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Innovation Center of Shanxi Provincial for Intelligent Microwave Photoelectric, Taiyuan 030051, China;

3. School of Instrument and Electronics, North University of China, Taiyuan 030051, China)
Abstract: In order to improve the positioning accuracy of the reference position in the grating diffraction laser
warning system, a spot center approximation method based on the minimum grayscale difference of indexed
ring was proposed. According to the given initial coordinates of the spot center, a 3x3 center coordinate matrix
was generated. The Lagrange interpolation was used to calculate the grayscale values of points on the indexed
ring centered at the center coordinate matrix. The center coordinate with the minimum grayscale difference on
the indexed ring, which represented the true coordinates of the spot center, was approximated using a binary

search method. In the accuracy comparative experiment, the proposed algorithm showed average errors of
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0.001 3 pixels in the x-direction and 0.001 1 pixels in the y-direction across three sets of ideal spot model

samples. In the stability comparative experiment, the proposed algorithm exhibited average standard deviations

of 0.165 3 pixels in the x-direction and 0.186 0 pixels in the y-direction across three sets of actual spot image

samples. The spot center approximation method based on the minimum grayscale difference of indexed ring

has obtained the lowest average error or standard deviation in two comparative experiments, respectively,

which demonstrates higher accuracy and better stability, thereby improving the positioning accuracy of the

reference position in the laser warning system, and provides a new solution for spot center positioning

algorithms.

Key words: spot modeling; Lagrange interpolation; center localization; approximation method; laser warning
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Table 1 Average errors of calculation results for each group of samples under different algorithms pixel
Sample Grayscale centroid Circle fitting Hough transform Gaussian fitting MGDIR
A Tx 0.0013 0.0157 0.0683 0.0058 0.0010
My 0.0011 0.0145 0.0650 0.0048 0.0009
B Mx 0.0023 0.0179 0.0702 0.0063 0.0013
my 0.0028 0.0210 0.0944 0.008 1 0.0015
C Tx 0.0030 0.0249 0.0922 0.0078 0.0016
ny 0.0013 0.0142 0.0560 0.0054 0.0010
Mean x 0.0022 0.0195 0.0769 0.006 6 0.0013
iy 0.0017 0.0166 0.0718 0.006 1 0.0011
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Fig. 9 Original spot image and its energy distribution
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Fig. 10 Processed spot image and its energy distribution
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Table 2 Standard deviation of calculation results for each group of samples under different algorithms pixel
Sample Grayscale centroid Circle fitting Hough transform Gaussian fitting MGDIR
A [ 0.1732 0.9012 0.6009 3.1902 0.1438
Ty 0.4284 1.9142 0.4007 2.8300 0.0883
B [ 0.2280 1.4130 0.5451 0.9304 0.2099
Ty 0.2926 1.7706 0.4476 4.2623 0.2228
C Ox 0.9059 1.7877 0.4633 4.4890 0.1421
Ty 1.3137 2.6240 0.5496 3.2876 0.2468
Mean Ty 0.4537 1.3673 0.5364 2.8699 0.1653
ay 0.6782 2.1029 0.4660 3.4600 0.1860




.« 630 - o]

ERESE KR!

4 it

R T O R GRS 1 E
R RE, T — Bl 3 T R R PR K B 25 (8 e /M
SEBE O ST R . R G EE K B EGOE R 3
ST ARG PR R B3 20 30, AR SC TR Rk
(4 D B U5 B 55 0 L SE SR B8 TRl . A T LAY
P R v A, A3 R B B | UL
B BB R AR DL R s WA ke i AR AR
FSE PR PR A SE 6 UEAT X B A 3 T () B AR
(4 3 2% LS8 Hh I BIRAE x 7 1 Ay O 1) A9 SF
PR 2253040 R 0.0013 R ZE H10.001 1 8% . #EHk
TS BROCHE R A By 3 % HSe g rh, x 5 Ay O
[ 4 SF- 2445 o 22 43 90 4 0.1653 15 1 0.1860 1%
Fo M T H A 2, AR SO A B B A
(A - $5 15 2 B o 25, 28 B0 K O R 1 ORG BE R B o
ME R, At m THOLE BRGS0 E
ORIV Vi A A N 7 3 e 11 IR A
I P 2 2 07 1) AS o 0 10 S B0 O 22, Ry 6B R
U AL SR AR AL TR 00 A e SRR, BT Y
FHRT . T 248 R, S BRARSR f vkak ARY
ipIE], A SCACR FH T 3x3 Wb A ARSE R . RHE £
1) v A8 B R R 0 B 2 AR — R T T
[, AF X AT B F BRAR S VL B AR 3 e AL i T g, DA
M4 E FE G, 70—, i T &5 B K
BT R e, B W R KA
[ o 3 e SR FH HAt O 3 R Bk I I R R 5 1 R
IR AR | SR FH At T e A 1 T S R
[ A JC 3 25 (L, o At B A R0 i ok, K
B T v Rk (K B AN S i

&% k-

C1] Jukal, A, TR, 45, B REOLS B 8 N 7
K5 & RS0 #5515, 2022, 43(4): 51-56.
ZHOU Bingjie, WANG Yongzhi, ZHANG Dagqing, et al.
Application requirement and development trend of space-
borne laser warning payloads[J]. Guidance & Fuze, 2022,
43(4): 51-56.

(2] sk, HEHM, A4, 5. SO6SE SBOEE SR
FE LI Ot 57T, 2023, 43(8): 2581-2587.
ZHANG Rui, YANG Xuemei, SHI Jin, et al. Research on
broadband spectrum multi-parameter laser warning detec-
tion technology [J]. Spectroscopy and Spectral Analysis,
2023, 43(8): 2581-2587.

(3] RB ks S8k B 2 8 G CR AR BB b #EAF
FE[D]. KI5 vhdbRa:, 2022,

WU Qiong. Research on high precision and wide band
laser warning image acquisition and data processing [D].
Taiyuan: North University of China, 2022.

(4] Z=me, okE:, Lok, % “HEOEE®h¥ R 5&
). U5 SO TR, 2015, 44(6): 1806-1810.

LI Xiao, ZHANG Rui, WANG Zhibin, et al. Design of
two-dimensional laser warning optical system[J]. In-
frared and Laser Engineering, 2015, 44(6): 1806-1810.

(5] SRBy, ikEG, A4, 55 Mol A SEBlOL S E 25

RS 0] DB, 2022, 43(1): 111-118.
WU Qiong, ZHANG Rui, SHI Jin, et al. Calculation al-
gorithm of high-precision two-dimensional broadband
laser warning parameters[J]. Journal of Applied Optics,
2022,43(1): 111-118.

[6] HwmEE, XDUR, sk, 5. 5T KEAEREIHOL R
e DRI IE L] HOEHAR, 2020, 44(2): 190-195.
HUANG Lingfeng, LIU Guangdong, ZHANG Chao, et al.
Laser stripe center extraction algorithm based on gray
weight model[J]. Laser Technology, 2020, 44(2): 190-
195.

[7] B KEIMEFHIE T FSO REHOGEE A O (7 Bk
WFFE D], =M PEALImE K, 2023.

WU Di. Research on spot center location algorithm in
FSO system under atmospheric turbulent environment
[D]. Lanzhou: Northwest Normal University, 2023.

(8] Wumd:, B4, $avdE, 5. Mo LBE O e

iFgE St (7). OGS 5, 2017, 24(4): 58-61.
CAO Yuanjia, WEI Guangjun, GUO Xiwei, et al. On
laser spot center localization methods and the improve-
ment[J]. Electronics Optics & Control, 2017, 24(4): 58-
61.

(9] ZRF, EWIG, WA, % T il & i E S0
B AT (D). OB S 2041, 2022, 52(3): 422-426.
LI Tianyu, WANG Mingquan, HAO Lihua, et al. Signal
flare spot center location method based on gaussian fit-
ting[J]. Laser & Infrared, 2022, 52(3): 422-426.

[ 10 ] LIANG X, ZENG J, GUO X, et al. Optimization of laser
spot center detection based on laser triangulation[J].
SPIE, 2023, 12747: 192-198.

L1 ] BAES, AT, SO, WOLGHE b ok BE S8 LA
FrEpTE L], WOt S5O Tt i, 2021, 58(14): 362-
367.

JIANG lJiawen, KANG Jichu, WU Bin. High precision


https://doi.org/10.3969/j.issn.1671-0576.2022.04.009
https://doi.org/10.3969/j.issn.1671-0576.2022.04.009
https://doi.org/10.3969/j.issn.1007-2276.2015.06.023
https://doi.org/10.3969/j.issn.1007-2276.2015.06.023
https://doi.org/10.3969/j.issn.1007-2276.2015.06.023
https://doi.org/10.5768/JAO202243.0107001
https://doi.org/10.5768/JAO202243.0107001
https://doi.org/10.7510/jgjs.issn.1001-3806.2020.02.009
https://doi.org/10.7510/jgjs.issn.1001-3806.2020.02.009
https://doi.org/10.3969/j.issn.1671-637X.2017.04.014
https://doi.org/10.3969/j.issn.1671-637X.2017.04.014
https://doi.org/10.3969/j.issn.1001-5078.2022.03.018
https://doi.org/10.3969/j.issn.1001-5078.2022.03.018

NG 2025, 46(3)

EWAL, 2 RG] BFR KR 25 (8 B/ N SEHE Hh L a3 vk .

631 -

[12]

[13]

[14]

[15]

[16]

[17]

positioning and compensation algorithm for laser spot
center[J]. Laser & Optoelectronics Progress, 2021,
58(14): 362-367.

KRSTINIC D, SKELIN K A , MILATIC 1. Laser spot
tracking based on modified circular Hough transform and
motion pattern analysis[J]. Sensors, 2014, 14(11): 20112-
20133.

VUG FH, AR ST, eI, 5. R E LA U ot LB
H U G AL D). R E S LR, 2023(24): 13-
20.

XU Haixiang, REN Lixin, WU Fengqi, et al. Laser spot
center identification and positioning algorithm for crane
track measurement[J]. Hoisting and Conveying Ma-
chinery, 2023(24): 13-20.

T, SR, TRALAT, SF. R RO B SRR IR
LI RG24, 2023, 44(6): 1258-1264.

ZHANG Zixuan, ZHANG Rui, ZHANG Zhuogqi, et al.
High-precision parameter extraction algorithm of laser
alarm[J]. Journal of Applied Optics, 2023, 44(6): 1258-
1264.

ST, BUER, 227K, S JB.OIRE AL T BB A5 (8]
T M B A R R 4 (U], 4040 S O TR, 2023,
52(3):259-271.

Al Shuangzhe, DUAN Fajie, LI Jie, et al. Long and nar-
row trajectory measurement system based on centroid
matching optimization in close-up scenes[J]. Infrared and
Laser Engineering, 2023, 52(3): 259-271.

XIRM, ERIF, Sk, 45 25 [EDGE LR O PR 1L
BP #fi 2 R4 5E £ 751 (1] wh O, 2024, 17:198-205.
LIU Tianci, DONG Keyan, ZHANG Bo, et al. A grid
based BP neural network localization method for space
optical communication spot center[J]. Chinese Journal of
Lasers, 2024, 17: 198-205.

EHME . B TR 2 T BRSO AR RO BE SO s

[18]

[19]

[20]

[21]

[22]

BT KB (D], WG R MR Tk K2, 2020.
CAO Yubin. Deep learning based prediction and analysis
for light fields propagating through atmosphere and optic-
al image centroid position [D]. Harbin: Harbin Institute
of Technology, 2020.

SRR, BRALAL, A0k %, . BlA R SE R BP M&
P 28% (4 G BRE SE (32 7 3% DD R DRy, 2023, 16(2): 407-
414.

ZHANG lJingyuan, CHEN Beibei, YANG Yongxing, et
al. A positioning algorithm for laser spot center based on
bp neural network and genetic algorithm [J]. Chinese Op-
tics, 2023, 16(2): 407-414.

LIN C S, HUANG Y C, CHEN S H, et al. The applica-
tion of deep learning and image processing technology in
laser positioning [J]. Applied Sciences, 2018, 8(9): 1542.
BT, e, T, . RS R RE S E AR
PR 2 B T8 9 ) A I G 2 5 i (D). D6 AR, 2024,
51(3): 130-143.

CAI Huaiyu, YANG Chaoqgian, CUI Ziyang. Image-
guided and point cloud space-constrained method for de-
tection and localization of abandoned objects on the
road[J]. OE Journal, 2024, 51(3): 130-143.

FEFR IR T OCHE RS O RE fk 4% BE 23 A I L
AID]. KA REMT R, 2013.

WANG lJiale. Measurement technology of energy density
distribution based on spot image [D]. Changchun:
Changchun University of Science and Technology, 2013.
WRAN, Bk, S50, 48 OB LR i B E LR
WF7E 0], ALt TR 27441E, 2016, 36(2): 181-185.
CHEN He, YANG Zhihao, GUO Pan, et al. Research of
the high precision laser spot center location algorithm[J].
Transactions of Beijing Institute of Technology, 2016,
36(2): 181-185.


https://doi.org/10.3969/j.issn.1001-0785.2023.24.007
https://doi.org/10.3969/j.issn.1001-0785.2023.24.007
https://doi.org/10.3969/j.issn.1001-0785.2023.24.007
https://doi.org/10.3969/j.issn.1001-0785.2023.24.007
https://doi.org/10.37188/CO.2022-0084
https://doi.org/10.37188/CO.2022-0084
https://doi.org/10.37188/CO.2022-0084
https://doi.org/10.37188/CO.2022-0084
https://doi.org/10.3390/app8091542

	引言
	1 光斑图像建模
	2 索引圆环灰度差值最小的激光光斑中心逼近法
	3 对比实验
	3.1 基于理想光斑模型的仿真对比实验
	3.2 基于实际光斑的对比实验

	4 结论
	参考文献

