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Method of eliminating saturation drift error of laser fuze

Zhang Leqi, Zha Bingting, Zhang He
(ZNDY of Ministerial Key Laboratory, Nanjing University of Science and Technology, Nanjing 210094, China)

Abstract: It is discovered that the jump point of the constant fraction discrimination(CFD) method moves
forward when the laser receiver is saturated. In order to guarantee the range precision of laser fuze in
short range, an error compensation algorithm based on the echo power equation was proposed for results
correction. Firstly, based on a linear model to describe the pulse signal, the analytic expression of the
saturation drift error was derived, and the relationship between drift error and echo signal slope was
analyzed. Then, according to echo power equation, the compensation model of saturation drift error was
established, in the case of the laser incidence on a specific target with a small angle. The error
compensation expression was calibrated by experiment. Finally, a modified ranging formula was obtained.
And the error compensation effect was tested by experiment. The results show that when the signal is
saturated, the ranging deviates from the actual distance, and the deviation can be up to 1.4 m; due to the
use of error compensation method, ranging deviation can be maintained between +0.5 m. Thus, this work
can provide a theoretical reference for the design of miniaturized high precision laser proximity fuze.
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Fig.1 Diagram of laser fuze ranging principle
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Fig.3 Experimental figure of CFD

T BRI AR RS 1R 22 | 7 BEE AR A B 35X

OGN IR ZR G850 BIXF 2.3 .4 .5 m b 18 S S 45
D& 5 YK, 4R 45 20 ZHEUR o s/ s i 220 2 51 B gl i
ZE M SE M | AR AT MEA Y 1R 22 MR IR A SR T 2kl
(40 2H) 1P A AR i 45 2R

ZHAX (1), 220 M A5 5324 a=
1.1515,b=5.3020,e=114.376 2, |3 & i} 1] t, 552
PR B Ro I BRECC R N

t,=1.151 5R. +5.302 OR,+114.376 2 (13)
A2 (13) AT A5 25 M Rk AR
turw=1.151 5R, ~1.364 6R,+114.376 2 (14)

4 R T SEBREEES Ry 51 22 S I 22 1A Y
Ko g . T B SR 1 25 M T U, 12RO
LA A B A 2 AR FEIA SR, X LA 2 1 1 2 b
P Care I LS ) A by, 5 VR W €, 5 2
PR IR IR e, VS RHCRP| 325 K
T 158 2 i e 26 3 R ST B 958 25 A 1 0L 4
B, RBHEE 1, BLWIHE3A 2RI A& PR E M . KOO
AbFRTH 3] R*=0.958 4, R WIE 51l S, 132 22 Wb 2R
IR AT A SR

140

R,/m

Kl 4 2 AR IR A LA 2

Fig.4 Fitted curve of error compensation expression

RG2S 3 (13), 16 B A1t B 454 F AT S Y Ry,
I A5 2 ko oE I BEA X
Re= \/4.6062tl.3328.7056 223022 (15)
T RS EER e, TR G HLEXKT
114.376 2 ns, i SR AR5 A9 AE Ttk o (B IE S I EE 2
XA —E w1, HiE T p=0.15 i Hir ., 24k
A EHARAG IR 23 20, 75 B E AR E
WS ME T Z e a AR I B AR BE B, Ptk Rk i

1206006-4


http://www.irla.cn

oGk AR

%12 4

www.irla.cn

% 47 %

B LA A5 5ok H A Sl I 3 Yk R B Hd |, O
SR FH AR 7 15 30 D0 B 2 20T B B0 A0 A 1R 22
J5i  AEF RGMBELE R, & SO B R B R 5 H AR
LSRR 250 AR, 22 Uk DN B B S Y 1 0 25
oro H AR Fil o K FRAE FR GBS BE 1l 22 DU R
RGHHERRRE | 5 2 M R SRR E T

P 5 Sy i 22 AMEE T IS 753 2 A0 B A5 SR AT
H11 5(2) ' ARpee AR J3 1) 22715 15 22 10 2 15 i 5 75
B I B 22, UAR SRS REUEA IR A bR
SE F 0 8 235 SR A (5 O 0 L b LSRR R, R i
7 ARy IKF 1.4m; IR ZEHMEEIG , 25 AR
B E£0.5m LI, B 5(b) T o on KRR
ML R R AR B BE 3 J7 22, B IEJR Y op ANl
id 0.55 m, % B EE A7 1 S R B YR %2 | IR 22 A
T3P B E S PR EAT B By, e TR
R RV 0 P R G A P P TR, SOPRE T B R e

RYRRETE o
14
“¥AR,,
L2F e AR
Lo

(b)

Ry/m
P61 5 15 22 AMEE I I R 45 2R X L ]
Fig.5 Ranging comparison between before and after error

compensation
5 & it

SCrP AR 22 AR 1T 5, S E HE Ik 1

FHEERS R ZEAMARIRL SR 2 WU & b E 1R 25
Mz 2, A5 38000 e N P 55 52 o B 08 R R OG AR,
TR R RT R o  l ad S R I {R
5 R R SO0 B 3 O 8 LGB, e KMl 22 0K
1.4 m; R HRZEEETITIEIG , 22 P 7E+0.5 m LA
W, TR 277 22 AN it 0.56 m %07 kR HE IE AR
SN T RS A IR R 22 ROR KAy, HUR AR Ik
A LU by o 7% A 2 R HE L E I35 i OE 515
b, BEAR Gy b fige DRA - AL RIS F 00 SRS 8 1) A

SEH .

[1] Chen Huimin, Jia Xiaodong, Cai Kerong. The Technology of
Laser Fuze [M]. Beijing: National Defence Industry Press,
2016: 139. (in Chinese)

[2] An Haixia, Deng Kun, Bi Zhiyue. Miniaturization and
lightweight technology of high-power laser equipment [J].
Chinese Optics, 2017, 10(3): 321-330. (in Chinese)

[3] Zhang Liming, Zhang Yi, Zhao Xin. Study on flight time
measurement laser ranging sensor based on TDC [J].
Transducer and Microsystem Technologies, 2011, 30 (12):
71-74. (in Chinese)

[4] Wang Shuai, Sun Huayan, Guo Huichao. Error analysis of
time discrimination module based on Simulink [J]. Laser &
Infrared, 2017, 47(2): 137-143. (in Chinese)

[5] Dai Qin, Geng Yue, Li Yeqiu, et al. High-precision
measurement technology of laser pulse flight time based on
TDC-GP21 [J]. Infrared and Laser Engineering, 2013, 42
(7): 1706-1709. (in Chinese)

[6] Wang Heqi, Meng Fanjiang, Guo Lihong, et al. High
precision data acquisition of control system for high-power
TEA CO, laser based on DSP [J]. Chinese Optics, 2011, 4
(4): 411-417. (in Chinese)

[7]1 Chen Xiangcheng. Research on echo processing methods and
system of pulsed laser radar[D]. Hefei: University of Science
and Technology of China, 2015. (in Chinese)

[8] Guo Ying, Chen Yi, Huang Genghua, et al. Method of
automatic gain control used in high precision pulse laser
range finder[J]. Laser & Infrared, 2010, 40(4): 345-348.
(in Chinese)

[9] Chen Ruigiang, Jiang Yuesong, Pei Zhao. High frequency
and high accuracy laser ranging system based on double
thresholds leading-edge timing discrimination[J]. Acta Optica

Sinica, 2013, 33(9): 1-8. (in Chinese)

1206006-5


http://www.irla.cn

oGk AR

%124 www.irla.cn % 47 %
. [10] Xu Zhengping, Shen Honghai, Yao Yuan, et al. Scannerless [12] Zhang Xiangjin, Shen Na, Hu Xin, et al. Scattering
laser active imaging validating system by directly ranging[J]. properties of target surface in the laser short-range detection
Optics and Precision Engineering, 2016, 24(2): 251-259. [J]. Infrared and Laser Engineering, 2017, 46(7): 0706003.
(in Chinese) (in Chinese)
[11] Yao Pingping, Tu Bihai, Wang Xiangjing, et al. Design and [13] Chen Huimin, Liu Xinyang. Backscattering polarization

application of high-precision threshold circuit for laser
proximity fuze [J]. Infrared and Laser Engineering, 2014,

43(4): 1156-1161. (in Chinese)

1206006-6

characteristics of pulsed laser fuze with coaxial optical
system in water fog [J]. Optics and Precision Engineering,

2015, 23(3): 626-631. (in Chinese)


http://www.irla.cn

