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Abstract  Traditional methods measuring the gun’s jump angle have the disadvantages of low measurement
efficiency, large error, weak practicability, and narrow measurement range. Aiming at these problems, a gun’s
jump angle measurement method based on the improved least-squares algorithm is proposed. The method uses the
improved circle fitting algorithm to detect the center position of the muzzle image, and obtains the coordinates of the
gun shooting target point under the calibration of the binocular cameras. The target is collimated with the center
position of the muzzle image and then shot. In data processing, direction of the gun initial velocity vector is
calculated and used to obtain the actual measurement result of the gun’s jump angle, combined with the center
position of the muzzle image and the aiming direction of the shooting target. The experimental results show that the
improved algorithm is with fewer parameters, simple objective function, and low computational complexity, and it
shortens the calculation time and improves the accuracy of the muzzle image center positioning. The measurement
results show that the accuracy of the measured jump angle is within 0.5", which verifies the accuracy of the jump
angle measurement system.
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Fig. 1 Schematic of gun’s jump angle measurement based
on improved least-squares
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Fig. 2 Calculation process of gun’s jump angle
based on improved least-squares
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Fig. 3 Comparison of circle center fitting algorithms for muzzle images. (a) Original image; (b) result of least

squares circle fitting algorithm; (c¢) result of radius difference accumulation minimization algorithm
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Table 1 Comparison of calculation results of the two center positioning algorithms for muzzle images

Measurement No. 1 2 4 B 6 7 8

x /pixel 511.15 511.05 511.05 511.15 510.90 511.10 511.15 510.90

Algorithm vy /pixel 511.20 511.15 511.20 510.95 511.20 511.05 510.85 511.20
proposed Ax /pixel 0.15 0.05 0.05 0.15 0.10 0.10 0.15 0.10
Ay /pixel 0.20 0.15 0.20 0.05 0.20 0.05 0.15 0.20

x /pixel 511.55 512.00 511.65 511.40 511.20 511.40 511.60 511.30

Least squares v /pixel 511.80 511.45 511.20 511.85 511.30 511.65 511.30 511.65
algorithm Ax /pixel 0.55 1.00 0.35 0.40 0.20 0.40 0.60 0.30
Ay /pixel 0.80 0.45 0.20 0.15 0.30 0.65 0.30 0.35
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Table 2 Comparison of jump angle calculation results

3 4 5 6 7 8

5.54 5.25 5.26 5.92 5.17 5.91 5.62

0.05 0.05 0.15 0.10 0.10 0.15 0.10
0.15 0.20 0.05 0.20 0.05 0.15 0.20
5.25 5.35 5.40 5.43 5.10 5.78 5.71

1.00 0.35 0.40 0.20 0.40 0.60 0.30
0.45 0.20 0.15 0.30 0.65 0.30 0.35
6.26 5.68 4.83 6.63 6.03 5.14 5.12

Measurement No. 1
Ideal values Jump angle /(") 0 5.32
. Ax 0.15
Algorithm < o : :
Center deviation /pixel Ay 0.20
proposed Jump angle /(") 0 5.46
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; ‘ p Ay 0.80
algorithm Jump angle /(") 0 6.23
1.2}
= least squares
Q LOr algorithm
2 08L +— improved
g0 algorithm
i 0.6+ in this paper
E 04
Ea o
0.2+
0

1 2 3 4 5 6 7 8 9
Measurement No.

(=

5 B AR 22 0 L &

Fig. 5 Comparison of jump angle errors
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