(10): 38—-47.

AIEAR, TR RFA, F MARSUL R O £ IR AR
B IR S K RARY]. kb ke FFE#E, 2010, 47(10):
38-47.

Han L. The study of target recognition based on pulsed laser[D].
Beijing: Beijing Institute of Technology, 2015.

4. KT HOFHE B AFRAFEAMZ[D]. 7 A REIX
%, 2015.

Yang G, An B L, Xue J S, et al. Sniper detector based on cat eye
effect[J]. J App/ Opt, 2010, 31(5): 860—863.

MK, ZEMR, EEA, F.OATORIREUL L E T B AR ML
[J]. A &%, 2010, 31(5): 860-863.

[10]

(M

[12]

[13]

[14]

(18]

[16]

(17]

210115-14

Zhou B, Liu B Q, Zhang Y, et al. Experimental study of detecting
“Cat-eye” target based on CCD[J]. Opto-Electron Eng, 2011,
38(11): 35-39.

JK, X\ FEH, ki, . AR CCD FI IR B AR 69 5 3o 5F
7] w42, 2011, 38(11): 35-39.

Dang E S, Li L. Laser detection cat-eye effect target recognition
algorithm[J]. Aeronaut Sci Technol, 2011, 6: 59-62.

o=, AW, SRR IR B AFIRA) Bk U] AT A
X, 2011, 6: 59-62.

Wang Z K, Zhu J G, Jiang C H, et al. “Cat's Eye” target quickly
recognition algorithm research in dynamic environment[J].
Comput Simulat, 2020, 37(8): 414—418.

IEEEE, AR, MR, F. AT T WK B ARtk 5 5
EAFRJ). AU A, 2020, 37(8): 414—418.

Li X D, Mi J J, Ru Z B, et al. Cat's-eye effect based on active
laser detection[J]. J App! Opt, 2014, 35(2): 342—-347.

Fak, REE, m&K, F. AT SN 69" 5 IR AF
R[] B K, 2014, 35(2): 342-347.

Zhao X J, Gao ZY, Zhang Y Y. Technique of active laser recon-
naissance and the applications in the military[J]. Opt Techniq,
2003, 29(4): 415-417.

R, SHA, KRFEL. K TFTRWRBOLGHAMBHR AL E
EF ey A RFHK, 2003, 29(4): 415-417.

Lecocq C, Deshors G, Lado-bordowsky O, et al. Sight Laser
Detection Modeling[J]. Proc of SPIE, 2003, 5086(1): 280-286.
Wan Z X. Algebra and Coding[M]. 3rd ed. Beijing: Higher Edu-
cation Press, 2007.

T R&EAmAIM]. 3 M. b7 HFKF HIRGL, 2007,
Rosten E, Drummond T. Machine learning for high-speed corner
detection[C]//Proceedings of the 9th European conference on
Computer Vision - Volume Part |, Graz, Austria, 2006: 430—-443.
Laganiere R. OpenCV Computer Vision Application Program-
ming Cookbook[M]. Xiang Y C, trans. Beijing: Posts & Telecom
Press, 2015: 169-180.

Laganiere R. OpenCV AL 442 5ok [M]. Aa4k4n, 5. b
W ARSEE R, 2015: 169-180.

Lucas B D, Kanade T. An iterative image registration technique
with an application to stereo vision[Cl//Proceedings of the 7th
International Joint Conference on Atrtificial Intelligence, Van-
couver, BC, Canada, 1981, 2: 674-679.



JtEL T#E, 2021, 48(9): 210115 https://doi.org/10.12086/0ee.2021.210115

An anti-interfering "cat-eye" target detection
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Bai Xingbin, Zhang Zhuo, Zhang Zhenyu, Fan Dapeng"

College of Intelligence Science and Technology, National University of Defense Technology, Changsha, Hunan 410073, China

Laser transmitter

/
—

Target

Laser detector

Schematic diagram of active laser detection system

Overview: According to the principle of the "cat-eye" effect in the optical system, the optical equipment can be accu-
rately located by emitting a laser beam to the target area and detecting the echo. According to this principle, a laser active
detection system for reflective investigation can be designed. France and other countries have developed military equip-
ment, which show good performance in use. Although the existing laser active detection system has the advantages of
high transmitting power, long detection distance, and high positioning accuracy, it also has the disadvantages of high
quality and poor flexibility. Therefore, it takes a long time from finding the target to hitting the target, and it is easy to
lose the chance of hitting the target. In order to enhance the flexibility of the "cat-eye" target active detection system and
reduce the time from finding target to attacking the target, the active detection system can be integrated into intelligent
sight to detect the "cat-eye" target in a short distance quickly, which complements the existing laser active detection sys-
tem.

At present, image processing technology has made rapid progress, and there has been a lot of research on "cat-eye"
target active detection technology based on image processing. The intelligent sight is integrated with a CMOS image
sensor and a laser transmitter. It has the structure of laser active detection system, so it can be used for laser active detec-
tion, but the power of the laser transmitter on the intelligent sight is so low that the detection distance is short and the
anti-interference ability is weak. In order to enhance the target signal, eliminate the background noise, and achieve the
effect of anti-interference, this paper uses M-sequence coding and its correlation processing method, which are widely
used in signal processing. To make the laser emit M-sequence coded laser pulse, the CMOS sensor is utilized to collect
image data synchronously and the "cat-eye" target information is extracted through correlation processing.

Due to the need to maintain the relative stability of the intelligent sight by human operation during the aiming process,
the spatial direction of the image sensor will change slightly during the whole aiming process, which will eventually lead
to the slight displacement between the frames of the image in the process of image acquisition.

In order to overcome the small displacement between adjacent frames in the image acquisition procedure and reduce
the noise in the image difference process ,the feature points in the collected multi-frame images are detected. The Lucas
Kanade feature tracker method is used to track the feature points in the image. The inter-frame displacement of the im-
age is analyzed, and the image registration operation is carried out according to the inter-frame displacement.

Theoretical analysis shows that compared with the traditional image difference method, the proposed method has a
significant enhancement effect on the "cat's eye" target signal and a stronger ability to suppress the background noise.
The test results of the "cat-eye" target in the indoor environment and the outdoor environment with different weather
conditions also show that the proposed method has strong stability and anti-interference ability and can recognize the
"cat-eye" target in complex environment background.

Bai X B, Zhang Z, Zhang Z Y, et al. An anti-interfering "cat-eye" target detection method based on intelligent sight[J].
Opto-Electron Eng, 2021, 48(9): 210115; DOI: 10.12086/0ee.2021.210115
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