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Aiming method based on laser tracking measurement system

LI Wenjie, XU Jie, WANG Xin, MU Baozhong
(School of Physics Science and Engineering, Tongji University, Shanghai 200092, China )

Abstract: In the laser inertial confinement fusion experiment, aiming at the urgent need for quick
and accurate positioning of the diagnostic experiment equipments, the quick positioning and aiming
method of using the laser tracking measurement system is proposed. The four-beam laser tracking
measurement system is used as the aiming and positioning equipment, the mathematical model of
the measurement system is developed, and the theoretical calculation of the aiming and positioning
accuracy of the measurement system is carried out based on the least square method. When the
measurement error of the laser trackers is 5 pm, the theoretical calculation angle error is 0.7492",
and the distance error is 11.2083 pum. When the measurement error is 10 pm, the angle error is
1.12", and the distance error is 18.2167 um. The theoretical calculation results indicate that the
aiming method based on the laser tracking measurement system meets the quick and accurate
positioning requirements of the experimental devices in the laser inertial confinement fusion. It
provides theoretical guidance for using laser tracking measurement system as aiming and
positioning equipment in China’s laser inertial confinement fusion device in the future.
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Fig. 1 Representation of laser tracker measurement principle
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Fig.2 Four-beam laser tracking measurement system
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Tab.1 Designed values of the unknown

parameters of the measurement system

Xpo/mm  xp3/mm yp3/mm Xpa/mm  yp4/mm Zpa/mm  xo/mm  yp/mm Zo/mm

6000 3000 5196.152 3000 1732.05 —2549.49 1500 866.025 612.372
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Fig. 4 Flow chart of Levenberg-Marquardt algorithm
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Tab. 2 Initial iteration values of the unknown parameters with different deviations

HFR Xp2/mm  Xp3/mm ypz/mm Xpa/Mm yp/mm Zpa/mm - xp/mm yp/mm  zo/mm
HME1 3200 3300 3300 3300 4000 1300 2400 1900 300
w2 100 20 8000 4500 31 842 1453 6501 3541
I3 7410 6541 321 5420 5501 6415 22 3412 654
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Tab.3 Simulation results of different initial values as the laser tracker is without measurement error
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Fig. 5 The absolute value of the deviation between the iteration
value of unknown parameters obtained by theoretical simulation
and the truth value at different points
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Fig. 6 The standard deviation of the final value obtained by
theoretical simulation at different points
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Fig. 7 Schematic diagram of the arrangement of

experimental components
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Fig. 8 Diagram of the measurement model
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Tab.4 Simulation results of laser tracker with meas-
urement errors of 10 pm and 5 pm, respectively

BOCHRER U RZE pm JeffiR2z/(7) BB ZE/ pm
5 0.7492 11.2083
10 1.1200 18.2167
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