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Research on laser shadow photography system
SHI Yuanyuan, FENG Bin, ZHANG Wenbo, XU Lei, YANG Manman
(School of Optoelectronic Engineering, Xi’an Technological University, Xi’an 710032, China)

Abstract: Aiming at the problems of low energy utilization and environmental sensitivity of passive light
source adopted in high-speed projectile flight parameter measurement system, a combined active laser shadow
photography system was studied. Based on the theoretical analysis of the system, the space position model and
two velocity measurement models of high-speed projectile were established. The experimental platform of
laser shadow photography system was built and the rationality of the system design was tested. The test results
show that the both models can measure the flight speed of projectile, and the comparison error between the two
methods is small.The mean square deviation of the projectile space position in X-axis is 0.795 mm and that in
Z-axis is 0.496 mm. Compared with the results of paper target, the deviation degree is within 1 mm, and the
system can measure the flight parameters of the projectile.
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Fig. 1 Block diagram of laser shadow photography system
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Fig.2 Working principle of laser shadow photography

system
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Fig.3 Relation diagram of projectile spatial position
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Fig. 4 Schematic diagram of velocity measurement on light

screen target
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Fig. 5 Projectile shadow image
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Fig. 6 Diagram of system test
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Fig. 7 Target recognition results of projectile flight velocity
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Table1 Comparisons of projectile flight velocity data

P Ak (m/s) F7:2/(m/s) RIEAVY (m/s)
1 80.5 80.1 0.4
2 83.2 82.7 0.5
3 87.5 87.2 0.3
4 84.7 84.4 0.3
5 86.3 86.1 0.2
6 82.5 81.9 0.6
7 83.9 83.6 0.3
8 85.1 84.6 0.5
9 84.2 83.8 0.4
10 86.2 85.9 0.3
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Fig. 8 Target recognition results of projectile spatial

position
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Table 2 Comparison of projectile spatial position results

i W AL R/ mm ABARAL AR/ mm 1RZE|A/mm
1 (840.3,261.4,491.6)  (843.2,500,4889) (2.9,2.7)
2 (802.8,260.1,543.5)  (805.1,500,545.1)  (2.3,1.6)
3 (810.6,267.5,549.4)  (807.9,500,551.4)  (2.7,2.0)
4 (705.2,265.4,4253)  (708.4,500,423.8) (32,1.5)
5 (767.1,270.3,500.2)  (765.5,500,501.6) (1.6, 1.4)
6 (732.7,268.4,353.7)  (730.3,500,354.6) (2.4,0.9)
7 (723.9,265.1,185.1)  (727.0,500,186.9)  (3.1,1.8)
g  (718.8,254.3,256.3)  (722.2,500,257.5) (3.4,1.2)
9 (743.4,269.3,279.1)  (740.9,500,278.1)  (2.5,1.0)
10 (703.2,266.7,434.7)  (703.8,500,436.3) (0.6, 1.6)




. 286 - o]

A E 2

M1 AT, I SO B 5% RO R 1 0 3y
PRERE ST BT RAT AL AN, L AL A I
X IR 22BN . ARG IR BEAH 2R 40 ) TR AT
AR, 4R TH 5 Y=500 mm 4 [ E A, Bt
FE & 2 WA XA Z Bl 1) 3R 25 AT A BT o
PN 2 I BICHE T TSR AL 2 TR) A 8 1 O B 1 25 I K
At 3.5 mme 7E X H 5 B9 77 254 0.795 mm;
TE Z 5l 5 W 205 258 0.496 mm., #4724 AN i
1 mm, 8 BH R FH % 2 G0 i D 2 (5 B (R 400 i
(B B 3230, E— 2 E W% R S8 RE A% T X 3 AL
AL SR

5 Z5ip

ARSCHFGE T H T DU 5 LIE 3 S 80 B0 F
LIRS, ARG HBOGH . 53 HF% CCD
Bl S350 . ARG A SE R . ARHE R G T AR R
B, AN T LS (R 7 EARAR 2 A AR A, 7
PRI HEA [, 5 A 4 8 e i T AN RG]
Frvmak s E S FEAL 10 YA X F R B, o R
FZKRMWZE N 3.4 mm. 7€ X FIF Z 3807 28
AT 1 mm, 3R 25 0 O 2R EE AR IR TEM] TR
g ] LA ve i w3l XOC IR AF R B9 6 B XE RS L O IR
ANEAT ), SE BN IR AT S B T &

&E 30k
[1] SUN Qiangfei. Research on the measurement method of
projectile motion posture parameters based on high-speed
imaging technology [D]. Nanjing: Nanjing University of
Technology, 2018.
PR BT g AR B R B SRALIS B S B
LW (D], Bt B ATH TR, 2018,
[2] HUA Daozhu. Research on large area high speed nonlin-
ear optical microscopic imaging technology and its applic-
ation[D]. Wuhan: Huazhong University of Science and
Technology, 2012.
HETE AL, T RR g AR 2 D' (i BOR B AR L K i
FpEsE (D], R ArhRHE K2, 2012,
[3] ZHU Yunchao. Research on laser target recognition tech-
nology[D]. Xi'an: Xi'an University of Technology, 2016.
Rzl WOC A B AR B BORTFSY [D]. P44 7Y
LTk RAE, 2016.
[4] YEGOROV A D, YEGOROV V A, YEGOROV S A. Dy-

namic range of CCD photosensors for atomic-emission

[5]

[6]

(7]

[8]

[9]

[10]

[11]

[12]

analyzers[J]. Journal of Applied Spectroscopy, 2019,
86(3): 443-448.

GUO Qiang, WANG Yuxi, CHEN Hongwei, et al. The
principle and application of high speed single pixel ima-
ging technology[J]. Frontiers of Information Technology
& Electronic Engineering, 2017, 18(9): 1261-1268.

DU Huimin, GU Wenning, ZHANG Xia. Efficient imple-
mentation of deep learning classification algorithm based
on FPGA[J].
40(12): 3425-3430.

FEEA, JWSCT, 9. FETFPGAMIRIE %3] i 28k
R AL L] T RAL TR 50T, 2019, 40(12): 3425-
3430.

REN S, GIRSHICK R, GIRSHICK R, et al. Faster R-

Computer Engineering&Design, 2019,

CNN: towards real-time object detection with region pro-
posal networks[J]. IEEE Transactions on Pattern Analys-
is & Machine Intelligence, 2017, 39(6): 1137-1149.
AKSHATA K, JOEL V, SARA S, et al. Precision charac-
terization of the TESS CCD detectors: quantum effi-
ciency, charge blooming and undershoot effects[J]. Acta
Astronautica, 2019, 160: 46-55.

KOZLITIN I A. The restoration of input parameters of an
exterior ballistic solution by the results of body move-
ment trajectory measurement[J]. Mathematical Models
and Computer Simulations, 2018, 10(2): 226-236.

SUN Zhenya. Research on key technologies of high integ-
ration modular CCD imaging system[D]. Changchun:
University of Chinese Academy of Sciences (Changchun
Institute of Optical Precision Machinery and Physics,
Chinese Academy of Sciences), 2019.

VIR L. 7 B 0 B S B Ak CCD AR 3R 45 56 S 4 R
FE[D]. K rpEREBE R A (P R EB KR FOL A
FHUIL S PIERBE T ), 2019.

AMORESE A, LANGINI C, DELLEA G, et al. En-
hanced spatial resolution of commercial soft X-ray CCD
detectors by single-photon centroid reconstruction[J].
Nuclear Inst. and Methods in Physics Research A, 2019,
935:227-231.

YANG Dongxu. Research on ASIC technology in high-
speed data transmission system and scientific-level CCD
imaging system[D]. Hefei: China University of Science
and Technology, 2018.

W AR . % TG I H B AR A vy IR A R ST 5 R
FHPCCDRE ARG T INIIFE [D]. S hERAHAR
K7, 2018.


https://doi.org/10.1007/s10812-019-00839-9
https://doi.org/10.1016/j.actaastro.2019.04.016
https://doi.org/10.1016/j.actaastro.2019.04.016
https://doi.org/10.1134/S2070048218020072
https://doi.org/10.1134/S2070048218020072
https://doi.org/10.1016/j.nima.2019.02.044
https://doi.org/10.1007/s10812-019-00839-9
https://doi.org/10.1016/j.actaastro.2019.04.016
https://doi.org/10.1016/j.actaastro.2019.04.016
https://doi.org/10.1134/S2070048218020072
https://doi.org/10.1134/S2070048218020072
https://doi.org/10.1016/j.nima.2019.02.044

NG 2020,41(2)  HI7G, & 3T OGRS « 287 o

[13]

[14]

LIU Shenggang. Development of image acquisition sys-
tem for high-speed sequences laser shadow imaging sys-
tem[D]. Chengdu: University of Electronic Science and
Technology, 2016.

XN 35 38\ 7 5O I 52 MU AR R R R G
TP [D]. #R: L TRHRE, 2016.

ZHOU D, LUO Z, FANG M, et al. Numerical calculation

of particle movement in sound wave fields and experi-

mental verification through high-speed photography[J].
Applied Energy, 2017, 185: 2245-2250.

[15] ZHANG Yi. Design and implementation of a universal
test system for scientific-level CCD controllers[D]. He-
fei: China University of Science and Technology, 2019.
k3. Bl S CCDEA il s Y38 FH I R e ry Bt
HEIID]. At ER AR KA, 2019.


https://doi.org/10.1016/j.apenergy.2016.02.006
https://doi.org/10.1016/j.apenergy.2016.02.006
https://doi.org/10.1016/j.apenergy.2016.02.006
https://doi.org/10.1016/j.apenergy.2016.02.006

