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Research on 3D Coordinate Measurement Method of Explosion
Points based on PSD Sensors

NING Wei, CHU Wenbo, ZHANG Bin, ZHAO Donge
(School of Information and Communication Engineering. North University of China, Taiyuan 030000, China)

Abstract: Aimed at the spatial 3D coordinate measurement of explosion points. anA explosion point measurement method for
measuring the spatial three-dimensional coordinates of explosion points in the field is proposed, based on 2D a two-dimensional posi-
tion sensitive detector (PSD) position sensor is proposed. An explosion-point 3D A measurement system based on 2D PSD position
sensor is constructed for determining the coordinates of explosion points in three dimensions using a two-dimensional PSD position sen-
sor is constructed.. Furthermore, a mathematical model for measuring the spatial 3D three-dimensional coordinates of explosion
points is established based on binocular vision principles. Calibration techniques for long-range passive detection systems in the field
are studied. By decomposing and transferring The system error is decomposed and transferred to analyzesystem error the errors of va-
rious parameters are analyzed, plot the. 3D error Error distribution graphs of the three dimensions of the explosion point’s position
coordinates are plotted in Matlab, and analyze the distribution of measurement system errors with changes in the actual location of the
explosion point positions is analyzed. Based on the error distribution graphs, the maximum measurement error for the X-coordinate is
approximately from 0. 292 m to 0. 303 m, for the Y-coordinate it is approximately from 0. 251 m to 0. 371 m, and for the Z-coordinate
it is approximately from 0. 270 m to 0. 336 m, with at a theoretical testing distance of 100 m. Finally, the static explosion experiments
verify the correctness of the measurement method, the calibration technique the feasibility of the calibration technique for the passive
detection system, and the functionality of the measurement system are validated through static explosion experiments. The experi-
mental results demonstrateshow that the measurement system has a fast response speed and good function, ality, the calibration tech-
nique for the passive detection system is operationally feasible, and the method is suitable for the rapid measurement of explosion point
positionss in the field.

Keywords: PSD; explosion point location measurement; binocular vision principle; passive detection calibration; error analysis
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B 18 SesaAi R B

19 RS A
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S ol VA AR SR A P 0 AR bR R (R T SR O RN B AR AT
JE, T DA B E A0 i PSD LIRER 4 5 E . A A
S 4 A 5]  FR A 1 ORI Y 4 S5 ] R R AT
PEBRE SO T, BRAAKX (D ~ (2 KK LIS
FUASCBEAR R . I 2 ) 30 KR Wk ) 7 2k KO 5 1R kO
il 2 R S, SR AEASHIT AR 0 5% PSD A& KA (1 4 451 4
HH E R B TR B s 190 28 A 4 D T o 1 B30 I8 T 493 A B —
WA W A, FB 43 B Q[ 20 A 21 f s o
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-1.57} \/"

X:-0.0005 ms Y:-0.07751 V

X:0.0625 ms Y:-0.46478 V

~1.57} \/"

X:-0.0005 ms Y:-0.11261 V

X:0.0625 ms Y:-0.44724 V

~1.57} \/

X:*0.0Q05 ms Y:—0.06592 V

_3.13 1 1 1 1
S X:0. 0625 ms Y:—0.53772 V
1.57
> 0k
-1.57 \/’f
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' -2. 56 -1.28 0 1.28 2.56 3.84 5.12
ms
& 20 5 — R A A R AR IO
1.96
> 0k
\_'_/...-———
-1.96 |
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-3.91 L I . . . L
3.91
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-3.91 . . . L L . L
3.91
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ms
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MR G BFHMRE AR E AR AT AT . BARN R RER Y6
PG TR0 W IR E . B A R R ks |, I
RAERE 7. 53 CCD 3l LA, K E R H R K
2R, FEFEE PSD GRS MK E AR B HEE, T—25m
WH5E B AR L 2 18 1E . Fb £2 B O 4 A% B AR 1Y I ik 4R
5 RGRKE B

B2k

(1] sk/hE. ZHNEMBUEN S FRREMIFR 58 [D]. 4t
A dERURTI R, 2017,

(2] skAEW]. FETHLEME R RN ASEM % [J]. Ak
AL, 2023 (2): 81 -86.

(3] 8k &, Z®l. skBef, 5. LR CCD &l Bl #I K % 4 5
WL E AT (] B SRS, 2023, 42 (8): 22
- 25.

[4] &), A, BT Ror s ssER U] %
EAZ MR, 2023, 2 (6): 29 -33.

[5] Btk Bagl, MEIE, . —FoKEHME N KL RS
Wit 5B (I 87w 5K F 5B, 2023, 6 (6): 706
-712.

[6] EMR. FEMTRINARRMETLAMIFR (D] KA. w
TR R, 2023,

[7] LIU M, ZENG Q, JIAN Z, et al. Underw-ater target passive
acoustic localization method based on Hanbury Brown-Twiss in-

terference [J]. Sensor Review, 2022, 42 (6): 725-732.

(8] MH 4. e T Foo T 5 M 2 b 4 5 O B i R W98 (D
V9% PR TR, 2017,

L9 BidsHt. S E R =g br EMFLRBIR [D]. W W%
Tolk ke, 2017,

[10] sg%, AW, sk ul, . B TOUME MY il n 2 [
PESALE MK RFE I ()] BERaS 5 MR 5%, 2022, 41
(1): 114 -116.

[11] W55, T PSD (9 4F & & AL & W & R g it [D] R
Hee KHEERAE. 2018,

[12] #iRAE, sk o6, WmiA. . 8 ATl AHBL Y KE % 67
B BT (). RADEY . 2021, 42 (5): 891 -897.

(130 7% . SR, w38, 4. 75 D% & O AR 3% s AL bR i
PREUE M T (U] A TR, 2019, 40 (7). 234
-237.

[14] CHUNYAN W, LI Y., ZAI L, et al. Linear Laser Scanning
Measurement Method Tracking by a Binocular Vision []].
Sensors, 2022, 22 (9). 3572-3572.

(1518 H. MHMAREREWITR SN [J]. T8RS
B4 TR, 2021 (5): 118 -119.

[16] TA C C, TING Y H. A CMOS Monolithic Position-Sensitive
Detector With Stray Illumination Noise Removal for Light Spot
Position Detection Applications [ J]. IEEE Sensors Journal,
2017, 17 (6). 1918 -1924.

[17] aLVARO D, LUISJ L, AITOR A, et al. Accuracy and Pre-
cision of Agents Orien-tation in an Indoor Positioning System
Using Multiple Infrastructure Lighting Spotlights and a PSD
Sensor [J]. Sensors, 2022, 22 (8): 2882 -2882.

(18] E . BT WHMMEWHL & AT Rt (D] 7%,
P T R4, 2023,

[19] ¥ iR4e, kWS, Jr A, % ETH PSD W HRS B %
Wy (U] eF¥M, 2018, 47 (9): 166 - 174

[20] DWIK S, SOMASUNDARAM N. Modeling and simulation of
two-dimensional position sensitive detector (PSD) sensor []J].
International Journal of Innovative Technology and Exploring
Engineering (IJITEE), 2019, 9 (1). 744 —753.

[21] k&%, ERT, 0 M. FETF L shB B AH N 21T
AHLERESIFREUH [T, ME KM CARB2EBO
2023, 45 (5): 87 -96.

229,299,299,299,999,239,299,299.999,999, 993,999,299, 999.999,999,999,999,999.999.999,999,993,2399,299. 999,999,999, 999,999,999, 999 999,999,999, 999,299,299, 999,999,993, 939,299,999, 999. 999,999, 999,999,999, 999,993

(355 180 1O

(3] 5k W1, skEAME, Ra0B. ARnAR by 25 8 i 3 A ot T I 1k
it L1, s S5 4k, 2010 (2): 198 - 200.

L4 sRIBVAE . W7 NS, A0S JBC DUV R Bt [J]. #hiE-e
&, 2003, 15 (2): 28 -34.

(5] B ¥, ol kMmBesmppgraenor I, @S 55915,
1994, (2). 23 - 26.

(6] TH# & FHixa (M dtat. gy T ddk. 2009.

(7] /%% ExSsik#e (M) mF Tl it 2010,

[8] Merrill 1. Skolnik, Radar Handbook, Third Edition [ M ],
McGraw-hill Publishing Company. 2009.

[9] FWRR. Fof S5 H s (M, dbat: BTl R
. 2016.

L1o] ¥i&Em. BaimfllEs (M. dtat. B R, 2001
(1] Sykeg, B 2. A HEDBMIERTFRNRENRITS
S LI A SR, 2018, 26 (9): 121 -125.
(120 BR W, kb VL. — 7l 50 00 ol Dl o IO U 36 B 42 4 R R M9 iR 1T
L)1, dFEHL & 5400, 2018, 26 (5): 66 -68.

[13] EEE . ARk, WA E XSk [M] db:. hEFE
U AL, 1991,

[14] & 1. Bz S#ER Sy kot [(M], deag. HEFm b
kL, 2011,

(150 £ Rl wZg, st V0. 2 F 50 i & 0 8 o i U8 4 B
EH ARG L] d5AL0m a5 d, 2022, 30 (8): 122
-128.

BB MU www. jsjclykz. com





