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Abstract:

controller based on dynamic event trigger is designed to realize the fault-tolerant chaotic system synchronization. First of

The fault-tolerant chaotic system synchronization problem is studied in this paper. A synchronization

all, for the fault existed in the system, the fault-tolerant system model is constructed. Based on the fault-tolerant system
model designed, the input-state stability(ISS) method is used to transform the optimal sampling controller problem into
the stability problem of the corresponding fault-tolerant system. The sufficient conditions for the fault-tolerant chaotic
system synchronization are presented by constructing the Lyapunov functional. The triggering condition designed can
modulate dynamically based on system operation condition by introducing dynamic variable, insuring fault-tolerant
system synchronization, and the network usage rate is also heavily decreased. Finally, the effectiveness of the proposed
method is verified by numerical simulations.

Keywords: fault-tolerant; chaos synchronization; dynamic event trigger; input-state stability; synchronization controller;
dynamic variable

= —— PEEL[R] S5 7 00121 Adomian 3 % ) 130 2%

H 1990 4 Pecora fil Carroll & Bl & 4t v] LAY
[F22 3 HH g sSe TR R A FIE 2 5, IR R 4
2 B Ok 2 B SN GO0, TR 5 A A
S5 U S o 7 e N LR Y G N L A
A AR A B E D JE2EBURI N T £ R 25 14
SV 2 ISR TIZ R AT T TR R
[ [) 20 428 1) J7 3, Qo 28 N g 4 il 7 vEBL, B i R R
7RI R A ) v W AR ) v R R

Yks HEA: 2018-02-01; 1&[E HHER: 2018-06-29.

SR, BT RGUAH BLERE R ). 30 A% LA
S AN PRI AR A S SR, 23 77 AR — e AN R R PR
e 1717 3K AN R 2R PR L 2 A A G PR e [R] 2D 4
] 28 % 20 TR AR [ A A AT DU VR LR P R 4
H B R I A SR 21 [ 28, i v 2R 0 1) B e R RS
PR SCHR [14] 506 P AN R FTTR I 2 S, FI) AR v A5
PR TSI T W A T (R 4R ) SOk [15] 80t
T —MEET Lyapunov 77 R AFRE 70 0 45 4 1) = 4 25 W

HEEWHE: FEFRE S ZITRIIE (2017YFF0108800); [EX H AR #HE 4T H (61773109, 61573094, 61627809); %
H E AR 55 9% T T% 4100 H (N160404005).

EZ BN Dok (1982—), B, BIZHR, 1, MEEMEE2 . S8 . el ARG R, #VKE 1977-), B,
Hiz, A, Mg, oA ] oA A AT T 5T

Tl IAA/E 4. E-mail: madazhong@ise.neu.edu.cn



%12 31

DAYy & ATHEFHBANRLRAAKEEER FFA 2185

DUZS ISR B 4 1) 35 0 A S T s i 48, e e 17 A
AHIE I iR B 22 8 e AR 2R G2 00 32 B 254 ) R SCHR [16]
R TR T 2R G0 R A I AN [ S B P e e, Je ek 2 v
BEOUIN G SEIL T SRS 5 R, BT e B 2 A 2
THE TG TRTE 2 48 b e 15 A b R A, # AT DS VR
RGN [FIE I HLwh 2 45 € T Re R r.

IR T VEAE BT A i [R5 ] s I R 2 A
fik 2 1) 77 2R BEAT $E M 5 5. SR Al R AS
T, DU A R R 2 B A dn A A A S
JoL, D428 115 5 A e B R I R, 2 oy FH e 22 T D 4 Ay
B IR GTUR. TSI AR AR TR L A
N RERH T B TS fid R 1) 458 ) 28 T T VL %7
15 RAAE R GUIRAS W 2 il R S5 A I A 34T 508 m %
1% DL R 42 1) o AS 5 0 BB, AT LA S I 7R AR . SCk
[17] 388 I 0 5 5 Ik T ik () 428 ol 2% v 7 vk 5 R T
AR A AR R AT X L A T AR T
A i 2 7 32 BT AL VI PR A o) 8 6T I 8% 1 7 SR R L %
R & . SCHR [18] &1 X0 A 7] 4 B2 1 3= IR R 4,
Wb 1T F A b R BB AL S, R4 T R
TRV R Gt [F) 20 1) 25 A, 55 S i R SR [ I Je ke
KL B ik 428 i) SR 19200,

FEIRTH R 40 SEILRNE BT, T IRS EZ R
K, ¥ 1) 2% 7 AN W BB 1 45 5, B S fik e 2% 22
e A W fi i, DA SIC B0 PR PR YRR [R) 2 T AE VR el R
G s [E] 20 1) ) A, BT VR [F) 2D O A S I, 4 |
AN P R R SR R S 5, T A AR R R
PERE TR bR 15 A B35 2 I, 4 77 AT R HE S
B, X PP LE A [F] IS A 5 A [R5 R 00 g4 flnk 0 0,
A IR TCIESEELN. R, SR 21138 T T
BNAS AR 3 f 28 BTt 7k, s B IE R T
5 i Sk R A B, B2 S i R AE AN [ ) 47 )
3 AT LR AN [ 0 fi R, vT AR 410 B A% B
By Hb R fd RO SCRR [22-23) 3 5 e v oA KB
A A ik R0, SEB T — B R ] E L H 2
FLFT 3 N3 A5 7AZ B0 A2 it 2 I A1) T B0 18 e g P, I
AN B S IR R e P AT e

25 L IR, A SR — Bl B T sh A A Al R TR
AR RSP I 7. %071 7843 75 18 O R
TR VL[R2 22 4 1) 5 W0 26 SR A SR 42 il s 1) o 2
VTR 2 0 45 S R 20 o) U AN R iR 22 R R e
in] @, - F| FH Lyapunov #2514 #9545 1% 2 RSt =2
B R e R oy A e, I SRR B 1
& Hh R s 2 S R 2 T R R A R

AL T I 7 R EAE AU R 1) BT

A IR MR (TR L[R]30 2R 4 Wik A A AR s, DA S
PR RSB R, S iR R 2D RGIEAT I ] 5
PE;2) 8 51 A &, Wt & TR s S F A4
fidt A R U] E4) 428 1) 245 5 SE T 5, AR R I PR RE A
FRIHTHE T, AT DA% 5 Sh A M AL s i 1 5 IFFRAK
25T B R ER: 3) BTl AB AL &, AT LAZ R
B A R A K S W R R G SR 4) M
F Lyapunov £ i€ 1 #1487 45 & 4 N\ IR EEE (SS),
25 L T AF B B A S Ak R R VR 2R G S Bt
PR 1 AT

1 \E#R
1.1 Rk
ZIEW T IEL M R A

z(t) = h(z,u). (1)
Hr:x € R",u € R™. RERBIEH 2L € R —
R™ i 248 (1) A2 MU0 T I3 R4
o(t) = h(z, k(z +¢)), (2)
Hre € R RIEIRZE. R RS Q) 1RE— N
N-IR A Fa5E (ISS) ) Lyapunov B %, W FR R 45 (2) 2
NSRS FRE ASS) . N T 48t R 45 (2) i A -1k
SREM, A BT E X
EX1 XNTHARESs M EiRZEe, R
Z?E#f%ﬁﬂkoo l%ﬁap QN a3$”’7,1fkiﬁgilzl§ﬁ
V(z): R" — R§ W2 N A%
ar(flz])) < V(z(t)) < az(l|=]]),
VV(x)h(z, k(x +e)) < —az([lz]]) +~(el]), @)
MFRV () 1SS K] Lyapunov & 4.
BT RS Q2), R T A wEm R [ 2D R
4t
@(t) = Az(t) + By f(t) + g(z(t)), 4)
y(t) = Ay(t) + g(y(t)) + u(?). ®)
Hrta(t) = [21(1),22(t), - 2. (1)) € R™y(t) =
(), y2(2), - sy ()] € R™ 40519 MR R4
FPRZS R g(2() g(y(t) 23 319 IR TH R G
LT u(t) € R™NFEMNRFEEHIE: 5 AN
AR BIERE; f(t) € R ARG R A AR
B B by B R
Wk £ (¢) AT A RS IR SR 3
jjf(t) = Awfwf(t) + Bwffo(t)’
f(t) = Cuyras(t), 2;(0) =0. (6)
Hrizpt) € R NHEERGRAE HE; Ayys
B 1 Cy p NHEE RGNS HHELE, fo(t) = BO(t —



2186 ECa |

xR ¥33%

ty), 0(t) SRR EREL, ¢ o b AR B 2, B O e
W NI S HL. R 50 (6) 7T LA R H IR 2 B AL
PR, G R TR A | E 5% TR i s AT,
ENRGFAS R ZE e(t) = x(t) — y(t), M@
(4 F1(5)mr LATS H|
et) = @(t) — y(t) =
Ae(t) + Br f(t) + ga(t)) — g(y(t)) —ul(t). (7
TR R G0 BT LS B AR 2R 1 T 2 an R 5 HE
gI31 X TEESENpq € R, BAFE—
AR A R FLER SR () — F(@)T(flp) —
(@) <(p—a)"F(p—q) BOL.
1.2 ETHSEHMARNRERLSIESIEZIT

16 % MU R G AT T, B p
e ] 21 42 ) 2
u(t) = Ke(ty,) + By f(1). (8)

oty AR BRI %, 76 8 25 S 40 i R 35 ) SR R,
LR SRAE I 2] £ ik R RO e 5 s R B K A 4% i) s 1
25, By f(t) AR A, F SRR IR R 4 b il
[ R B £ (¢) s £ (&) A 48, 8 ek R T
SR ERZ SR
By = Auriy(t) +u(t),
f(t) = Cuyis(t). ©)
XL G () NEEERIRZS 2 p (1) (A THE o (¢) R
THR:
v(t) = Kre(ty), (10)
Ky Rl as i as.
W ep(t) = ap(t) — @ p(t), WER (6) ~ (10) T
&
ét) =a(t) —y(t) =
Ae(t) + chwfef(t) — Ke(tk) + m(t), (11
er(t) =dp(t) — iy =
Awges(t) — Kye(ty) + By fo(t), (12)
Hm(t) = g(z(t) — g(y(t). iLnt) = [e"(t),
ef ()", hRAnF12) TG
n(t) = An(t) — Bn(ty) + Buwys fo(t) + Dm(t). (13)

H
Aoy L L K
0 Awf ) ) Kf )
_ 0 I
H=1[I 0], By = ,D=1"1.
Buy 0

N TSR ) A 1 B DL S IR T AR G A A

W, 58 L F G B 48 b bR 203 A A Hamilton Jacobi
Bellman(HIB) &5 3 i1 5 A8 R G 1 e T b R 2104 B i
INEFRT RS (13), W s(ty) = B(ty) 5 LI FHI &
St Re R bR pR 2L

J= jo“’ ("HTFHy+n"Qn + s"Rs)dt.  (14)
He:Q > 0,R > 0,F > 0. A3l KRG Re e br
PR T SRR AR R D P il 48, i R R R =X T
fE 25 E M 2 (0) Ay (0) 35 2

Jim [le(®)[ =0, lim [le;(#)]| = 0.

BT A AR 1) e 2 A5 VR R G R0 T

R HIAE B an B 1R,

1) X0 y(0)
Wb || LR A G o] Rl R 4]

Pl

dNETREE

i
v RS R g

E1 RGEwHIEER
BT &G (13), 80 Bk R P i 98 s (¢), 5
W~ RGEMERe AR R BUS B /)N

Iél}i%{ln(nTHTFHn +ntQn + sT Rs+

V,'(An — Bn+ Buyfo + Dm)). (15)
Sl V(1) = 7 > 0.V, = SLs(0) = Bl
BV (n(t)) 2 FR G (13) % B[ ISS 1) Lyapunov bR 4L,
DU S35 /2 40 R i HIB 45 3K
n"HYFHn+n"Qn+ s"Rs+
V," (A — Bn + Buy fo + Dm) = 0. (16)
%€ X Hamiltonian ER EUH
H(n(t),s(t),V,) =n" H " FHy+n"Qn+ s" Rs+
V,"(An — Bn+ Buy fo + Dm),
(17)
HAr RSP A8 s (t) B 2
OH (n(t),s(t), Vi, t)
0s(t)
38 SRR 0 T AR 3 Riceati 75 F2, 7] LA1S 346
FES:

=27'B"R-V," =0. (18)



%12 31

LRkt F: ATHEFHMAN LR L EE

R A 2187

SA+ATS+H'FH+Q—-SR™'S=0. (19)
PR RN 8), 7T ATHEL S [P #1255 (¢),
B

s(t) = R™'Sn(t) = B(t) = BHn(t),  (20)
H ki 28650 B = RIS H L. Wi dw il 45 1
i M T RS (13) BERFERES n(t,) H, =T ahAF
e fi i R SRRE 28 11 388 T LA n R K
s(tx) = Bn(ty). 21
2 EhAFMAK SRR
N T BROKFR B Hs /> R G2 1A 45 B A HLIRAL,
Wee 0T 199 % 5 B R oK, TR I 5 NSNS & e (¢) R SK
BLEN A F R, e(¢) 75 2 0 N e
e(t) = —x(e) + aa([n(®)]) — ¢(lla®)ID), 22)
e(0) = eo.
Horh: . a Mo R ko ¥ o € (0,1), 7(t) =
n(ty) —n(t). e(t) R %] 35935 2 e (1) > 021,
TR 5 BT (R R LR B A A ik R R,
FEHI FH Lyapunov F2 e PEH#IPR 15 2 [F] 20 % 22 R inin
FasE 78 93 2% AT
EIE1 EH T A F 4 bk 1) 7 0 5 ) 38
s(ty) = Bn(ty) PIAEF T, TR R 90 1) 255 [F) 20 1)
A DUREAR R 2 G0 (13) (82 78 14 10 R 224 SR I 2236
JE N T
to = 0,
trr1 = inf{t € R|t > tp Ne(t)+
O (pa [ Hnll — |1 HA])+
O2(p2(|Gnl| — |GAll) < 0},
R (13) Wil ke, Hop i) #4508 si FE 0 B AR R itk
REFE A7 B E (15) 18 B B AME WS L R SR g1 . =X
3G =10 1.
WEBE ARG (13), I S Ee(t) AN
Et) = — Ae + (| Hnll — [[HAl)+
(2G| = [GAl]).- (24)
1 AX Lyapunov B W (n(t),e(t)) = V(n) +
e(t). Hrhe(t) > 0,V (n(t)) = n" Sy > 0FEFRE
S > OFTERSL. R, W (n(t), e(t)) 5+ FAEE I 2
YR W (n(t),e(t)) = 0. WV (n(t) RF,H
Vi(n) =2n"S0 =
—n"HY"FHn —n"Qn—s"Rs — 20" SB#H =
n"(H'FH — Q — B'RB)n — 20" SB7.  (25)
R 52 SC L, 24358 a|nl)~ v(|17]) Fhn R R

(23)

i, 2 (3) oz

oflnl) = 2= @ e 4 o). o

i) = L2ESNymgpe + joary, e
K@, =HTFH — Q- B"RB.

255 30(23). (26) A1 (27), 2442 il s AN S T4 115
S EARENHG| >l Hnl |GAll > pe2l| Gl
AL Fe: g = /01 Amin (Q1) /2||S B, p2 = /o2 %

)\mm(Ql)/QHSBH, o1, 09 € (0, 1)
T B, v A

W (0(2), (1)) < 5 (71— 1) i (Q) | Hp*+
502 = Dhuin @G ~ e <

(01 = 1)Amin (@) Hnl*+
(o2 = 1)A mln(Ql)HGn”2 Ae. (28)

B e(t) > 0, FTAW (n(t),e(t)) < OEALEN
ZIB AT, AR S (13) ke, O
SE1 5CHR[19] 1 3h A& fil & A EE, BT I 3h
A HE Al R 7850 2 8T WU X R SRR RS, 2
R T T E A B S, 15 ) 2% v 5\ Rk 2
2, A USRI RSN S 2D
SE2 5 0CHR [22] AT 2314 B, A SC SN
A AR B IEAN TR BEARAE S S 1, NI e 1 7k
S PE. BhA& AR & AT DURYE R LR AS, shsH
iﬂ%ﬁ??ﬁ"%%& B KRR P PR RS H04E B A B sk,
D B AR R, S K AN B 1 F
3 PiRsLp
N6 AIE AS SC R 4R I Bk, LA R Chua
RYCNBIHEAT 5 H
@1 (t) = plza(t) — w(z1(1))],
Bo(t) = 21 (1) — z2(t) + z3(1),

B3(t) = —haa(t).
He
w(zy(t)) =
miz1(t) + %(mo —ma)(|z1(t) + ¢ — [21(t) — cl),

©=09, ¢ =14.286, ¢ = 1.
FEARGMYIIRIRES2(0) = [0.75 —1 1), MK S Kk
P TF:01 = 05,00 = 0.2,0;, = 0.01,05 = 0.05,\ =
l,eo = 0.0L %5 Q = R = I. tR¥E 5] ¥ 1 n] 5504

3.8572 0 0
F = 0 00].
0 00



2188

%33%

TR GARAL A 2 .

4-0.5
F RGHFELIAN R

2
MR GEFEE T RGAHF ) Chua R4, N R G
FIRTEEIR S A y(0) = [0.3 —0.2 0.1]T.
Y RGHRAE TR, = RGBT
i(t) = Az(t) + f(z(t)) + By f(2).
Ferb: By= [10; 0; O] #eB5 f (¢) 1R o
&p(t) = Awpas(t) + Busfo(t),
f(t) = Cuyay(t), zp(0) =0.
X HL: R AR

00
Ay =
! Lo

,Bwf:[;],cwf:[o 1,

fo(t) = Bé(t —ty), B =10, t; = 10.
SRR f(¢) B 3 s, BRI, 25 R S8 AR AL B30
w4 Fos.

30

201

RS 5 £(1)

0 5 10 15 20 25
t/s

3 HEES

10
x10°

0
B4 HAERE RGBT
i1 (21) T AR5 7 5 s 90 2

_ p-1 -1 __ K
B=R'SH'=|_|.
K

y
+

1.8884 1.6136 0.1392
K = |1.6136 45431 —0.2109],
0.1392 —0.2109 0.3796
e [0.0463 —0.0018 0.046 3
(L7890 1.9224 0.5951]

TR RGUR R Z W 5 Fos, s R G0R G %=
ZEINE 6 .

— e(n
e ez(t)
)

RBRE e(t)

0 5 10 15 20 25

Bl5 FRERERSHLZ

!

RGRE ef (1)

— ¢f\()
= - efi(1)

0 5 10 15 20 25

6 BPERFIRERTSHILZ

HESFIE 6 Hal UG H: 2t < 10 sB, il I
KRR RGP RGN u(t) = Ke(ty), A
RGUIRASTEFE G2 BO/E FH T AT DA S R B 8] P9 58
AEREER FE RGMIRE; Mt = 10s B, B R A4, X
I 22 4017 22 AE i () AR AR K, R RAR B Ut =
14 s B, [R] 35 4% il 4% o oI N R kM2 2%, 2 u(t) =
Ke(ty) + By f(t), FEEIHIE M T, RN R E &
AN R RS 72 2R T LLIR PR Hb A B F 8, AT S
PR 2R G 25 48 R 25

K7 MBS e (t), T LG H: M BRI R G AR
R AR BRI, X AT B AR R WIGG 5 20, e(t) ¥ 2
e(t) > 0; 4k R AR, BB R e (t) A —ANm L1
BBy, B Hh I R A e S8 DD e R B, B KRR FE
BREAR 1 RS EAE ) 265 H 1) 8 B, i/ ) 8% 7 5
(19 77, 9 HA%Bh 28 738 B AN 75 B AR RF B 346 ek, B 2L
AR

Bl 8 A 1E Bl 2 F A fih e 2% 1F T 1 TR D 4 il 45
T INHET DU 45 A 00 S B b, i — 0
AR T B F i i nT DAAE FRUE R 25 i (VR R
525 1) (R, 980 32 AN 2R G5 2 [ DA, 22 il I 245 5



#1280 DRF F: ATAEFARMAGRLRAKIE P D P 2189
B R 4 & W
AR ST o L e A PR VR T AR G ) (R A ) e,
T 7 — R IR T S A S AR B R D g R T
ﬂ;ﬂ IR B8 E M # 8 (ISS) Ml Lyapunov & 52 14 # i,
?%J g TR A TR R G R R I A RS 0 o
I TE LRGN RETE AR R B 20 Y T R 2D 4 ) 2%
— RRILEL [, AR 2% P o1 5] A2 R
tls TR 2R UK SEI 3R Z2 RS, B0 245 U 59 fi % 2 5, 18
7 EISTERTSHZ fik 151 g I 1) 50 5 B, 78 43 PR AR 315 B AE I 4%
2 H FR) A J78 VCHC, AR (35 11T B AU T oy AR ) D 5% 35 28 1)
: N L R O PR T VUt VB 2
EE% . 22k (References)
= (] VRSl BRAE, 07, . — RO R A
® : 45 (5 07 % 0. 3 5L S5 B0 TR, 2017, 4509):
0 s 10 1795-1797.
100 (XuZK, ChenJ R, Feng P, etal. A dual encryption chaotic
?_;5 50 masking secure communication scheme[J]. Computer and
an\é Digital Engineering, 2017, 45(9): 1795-1797.)
P A I (20 AV T IR IR 725 3 ) R TE AR 28000815 o O 1
= -50 H )15 EI81E, 2016, 168: 33-34.
’"Kﬁ'_ 100 (Zou T. Chaos shape synchronization control and its
10 ths 15 application in secure communication[J]. Information and
Communications, 2016, 168: 33-34.)
% 4t (3] 5, TR, BALT. PIZOLY: TR R G R IR
o IR (). BePti 3 T2 e 540 1 ARRHAR, 2016, 32(3):
® I
LAY {3 i oseimer ey, i 87-92.
% (Li L, Chang J, Mao B X. Optical chaos synchronization
© 4l ) in second harmonic generation complex systems[J]. J
15 20 25 of Shaanxi University of Technology: Natural Sciences,
s 2016: 32(3): 87-92.)
(o) BRI T ARSI SAT AL W] WA R ET, RIS T SR R
5.0 KB IR AR S R R 2D (0] 4] 5 PR, 2015, 30(5):
E\NE‘?(} 25t 882-886.
£ (Zhang Y A, Yu M Z, Wu H L. Sliding mode
%ﬁ’& or synchronization of fractional-order chaotic systems based
Eﬁr -2.5 on adaptive neural network[J]. Control and Decision,
& -50 \ 2015, 30(5): 882-886.)
’ > s " (5] SLERRE, S, X BT Bt b TR LS
100 T IR I 2R G0 o 22 M R A 1) (D). P ) 5 R, 2013
E\E soht 28(7): 1094-1098.
}f_jj‘é . (WuJ H, Zhang J, Liu Z H. Neural network sliding mode
S Of— T control based on improved particle swarm optimization
N
o -50 algorithm for discrete-time chaotic systems[J]. Control
= -100 : and Decision, 2013, 28(7): 1094-1098.)
0 O 10 (6] FRRtE, 25 AR R, SR 66T 2 3 S AR i1 1 4 B0 TR

(b) il R A e R G S S B B 28

B8 ML THIEFIES L

RGE S 7. HE AR, 2016, 65(17): 251-261.
(Chen Y, Li S G, Liu H. Synchronization of



2190

# # 5

F %£33%

(71

(8]

(9]

[10]

(1]

[12]

[13]

[14]

fractional-order chaotic systems based on adaptive fuzzy
control[J]. Acta Physica Sinica, 2016, 65(17): 251-261.)
Liu J, Liu K, Liu S. Adaptive control for a class of
nonlinear complex dynamical systems with uncertain
complex parameters and perturbations[J]. Plos One,
2017, 12(5): e0175730.

LM, B0, B, 55 5T S 80K 30 24 i
Tt & FE MPC IR VR R G [ 8 [7]. 481 5 3R, 2018,
33(1): 67-73.

(Jiang W, Wang HL, Lu J H, et al. Chaos synchronization
via parameter-dependent dynamic output feedback robust
MPCJJ]. Control and Decision, 2018, 33(1): 67-73.)
rfR 1, R, XN BA RS H IR RS
A7 PRI TR A5 1] 2 4 11 (0] 22 5 ER 3, 2017, 32(1):
149-156.

(Gao J S, Song G, Deng L W. Finite-time sliding
mode synchronization control of chaotic systems with
uncertain parameters[J]. Control and Decision, 2017,
32(1): 149-156.)

Liu J, Liu S. Complex modified function projective
synchronization of complex chaotic systems with
known and unknown complex parameters[J]. Applied
Mathematical Modelling, 2017, 48: 440-450.

Liu J, Liu S, Sprott J C. Adaptive complex modified
hybrid function projective synchronization of different
dimensional complex chaos with uncertain complex
parameters[J]. Nonlinear Dynamics, 2016, 83(1/2):
1109-1121.

Liu J. modified hybrid

synchronization of different dimensional fractional-order

Complex projective
complex chaos and real hyper-chaos[J]. Entropy, 2014,
16(12): 6195-6211.

He S, Sun K, Wang H. Synchronisation of fractional-order
time delayed chaotic systems with ring connection[J].
European Physical J Special Topics, 2016, 225(1): 97-
106.

F, Shoorehdeli M A, Nekoui M A.

Synchronization of underactuated unknown heavy

Farivar

symmetric chaotic gyroscopes via optimal gaussian radial

(15]

(16]

(17]

(18]

(19]

(20]

(21]

[22]

(23]

basis adaptive variable structure control[J]. IEEE Trans
on Control Systems Technology, 2013, 21(6): 2374-2379.

Ma H J, Yang G H. Adaptive fault tolerant control
of cooperative heterogeneous systems with actuator
faults and unreliable interconnections[J]. IEEE Trans on
Automatic Control, 2016, 61(11): 3240-3255.

Zhong M Y, Han Q L. Fault-tolerant master-slave
synchronization for Lur’e systems using time-delay
feedback control[J]. IEEE Trans on Circuits and Systems
I Regular Papers, 2009, 56(7): 1391-1404.

Astrém K J, Bo B. Comparison of periodic and event
based sampling for first order stochastic systems[C]. Proc
of IFAC World Congress. Beijing, 1999: 301-306.

Wen G H, Chen M Z Q, Yu X. Event-triggered
master-slave  synchronization = with  sampled-data
communication[J]. IEEE Trans on Circuits and Systems
II Express Briefs, 2017, 63(3): 304-308.

Hashimoto K, Adachi S, Dimarogonas D V. Self-triggered
model predictive control for nonlinear input-affine
dynamical
selection[J]. IEEE Trans on Automatic Control, 2017,
62(1): 177-189.

Hu

heterogeneous linear multi-agent systems by distributed

systems via adaptive control samples

W, Liu L, Feng G. Output consensus of

event-triggered/self-triggered strategy[J]. IEEE Trans on
Cybernetics, 2017, 47(8): 1914-1924.

Girard A. Dynamic triggering mechanisms for
event-triggered control[J]. IEEE Trans on Automatic

Control, 2015, 60(7): 1992-1997.

Mu N, Liao X, Huang T. Event-based consensus control
for a linear directed multiagent system with time delay[J].
IEEE Trans on Circuits and Systems II Express Briefs,
2015, 62(3): 281-285.

Zhu W, Jiang Z P. Event-based keader-following
consensus of multi-agent systems with input time
delay[J]. IEEE Trans on Automatic Control, 2015, 60(5):
1362-1367.

(Grittmis: FE#H)



