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Abstract: This paper proposes an accurately calibration method which is suitable for the scene, on the issues of
multiple subsystems relative position detecting complexity in a ball screen projection point targets tracking system.
Take the ball screen as the world coordinate system, and mark center of the ball by subsystem to implement coor-
dinate transformation of the projection point among the subsystems. The author studies the calibration principle and
the projecting method, and provides a solution. Through Matlab simulation analysis of the error factor, simulated
results show that the ball screen calibration precision can be effectively improved by reducing the distance between
the subsystem and its center or perfecting the projection point spatial distribution. Eventually, this paper presents a
calibration method based on the TLS and designs a virtual sphere, calibration device and finishes the experiments.
The experimental results meet the demand of quick and accurate site calibration.
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Fig. 3 The influence of point number on the calibration accuracy
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Fig. 4 The influence of the angle between the fixed points on
the calibration accuracy
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Fig. 5 The influence of d on the calibration accuracy
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Table 1 The calibration results
/mm /mm
1 2 3 1 2 3
1 197.08 297.52 494.59 200.27 301.66 502.35
2 196.88 299.96 496.82 200.07 304.13 504.61
3 199.83 293.54 490.99 203.07 297.62 498.70
4 195.64 296.82 492.42 198.81 300.95 500.15
5 195.36 293.90 489.25 198.53 297.98 496.93
6 195.49 294.76 490.23 198.65 298.86 497.92
7 195.02 296.09 491.10 198.18 300.21 498.81
8 195.74 295.92 491.63 198.91 300.04 499.35
9 197.53 297.34 493.33 200.73 301.48 501.07
10 195.59 294.60 490.17 198.76 298.70 497.86
11 196.88 299.96 496.82 200.07 304.13 504.61
12 199.65 292.65 491.47 202.88 296.71 499.18
13 195.69 296.37 492.03 198.86 300.49 499.76
196.81 295.89 492.27 200.00 300.00 500.00
1.58 2.18 2.18 1.60 2.21 222
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The fitting of the ball center distribution in multi-variable error

Overview: The ball screen projection point targets tracking system is a hardware-in-loop simulation system, which is
used for testing the tracking and hitting performance of tanks or artillery. The testing can be achieved completely under
laboratory, so it has become a popular research topic. It is multiple subsystems coordination work, so the data needs
convert into the same coordinate system to give the control and evaluation by frequent coordinate transformation be-
tween the subsystems. As important parameters of coordinate transformation, the precision and maneuverability of the
calibration result of subsystems relative position will affect the using range and test conditions of the simulation system.
Generally, the distance date between the subsystems and the ball are measured by man or directly adopted the design
scheme. However, the error is unavoidable in the field installation process. The relative positional relation cannot be
exactly the same as the design scheme. In addition, the center of the ball screen is a virtual point and the manual mea-
surement has a large error. The relevant researches aim at a mature measurement system that can acquire a large num-
ber of point clouds at a time and have high data measurement accuracy, such as the three-dimensional laser scanner.
Only the accidental errors are analyzed and the impact of the calibration scheme is not taken into account on the cali-
bration results. Therefore, these researches proposed optimization scheme is not applicable for the field calibration with
small quantity and limited precision. This paper proposes an accurately calibration method, which is suitable for the
scene on the issues of multiple subsystems relative position detecting complexity in a ball screen projection point targets
tracking system. Take the ball screen as the world coordinate system, and mark center of the ball by subsystem to im-
plement coordinate transformation of the projection point among the subsystems. The author studies the calibration
principle and the projecting method, and provides a G-M solution model for the center of the ball screen in a calibration
system coordinate system. Through Matlab simulation analysis of the error factor, simulated results show that the ball
screen calibration precision can be effectively improved by reducing the distance between the subsystem and its center
or perfecting the projection point spatial distribution. Eventually, this paper presents a calibration method based on the
TLS and designs a virtual sphere, calibration device and finishes the experiments. The accuracy of the calibration is
0.44%, and the results meet the demand of quick and accurate site calibration.

Citation: Cai H Y, Ding L, Huang Z H, et al. An accurate calibration method of the ball screen projection point targets
tracking system(J]. Opto-Electronic Engineering, 2018, 45(8): 170656
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