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Abstract; An online adaptive dynamic programming algorithm is proposed for geiting the approximate
solution of the coupled Hamilton-Jacobi-Isaacs Equations ( HJIE ) , and obtaining the Nash equilibrium
strategy of mixed H,/H_, control of nonlinear system. By adding the detection signal to the control strategy
and the interference strategy, an approximate dynamic programming algorithm is acquired for solving mixed
H,/H_, control problems with unknown model without depending on model information of the system. Two
critic neural networks and two executive neural networks are used to synchronously update two value
functions, control strategies and interference strategies online. The unknown parameters of the neural network
are estimated by generalized least squares. The simulation results verify the feasibility of the algorithm.
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Fig.1 Neural network structure

PPN A UEL PR L V,, V, , AT AR T 4%
HIEIA w RSB RILHHA wo AT ETHIR,
Bm=q=1,%K21) MK (22),V/(x),j=1,2,

(%) ,w,,, (2) PR N
Vi(x) = (W) ¢, (x) +&,(x) (23)
V;(x) = (W), (%) +&](x) (24)
u.,(x) = (W) () +&],,(x)  (25)
wo(x) = (W) b, (x) +&],,(x)  (26)
KepWi(j=1,2,3,4) 2% P TE AR A B
BAUER 3¢, (j=1,2,3,4) I REG/ (=12,
3,4) BMAEMEREMRE. YMEMNEREEHE
TOEL n—oo I}, 1R72 60, i1 TRUEAMUEAR A, R B A

AT

Vi(x) = (W), (2) (27)
Vi(x) = (W) "¢, () (28)
i, () = (W) "y (x) (29)
W, (x) = (W) b, (%) (30)

R, WL W2 W, W SR A
MRS EOT LS M, R (27) ~
(30) KR (21) R (22) 5B H

A

(%ﬁ)[ Ny ]=o,: (31)
Wi+1

wi)[ X ]=e,f (32)
W

t+kT

Ref, ol=]  r(ruw)d, g =
t+(k-1)T
¢1(xt+kT)) 9_2J’
t+(k-1)T

B2 [ Regla, j=1,2,

MR R (31) MR (32) o, LR
R BRER, JH LS sk S A R Dk
I

[(¢1(x;+<k71)1) -
1e¢3 (x)dt] "pk = (¢2(x;+(k71)r) -

>§>

<¢>[W -

>€>

]y

i+l

X/ =[y], ¢ NANE
1,2,
B8 @/ FURE, 5K (33) 2

[Z ]=<<¢;>T¢;>*<¢,—1>T@;
L (34)

2

[gi‘* ]z((‘pf)%f)*(qif)T@;

LS [T LUK 4 R G0 0 52 B BSR4, N, A Y, 4331
SR SEREW! AW, B4R, 0 T AREARAZTE , R AE
Bl b BERUE R Kk, = rank (D)) =N, + 1,
Hi%3 WA
FE2 BIR 1R, EFENES o ERIF,HHE
Be>0,FEi" >0,N >0,N, >0, AR i" >i,
N, >N, I

11,=1,2; @ =16],-

li};(x) _Vij(x) =g, | ﬁi+1 -u,, | s,
” ‘GHI Wi ” s¢
N 4 (35)
Vi) -V (x) 1 e, |y 0" | <é,
[ W, -w™ || <e
XA x e Q BRAL, SIS IR UER 3 WL CHR(13 ] .
4 HOEMFE

AT i85 Matlab FOFOF AR VAR 2 A
Rt

x=f(x X K(x
%ﬁﬁﬁqkzﬁﬁggﬁ{zzf(x))+g< urk()w

H -0.25x,
,\FF',f(x) - [0_5x2—0.25y72x2xf_O.sz],g(x) —

MECEWESH N

& X MERETER(4) ,aR(5) P R, =21,R, =1,y =
1,5k B T R i e

VHIERER BN x, = [1 - 1] MR
Aw, =0,w, =0, FIEPUE W SEIR A 0, JIE KL
N (x) =, (2) =¢ps(x) =¢p,(x) =[x 2,3, 23]",
B e =sint O AR, BIRTELRIETT, RERGW
P B JEHA A T =0. 05 s, 1S PR A £ 5 4 20 41, 10
BIERBSHE 1 s BEFH—K. B2 HERKV,,V,
fETHFSEOT R KB AL B 3 R A v, T
WA w TS HBEEIRE Ak, TTRLEWL, S5
165 WEH LG EARF R E . B4 ATEFRRYFEH
SR IRIER TR RE MM E

BB 2 ~ & 3 ATLAE W, A oA R4 45 A9 BUE
WSS 5 EH R EA KNSR e fE, 78 LS flitry



FEoM

W R%E: ETABENSISANNRMERIERERS B,/ H, 5§ 21

HEMESET, BREREHN V, =5. 53964 -
2.3891x,x, —0. 17964 ,V,* = —6.9093x] +9. 7127x,x, +
2.4373x . GRS (85) Fu® = -0.4460x +
0.3035x,x, +0.2018x] ,w* =1. 4854x] — 1. 899 3x,x, —
1.5787x2,

BB 4 A LR W, FEFTRGT R ER S T RS
REEAT ,RERBEER TR R EER/ N EA,
KU R RINERSETUERAE - BELE R, HR
HiRE H,/H, HE6E,

I [ 6 - “rm
4 f _ :11 4|~ W, T—
_ 2t/ W, JE) a1 _
E 0 : E o f . . . .
01 2 34 5 6 7 8 201 2 34 5 6 7 8
BARIKE BARWE
a V, BESH bV, BUESH
B2 V..V, HESBEHR
Fig.2 Updating of parameter ¥, and V,
04 2
02t J— — 1 ~w,
w0 : - W, <0 [ ~ W
&4)2\\ -*-zz E_]
-0.4 -2
-06 3
01 2 3 4 5 6 7 8 01 2 3 4 5 6 7 8
EARE LA
a u BUESH b wBRESH

B3 u,wUESEER

Fig.3 Updating of parameter # and w
1.0 P

—x,

0.5

5 0 15 20 25 30
tls

K4 REREMEBL
Fig.4 System state response

5 &XIE

FXE R —RAHSI A EB RO ERERS,
ETRENFNERARBE, RET —FMRBRE H/
H, B AR R SR TR R R, B LR A K HIT
TR BR T RRERGREEDRERES, Ed
4 NHE RIS, IR B 7 2R BB R AR 3 o SR A T4
Hg MR T RERRSGEE. REHEAGTERIET
BEkpA R,

(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

(10]

(11]

[12]

(13]

2% X W

BERNSTEIN D S, HADDAD W M. LQG control with an
H_ performance bound: a riccati equation approach[ C]//
American Control Conference, IEEE, 2009 :796-802.
B, 258 ot ZETREEENRS B/H. R
SREEERIER[T]. EH-53RE,2005,20(2) :132-136.
HEE,EFR,KELE ATHERGRS H/H.
SEER R EEANA LML s (J]. BB 50 A,
2011,28(2) :247-255.
LER, iR, 2. ZTAEMARRE H/H,
EH[T]. Ot 5#EH,2017,24(7) :1-6.
R, XFE. ET AENHIB ARG FEH FE
PR R T]. Bahfb2EiR ,2017,43(7) :1101-1113.
Aok, kK, B, . BEMESISHRER[T]-
B 3htk223#,2013,39(4) :303-311.
LIU D R, YANG X, WANG D, et al. Reinforcement-learning-
based robust controller design for continuous-time uncertain
nonlinear systems subject to input constraints [ J]. IEEE
Transactions on Cybemnetics, 2015, 45(7) :1372-1385.
ZHANG H G, QIN C B, LUO Y H. Neural-network-based
constrained optimal control scheme for discrete-time
switched nonlinear system using dual heuristic program-
ming[ J]. IEEE Transactions on Automation Science and
Engineering, 2014, 11(3) : 839-849.
VAMVOUDAKIS K G, LEWIS F L. Mulii-player non-zero-
sum games: online adaptive learning solution of coupled
Hamilton-Jacobi-Equations[ J ]. Automatica, 2011,47 (8):
1556-1569.
ALIYU M D S. An iterative computational scheme for sol-
ving the coupled Hamilton-Jacobi-Isaacs equations in
nonzero-sum differential games of affine nonlinear systems
[J]. Decisions in Economics & Finance, 2017(40) :1-30.
ZHAO D B, XIA Z P, WANG D. Model-free opti
trol for affine nonlinear systems with convergence analysis
[J].IEEE Transaction on Automation Science and Engi-
neering 2015, 12(4) :1461-1468.
TAPIA R A. The Kantorovich theorem for Newton’s meth-
od[ J]. American Mathematical Monthly, 1971,78 (4):
389-392.
ZHANG Q, ZHAO D, ZHU Y. Data-driven adaptive dynamic
programming for continuous-time fully cooperative games
with partially constrained inputs[ J]. Neurocomputing, 2017
(238) :377-386.

con-



