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Abstract: This study proposes a CAD stereo model matching-based positional measurement method to
solve the high-precision positioning problem of tiny targets in high-power laser devices. The proposed
method uses CAD file information to construct a stereo model of the target and correlate it with 3-CCD
multi-source images for matching, avoiding the error superposition problem arising from the separate pro-
cessing of multi-source images in traditional positioning methods. In this study, we defined the matching
degree function of the target based on the Chamfer distance conversion of the model exploration point,

which was used to evaluate the matching degree of the model and target. A genetic algorithm (GA) was
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used to find the optimal solution of the function to obtain the measured poses of the target. To address the
problem of the GA being susceptible to a local optimum, a hierarchical adaptive genetic algorithm (HA-
GA) was developed to improve the search accuracy and efficiency of the algorithm. To improve the sys-
tem debugging efficiency of complex engineering, this study used the OpenGL graphics library to build a
simulation system to realize the functions of target simulation imaging and offline algorithm debugging.
The simulation system avoids the interference of various factors, such as installation error, processing er-
ror, and camera ambient light in the system, and can debug and verify the algorithm conveniently as well
as improve the engineering efficiency. An experiment was performed using a 3-CCD positioning measure-
ment platform for the positioning adjustment of different target collimation states. The measurement re-
sults showed that the target translation and positioning error was less than 3.5 pm, and the angle error was
less than 0. 07°, which is less than the error requirement of the actual measurement system. This verifies
the feasibility of the measurement algorithm in actual engineering applications.

Key words: high power laser device; CAD model; target positioning; genetic algorithm; OpenGL simu-

lation
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Fig. 8 ICF target posture adjustment simulation system
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Tab.2 Cavity target pose measurement results

SRR /pm /pm L /pm o a/(CC) oy /(%)

ES 0.00 0.00 0.00 0.00 0.00

! M 1.67  2.33  1.98 —0.05 —0.07
) H5 100.00 0.00  0.00 0.50  0.00
M 98.96 —3.25 2.14  0.53  0.04
FS: 0.00 100.00 0.00  0.50  0.90
’ M 3.34  96.94 —2.50 0.46  0.96
ES: 100.00 100.00 0.00 1.80 —1.50
' MWH 102.19 103.32 —3.92 1.86 —1.55
_ ESC 100.00 100.00 0.00 —1.80 1.60
YW 96.68 100.09 1.67 —1.77 1.65
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Tab. 3 Experimental results of ball target adjustment(pm)

TRUH AR o ‘) ‘.
0 —104.2 —12.5 4.2
1 1 —2.8 0.0 1.6
2 —2.1 0.1 0.9
0 4.1 —158.3 —16.7
2 1 1.7 —8.3 —4.1
2 0.0 —3.4 1.6
0 —18.8 —2.1 —191.7
3 1 —2.0 —1.7 —15.6
2 —0.8 —1.5 1.8
0 —216.7 —225.1 —299.3
1 —126.1 —151.2 —210.2
: 2 —10.5 —8.3 —21.3
3 —2.6 —1.2 —3.2
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Fig. 12 Cavity target position adjustment results
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Tab.4 Experimental results of cavitytarget adjustment

o t./pm t/pm  t/pm o a/C7)  y/(0)

0 —131.2 90.4 —45.1 1.22 —0.06

1 21.3 —181.0 —9.2 0.17 —0.02
1 2 2.7 —39.3 —1.2 —0.05 0.03
3 0.9 —8.4 —0.9 —0.02 0.02
4 —2.3 1.7 1.4 —0.03 0.02
0 79.3 —101.8 49.4 0.09 1.08
1 12.4 —20.1 8.4 0.04 0.21
2 2 3.4 —7.0 2.3 0.02  0.09
3 2.0 —2.4 1.1 —0.02 0.04
4 —-1.5 —1.8 —3.2 —0.03 0.07
0 —99.2 —63.5 —76.1 1.12 0.91
1 23.7 —171.2 —11.4 0.24 0.16
3 2 4.9 —29.8 —3.9 0.07 0.05
3 1.2 —7.3 —1.8 0.04 —0.02
4 —2.3 —3.5 1.5 —0.04 0.05
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