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In the field of optical engineering, the laser position control system has important role in many applications, such as
measurement, communication, fabrication. Traditional methods to solve laser position control system often face the
problems of insufficient generalization, such as configuration or singular solution. In this study we proposed a novel model-
free reinforcement leaming approach based Proximal Policy Optimization (PPQ) for laser position control system. To control
the position of laser, we develop an efficient representation of environmental inputs and outputs. Position error of Position
Sensing Detector (PSD), and three kinds of distance parameters are applied our environmental parameters. To overcome
the challenges associated with training in real worlds, we developed training environment in simulation. The simulation to
evaluate performance of our approach, we perform several times of experiments in both simulated and real world system.
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NOMENCLATURE U = Critic Policy Function
Vg = Actor Policy Function
H = Transformation Matrix .
a = Action Space
R = Rotation Matri .
ot?tvlon atrix 0 = Diode Voltage
p = Position Vector o ~  Weight Factor
¢ = Hyper Parameter FSM = Fast Steering Mirror
r =  Reward Parameter
A = Advantage Function
7 = Policy Neural Network
¥ = Discount Factor 1. M=
14 = Value Function
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Fig. 1 Schematic of the laser pointing control system
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Fig. 2 DH parameters of PSDs; (a) Laser beam frame to QD
sensorl frame and (b) Laser beam frame to QD sensor2
frame
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Fig. 3 Architecture of Actor-Critic PPO based laser position control
system
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Fig. 4 Scene of PPO Learning and training result; (a) Scenery of
simulation environment, (b) Accumulated Reward while
training and (c) Success rate while training

Table 1 Hyper parameters in PPO training

Hyper parameter Value
Learning rate 0.0003
Batch size 128
Gamma 0.99
GAE lambda 0.95
Clip parameter 0.2
Value function coefficient 0.5
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Fig. 6 Scene of Realworld PPO training result; (a) Accumulated
Reward while real world training and (b) Success rate while

real world training
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