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Application of Three-Dimensional Laser Radar to the Measurement

of Deviation Angle of Guns
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Abstract Aiming at such problems as low accuracy, low efficiency, more operators and disperse structure existing

in the measurement of deviation angle of guns using the method in the national military standard, a novel method for

the measurement of gun deviation angles is proposed. Based on the principle of measuring three-dimensional (3D)

coordinates of a spatial point by the 3D laser radar. standard target balls adhering to the gun barrel are used to solve

two spatial linear equations before and after gun adjusting through measuring the spherical coordinates of spatial

points of standard target balls. After the projection of space vectors, the equations are transformed to solution of

linear equations on the projection plane, thus the gun deviation angle is calculated, and the measurement accuracy is

calculated and analyzed by differentiation. The principle and measurement process of the method is compared to that

in the national military standard, and the experimental data show that the efficiency and accuracy is improved notably

when the proposed method is adopted to measure the gun deviation angle.
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Fig. 1 Schematic of coordinate measurement
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Fig. 2 Schematic of laser scanning measurement
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Fig. 3 Schematic of deviation angle measurement
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Fig. 5 Schematic of deviation angle settlement
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Distance and accuracy of laser radar measurement

Measuring Angle (¢.0) measurement Distance (p) measurement 3D uncertainty
distance /m uncertainty ¢ /pm/m uncertainty 2¢ /pm/m 26 /pm

1 6.8 12.5 16

2 13.6 15 24

5 34 22.5 53

10 68 35 102

15 102 47.5 152

20 136 60 201

24 163. 2 70 241

1014004-3



H % B
Wk 5 B B WO I 7E 10 m DL BO6 s T A RN
B SRR BE TR 0=51 pm . 1115 25 S B o g - (D+L ”)Aﬂ" )
PR Ax, Ay (8 7E X ] P AR 2950 43 A L B R = Lcos ¢,

V3.0

o) = %, (5)

) RHFEH K Axr= Ay =436, Au=0. 0000267 rad,
B A2 0. 025 mil,

S W) DN 5 R B2 170 R 2R 2 A SO 7R Ik i D B AR
22 R 25 AR SR ER A R 221 L OB R (E 5
Ab B 2% A B R 23 Ok — E B IR 22 A ] ROt
CIREREN R eh O UUTIR RSP UL LN I PRI RP =
2 A A 1 ASCDK e I %) AR S 15R 25 AN R R
AN o 8] 8 A 5k B 1 R ) 3R 22 K oot N A R SRR
22 35 WG R IR W IR S DU B Y o AR AR 2S00, DN B e
AR HR AN s 1) B S B S KR S L A A B S R
B AT 7KV S AR R R RS T A A A R D R A R
Tl AR B 1 RS A 1% 22 2 451 A B Y 4 T T TR A R 22 L
Tl B8 % Bl B IR/ = Bl 3 A R AL 0 Al 2 50 e Bl 4
WEFEHNRMEEGH . 25 A Bk iy B2 2
Bl 0.6 g 4% 3 5] 0 A Al 5 T S ) AN B E
M 0.35 pm,

5 R HCSE I KB AE o A
5.1 BT GIBMEXMEITE

BUAT GIB Hf Xt oM i 15 Ay i ) 2kt o o 48 2
AR BRA T 733 VA A RURI K ML 6 2 016 v AG: D
RGN o SoHs KM TR AR T 34 3 3B R
SRS IR B OB UK A 2 S AR A T
BRI 2 2~2. 5 5 B R AL E B IR IR BOK
o P 22 5 ASC I ML M 1 s T )+ P R 25 N
WA TP A2 3 FOR 0 RE SO B A B T
TET (037 1 FH G BRASCRBE RE ML 1 18] 88 22 A3 X ok
WA RS TR S RPN E
A IFRIBOKFFE B 6 il R R

A

.
trunnion center| <9, Ly ——
0‘*“Agg‘ | /B, Aﬁ; T X

Y 1

&l 6 2 254300 il 00 I vk R B A
Fig. 6 Schematic of theodolite sight observation method
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Table 2 Deviation angle measurement record by

GJB method (Unit: miD

Angle of site

Trials 15° 30° 45° 60°
No. 1 0.61 1. 08 2.09 2.64
No. 2 0.63 1. 07 2.13 2.61
No. 3 0.57 1.14 2.08 2.57
No. 4 0.56 1.11 2.12 2.58
No. 5 0. 64 1. 10 2.07 2.59
Mean 0.61 1. 10 2.09 2.59
o 0.033 0.025 0.024 0.026
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Table 3 Deviation angle measurement record by 3D laser

radar method (Unit; mil)

Angle of site

Trials 15° 30° 45° 60°

No. 1 0.566  0.634 0.768 1.093
No. 2 0.569  0.627  0.774  1.090
No. 3 0.571 0.629 0.771 1.088
No. 4 0.573 0.631 0.770 1.087
No. 5 0.571 0.632 0.765 1.092
Mean 0.570  0.631 0.769 1. 090

o 0.0024 0.0025 0.0031 0.0025
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