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Abstract: In this paper, an event-triggered adaptive dynamic programming algorithm (ET-ADP) is proposed to solve
the saddle point of a class of nonlinear zero-sum differential games. Firstly, a new adaptive event-triggered condition is
proposed. Then, a neural network (critic network) with the sampled state as its input is utilized to approximate the optimal
value function. The new neural network weights updating law is designed to enable the value function, the control strategy
and the disturbance strategy to be updated synchronously only at the event-triggered time. Further, the Lyapunov stability
theory is used to prove that the proposed algorithm can obtain the saddle point of nonlinear zero-sum differential games
online and avoid the occurrence of Zeno behavior. In the proposed ET-ADP algorithm, the value function, the control
strategy and the disturbance strategy are updated only when the event-triggered condition is satisfied, as a result of which
the computational burden is reduced and the network burden is eased effectively. Finally, two simulation examples validate
the effectiveness of the proposed ET-ADP algorithm.
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ARG E B2 ARG IEH B AR, 8Nk, €5k
U B A S H IR ET-ADPHL 1 B % 38 % Zeno 4T N 1)
FEAE.

IS HERG), AR RIS
TEWEN(LS), PR IR 2 BB R A3 (18), B & M 3
i R 264 N (10), T/ N RAE ] R e A R 5, B

1 K¢,
Tmin 2 % ln(l + j) > 07 (54)
Hr:
K >0,
S = glél]{]l(f(l‘, HWCH)) =
. C’Cgmin 2CQmin
min , > 0,
J'GN{ Bim Bam ;

n= (gl%d)‘nlaX(Ril)(ﬁ{v[)(W'cM +
1, o1,
Il + IVl + ) +

kl%/l 1 /

(?)\max(P_ )d)M)(WCM +

1, - A 1
Sl + Il + ety

E 5t <t <t i, R RGEENH(22). H

T BRI SRS AN Sh HEMK AT EHE R GE, PRIAF A —

NERKHEAERX f(2) + gu* + kw*|| < K|z
FIFARQ2) BB BB EIATTE, 2t < t <t 0,

&[] < K] + . (55)

FH 5 FE4 AT 60, A 99 24 B0 5 2 W, — B0

A G, WA pA I lE R e, ()RS, A1
le; 1l < ll#]] < Kllz]l + p. (56)

I e K il X (56), IR %A Ne; (t) = 25 —
z(t) =0, t = t;, WATTF
(eK(t—tj) _ 1)

K
N T A3 BN RFERIRE I ) R 7, e M X (10)75
FE(z, | W) | T Rl 24t <t <ty 0,

mln{ C(Qmin 2C’Cgmin
JEN T B Bam

les Il < & b <t<tiy. (57)

} >0,

Horr:
0 < Qmin < Q('r)a

1 / T
/BIM = 7g1%/[)\max(R71)l¢M”WC,MHz) +

[\

1 T s
T,Yle%/I)‘maX(P 1)¢MHWC,M”27
1 .
BQM — Zgl%/[)\max(R_l)lHWc,MHQ) +

1 o
rfygkI%/IAmaX(P 1)lHVVc,MHZv

W = maax( 172 ).
ZRFEIRG BN, (e || = &m, F3UGT) LR, WA

K(tj+1—tj)—1

€ N S i —1
b < P BRI 10—t =
1 K& R —
>~ In(1 + T) > 0, Mg/ N RAF 1] R A2 2(54).
IF .

5 {fE(Simulation)
1) HREAN R IF-164 LA Y1201

i = Az + Byu + Byw, (58)
Hrr:
—1.0087 0.90506 —0.00215
A=0.82225 —1.07741 —0.17555],
0 0 -1

B, =[001]" B,=[10 0"

RGEWREr = [a q 0], aRIRBA, ¢RRIESE, 6,5
INTHBERE R A R N BB L, HEshw
FAEIBAA ErIRER E R ECE S (2), o

100
010
001
PEAN 285 R30S BB BORR [ @120 T3 X3 2om3
22], BUEIE AW, = [Wer Wez Wez Wy Wes Weg,
PEU X2 1) & R 2 B A o = 0.3, FEfil Rk 2% A
HIISHBENC =02, gy =ky = Py =3, [ = 1.
RGURB VA N2 (0) = [20 20 20]T. 2= >0 ] 8
Nt = 8000 s. PEA X 45 (1 AUAE YL S a2 o 1 2 il 7.
Y BT SR AR 00 S A Ak S A 3 A FH 2 R 88(58) &, AT
3 R2GURS T E 3 FTR, S AEfR e, i &(x,
|| W) B0z n P4 BN SRAE B s 215
Fior. HESTT LA Y, AT H IET-ADPHIAY
TXPIRASSRAE 1749I%, it S iti (8] fih & ADPSLIL
FUPIRAS KA x 101K, A HIMET-ADPRIERE
59k /097. 3% TS . 5 SCHR[18-1914H Eb, A SC A
P& HH VPR 9 268 R4 i) 2% X 75 8% 58T 1 7491K,, T STk
(181915 Hi I AL PEA PR 28 B TE T4 x 10*IX,
I, 7 A5 R A H I ET-ADP L BRI A 24
vl D> AR R AR R 28 A7 7

Q= ,R=1,P=1,vy=5.
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2) BREUT AR R4
&= f(x) + g(x)u + k(z)w, (59)
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Fig. 5 The cumulative samples

Hp: f(z) = [—z1+22, —21—2240.2525(cos(221)
+2)% +0.25z5(sin(4x;) +2)2]", g(x)=[0 cos(2z1)
+ 2|7, k(z) = [0 sin(4x,) + 2)7. 18 8w SO
(2), Hrf:

10
Q= lo 11,3_1,13_1,7_8.

PEAN P25 (P00 B A B (22 22 o 5], BUEIE N
W, = [Wa Wey Wes Wey], W RIZE I 15 G R 25
WHa,. = 0.3. R FEFRIZSERAC =04,
[4 5)T. ZEJWHEIBEAE = 2 x 10* s. VPR WL IAUE
WS an IO BT 7~ . K P R A5 1) S A flk e e P 4
TEHEIR5:(59) L, 718 REGURESIT I E 7R, 5
i 5 2% ey S & (o, || W ||) B U328 IS BT 7. 4
(PR AFE BN G O s, B IO W] LU HY, A STl
$EH I ET-ADPRYA FEAPIRAS RAES08 K, AL 4t
i 7] fih % ADP 359 75 ZEXPIR A SRAED x 102K, AL
P2 H M ET-ADP & 5 ) [A) fish & ADP 535 AH L i /D>
89.9% 11T &, 5 CHR [18-191MH bL, AT A d i i
PR X 28 A i) o R 75 25 BE 7508 UK, 1M SCHik [18-19]
P TR 2SR BT5 x 103K, Rk, 17 &
45 PR IA ST I ET-ADPELIE A Rk,
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6 Z5i(Conclusions)

B SRARZRAE T A o0 3o S ), AR T

— P A R AL B A LRI (ET-ADP) %, %%
REMB T4 27 21 3R1F AR S M T AT 73 W SR % e, HAY
TE =i 5 B 220 [ By B BT R AR 2 ) SRS AP 3 3
. il LyapunovE e P UERR T AT de tH FI 57 RE
WARE AR RGN — & H A A58
Zeno T M. s Ja, 1 BT 300F 1 BT Hi ¥ ET-ADP
SRR .
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