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Research on Positioning Model of Omnidirectional Incidence Projectile Impact Point

WU Caiyun,ZHUO Geyang,ZHU Yingxun

( Shenyang Ligong University , Shenyang 110159 , China)

Abstract; The vertical target measurement is a commonly used method for measuring the impact
point position in shooting training and shooting competitions. The elevation angle of the projectile is
an important parameter in vertical target measurement. And its deviation level is a significant factor
affecting measurement accuracy. In the case of heavy weapons, the projectile trajectory is affected
by factors such as gravity and terrain, making the traditional T-shaped target model, which assumes
vertical projectile impact,no longer applicable. In response to this situation,based on a single shock
wave sensor’s theory of omnidirectional incidence this paper proposes a positioning model of pro-
jectile omnidirectional impact point with a H-shaped array of six shock wave sensors. It solves the
problem that the traditional T-target model has a small number of sensors and is unable to solve the
pitch and azimuth angles,and improves the accuracy of the measurement. The mathematical deriva-
tion and simulation analysis of the model are conducted, and it is validated through field experi-
ments. The experimental results show that the calculated impact point coordinates using this model
have small errors compared to the actual impact point coordinates. Therefore, the model can effec-
tively reduce the influence of the ballistic pitch angle on the target reporting system, which is more
practical value.
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Fig.1 Schematic diagram of vertical incidence of

projectile
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Fig.2 Schematic of projectile omnidirectional incidence

for a single sensor
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Table 1 Initial values of variates

F5 x/mm y/mm V/(m-s™') a/(°)  B/(°)
1 -3 000 0 750 1 1
2 -3000 6000 750 1 1
3 3 000 0 750 1 1
4 3000 6000 750 1 1

BEREA A (21) ~ (25) 3453 ATI12
AT23 AT45 ATS56 AT25 FYMH, I3 2 iR,

PSR 4 41 AT12 AT23 AT45 ATS6 .
AT25 BIEAC AR (21) ~ (25), FH A= 3% 4 3k sk
f# T x .y V.o Fl B AR MRk ST Jr fE 4, 45 51
4 4 x.y.V.a B TR, I3 3 FimR,
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Table 2 Values of time difference ms Table 5 Actual measurement results
5 ATI2 AT23 AT45 ATS6 AT25 R */mm y/mm V/(mes™!)
1 —-2.4959 -2.4959 -2.4527 -2.4959 -0.6449 1 1 620, 468 5 486, 781 657.189 5
2 -0.9685 -1.2662 -0.9122 -1.2653 -0.6375 2 1 409. 251 3 586. 785 653. 525 3
3 2.4494  2.4494  2.4925 2.4493 -0.6449 3 1261.257 5533.457 652. 486 4
4 1.2247  0.9248 1.2837 0.9231 =-0.6375 4 1 372. 456 5 530. 824 669. 045 8
5 2 160. 578 5 118.281 663.428 5
6 2 499. 635 5263.457 672.452 1
*x3 HEE 7 2 211. 458 5282.928 653.487 2
Table 3 Calculated values 8 2 815. 495 5 142. 845 675.587 2
9 2 395.452 5 090. 457 678.512 1
e xmm  y/mm V/(m-s”') a/(°)  B/(°) 10 1 895. 285 5331.782 650. 178 2
: 30013 L2 7199 Lo 0.45 11 1.992. 754 5231.857 658. 428 7
) 30004 59996  750.0 L 00 100 12 1 904. 583 5 360. 457 654.982 0
3 3 000.2 1.5 750.1 1.01 0. 46
4 3000.4 6000.5 750.0 1.00 1.00 Fz6 THWREMEE
Table 6 Experimentally collected data
N N S Lo N 4
¥ x .y V.a B TR S PR E T -
, - . e ATI2 AT23 AT4S ATS6 AT25
XFEG , B e iR 2% ange 4 B
1 0.8396 0.4616 0.8667 0.4590 -0.7470
. . e 2 0.7547 0.3721 0.7356 0.3715 -0.7756
®4 MESHEEZEANREE 307221  0.3309 0.7312 0.3328 -0.7612
Table 4 Error values between initial and calculated values 4 0.769 1 0.376 5 0.737 1 0.3784 -0.7635
¥ x/mm  y/mm V/(m-s™') /(%) B/(°) 5 1.0888 0.7272 11000 0.7271 -0.7477
6 1.1729 0.8389 1.1935 0.8383 -0.7327
1 1.3 -2 0.1 -0.07 0.55 7 L0665 0.7127 11359 0.7119 -0.7277
2 0.4 0.4 0.0 0.0 0.0 8 1.2660 0.9568 1.2865 0.9519 -0.7291
3 -0.2 -L5 -0.1  -0.01 0.54 9  1.1622 0.8206 1.1243  0.8163 -0.760 1
4 -0.4 -0.5 0.0 0.0 0.0 10 0.9868 0.6190 0.9613 0.6280 —0.7806
11 1.0320 0.6674 1.0360 0.6724 -0.7572
v \ \ -
SRR 4 R BHE T x ) ERTT R IR E 12 0.9710 0.6078 1.0074 0.6122 -0.7448

AL 1.3 mm, y Jr ) bR R 25 R
1.5 mm,V EMIFRRZEANED 0.1 m/s, B
A A AT ER2E AR 10,

AR A ik AR A5 2 A BUE 5 1R 1Y)
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40.2 C,H MW KEL N1 m, %% DK
0.5 m ¥UTHHK N 6 m, =4 6 m, TEARAYG A
PEATAT RS | A5 S S AL AR X 58 1 A9 4T A
NG LSRN 5 Fras , 50 R A 1 FE o B s
PLBARA H SRR A 25 gk 6 Figk 7
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Table 7 Calculation results of the H-target model

F5  x/mm y/mm  V/(m-s™')  a/(°) B/(°)
1 1650.504 5479.579 658.2803 0.826730 0.3825
2 1403.707 5585.237 653.0569  0.103 257 -0.526 6
3 1249.520 5540.098 651.8719 -0.611850 0.4235
4 1353.644 5537.765 668.2771 -0.608 980 -0.612 5
5 2162.370 5116.578 663.6552 0.103453 0.2546
6 2506.096 5256.479 673.042 3 0.323873 0.3875
7 2229.140 5268.155 655.5200 0.743492 1.5185
8 2851.953 5125.420 677.9534  1.438414 -0.348 2
9 2413.548 5081.713 676.3007  0.734 699 -1.468 5
10 1860.440 5350.867 647.2721 -2.496090 0.3854
11 1969.564 5248.668 656.4729 -1.242930 0.685 4
12 1873.872 5368.081 653.0133 -0.938250 1.3864

X2 8 HAEHE AT A A AT E Ak HOAL AR
FUA T A G 3G A5 (AR R B A5 8 1 3 2 A Al
FRAE x 7] AR 25 B KR 36. 158 mm,y 7l |
iR 22 % KoM 19.085 mm, V FHIiRZ /& KK
2906 1 m/s, H x FHm bR 2EHMERN
20. 6 mm,y J5 ) b iR 22 {E R 9. 625 mm, Xf
10 TPBAEIEAT AT R S T RO Y
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THEAR BN RY R SARARAE x 7 ) L iR 25 e KA
75. 174 mm,y J7 "] b AR 22 8 KR 98. 712 mm,
V R ZER KN 3. 823 m/s, H x J5 ) iR
¥I{E 2 38.856 mm, y J5 ) b AR 22 B E K
29.726 mm,
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Table 8 H-target model absolute error

e x/mm y/mm V/(m-s~!)
1 -30.036 7.202 -1.0910
2 5. 544 1.548 0.468 4
3 11.737 —-6.641 -1.108 0
4 18. 812 -6.941 0.768 7
5 -1.792 1.730 -0.226 7
6 -23. 605 6.978 -0.590 2
7 -17.682 14.773 -2.0328
8 -36. 158 17. 425 -2.366 2
9 -18.096 8. 744 2.211 4
10 34. 845 -19.085 2.906 1
11 23. 190 -16.811 1.955 8
12 25.711 -7.624 1.968 7

R9 RETHEERTEER
Table 9 Calculation results of traditional T-target
3= x/mm y/mm V/(m-s™1)
1 1 580. 132 5 510. 155 655.308 0
2 1394.578 5 588. 434 652.741 5
3 1 303. 750 5 523. 840 653.594 8
4 1 405. 413 5 520. 876 670.241 3
5 2 154. 546 51 21.271 663. 130 0
6 2 482. 491 5 273. 150 671.140 9
7 2 170. 655 5 304.421 651.890 5
8 2 754.092 5 210. 920 678. 449 2
9 2 361.033 5 118.523 676.043 0
10 1 934. 544 5 263.070 653.894 7
11 2 067.928 5 199. 105 662. 251 7
12 1 950. 908 5 331.601 657.030 2
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Table 10 Absolute error of the traditional T-target model

F5 x/mm y/mm V/(m-s™1)
1 40. 336 -23.374 1.8815
2 29.924 -1.649 0.783 8
3 —-42.493 9.617 -1.108 4
4 —-32.957 9.948 -1.1955
5 6. 032 -2.990 0.298 5
6 17. 144 -9.693 1.3112
7 40. 803 -21.493 1.596 7
8 61.403 -68.075 -2.8620
9 34.419 —-28. 066 2.469 1
10 —-39.259 98.712 -3.716 5
11 -75.174 32.752 -3.8230
12 —-46.325 28. 856 -2.048 2
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