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d Research problem

* Optimal synchronization control for multi-agent systems with input saturation
« Control systems: x. = AX. + Bu.
u el cR" Xo = AX,

U ={u | eR" |ul, <4! Leader

* State synchronization condition: §. >0 &, = Z & (xi - X; )+ g (xi - XO)
jeN;

d Research background

* The existing synchronization condition methods for multi-agent systems based
on ADP (Vamvoudakis et al., 2012; Wei et al., 2015; Qin et al., 2019)

« Contribution: The control constraint and coupled terms in the performance
index functions are considered which broaden the application scope of the
presented method



d Multi-agent nonzero-sum game

e Performance index function

J,(6,(0),u,u )= I:(QTQM R (u)+ > R (u, )]dt (1)
 Nash equilibrium condition o
Jo(uuh) < 3 (u,u’),i=1,2,..., N (2)

e |[terative value function

V(8 (t))= f[giTQﬁai +R (u)+ Y R (u, )]drj (3)

jeN; -
V."satisfies the HIB equation 1 | oV Optimal control
u _—&T(—(di +0;)R;'B’ —'j (4)
< 2), 86,
* N\ T

[%} [ 7S —7,(0,+0,)BY (4)+ 3 A B&U(4*)]+§iTQ“5i

00, jeN (5)
R (=47 (4))+ 2R (-4 (4)) =0 .

jeN;



/Theorem 1 Assume that the optimal control law is u;, and that V. is\
the positive definite smooth solution to the HIB equation. Then, the
tracking error is asymptotically stable. u;,i =1,2,...,N , constitute the
Nash equilibrium, and the solution V. to the HIB equation is the

\ optimal value of the game, i.e. 37 (8,(0),ui,u’ ) =V,(5,(0)). )

 Policy iteration method

GVARY ) ,
5 AS, +(d, +9,)Bu — > e BU'

i jENi

+67Qu8, + R (uf )+ Y R (uf)=0

jeN;

« Solve V*

(6)

» Update the iterative control laws

A
-k+1:_iay d T 7




Theorem 2 Assume that agent i and its neighbors update their
control policies according to Egs. (6) and (7). Then, policies us,u’,
converge to the Nash equilibrium, andV,* converges to V'

d Model-free off-policy reinforcement learning method

* Rewrite the tracking error dynamics
8, = A5, +(d; +9,)B(u —u )+(d; + g, ) By

_ZeijBu'j‘—ZeijB(uj—u';) > (8)

)

{aa\gk jT(oli +9;)B(u —uik)_(%\gik ]T ,;Nie‘iB(“J -u})

V(6 (1) -V (5, (1))
—[{oT0usdr- 'R (i e[ TR () (10)

' + ' 24 .
+Lt 25 (4 l)T R (u _“ik)df_f ;Nieij d+o, (4 l)T Ry (u; —uf )z 5




 The critic and actor NNs can be introduced
\7ik — (¢| (§i ))TWl'(
Aill (%n ( )) Wulfl

* |t can be derived that

Gik = (¢| (5i )_¢| (5i,))TWvli< _J‘tt'aiTQiiaidT _J‘:, R (Oik )df _J‘:’ JGZN R (0T>d

+22,,Zm;zm:r " j:(u + 2 (4 ))(gpul () Wide

=1 I,=

1
22 m m v R - .
Simplified form < gl 2 + 1,9 (45)) (0w, (8)) Wii'de

(11)

(12)

(13)

(14)

(15)



d Algorithm 1 Model-free off-policy reinforcement learning

1. Choose the initial stabilizing network weights Wu?,l,i =12,...,N,l,=12,....m

2. Employ the control law u,,i =1,2,...,N, to the system on the time
interval [t ,t | Collect the system data {§,,u,},i =1,2,...,N. Let k=0

3. Computep,f‘[to,tl],..., P.Etu_l,tu] and ”ik,[to,tl]"“’”ik,[tu_l,tu]’ and computeW "
Let iteration index k =k +1, repeat step 3 until ”\Ni"+1 —WikH <g

Return W *,i=12,...,N

Lemma 1 If the iterative value functions and iterative control laws
are designed as Egs. (11) and (12), where W, and WSl =12,...,m
are updated as Algorithm 1, thenlim(¥ = u’,i=1,2,...,N.

N\ o _/




d Numerical analysis

e System matrices Az{

o | =
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d Numerical analysis (Cont’d)

e A =21,=151=3
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d Conclusions

The nonzero-sum game problem of multi-agent systems with input
saturation has been studied based on the model-free off-policy
reinforcement learning method. It is shown that the presented off-policy
reinforcement learning algorithm can make the iterative control laws
converge to the Nash equilibrium without the information of system
models. The simulation results showed the good performance of the
presented method.
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