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0 Node dynamic

X = f(x),5(6) = f(s(2))

E] Network model

B2 NSERMEMLE

B d>0, 955 i BROY 22 177 A Bk W WATH B R 2RI sS85 FISF ] it 2 AL A1) R 5 e f 4 AL 1) 7
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cm@e. WEEESHE, OO agmamicl b aon Y 2 TAIUREHE =
4 4, I Bk 2 A 2 9, Network topology 1. B R
BRALEI=ASE, mEsFR, O PEEREER

BB 4 S AR 22 9 45 75 2 2 1 R 4345 2B AT 459

B The leader

$(t) = As(t) + Bf (s(1))

m  The follower agents

Xi(1) = Ax;(t) + Bf (xi(0)) +u(?)

Ili([[[[]lﬂ]h- ®  The controller
N

u(t) = —Cz (1) = ck(x () = 5(t) T €[t Tt 1+ Th 1),

The sampling sequence with{z}7 satisfies 0<t <t,<---<f,<---lim,__ =00

Energy Saving 1

®  Stochastic sampling

The sampling penod{tLc+1 A
and p,with 0<p <p,.

Prop{p=p}=p,Propip=p,=1-4

where fE[0, 1]isa given constant.

t}is allowed to randomly switch between two different values p,
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2. FEHLRFR B

ut) = —ci Lix(t) — cki(x(t,) — s(8,)) Prob{r« <d(t) < p1+71k+1}
L 1dO=1-1 =ﬂ+(1—&]a—ﬁ)
(1) ==Y Lt = d(0) = ck(x,(t —d (1)) = s(t = d (1)) Pt =Tk
J=l T <d(O) <t =L+ Ty Prob{p,+7,,,<d(t)< p,+7i.,\}
b e(t) = x(6)—xo(t) -
S =Dl (i-p)
u(t) = —Ca(f)(zlyej(f —7,(1) + ket — Tl(t))] Pt T ™%
—c(l —a(t))[ilyef(t —7,5(1)) + ket _TZ(t))j () = Lr<dt)<p+r
J=1 0,p+r<d(t)<p,+r.
withr <7 ()< p+randp +7 <7 ({)<p,+7

5 FEHIRIFARAIANE

3. —HMEEe

L:xy(t)=Ax\(t)+B t
1 B xo(1) xo(t) + Bf (x,(2)) B
. _ A leader—following consensus
PREE N B9 h0, R F:x(t) = Ax,(t) + Bf (x,(1)) — CZ Li(x,(t) — xi(t,))
Jj=1

BRI R e —cki(x(t) —xo(t))y Ve[t +7,b 1 +7)
FRAE 6 i, K
S — BRRE— Bk A M 5(2) = Axo() + B (xo(2))
BBV R — NSRS R S x,(t) = Ax(¢t) + Bf (x,(2)) A leader and two followers
ANBEBE 1 (155 —my(x(t;) — xo(t)), ViE[ti+T,t; . +7T)
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— &8 fgekds e 7
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L+ 30(t) = Axo(t) + Bf (xo(t))

) N A leader—following consensus
— B A AL R — A F o xi(t) = Axi(t) + Bf (xi(2)) — cz Li(x(te) — xi(tr))
J=1
WSER—TRIEE N —chi(xi(t) = xo(te))s Vi E[ti+T, 1+ 7)
[ LR, FHmAY

M : x0(t) = Axo(t) + Bf (xo(2))
S xi(t) = Axi() + Bf (x1(2))
—m(x1(tc) — xo(te))y Vte[tx+7T,tk+1+7T).
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node 3 o

node 2\ / node 1

leader

Determined Stochastic
sampling sampling

The maximal sampling period

a,(t)
o

x (1), x,(Om1,2,3 4mml.2,3,

o

2 -5 -1 -05 0 05 1 15 2 0 ; llO 15 20
a,() t

Fig.1 the trajectory of the leader

(A cellular neural network)

B8 BBHRAFSEERFLL

Fig.2 Three state variables of four followers
and the leader with control in Example 1.
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o 4 L
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-6
0 10 20 30 40 50
t t
without control with control
(Amin(L+K)/Amax(L+K)) > (m, /m,)=0.0961. 3.7541 <¢<3.7712
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ik [ 2] By ER 25 S RN S SF B o midis i SR L (BREZ ).

= The leader
(1) = As(t) +Bf (s(1))
= The follower agents
aandii X,(6)= A,x,(0)+B, f (x,(t) +u,())

N = The controller
Leader ‘

u(t) = i{-c 3 Lyx,-cd, (x, (t)—s(t))}&(t—tk)

k=1 =t

The impulse sequence with{?, },_, satisfies0<t,<t,<--<t <--lim__t =0

ook
10 A popE IR
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X,() =Ax,() + B f(x(0),t #1, (1) SnArAs o HO A8 T UL R 25
v e
(2) Wit M AR, v
PEAREITT A, BE KR ABE, 7R
fEiRE ER?
s (ol s (4 (3) RIZEH% DA 5L
impulse sequence | x.(1, ) s right-hand continuous at 1=, K ﬁ%%‘[@%"ﬁ?
O The control input only be applied at ¢=¢, AR B AR O
O No control input when 7€ (1, ,, 1, ) T, RS, WA —
Bl Bodis) P REABHY; WRMNEANE
i, 2T S R R /N 2 5%
HEBE M E, 5iELRbZE
> [ETmA FIEEINE RS, BAREA

Ax (1) =-CZ Lx (1 )-cd, (x(t; ))-5(t,)

Ax,(t ) =x, (1" )=xi(t, ),

x,(t)=lim,_ x,(t.+h),

N Leader | EF, REEAK, BUMOEAE.
3
Leader-follwing €| oo T coirdhoconm e (4) FHENIREKET,
uasi-synchronization ' - I . . .
— t t 1 1 UM R R, YRR T
l impulse sequence o B
. L, WRE R RIBE ?
O When to apply impulse Design h, =sup{t-1, ,} . N
Design the impulse sequence /%, /7, 3. B EFI AT =
O At each impulse action point 7, P E— NS, RRE ST E M
Design the impulse jump Ax, (z, ) S ~
! : : 2 S=4ES = o, B
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h
Actuator 1 | X, ®)=Ax,(O)+Bf (x, () +u, (1) || Sensor 1 i’ ghj
L B 2

Actuastor 2 > ()= Ax, () +Bf (x, (1) +u, (1) | > Sen:sor 2
Actuator n > : : : . '

F- %, (0= Ax, 4B (5, () ru, | |30

£ x (kh)|™

Buffer n+1 s(kh)

T YY

N Network ;
| s
T”H (1) u, (1) P by Buffer 1
u 2 (0 < Buffer 2
u, (1 . 5 e :
u, (1) : u (1) < P Buffer n
TXC
nk

14 WA

= The leader
.-V
J 5(1) = As(t) +Bf (s(1))

~
~
~

= The follower agents
%,(0= Ax, (0B f (x,(0) +u, (0

= The controller

0 N

u(t) = Y |- Yo Lx (b, thh)-cd (x, (t,+kh)-s(t,+kh)) |6 (- 1,)
k=1 j=1

B 15 MDD G AR

Networked-based impulsive control Impulsive control

ah2
1 —e'XhZ +ﬁ2 }'min(L +D) /lmin(L +D) 1 -€ 2
< > a

e malL+D) ol LFD)  14e s

2
1ot 2 1 e I+
= p <e<—m “ le—2<c<L
(1 te Z_ﬁ ))'mm(L +D) }“max(L +D) /1n1in(L +D) j'mwc(L +D)

B=( l4+|Bl ol )/ o===;
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2. AR

> raster, 41O =AXO+DIO)+1
2w =Cx(0)
» Slave: {y (6) ==Ay() + Df (y() + Bu(t) + 1
| Zs()=Cy()

II- Assumptionl: - )isa Lipschitz—type nonlinear function.

||» Assumption?2: The master system is bounded.

II» Assumption3: B is a full column rank matrix and C is a full row
rank matrix.

and a quantized controller to synchronize the

@ Objective: Design an effective event—triggered condition
slave system with the master system

19 BETESENNTINELEFAEL

3. FHMAFH

» Controller without ETC:  u(¢) = K[q(zs(2)) — q(z)(?))] —

» Controller with BTG: (1) = K[q(z(t)) ~ gz ()1 € [t0sty 1)

Measuremet error
&' =[q(zs(t) — g(z(#))]
—q(z5()) —q(zu(1))], €[t4, 1, )

The triggering function

L +17 1rr>ltf/:{r | h(fq (t)’ (D(tk)) = O’I € [tk’ I’)} a dynamic threshold

HE .00 = E O 7 | (50 - 20 P -GPeF g

20 ETENESHFHmELY

4. Z2BEBBIENA
wiE 21 fra, daEGERILE, RitZeBGREEENE; U Lena RGN, B 22 BxTIRIGEE.

y

mEEG., IWEERGHITESR, ATUEN: FHEMEREREGIIREIR, SHEUEER—B; MEXEES
R EREGIIKERER, WK 23 s,
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: Master Quantizer : Quantizer Slewe
| system system
e Trangmitier gz ) g, (1) | Receiver
r,,:-::-:-,——-:: ,,,,,,,,,,,, I I
\
} Event—trigger framework _— I
uffer |
} \ Z0H
} Event—trigger | }
| sequence >} \
\L generator h((t).0 (tk)) }
t u'(t)
Controller uy @ k
21 ZEEBEREBRENS
Similarity
Control Similarity (52 )
strategy Ciphertext Recovered—text
With ETC 0.0011 0.8644
Without ETC 0.0021 0.9942

* corr=1 or-1 means that two images
are exactly the same.

* corr=0 implies that two images
are completely irrelevant.

a =0.0025

(a)—(c)Plaintext,ciphertext,and recovered plaintext with ETC,respectively.
(d)—(f)PlainteXt,cighertext,and recovered plaintext without ETC,respectively.
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1. X BEENIES
X(t) = Ax,(t)+ Buy(t),i =1,2,...,N.

(T

> Distributed adaptive event—triggered consensus protocol

w(t)=c(OK Y ay(x(6)-x(0)  K=B"P

jeN,
ife(>c

c=Projc()=y 07
74 ITqt), ife(n<g

0<c(ty) <

Assumptionl:The network topology of MAS is undirected and connected ;

Assumption?:The pair(A, B)is stabilizable.
24 AR BEBERIES
2. hSEHRRAR G

nn=0i=12,...,N.

The triggering function ;

£=0,
fa =inf{: 6(e OTe@®—0,fd (DTa 5) =
7@ =—pm©+&lo,Aq @)g )€ e
g@)=2aEO-%@) e =x) —x). 1.6,

e

Ve (.0}
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Agent 1 2 3 4 5 6
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~bs
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DETS 17 24 21 19 | 31 20
5~10s
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DETS 24 44 30 22 36 27
10~156s
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SERR B A B R ARRIRE AL
e, an Ak B RS AL 2 B A 1)
Rtpsr CER [6] fRUIL T —F R
A REL K i B 2 51 Y 22 e da o
MR 5%, O

Plant ]—>[ Sensor )

Impulsive false . _Data modification

data injection attack x(1)
® ®

Communication Network

()

& 28 BEMBONEE TSI R AT

—

#(0) = Ax(0)+ £ (x((0)) + Bu(?)
u(t) = ~Ky(r)
YOy =x()+ Y7 dx(t)5(t~1,)
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