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This paper introduces a novel event-triggered scheme into networked control systems which is used to determine when to transmit
the newly sampled state information to the controller. Considering the effect of the network transmission delay and probabilistic
actuator fault with different failure rates, a new actuator fault model is proposed under this event-triggered scheme. Then, criteria
for the exponential mean square stability (EMSS) and criteria for codesigning both the feedback and the trigger parameters are
derived by using Lyapunov functional method. These criteria are obtained in the form of linear matrix inequalities. A simulation
example is employed to show that our event-triggered scheme can lead to a larger release period than some existing ones.

1. Introduction

Nowadays, more and more attention has been paid to the
study of stability analysis and control design of networked
control systems (NCSs). NCSs have a relatively new structure
where the links from sensor to controller and from controller
to actuator are not connected directly, but through a network
[1, 2]. The application of networks into control systems can
be advantageous in terms of simplicity scalability, and cost-
effectiveness. However, the introduction of a communication
network can also bring about many problems, such as
network-induced delay and packet dropout. Therefore, the
tasks in traditional systems, such as the control problems
and signal estimation problem, should be reconsidered. In
recent years, the stability analysis and control design for
NCS have been invested, and lots of outstanding results have
been obtained [3, 4]. In these works, most are based on the
periodic triggered control method, which is called a time-
trigged control. In this triggering scheme, the fixed sampling
period is determined under worst conditions such as external
disturbances, uncertainties, and time-delays. However, in

practical systems, the worst cases seldom occur. Thus, this
kind of triggering method may often lead to transmitting
many unnecessary signals through the network, which in
turn will increase the load of network transmission and waste
the network bandwidth. Hence, it is an important problem to
reduce communication requirements.

Recently, event-triggered scheme for control design,
advocating the use of actuation only when some function
of the system state exceeds a threshold, has received con-
siderable attention, and many important results have been
reported [5-9]. Event triggering method provides a useful
way of determining when the sampling action is carried out,
compared with periodic sampling methods, and it has the
following advantages: (1) it only samples when necessary; (2)
the burden of the network communication is reduced; (3) the
computation cost of the controller and the occupation of the
sensor and actuator are reduced.

More specifically, a networked estimator problem for
event-triggered sampling systems with packet dropouts was
solved in [7]. Refrence[9] studied event design in event-
triggered feedback systems, and a novel event triggering



scheme was presented to ensure exponential stability of the
resulting sampled-data system. Refrence [8] studied how the
event triggered as well as the self-triggered control systems
could be reformed in the case of discrete-time systems.
The methods for design or implication of controllers in the
event-triggered form based on dissipation inequalities were
proposed for both linear and nonlinear systems in [6]. The
work in [5] examined event-triggered data transmission in
distributed networked control systems with packet loss and
transmission delays.

Moreover, in NCSs, the temporary measurements failure
and probabilistic distortion are usually unavoidable for a vari-
ety of reasons, for example, networked delay, sensor/actuators
aging, electromagnetic interference, and zero shift, which
may lead to intolerable system performance [10]. Therefore,
from a safety as well as performance point of view, it is
required to design a reliable controller that can tolerate
actuators failures as well as networked delay. Recently, the
fault model has received a lot of interest, and lots of outstand-
ing results have been obtained [11-13]. In [11], the authors
considered the problem of delay-dependent adaptive reliable
H_, controller design against actuator faults for linear time-
varying delay systems. By using a linear matrix inequality
technique and an adaptive method, they established a new
delay-dependent reliable H., controller, which guaranteed
the stability and adaptive H,, performance of closed-loop
systems in normal and faulty cases. Considering the different
failure rates of each sensor or actuator, the authors studied the
reliable controller for networked control systems in [12, 13],
reliable controllers were designed, and suflicient conditions
for the exponentially mean square stability of NCS were
obtained. Up to now, to the best of authors’ knowledge,
there are no papers to deal with the reliable control for
event-triggered networked control systems with probabilistic
actuator faults, which still remains as a challenging problem.

In this paper, firstly, an new event-triggered scheme is
introduced to networked control systems, which can reduce
the burden of the network communication. Then, consider-
ing different failure rates of actuators and the measurements
distortion of every actuator, a new probabilistic actuator
fault model is proposed under the proposed event-triggered
scheme. By using Lyapunov functional method, criteria for
the exponential stability and criteria for codesigning both the
feedback and the trigger parameters are derived in terms of
linear matrix inequalities. A simulation example is given to
show that the proposed event-triggered scheme is superior to
some existing ones.

Notation. R" and R denote the n-dimensional Euclidean
space and the set of n x m real matrices; the superscript
“T” stands for matrix transposition; I is the identity matrix
of appropriate dimension; || - || stands for the Euclidean
vector norm or the induced matrix 2-norm as appropriate; the
notation X > 0 (resp., X > 0) for X € R™" means that the
matrix X is real symmetric positive definite (resp., positive
semi definite). When x is a stochastic variable, E{x} stands
for the expectation of x. For a matrix B and two symmetric
matrices A and C, [ 4 & ] denotes a symmetric matrix, where
# denotes the entries implied by symmetry.
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2. System Description

In this paper, we consider the following system:
x(t) = Ax (t) + Bu(t), (1)

where x(t) € R" and u(t) € R™ denote the state vector and
control vector, respectively; A and B are parameter matrices
with appropriate dimensions.

Throughout this paper, we assume that the system (1) is
controlled though a network.

As is well known, periodic sampling mechanism has been
widely used in practical systems; however, it may often lead to
transmitting many unnecessary signals through the network,
which in turn increases the load of network transmission
and wastes the network bandwidth. Therefore, for the control
of networked control systems shown in Figurel, in order
to save network resources such as network bandwidth, it is
significant to introduce an event triggered mechanism which
decides whether the newly sampled state should be sent out
to the controller. As is shown in Figure 1, the state are sampled
regularly by the sampler of the smart sensor with period
h and feeds into an event generator that decides when to
transmit the states to the controller via a network medium by
a specified trigger condition, which will be given in sequel.
The following function of network architecture in Figure 1 is
expected.

1 e states are sampled at time sampler with a
(1) Th pled kh by sampl h
given period /. The next state is at time (k + 1)h.

(2) As is shown in Figure 1, the event generator is con-
structed between the sensor and the controller which
is used to determine whether the newly sampled state
will be sent out to the controller or not by using the
following judgement algorithm:

[x ((k + j) b) = x (k)] @ [x ((k + j) h) - x (kh)] o
< px" ((k+ j)h) Qx ((k + j) h).

(3) Under the event-triggered scheme (2), the release
times are assumed to be tyh, t,h, t,h,..., where t,
is the initial time. s;h = t;,,h — t;h denotes the
release period of event generator in (2). Considering
the effect of the transmission delay on the network
system, we suppose that the time-varying delay in
the network communication is 7, and 7, € [0,7),
where T is a positive real number. Therefore, the states
x(toh), x(t,h), x(t,h), ... will arrive at the controller
side at the instants toh + 75, t,h + 7, t,h + 7,5,
respectively. Notice that the set of the release instants,
that is, {ty,t,,t,,...} is a subset of {0,1,2,...}. The
amount of {ty,,,t,,...}, depends on not only the
value of p, but also the variation of the state. When
p =0, {ty,t;,t5,...} = {0,1,2,...}, it reduces to the
case with periodic release times.
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FIGURE 1: The structure of an event-triggered networked control
system.

Based on the previous analysis, considering the effect of
the transmission delay, the system model under the event
generator with (2) can be described as

x(t) = Ax (t) + Bu(tyh), te[tih+ 1ot h+Te).

(3)

Assumption 1. The actuators in the closed-loop systems have
different failure rates because of different working conditions.
Furthermore, the measurements distortion of every actuator
is also take into consideration.

Under Assumption 1, the control u(t) = Kx(t) can be
described as

W (1) = BRx (1) = Y ECKx (1), @)
i=1

where £ = diag{¢,,...,§,} and & (i = 1,2,...,m) are m
unrelated variables taking values on the interval [0, 0], where
0 > 1, the mathematical expectation and variance of &; are y;
ando; (i=1,2,...,m),and C; = diag{0,...,0,1,0,...,0}.
i-1 m—i

Define & = diag{y;, ..., 4} = Y1, 4;,C;, and obviously,
E(E) =& E(E-E) =0,E( - )* = o7

Under (4), for t € [t h + 1, th + Teyy), (3) can be
rewritten as

X (t) = Ax (t) + BEKx (t;h). (5)

Remark 2. u(t) is the control input without actuator failure,
and u” (t) is the control input after actuator failures occur. §; =
0 and &; = 1 represent the meaning of completely failure or
completely normal [14]. 0 < &; < 1 means partial failure [15,
16]. &; > 1 represents the condition of data distortion [12, 13].

Remark 3. y; = 1 does not represent that the ith actuator
is always in good work condition, but it means that the
expectation of ith actuator is 1.

For technical convenience, consider the following two
cases.

Casel Iftth+h+7 >t h+1,,, where T = max 7y, define
a function 7(t) as

T(t)=t-th te[h+ Toth+1,); (6)
clearly,

<T@ < (g )+ Ty <h+T. (7)

Case 2. If tth+ h + T <ty h + 13, consider the following
two intervals:

[th+ T, tih+ h+7T), [th+ih+T,tih+ih+ h+T).

(8)

Since 7, < T, it can be easily shown that there exists d,,; such
that

tth+dyh+7 <t h+1, <tth+dyh+h+7. (9)

Moreover, x(t,.h) and t;h+ih withi = 1,2,...,d,, satisty (2).
Let

IO = [tkh+Tk’tkh+h+?)’
I =[tih+ih+T,tih+ih+h+7), (10)

IdM = [tkh+ th+?,tk+1h +Tk+l)’

wherei =1,2,...,d,, — 1. One can see that
i=dy
[tkh + Tk’ tk+lh + Tk+1) = U Ii‘ (11)
i=0
Define
t—t.h, t el
T(t) = 1t -t h—ih, tel, i=1,2,....,dy -1, (12)
t—tih—dyh, tel, .

then, we have

L <t(t)<h+7T, tel,

t<T<t({t)<h+7, tel,i=12,...,dy—-1, (13)

tkS?ST(t)<h+?, tGIdM,
where the third row in (13) holds because ¢, | h + 7., <t h+
(dp; + 1)k + 7. Obviously,

O<g <t({t)<h+T21),
(14)
t e [tkh+Tk’ tk+lh+Tk+1)‘

In Case 1, for t € [t h + 7, ty B + 71y ), define e, (£) = 0.
In Case 2, define

0, tely,

e () = <|x(tkh)—x(tkh+ih), tel,i=12,....dy -1,
x(teh) = x (teh+dyh), tely .

(15)



From the definition of e, (¢) and the triggering algorithm
(2), it can be easily seen that, for t € [t h + Ty, tp B + Tipy)s

el () Qe () < px" (t—1(®)Qx(t-7(t).  (16)
Utilizing 7(t) and e, (t), (5) can be rewritten as
x(t) = Ax(t) + BEK [x (t — 7 (t)) + e, (1)]
= Ax (t) + BEKx (t — 7 (t)) + BEKey (t) (17)
+B(E-E)Kx(t-7(1))+B(E-E)Ke (1),

where t € [t h + Ty, ti B+ Ty)-
For the system (17), we supplement the initial condition
of the state x(t) on [1,,, 0] as

x()=¢(),

where ¢(t) is a continuous function on [y, 0].

t € [ty 0], (18)

Remark 4. If 1, = 0, it means that no transmission delay exists
or transmission delay can be ignored, and the maximum
sampling period is 7, Note that 7, = h+ 7. If 7, > 0,
the selecting sampling period h < 7, T = T);, — h, is the
allowable maximum transmission delay.

Remark 5. Notice that if p = 0, then e, (t) = 0; in this
situation, the model (17) reduces to a model for a networked
control system with a time-triggered scheme. It means that,
if p — 07, the dynamic of the system under event-
triggered scheme will approach to the one with a time-
triggered scheme.

In the following, we will introduce the following defini-
tions and lemmas, which are needed in the next section.

Definition 6. For a given function V : C;O([—TM, 0],R") xS,
its infinitesimal operator Z is defined as

ZWn®) = lim < [EWV0+8) )=V (). 09)

Definition 7. System (17) is said to be exponentially of mean
square stability (EMSS) if there exist constants o« > 0 and € >
0 such that for ¢t > 0,

E{lx @I’} < ae™E { sup_[ly (s)llz} .0

Lemma 8 (see [17]). For any vectors x,y € R" and positive
definite matrix Q € R™", the following inequality holds:

2"y <x"Qx+y'Q'y. (21)

Lemma 9 (see [18]). E,, E,, and Q are matrices with appro-
priate dimensions, T(t) is a function of t, and 0 < 7(t) < Ty
then

TME + (1 —T1)E, + Q<0 (22)
if and only if
TvE +Q <0,

(23)
T8, + Q <0.
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3. Main Results

In this section, the following theorem provides the EMSS
criteria for system (17) with the controller (4) under the event
generator (2).

Theorem 10. For given y;, 0; (i = 1,...,m), p, and matrix K,
the system described by (17) is EMSS, if there exists matrices
P>0,Q>0,R>0,Q>0,and N, M with which appropriate
dimensions such that for s = 1,2,

* *
z -R * %
T(s) = 21 <0, s=1,2, (24)
Z3 0 X35
S.() 0 0 -R
where
PA+ATP+Q x
s = K'E B'P pQ =
- 0 0 -Q = |’
K'EB'P 0 0 -Q

=[N -N+M -M 0],

%, = [VTmRA iRBEK 0 TyRBEK],

s _fomoo
31710 0 0 TI)°

0, /TRBC, K
0,7 RBC,K

(25)

>

0,,\/TMRBC,, K

3,5 = diag ‘[—R,...,—R]> ,

2m

2y (1) = \/ENT» 2y (2) = WMT-

Proof. Choose the following Lyapunov functional candidate
as

\4 (xt) =V (xt) +V, (xt) +V; (xt) > (26)
where

Vi (x,) = x" (t) Px (1),

t
)= [ A eesas o)
Vi (x;) = jt jth (v) R% (v) dvds,
t—=Ty Js

in which P, Q, and R are symmetric positive definite matrices.
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_ From the definition of &, it can be concluded that E{E -
B} = diag{0,..., 0}, and using the infinitesimal operator (19)
for V(x,) and taking expectation on it, we obtain

E{ZV,(x,)} =2x" (t) PY (t),
E{ZV, (%)} = x" () Qx (1) = x" (t — 7 () Qx (t — 7 (1)),

E {2V (x,)} = E [rd” () R% ()] - j i (s) Rx (s) ds,
' (28)

where Y(t) = Ax(t) + BEKx(t — 7(t)) + BEKek(t).
Notice that

E [rpx" (1) Rx (£)] = 1 YT (£) RY (t)

m
+ Y Tyo7e; (1) K'C/B'RBCKey (1)
i=1

+ iTMaisz (t -7 (1) K'C] B'RBC,
P
x Kx (t -1 (t)).
(29)
Combining (28) and (29), we obtain
E{ZV (x,)} = 2x" (t) PY (t) + x" (£) Qx (¢)
—x" (=T () Qx (t -7 (1))

+ 7y YT () RY (t)

m
+ Y 1y0re; (t) K'C{B'RBC;Key (t)
i=1 (30)

m
+ ZTMGiZ X! (t—-1(t) KTCiTBTRBCi
i=1

x Kx (t — 7 (1))
_ Jt 2T ()R (s)ds + Ty + Ty,
=Ty

where I} and I, are introduced by employing free weight
matrix method [19, 20]

t

I, :ZCT(t)N[x(t)—x(t—r(t))—J x(s)ds] =0,
t=1(t)

—7(t

t—1(t)

L,=24" (t)M[X(f—T(t))—x(t—TM)—J x(s)ds]zo,

(31)

™

where N and M are matrices with appropriate dimensions,
and

Fo=[x"Ox" -t (t-1y) e 0] (G2

By Lemma 8, we have

2T )N r x(s)ds <t )T (1) NRTINTL (1)
t—1(t)

t
+ J %7 (s) Rx (s) ds,
t—(t)

t—1(t)

AT OM[ x©ds< (-t @) ONE M@

t=Tp;

t—1(t)
+ J i (s) Rx (s) ds.
=Ty

(33)

Combining (16), substitute (33) into (30), and we obtain
that

E{ZV (x,)} < 2x" (t) PY (t) + x" (£) Qx (t)
X (t-TE)Qx(t -1 (1)
+ 1y Y" (t) RY (t)

m
+ Y 1y07e; (t) K'C B'RBC,Key (1)
i=1

m
+ ZTMO'isz (t—1(t)) KTCiTBTRBCi
i=1

x Kx (t — 7 (£))

+20T ()N [x (O)—x (t — 7 ()] +2{ () M
X[x(t—1()-x(t-1y)]

—ef (t) Qe () +px" (t -7 (1) Qx (t - 7 (1))
+ (ra =7 @®) ¢ () MR ML (1)

+7) " () NR'NTL (1)
(34)
that is,
E{V(x)} <" ()0, (35)

where ® = =, + T+ TT + ZLR7'S,, - 2L 5015, + (1), -
T(t)MR™'M" + 7(t)NR'N".

By using Schur complement and Lemma 9, we have © <
0, if and only if the following holds:

D B g e by M <0,
241 (S) -R (36)
s=12.

By using Schur complement, we can obtain that (36) is
equivalent to (24). Furthermore,

E{2V (x)} < A" (1) (1), (37)



where A = min{A_,,[®]}. Define a new function as
W(x,) ="V (x,). (38)
Its infinitesimal operator Z is given by
FW (x,) = €V (x,) + 52V (x,). (39)
From (39), we can obtain that
t
EW (x,) — EW (x,) = j ee“E [V (x,)}
n (40)
" j EE{PV (x)] .
0

Then using the similar method of [15], we can observe that
there exists a positive number « such that for t > 0

E{V(x,)} <a sup e“E {“1// (s)||2} ) (41)

—Tp<s<0

Since V(x,) = A (P)xT (£)x(¢), it can be shown from

(41) that, for t > 0,

min

E {xT () x (t)} <we ™ sup E {Ht//(s)"z}, (42)

—Tp<s<0

where & = a/A,;,(P). The proof can be completed. O

min
In the following, based on Theorem 10, we will design the
feedback gain K in (4) under the event-trigger (2).

Theorem 11. For given w;, 0; (i = 1,...,m), p and &, system
(17) with the feedback gain K = YX ™' under the event trigger
condition (2) is EMSS if there exist matrices X > 0, Q>0
R > 0,Q > 0, and N, M with appropriate dimensions such
thats=1,2

S, +T+T7 * * %
§21 _2€X + €2R ~* ES < 0’
25 0 233 *
T, (s) 0 0 —2¢X+¢&R
s=1,2,
(43)
where

AX+XAT+Q * o+ o«
N yT&! gT
Zh= p
11 0

=T
YTz BT

pﬁ * %
_6 * ’
0 -8

0
0 -Q
fz[ﬁ -N+M -M 0],

Sy = [VTmAX EBEY 0 iyBEY],
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0,TuBCY
0,/TBC,Y

>

0,,\/TuBC,.Y

233 = diag <[—ZeX +e’R,...,—2eX + szfl} ,

2m

i41 1) = WNT> i41 ()= \/WMT-

(44)

Proof. By using Schur complement, we can obtain that the
following is equivalent to (24):

h+T+ r’ * * %
O, -PR7'P o+
<0, =12, (4
@3, 0 Oy = s (45)
>4 (s) 0 0 -R
where

@, = [Ty PA Ty PBEK 0 7yPBEK],

0,+/TyPBC, K

©. - 0 Hl 0 0 Hl - 0, \/TMPBCZK
17010 0 oI B : > (46)

0,,\TuPBC, K

®,, = diag {—PR‘lP, e —PR‘lP} .
2m
Due to (R— ¢ 'P)RY(R-¢'P) > 0, we have

—PR7'P < —2¢P + ¢’R. (47)

Substituting —PR™'P with —2¢P +€*R into (45), we obtain

Zh+T+ r’ * EE
2
D, —2eP +¢&°R F K <0, s=1.2
@3, 0 Gy =
4 () 0 0 -R
(48)

where ®,, = diag{—2eP + ¢’R,..., —2eP + £’R}.
2m
Denoting X = P',Q = XQX,R = XRX, N =
XNX, M = XMX, Q = XQX,and Y = KX, then pre-
and postmultiplying (48) with diag{X, ..., X, I}, (43) can be

2m+5

obtained. O

Remark 12. Theorem 11 shows that, for given p and ¢, we can
obtain the feedback gain K by solving a set of LMIs in (43);
on the other hand, using Theorem 11, for the preselected Q
and the feedback gain K, event-triggered parameter p can be
obtained. Therefore, we can use Theorem 11 to codesign the
the feedback gain K and the event-triggered parameter.
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Remark 13. Notice that (43) includes the information trans-
mission delay, and we can use (43) to obtain the feedback
gain and the event-triggered parameter, which can be used
to guarantee the required performance even though the
transmission delay exists.

4. Simulation Examples

Example 14. To illustrate the effectiveness and application of
the proposed method, we consider an inverted pendulum on
top of a moving cart. The plants linearized state is depicted as
the following system [21]:

01 0 0 0
(1) = M M
0=y, M [|x0+| M lue), @9
oo I o -1
I Mi

where x” =[x, x, x; x,] = [y y 0 9] is the system state,
y is the carts position, and 0 is the pendulum bob’s angle with
respect to the vertical. M = 10kg is the cart mass, m = 1kg
is the mass of the pendulum bob, I = 3 m is the length of the
pendulum arm, and g = 10 m/s” is gravitational acceleration.
The initial state is the vector x, = [0.98 0 0.2 0].

In the following, we will give two cases. Case 1 is used to
show how the upper bound of 1, varies along the values of p,
under given feedback gain K as (50), when there is no failure
in the actuator. In Case 2, we consider that the actuators have
probabilistic failure rates; firstly, we give an example to design
both the feedback and the trigger parameters, and the upper
bound of 7,, and the release interval for t € [o,40] are also
derived; secondly, we suppose that the feedback gain K is
given as (50) and study how the upper bound of 7,, varies
along the values of p.

Casel. When E = 1, that is, there is no failure in the actuator,
let

K =[2 12 378 210] (50)

which is the same as the one in [22].
For given 0, = 0, & = 0.53, and p = 0.2, by using
Theorem 10, we can have 7,, = 0.1270 and

0.0001 0.0003 0.0112 0.0062
Q= 0.0003 0.0023 0.0666 0.0376 (51)
~10.0112 0.0666 2.1100 1.1662 |

0.0062 0.0376 1.1662 0.6510

Also, we can obtain Table 1 and Figure 2, which describe the
upper bound of 7, varying along the values of p and the state
response of (17).

With feedback gain K as (50), from Table 1, we can see that
when p = 0.53 and o = 0.2, the upper bound of 7, is 0.1270.
Suppose that 7, = 0; since 7,; = h + T, it can be known that
the maximum sampling period is 0.1270. Moreover, under
our event-trigger scheme, the maximum release period is 2.3.

©
n
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T T

State response

o
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e
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FIGURE 2: The state response of (49) with the feedback gain (50) for
givenE =1,0, =0,e=0.53,and p = 0.2.

TABLE 1: The computation results of the upper bound 7,, for given

E=1,0=0and e = 0.53.

P 0 0.05 0.1 0.15 0.2
The upper bound of 7,,; 0.1987 0.1582 0.1445 0.1349 0.1270

It can be seen that under the same conditions, our scheme
can provide a larger release interval than some existing ones
in [21, 22].

Case 2. When E = 0.6 and 0, = 0.02, that is, the actuators
have probabilistic failure rate, setting € = 0.53 and p = 0.2, by
using Theorem 11, we can obtain the feedback gain K of (4)
as follows:

K =[5.0696 23.2085 594.9876 331.9409],

1621817 72523 —13.8855 —11.9519
72.5232 5254131 -67.738 —-32.7170 | ©°2)
_13.8855 —67.7382 52.8001 —70.5906 |
~11.9519 —32.7170 —70.5906 132.2203

Q:

For given E = 0.6, 0 = 0.02, and & = 0.53, under different
values of p, the upper bound of 7, and the release interval for
t € [0,40] are given in Table 2. Figures 3 and 4, respectively,
represent the release instants and release interval and the
probabilistic actuator failures, when & = 0.6, 0 = 0.02,
€ =0.53, p = 0.1, and ), = 0.2399.

When K is given as (50), let E=06E2=1, 0, = 0,and
€ = 0.53, and the upper bound of 7, varies along the values
of p, which is shown in Table 3.

Remark 15. For given p and &, we can obtain the upper bound
of 7). we can see that the larger p, the larger average release
period; Thus, the load of network communication delay is
reduced and the transmission delay is decreased. This fact can
be illustrated by Tables 1, 2 and 3.
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FIGURE 4: The probabilistic actuator failures.

TABLE 2: Some computation results for given E=10.6,0 = 0.02, and
e =0.53.

P 0 0.1 0.2 0.3 0.4
The upperbound of - 3555 5309 0.1789 0.1394 0.1085
Y

The maximum release 23 11 12 23
interval for t € [0, 40]

The total trigger times 57 78 111 122

fort € [0,40]

TaBLE 3: The computation results of the upper bound 7, for given
5 =0.6,0 =0.02,and € = 0.53.

p 0 0.05 0.1 0.15 0.2
The upper bound of 7,; 0.2963 0.2197 0.1479 0.0546 0

5. Conclusion

In order to save the communication network bandwidth, a
novel event triggering scheme is used to determine when to
transmit the sampled state information. Under this event-
triggered scheme, this paper considers networked systems
with probabilistic actuators faults. In terms of different failure

Mathematical Problems in Engineering

rates and the measurements distortion of every actuator, a
new probabilistic actuator fault model for event-triggered
networked control systems is proposed. By using Lyapunov
functional method, criteria for the EMSS and criteria for
codesigning both the feedback and the trigger parameters are
derived in the form of linear matrix inequalities. A simulation
example is given to illustrate that our event-triggered scheme
can lead to a larger release period than some existing works.
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