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Distributed direct model free adaptive PID control for multi-agent
systems

FAN Fang-yuan, HOU Zhong-sheng!
(School of Automation, Qingdao University, Qingdao 266071, China)

Abstract: A distributed direct model free adaptive PID control algorithm based on controller dynamic linearization is
designed to address the unified tracking problem of unknown heterogeneous nonlinear multi-agent systems, the tuning
of controller parameters is only based on the input and output data of the controlled system and the topology
relationship between intelligent agents, and is not limited by the mathematical model of the controlled system. Firstly,
the controlled system and ideal controller are equivalently transformed into corresponding dynamic data models using
dynamic linearization technology. Based on the dynamic data model of the ideal controller, the controller structure and
parameter adaptive update algorithm are proposed. Then, error convergence analysis is conducted using compressed
mapping and the Gale disk theorem. Finally, a large number of simulation comparisons are conducted to verify the
effectiveness and superiority of the designed control algorithm.
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30 (25) AT AR s tin T 3234
BEk+1)=GEk)EE)+AY (k+1)=...
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(24)
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Hpg=1,2,...,L
Xt (26) 5 PIIAETE R T 15

|EGk +1)] < Hﬁcw —g)[|IlEGk - 1)1+

ST - mfjiave - g+

g=0 h=0

|AY (k + 1)]|. (27)

FHAB B S T, 40 B G () S A AT 24 BT

G, HHABR BE 6 A1 2% 1 by < 1RIRI, HEFE G (k) &
DAFAE— MAT AN T 1 AT )&, R B 2
AEAOS M TCER BN AT 20 BENURE RE . b 5] 3 3 W4,

AELE— RO < b < 1, 673
HﬁG(k —9)| < e (28)

PR % 64 51 HE 4 DL S 5 biby < 10T LATE
H, JEREG (k) FFEE 0 HE B A R 5

(29)
Horbp(-) FoRFERE AT 42

WA 16 P G AR, T Y (20, + d,) FE1E

5D, B (29) TS Ap(G(k)) < 1+ b. i

ARl
HﬁG(kh)H <1+b. (30)

TR ZE =1,2,..., Ny, AY, (k) #5440
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By 1
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MHLE — ool AT 73
: 2V/Nb, ((1+b)!—1+b
Yim (B Gk + 1) < T ( 3 ).
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[|AY (k)||1TE2ET 0, M= (33) TRA S M

1B+ 1) <b"TNEQ. (4)
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lim [|E(k+1)] =0
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y1(k+ 1) = 0.5y, (k) + ayu, (k),
Yo(k +1) = 0.6 cos(y(k)) + asuq(k),
Ys(k)ys(k — 1)

ek +1) = L+ ys?(k) +ys2(k— 1)  aata(k),
. Ya(k)uy(k) I
yi(k+1) = 1—|—y42(k‘7) + aguy® (k).
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%1 DD-MFAPID 5 DD-MFAPI (RS

o B 5%
P B
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DD-MFAPI 1 1 0.1 10 0.095

2 1 P S BUE T A, by b I EBUERT &
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