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Abstract: In order to reduce the network communication and controller execution frequency while guarantee a desired
control performance, an event-triggered optimal control scheme is proposed for solving the optimal control pair of discrete-
time nonlinear zero-sum games in this paper. Firstly, an event-triggered condition with new event-triggered threshold is
designed. The expression of the optimal control pair is obtained based on the Bellman optimality principle. Then, a single
network value iteration algorithm is proposed to solve the optimal value function in this expression. A neural network
is used to construct the critic network. Novel weight update rule of the critic network is derived. Through the iteration
between the critic network, the control policy and the disturbance policy, the optimal value function and the optimal control
pair can be solved. Further, the Lyapunov theory is used to prove the stability of the event-triggered closed-loop system.
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Finally, the event-triggered optimal control mechanism is applied to two examples to verify its effectiveness.

Key words: game theory; event-triggered; adaptive dynamic programming; optimal control
Citation: ZHANG Xin, BO Yingchun, CUI Lili. Event-triggered optimal control scheme for discrete-time nonlinear
zero-sum games. Control Theory & Applications, 2018, 35(5): 619 — 626

1 5|3 (Introduction)

VAR, AN 2 ) FAE [ 2710 SR e A4
SRS T Tz NS X R TR AR A
AP, — J7 TH B SR A )y AL VE B R AR B/,
MAE TR ORI, X% [E TG St Re e
PRI, SZXFE R PUPE BETH BERE R IIE RS U AL

Wk H i 2017—11-01; H H#: 2018—01-23.

TiE{E{F# . E-mail: zhangxin@upc.edu.cn; Tel.: +86 15564879644,
AT ZE: ik,

PER R SCRA B T TIRRE ST SR AT SR
TG 7] B 5 AR I Ta] SRS AL AR, RVl
ARSI ORI, AR R 2 RGOS H1E
e B R EEFEAT A R, 2 6 H A 5 2SR
AT SRR RHEIN T 180 TR 2% FIRAT 25 ) 74
LG RN B, S SRS R —F

IR FARFRL 2B T H (BS2015DX009), %X H SAF} 72400 H (61703289) 1 B).
Supported by the National Natural Science Foundation of Shandong Province (BS2015DX009) and the National Natural Science Foundation of

China (61703289).



620 oA R 5 N A

35 4%

AR ERAFALIT. SR [41UE R 1 AR RS 1R A
EU A LSRR AE SR 5 ThT SN . A IRBILA T
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ARG FE IR, SCER[6] Bt 1S AFIRBhE R
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TR 0], HHAF T — 5 (B A T R R AT
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TR A R 5l B 2 ARRAR R R T 5. et T —
ANFY I SEA SR B A RS VR 2 i R 3RS
T IR SR, T HITE A ARt
fiEe b e M LASRAS, 3 BOZ A A2 X Tk B4 K A
PR, — o B Y 2 A AR SRR A AR . ORI — 4
LM ZEA RV, ITIACES 1 S8 ADPARLVE P 1T
Pr—F2HI XN G54, A7 D 1R X 25 B I 2RIk
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N, #i] B br 215 PR ReFe AR pR B /D, T shi A
wy, € R™2 N A A PEREFR R R B £(4), g() A
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SR U(D-Q) IR B HEEL M R A1
IR in) R B AR A N, B SR R B BRI 2

V*(x)) = min max V(xy, ug, wy,) =

max min V (xy, ug, wy). 4
Wi U
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V* (wk) = U(wlw U’Zv wl:) + V*(wk+l)a (5)
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H (@), wy,, wy ) AP IR R AL
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3 HMHWImIEH TR (Event-triggered
optimal control mechanism)

3.1  FHIKBN A (Event-triggered condition)
FEFAFIRBIHLEN T, 58 L {k; } 50 A2 — A HL iR 4

Feo, kAR i RFEN Z1,0 = 0,1,2,3,-- - XA

KAER G e R G AL N ZIFPRES ), AR
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WIRFEA L u(xy) = p(xy,), BHEIT —A KR Z.
T EE R A, TEASCH R S IR Rz i 2wy,
S, TN RB A w A 72, AR 9), TR
u(xzy) = plex + xy). (11)
Flitk, REGURE R ES N
Try1 = f(xr) + g(xp)puler + xp) +
TEFAFIRBHHLR] A, 42 04 N S AE AT I 20 5587,
RURAE Ky I 20 AR . TR, RS IR 42 1 SR (8a) W 1%
KRN
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A B EAT S

lexll <2Lflexll + (1 + L)z || <

(1 + L)[|2, |- (16)

AT I IREEL A S, 2ER20 < 1, BPL < 0.5. H
TR Zle,, = 0, M (16)4H
(1-(L"™)@a+1L)

ex] < Y |l (A7)
€ RIS RE N
1— @) a+L
er = RO D 1

Hrba € (0, 1] 8E%.
3.2 B ADPIIEACUHEE B4 M4 5L (Sin-
gle network ADP value iteration algorithm and

neural network implementation)

XFF AL R GUR UL, HITITFE(S) IMRARME B 2R
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TERREV 1 () RIS
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Vi(@pi1), (22)
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x, Qx4+ u; Ru; — w; Sw; +
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ik 4 GFEFE, o, 8L
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FUCSR B B AR B RV * (2, }ﬁ%UXﬂf(uj, w; ) Sa |
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TR R N B R AR ME, TEIER 7R ZE M RF S

il 5.

FE 1 IR, f + gu + hwid 2R AR, It
HARPIEHEAATTGEH1S RGURSE— P 2 WEVERITE
K, B f(xr) + g(er)ug + h(xy) w2 A R 5 &
V* ()XW FATEA IR RGUIRES I HlH N A A PRI,
W0 < 0 < coREME LA (28) L. HhAh, T
LRIV E RV () /2B I, AAERQHWIRE
ISR

F 2 5RAADPEEAE, A0 (2 B 2%

2y, WO — PR ORI ACMEL B 5, s 1 FRI A=
| SRS A SIS SN TP 9. bl A ST FE FR) A A 5
ORI RS, PRI R gl mg. RGUIRESTTE
HATH T S G ORALE T $2 1 SRS RISl SR mT AR e e bk
JA P B RGE TSRS R ARG AR R N B S AR 7 5 46
Hay, AT DUE R AR R A R 07 S S5 A R SUIRES T R

L 2% ADPREEARE R AR PAT D IRUTE

LB VIERSHQ R, S, & ac, fma HE
MZERUE V> Ry,

SE|2 4 =0,W(0) =0, (FVy(2i) =0

$BE3 HER19) T Hu Mw,;

PRI Lj=j+1

PE]S R0 He,

$B6 MR QDEHEW.(F + 1);

BT RERCHIEV . (x);

HE]S MR, Mw;;

BRI RV () — Vi) < (i IE

IRIELG > x> BEFLER10, 15 NIBEF L BR4,

HR10 TR RS TR, FAL
3.3 HMIRF) W 4 {E R (BEvent-triggered

single network value iteration algorithm, ET-
SNVI)

AR 27 3. 1759 AT, SAF IS BUE ey, FHAFIRE)
FENer| < er. ZRBNFAFA TR EHS, FLFIRD)
WEMEERNE, AP (a0, ) TR AN
Peshim AT~ A :KA3) M2 (8b) s, HH )
RUE BBV ™ (a0, ) AT 26532757 H B B X 2% AR AR
CAPSI MBS M2 SR E IR S e AT e S
5 RB A A B LA N

p(xy) = _%R_lgT(mki)Akri’l? k€ [ki, kiy1),
(30a)

1
w(xy) = §S’1hT(azk))\k+1, (30b)

HAPRRAS A, 1 eI B S AL B R ER PP A Y
R IV () = W be (V).

‘i s FEEFHa, BAIL, Ko 2%
o RS A AN S 2 13

o ([|lel]) < V(r) < ozl (31)

Vi(@ps1) = V(wr) < —aV (o) + Bllexll, (32)

ar ([l ]l) < Laflzl- (33)

EFE1 XNTESRRGA2), WHER%S oL, X

Tk e ki, kipr), i =0,1,- -, W2 FHIAZEN:
o(k) —ao(k) <0, (34)
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W ZR GE(12) & Hii A e 1.
ik H33)AA
ek, || < ar(V(xy,)) < LiV(xy,). (35)
FRAMABHARIAB2)H, 75
V(@) = Viwr) < —aV(xy) + o(k)V ().
(36)
Ki=(36), A5
V() < o(k)V(xy,). 37)
KEHRARXGB6), iI1E
Vi(@pi1) = Vien) < (p(k) — ao(k))V (x,)-
(38)
@B, A1
AV = V(xpy1) — V(zs) <
(p(k) —ao(k))as(|[zk. (). (39)
R, AR (34) O, AV < 0. #2 4 Lyapunov
BEMEFIS RG(12)#nEfEE. FEE
ZIKITEﬁEﬁ%#@EzJJm%h%Uﬁ;%
B, FBARDIRUTR
$B1 WS Ha, L, e, 2i=0, k
=0;
LE2  RER O MK A8) THEFA RS iR %E
e, M fEer;
BLB’I  F | en]| 2B KT er, WERKTHAT
HIRA, IR NTET Bk D3R,

G 1

TB4 i=i+1,xzy, =x4 €, =0;

LE]|S  HEAG) T Hu(xy);

HE6 MBI w(zy);

PI]T XA,

BERS W [xp — x| <6 BHD > inay,

BREEIDIR9, 5 Bk DU,

FBY  HIEER.

E 3 CHEEEY () E SN RGOSR R R
WRIEHITHFEG)FI A Z(22), R ELV (a1, ) BT LRIR N R GUR
B, HEEL. WRAGE—NEMRER, HEHV (x;,)
=} Pay, o PNERIEREMIMR. AR, Hoi LR s
FIAZERGD. B RGN —NAEL M RFERRHE, HEN ™
WE e (T 1) FIBITV (). 38 2410 TF B0 B B o () th
M ARIEAZE (3 1) L.

FE 4 AR I F RIS A AR IR
EEAI S, W AE VAN I | £ 81 SR A B SR 2 [ g AS
WS AR, BTG 2 R H, st T I E
PN HIERE— R IRBIN % T HAZ 5% A a6 A
EREVD () = 0, AEOREEME—DHIAEFE T 2. KNSR
LeME R GERUZAR T EE W, BOVARZNE R SR A6 T E N
mIFNE SRS

A
e S T
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(%% {x’“” ]

w(xx)
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Fig. 1 The structure of the event-triggered optimal

control scheme

4 FEIGUE(Simulation)

B UEAS ST I A SR B dp A 1) 07 22 R Ak
PE, AN RN R T F-1648 LA — N EZR
PER G B

Bl 1 F-16/%=1HL.

BT P 1688 AL B Al s g 1161
= Fz;, + Gu, + Hwy, (40)

Hrbxp=(ou q O] ™, s NECEHL, g 9 0HI
WL, Oer T FERE S A1, w B HL I, w PR
BT R R IEE X

Lh+1

[ 0.906488 0.0816012  —0.0005
F = 10.0741349 0.90121 —0.000708383 | ,
i 0 0 0.132655
[—0.00150808 0.00951892
G = —0.0096 , H = 10.00038373
0.867345 0

PEREFEAR R I (2) o, Hd: QeR?*?, Re
RUFLS € RVUNBALRE, KT B IHIEAIRS B E N
xo=[4 2 BT KA 3-8- 113 Z#E L% KA B
TEUT I, PN I BREERUE Vo AE [ 1, 1) Z [RIBEATLA k.
W (0)BE5E T, MITTFAERI UG A A B 5V, (1) =
0. PG R ()i Ntansigl L. TN 22 Ka, =
0.2. TFEREE ANE = 1072, YR IR T 20000K, A
T 3B G e 25 X £ AL FE N R S AR /ML, TE 800324
AN T REELEURD. PR AUE AU Sl s dn 1] 2
P,
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EE T o = 0.1, L = 0.1kH0E F1- 9550 1A

er = 0.1375(1 — (0.2)* ") (41)
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W7, ASCHE S IS4 DR 5l B R 28 AR A
Sk R TR BT 80UCKAE, T AL R [H] R 5 ) ADP
RN TR B ATTO6 KA, . A ST B Rt i /b>
IT90% H B WX RN THE &, R, BT HRA T —
AR ZE, IS T FH SR A2 ] SR BE A 3 SR B 1)
PN, BT PARZD T 367 % HI#H 28 X 28 BUE I 25
=

il 2 ESHUERLME RS,
RN I B AR M A ), RS T
A
i1 = f(xr) + g(xp)us, + h(xy)wy, (42)
Horp:

flar) = [fi(mn) falee)],
fi(xr) = 0.921; — 0.1z94,

fa(xr) = 0.921;, — 0.529;, + 0.02524;(cos z15 )2,
g(z1) = [-0.01zy;, 0.5cos(2x1,)]",
h(zx;) = [0.1 0.1sin(4zy;) +2)*.

PERe TR bR BN Q) PR, @, RMSHEA
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Fig. 8 The trajectories of system states
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Fig. 9 The trajectories of control input and distribute input
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and event-triggered threshold
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