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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. 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

Vg].z:;g‘_]_g ]/E__u_ﬁ 1013:] o]l— A] (6)_]_}71-];]_

8 ol AASKe PPOS| 1A PR Fig 39} 200
Actor YE92}, Critic WESIZE 212} 2 ool = A=)
QIt}. 2+ dolole] Yt i 2567)9] it Tanhe] 243
2 A Elo] girk.

3.1 83 A AEl Fo|
glo|#] 2% 2= FSME2] Ztwo whe} wststA| Het. o9
A7z} o] FSMEQ] 7 sl WE E 502 Jolatgirt.

a, = [A6,,A0,, A0, AO,] @)

S A9, Zw Aust 94F 0%, IS Ae, AR
A, T AE e AT HE)2 2ol 42
3t

S; = [0,Po1,Pes A1, dy, €1, ¢y m] ¥

O 2} A8 FSM] ZEEdElol 3L, p7t pat= 242F QD Al
Aol AR 17 @ AKgrolch. ditt dr= 2 QD ALMol A %
AR 91X exEe] s Arigolth o3t e QD A
FUSIX) wEet A7) dolAe] 914 WElZE TAR] fAE(16]
=, WEZE fARS Lhebiich. o] 4(9)0} 2o,

¢ = pqdc 'pqdl/HpquH ’ |Ipqle (9)

Peac= QD KA Z4191%] wlEoln, p 2 AR QD AﬂAM]
Y2]gk HlojA <] f)zjolct. o= FHERE ko] FAMIS
usle] W= [-1 10tk me oA 9xet WE #H
He B3 AR, fFEE Aet AR FAES Bt

2110y} o] FHHT)
m=d (1 —c)+d (1 —cy) (10)

L

ol

{

FARRL frAHES] J9h= [ 101, -1of] 77bars Ha
=5 ‘i‘t—]ﬂ fAHEE FolA A Hrt ool 1 - 0= g5},
FARRL FAREZE [0 2]9] HMA7F U 4 =S sl
SAYE S2Ys At 2o TAR] A=) Fro] AR
5 QD A 9] SAAol 7PEs A= .



952 / December 2024

3.2 HABS 7Y
HAgS TS DRL A5olH F83 fdolth. dol47}
PSD 4 B 9o ESSIES WY HAEE TS A1)

r,= o * In(m) (11)

o= E9AR 9] AA=Igt gt 7 Al olt). s ARt
o] FoR A do|rh HotdeE Bl A=
S7FH| ok 2 =wolA 0] gk -0.52 Akl

FSMO| =gl o] 502 QD AlA ] A SE Hlojuh,
-109] WS Fofsiqlal, whE sk AWE =E357] flstol,
nf Agjupeh g o2 -0.0055 Fshqlct.

o EAE & Aevt WAk FUHAl dyow,
eotA R eaE =}k o]¢}f Ritf= o] " &jtA R} 2
e =AY eaks BAfor 3o

rlo ot

=2
[ =]

N
>

AlEdlold shE Fig 13 59 4o = 4a¥stint. s
Tdoll BHA FHEE HolE detiler, 7t
£o] 5o s s

52 PCASL Intel i9(5.1 Ghz), 32 GB RAM, RTX4070
e 7h=d) stEgoj 2 A E ST Az EQ o] T S
Pybullet[17]1} Stable-baseline3[18]=2 1A 3}t ZF FSMo|
aleje] 7oAl Alzksted, HolA 1217k QD MM %4
WA AEE see Azed, HE FAAAA At
S0um ofsl7t Hjwl, S o Ang Fweh, BAL st
7 oA o)5 o] Ha WSl 25 wado® ARHATL,
3t o2 =T 10° 28 Fok 342 Spstich. 5 1089 of

3
YAE FO A4S S, B 1079 29 ssakc
1

ot o}
T8t & Shg AR 3T 48Ko] 2 E Qi)
JE AA 29 W= Table 13} .
42 AMed Ay A Hn

AR oA fA] Ao} AlAwlel| AL Fig. 5¢F Zo] 414
sto] AdS 38ttt Hlo]A= ThorlabAle] LP515-SF3&
ARt on, sg golA= 515 nm 3R] 3 mWe] 2 o]
t}. FSM 27]%= CEDRATA}S] DTT60-SM& AH8319) 1, 7]
= 64 x36 mmo]|il, -5~5 mrad®] +EZ-2 71X a1 k. FSM
o] HztEl &9 Z7|: 50x5 mmoltl. FSM Ao]7):
CEDRATA}S] CCBu20:& AHE-sIGlom, YAHE # 2L 912] A
07|12 AR&3I%IEE QD Al OSIAFY] QDS0-02 ARE-3H3A,
50 mm?, 8 mme] QIAHSIE 7HA3L itk QD AlA glofEl=

—~
)
=~

Accumulated Rewards
Success Rate
o
w

0 5 10 15 0 5 10 15
Steps «10° Steps 10°

(b) (©

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. 5 Realworld system configuration
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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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