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Abstract

This paper presents a novel reinforcement learning-based model-free adaptive control algorithm
for discrete-time nonlinear multi-agent systems with unknown dynamics. The equivalent dynamic
linearization algorithm is employed to design an optimal controller. The Q-Learning strategy and
actor-critic neural network are restructured to facilitate consensus control. The proposed rein-
forcement learning approach dynamically adjusts linearization parameters in real-time using only
input-output data. Numerical simulations validate the method’s effectiveness.
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1. 5|18

AR, BEETHEREIMIRTE, MM AE MR S AR 2 R GE H PR ER R H] iR @ 77 R I 7B R
71, 504k2% 3] (Reinforcement Learning, RL)Z& —FHLAs 2% ST 107030, H A& Gtk (agent)illid 5 HI5E
BT RN SR i 2], BReiisd e % o), JFRIE RS I 2L Bl el i SR A T S SR . IR
FEE I 5] NS R A S )RR A0 PR B 2R B i dE R N TR] (1], AN ORIR Y g 7 Ho& FHTa . B A oAb 2% 2
() J8 B FOA R E B T B Robk 22 45 i) D VA2 T sl 2 ) SRR it FE[2]H, SRS o) 5 kil it
PRER R 22 ARSI T HCHE DR B () B A% S R AL s FE[3]H, 9B AL 2E SIS I B A 2 ) s i e

TeAE A & N A% il (Model-Free Adaptive Control, MFAC) & —Fh g 75 K 1 B A5 Y R a] 32 47 0 48 il 3
W&, HEGEF T Eh SRR 2B R M RS . MFAC kR iRdE L ar RS PE R S I h img, H A&
o7 P A EL A 3E T A BRVF 22 S B oP A AR LR M ANAS T s M 1) . 7E[4]7F, Sl R ) MFAC J792:4%
FH T 15 A% I8 0 AN FE 28 IR 25 (DoS) BUi 1B O T PR UF BR ER T BE - 7E[S5]7, MFAC J7 iAo 1 6 N oKTi
PR A 22 1] 1) R, A RN 7RG E M. BhAh, TE[6]H, MFAC SH& M4 45 &swil T E
FE A 42 1R

1E2 B He1E R 48 (Multi-Agent Systems, MASs)$iUsk, 45 il in] @14 52 % M 2 2 38 0 . MAS 2 N8 Rk
R, XL B R RE I F TAE, FEAMTARA, R B AR HEZ 4T 4 7] [8]. —EhESEHI[9)
[10]52 MAS BRI QNS BT B Re R E A ZE J A AAN I € M2~ AT Re SE AL R H b
IR RG I AT gt — T KBk, HAZH T RGN ARG AR [11A[12] (131705 T =HE & BR A
BT EAE A il R 7, SEEL T R AR Gt RGN A A — B AR

ghiGromb s o] 5 OB & R ] DA ] MASs $2 4t 7 — R Bin A k. SHERSFE T
PR IR, NS BEELNE MAS I — St hili it 7T 2 or 2. T B vhe, ACry 3%
DUHRPTSZE 00N . ASCHEIE 1 oAb 2 ST AR | 3 N A% i 7E MASs SRR, FHEH T Q 225K
W R 01 - PEI8 K (actor-critic) PR 2%, (L EEE T MASs. Jlit ST, XL 57k Rens R it
IR ES NS EL. 456 MFAC J77%, Frigth i 5E1E MASs (1) — Stz 77 T 2 0 H B 1) g
J1o BbAh, AL E R T AR AL B R A E R, AR T USSR . i ) B SR P
Bk 7 ST
2. $2HIERE T

HEZERERGET, MSEHEHG=(V,EA) %R, HhVRREREES (1,2, N} . EHER
VxV {75, fid 1R ek F T REFNE e . B A MTTEN a,, Hb a, =1 FRE R 2
BRek i /AR BEOBEEER, 1M a, = 0 Fon B HARIAE . JeAh, HRREIR ¢ BOR B 9T & EEmT
BWEd =1 B, d =0. XA D E LA diag(d,,d,,--.dy) . BDNERME | WABEERRA
N, = {j € V|(j,i) € 5} o BREVE § BN (in-degree)E XN A" =Y " a o B, BB (Laplacian
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FNE

Matrix) £ L=L-A%H, Hdv L2 diag(d,dy,--.dy ) -
i N NEBERZL R MAS 193) 112 0] LR IR A -
¥ (t+l)=fi(y,.(1),yi(t—l),u-,yl.(t—ny),ul. (t),ul. (t—l),u-,ui(t—nu)) (1)

Hep, eV, f()REDRAIALMEREL. LR y, (1) e R ZRBREM | /£ TR £ € 77 N 2110
Hy w, (1) e RERM PN HE n, M n, 73 WL R ARG ARR
MRAESCER[14], WRAFAEFRAR AR L PP 4%, RS T L O I F B

u, (t) =C, (el. (t+1),---,e,. (t—ne),u,. (t—l),‘--,ui (t—nc)) 2)
Her, ¢ () Rt i MARMARYEREL e (1)=y,(2)—y, (¢) REE M | MIRENRE, p, (1) 2HAE
R, n,,n, e Z' RARFHEL
B R G 2 LA T 2% A
fBBE 1 X TAEMTI A £ e 27, $15% C, () MR T IREMA ¢, (1 +1)e, (1=1),-- e, (¢ —n, +2) R4
AN (1),u, (1=1),-u, (1= n,) B SEORELSER), Hrdn, n BRI
R 2. #H#8(2)7 2 X Lipschitz 251, B
|, (0)] < 2]¢; ()| (1) < 2]¢: (o) |, ()] < £, (0)] 3
Hrr, L>042& Lipschitz %%, ¢

Ay, (t) =1, (t)—ul. (t —1) o

B 3: AAEFEREHIRR 28, i e, (1+1) =0 BOL.

B 4: BT H GRS 04T, RIEAREE y, (¢1), BB —ERBEH (follower) & REMA T AN,
HAZB e S B0 DL T HNGE R A 1) B AR A 4 22 AT R e AR .

BIE 1. T 1~3 ARG RER i, R SCHR[14], BAEIHIISQ) AT A A:

Au, (t) =& ()w, (1) 4)
QTI. (t) = [—ei (t),u-,Ae,. (t —-n, +2),Aui (t—l),u-,Aui (t—nc )]T My, (t) = [l//,.’1 (t),-“,l//,.,,wﬂg (t)]T JeH A
SIE 2: T HFEN), RSB M1 (Equivalent Dynamic Linearization, EDL)FA[15], A[#ES

HRF()IEREIEAET, s R N 9 R 8h & 2644k (Partial Form Dynamic Linearization, PFDL)
e

(1) =[2e, (t+1),-, e, (t=n, +2), 00, (t=1), -+, Au, (1~n,) ]|

v, (t41) =y, (1)+v, (1)¢.(2) ®)

v (6= A (1), B (6=, +1), 80, (1), A0 (=, + 1) | 4,(0) =] ()5, (t)T :
B, FETHIRBISH g (¢) FIRBERIN, FEREASRAE I 20 i BB A 30 T

¢?i(t):éi(t—l)—l“éi(t)vi(t—l) (©)
Sob, T RBKIEEE, 6 ()=, ()=, (1) . Ik, PFDL J5U(S)iTLIEEH A,
P (t+1) =y, ()+v] ()4 (¢) (7)

3. mUEIFERIT
FESE =, $RH T — AU O B & RS T, TR A T IR SR . A
WS AET R T — P T oIk 2 ) 59 Actor-Critic #1148 W48 HEZR (K145 ) B8 4044 . A, il i sh ALk
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PEALHER 5302 ST BN &, 7T DLRAE R R
3.1. fHEEH
PHEES 7 (1) € R —BUHHR % £ (¢) %o, B

(0)=als 0 ®
& ()= Z,-e/v,. a; (yj (t)-, (t))+di (3 ()= (1)) ©)
Hr, o>0RZTESH.
PEREFENR O, (1) e R RIRA:
O,()=B"r (t41)+ " (¢ +2)+-+ B (N) +-- (10)
Hrr, 0<B<1FIN>0NMRFEE, ZoaRa]fmi AL FER:
Qi (t) = minu,»(t) (iBQI (t _1)_ﬁN+lri (t)) (1 1)

3.2. Actor-Critic #IZZM %
Critic Network H TflitHE %L O, (¢) » 1M Actor Network F T&@IL & H| 8: 28 w, (¢) - ‘EAIMEC RS

A4k
0i(t)=Wi,c" (t)H,, () (12)
wi(t)=Wia" (t)H,, () (13)

v, (1)= sat(z”, l/_7)
o, g Ry N BUE UL WL R, S IR P I A RN R A A (B . 5 R 4%
RIVEG I 4 O M S BT R,

By (1) = eXp(—|§,~ (t)—cp,mr/%z), me{l,-,L} (14)
b, ()= exp(—|§i (t)—ca’n|2/7f), ne(lL,) (15)

Hof, By R BRI MRS KL m I W2 W R R M M4 1 28 n R R WG
T ¢ 48 B S B2 1 35 BT P L VPR 0 2 45 H) B 4 BB T T

gigzéﬁgg (16)
Hrtt, e, (1)=0,(1)-B(O.(t=1)- BVr (1)) » BB HHI T
Wi,e(t+1)=Wi,c(t)=n.H,(¢)(0i(r)+ B*'ri(t) - BO, (1-1)) (17)
7.8 (1=1)(e (1) =0,, (1)), (e =1) H[, (1-1)
1[G (=) P H, (1 =1) P, (e 1) P
b, ., e R NEHEE, O (1)=0,()asign(& (1)) - B, #HIES RN
Au,(t)=Ci"(¢)yi(t) (19)
N T EAF IR SO R BRI R, RLMFAC SIAMZMIIE 1 TR,

W (t+1) =W (1-1)- (18)
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Figure 1. The architecture of RLMAFC algorithm
[ 1. RLMFAC B A%

B 1 T RGHIR T B, R ELBE B g (1)« L, 75 RLMFAC Bdked, 6%
{5 P B BERRA g, (¢ — 1) LT «

B 2: 555 MFAC J7i R IR, DU 7 H:38 36 (P S0t SR 0y, (¢ +1) 0, (1) By, (1-+1).
T4 A RLMFAC SE0S7E 3 1 98 e v i B e y, (1 +1) Mﬁ’ﬁkﬁ%%?ﬁfh;&ﬁﬂ“ﬂiqﬂﬁﬁﬁﬂ%ﬁ
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4. (HEEIE

AHEoR T AEER, DIRAEPTI H SIE 1 2 8 RE IR RS (MASs) (A bk

XT?’E«'/‘IE’"*‘”’EE%&*’[‘?E@%(E? 0)f) MAS, HMIILEIE 2 fin. RGBT
FREUR:

v (1+1) =12y, (t)(5+cos 2y, (¢)uy (1)))+0.8sin(y, (1))

Ju (£) (1)
¥, (1+1)=0.8u, (t)(4+cos(3y2 ()uy (2 ))+sm(y2 ))
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) (1)
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Figure 2. The network topology structure of the MAS
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Figure 3. The tracking performances of RLMFAC algorithm
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Figure 4. The tracking errors of RLMFAC algorithm
4. RLMFAC BEUERIRERIRE

DOI: 10.12677/csa.2025.154110 379 HEHLUREE 5 R


https://doi.org/10.12677/csa.2025.154110

FNE

0-3 T T T T T T T T T

025F w2l

015 b
0.1

0.05 i\

_0-2 1 1 1 1 1 1 1 1 1
0 100 200 300 400 500 600 700 800 900 1000

Figure S. The trajectories of input signals
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