%40 X% 7 8 M 2] T = Vol. 40 No.7
2023 £ 7 A Journal of Mechanical & Electrical Engineering Jul. 2023

DOI:10.3969/j. issn. 1001 —4551.2023.07.013

ETEEEENHIRERLFS]-PI
B s ) R

H}

SAefA Ak

BT HFOET,8 R EmR, EER
(1. R s iR K2 Aahfk2aBe, 7195 Bt 21001652, Jb 5K # AL #5761
WA EE BT LR AR IR SR 3h S5 4% sh B R IF 5T =, JL 5L 100076)

HE AN ERALARSEFEULE T EH B EGS BN A, UZARARRENF RN E, BHT —FETREEE RN
BAFI-PLES &, 82, BLTZANRARRAAN U FEA  KE, RAREEEZRAT PLEG BN WS EG KA RE
R A AT P AT Y LR N ER T HEAMAMRESATALEIRRAEF BT ;& 5, 7 Simulink
FRIEGEN AT RAN T ENATEARAMRRFREFIRBTTRIE, FRERXN  BRANWEZESHE S, L& — %
AR BEE  ERRERT, rEEZ il o5 E/N Tkt £ 35-PLDDPG-PL 54 4% Pl 3%, E D45 T 20% ; Bl i, 4 A2 A
T HLEM3IH T E AAEENH A RES AR E R RAREEDHEET 15% LW T IEA T AESARAMREZLE
oy

KB AR R G AR o (PL) 25 %1 88 5 3% 48 S0k s IR o M SR W A% JE 0% 5 804 AU 5 Simulink

hE 43S : TH-39;TJ765 XEkFRIRAS A XEHS 1001 -4551(2023)07 - 1071 - 08

Deep reinforcement learning-PI control strategy of air servo system based on
genetic algorithm optimization

HONG Zi-qi', XU Wen-bo’, LV Chen', OUYANG Quan', WANG Zhi-sheng'
(1. School of Automation Engineering, Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China;
2. Laboratory of Aerospace Servo Actuation and Transmission, Beijing Institute of Precision

Mechatronics and Controls, Beijing 100076, China)

Abstract: Aiming at the problem that traditional proportional integral (PI) control was difficult to select parameters with better control
performance, taking the air rudder servo system as the research object, a control method of reinforcement learning-Pl based on genetic
algorithm optimization was proposed. Firstly, the mathematical model of the air rudder servo system was established. Then, the initial
parameters of PI controller were optimized by genetic algorithm. The current PI controller was adjusted in real time using the deep
deterministic policy gradient( DDPG ) algorithm to realize the position command control of the air rudder servo system. Finally, the effect of
the method used in the air rudder servo system was verified in Simulink through simulation analysis. The results show that the improved
algorithm has certain online stability when the parameters are perturbed. In the case of no load, the required adjustment time is less than that
of genetic algorithm - PI, DDPG-PI and traditional PI algorithm, and it is increased by at least 20% . At the same time, in the case of load,
the fluctuation amplitude of the improved algorithm is at least 15% better than that of the other three methods compared with the time to
return to steady state after the end of load, which proves the effectiveness of the method used in the air rudder servo system.

Key words: servo system; proportional integral (PI) controller; genetic algorithm; deep deterministic policy gradient( DDPG) algorithm;
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