R W R ¢ Vol. 52 No.9
2024 4E9 H ACTA ELECTRONICA SINICA Sept. 2024

ST A s > iR B AR G PR )

Ak, 2EE A WL E OE?
(1. SN KA A AR B, oM BERH 55002552, P20 B FRH i KA LR TR 24 B, PP 642 710071)

W OE: XF2AnESE GRS ARV ER AT TE B R G RS I TRV SR . SR, 7E
SEBRA R, AnAE I R ALEs A AR BRI, R A e 2 R R B R A 2B 2 R RAR e i R A TR X I
I —FREAEHL ] L g A o B s il BRI S ni A2 2T 25 A 4 S — b L5 fb 2% 2T i B I A R G b e 1)
WK s R R G LAT =AY HR : (1) 205 Z e FIG R R Q) B RE T Z2L AF— 1
FHAHAT ; G) MRS BIARIC RS FH A PAT B A IR/ . B 5, 85 RIS HIRLE R A ShPUER , i [R]25 FE
SR TAS 2] B AR A 38 5 SRR eR B B AR A iR A SR A P TIR T RAS . R, R B R e SR R
RHZE HAT R RVF AT W 8% . B B WA A8 Ak o Eh /R W e P 72, JF R A Q 2% > Bk SR i o e e 1) W 45
a0 FH PR ) B1) 2 S g ) 2 0510 N 22 200 B 4 i 2 B BEIE T AR T R D S E N IE R 1 . O S R TR T v
BENS S B R S 1) Jo B 28 52 45 il , I ELAHAS A 1) W 4a 4 0 B0 A de /)

KEIFE:  BHCERS MR AL S R BUE AL 38E R s

HEEWH: FERARBERS (No.52265066,N0.62203132) ; 55 M4 4 HRHE TR %8 B 5 B (No. B RS L4 -2K
[2022 ] 103) ; SNE HF ITHFERAA K H (No. B4 KY 720221138 5 ) ; 5 K2 RHIF 4 ¥ B30 H
(No. SRFER G [2021]04 5 ) s SN B BB T AIFT A (No. B FHG 3#% (2021 ]012)

FESES: TP301 XEAARIRAD: A XEHS: 0372-2112(2024)09-3172-13

B F %48 URL:htip://www.ejournal.org.cn DOI:10.12263/DZXB.20221267

Optimal Directed Control of Discrete Event Systems Based on
Reinforcement Learning

HU Yu-hong', WANG De-guang', YANG Ming', WANG Xi’
(1. The Electrical Engineering College, Guizhou University, Guiyang, Guizhou 550025, China;
2. School of Eletro-Mechanical Engineering, Xidian University, Xi' an, Shaanxi 710071, China)

Abstract: In the case that several controllable events (control commands) are allowed to execute simultaneously, the
supervisor in the framework of discrete event systems (DESs) selects one randomly. However, in practical applications,
such as traffic scheduling and robot path planning, the problems of directed control and numerical optimization should be
considered. This paper introduces an optimization mechanism to quantify the control cost and combines supervisory control
theory (SCT) with reinforcement learning. A systematic procedure is proposed to synthesize the optimal directed supervisor
of a DES based on reinforcement learning, which makes the controlled system achieve the following three goals: (1) the con-
trol specifications relevant to security and liveness are not violated; (2) at most one controllable event can be executed at
each state; (3) the cumulative cost of event execution from the initial state to a mark state is minimal. First, given the autom-
aton models of the plant and specifications, the target automaton model is obtained by the synchronous operation of these
two models; a cost function is defined and assigns the execution cost for each event in the target model. Second, the non-
blocking and maximally permissive supervisor is synthesized by SCT. Finally, the supervisor is transformed into a Markov
decision process and then the Q-learning algorithm is utilized to compute the optimal directed supervisor. Two applications
are used to verify the effectiveness and correctness of the proposed method. The simulation results show that the proposed
method can realize the directed control of the system, and the numerical cost of the directed supervisor is minimized.
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