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ABSTRACT Considering the characteristics of the large-scaled power system and the communica-
tion networks, this paper studies the decentralized non-fragile H∞ filtering for the large-scaled power
system with the event-triggered strategy. The Takagi–Sugeno fuzzy model is used to approximate the
system. Different from traditional time-triggered control, each subsystem transmits the output only
when the defined error exceeds a given threshold in event-triggered control. Moreover, a non-fragile
event-triggered H∞ filtering with additive uncertainties is designed to solve the sensitive problem of the
sensors. By applying a Lyapunov–Krasovskii functional and linear matrix inequalities, a method of decen-
tralized event-triggered H∞ filtering design is developed for the overall filtering error system concerned to
be asymptotically stable with a given disturbance attenuation level. A simulation is finally given to show
these effective methods in this paper.

INDEX TERMS Event-triggered strategy, non-fragileH∞ filtering, large-scaled power system, linear matrix
inequalities (LMIs), Takagi-Sugeno fuzzy system.

I. INTRODUCTION
The event-triggered control system has attracted growing
attention recently [1]. Traditional control systems execute
sampling and control commands periodically. We usually
call this system time-triggered control system. However,
the conventional time-triggered control scheme may have
some negative effects on the control performance. For exam-
ple, it wastes limited bandwidth and computing power, even
shortens the lifetime of the whole system. So this paper
adopts event-triggered filtering which is an important part
of the control theory, only when the defined error reaches
the specified threshold, the event is triggered and the data
of the filtering is updated. therefore, the system achieves
the balance between communication efficiency and control
performance.

With the growth of the electricity industry, the centralized
monitoring can not meet the needs anymore. The emergence
of the communication networks has received much attention
in the last decades which gives a new inspiration for the large-
scaled systems, such as the power system and the multi-agent
system [2], [3]. The communication networks, however, have
many inherent disadvantages, such as the limited energy

resources and the bandwidth. Reference [4] proposed a cen-
tralized event-triggered control, in which the data is updated
at the same time. Unlike centralized event-triggered control,
each subsystem transmits its output based on information
from itself in distributed event-triggered control [5]–[8].
Based on the previous study, we introduce the distributed
event-triggered control scheme. Under the scheme introduced
in [9], the subsystem transmits data over the networks only
when its local specified threshold is exceeded. Consequently,
it reduces the amount of data into the networks. Meanwhile,
the energy consumption is reduced as well owing to the
event-triggered releasing mechanism.

It is well-known that the power system itself is a strong
coupling, non-linear system which is called the large-scaled
system. In the large-scaled system, subsystems connect to
each other and transmit the information for each other.
These subsystems which have their own control inputs, mea-
surement outputs as well as states. The T-S fuzzy model,
an universal approximator for non-linear systems, has many
studies [10], [11]. We use T-S fuzzy model to approximate
the power system for stability analysis and filtering design.
The term ’fuzzy’ means it can deal with the concepts which
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can’t be accurate expressed as ’true’ or ’false’ but rather
as ’partially true’. So, the fuzzy logic is better to describe
non-linear systems. For example, T-S fuzzy model-based
networked systems had become a popular issue [12]. Addi-
tionally, [13] investigated the H∞ filtering for discrete-time
non-linear systems based on T-S fuzzy model to consider
multiple sensor faults. The above problems and realities also
motivate this paper.
H∞ filtering, which attracts much attention in the past

decades [14]–[18], is a good tool for estimating the system
states. TheH∞ filtering does not make any assumption about
noise characteristics, only requires that the disturbance is
energy limited and the energy gain from the disturbance to the
estimation error is bounded by a certain level. In the actual
power system, the filtering affected by software and hard-
ware will cause some parameter errors because sensor nodes
are distributed in the harsh environment usually. And the
parameters of these sensors are very sensitive when there is a
slight change in the surrounding environment, which is called
’fragility’. Thus, the filtering should be designed insensitive
to some errors with respect to its gain. Inspired by this imper-
fect, theoretical results on non-fragile could be found in the
following references. Reference [19] studied the non-fragile
H∞ filtering of non-linear system described by a T-S fuzzy
model. Reference [20] discussed the non-fragile H∞ fil-
tering of non-linear delay systems. Reference [21] investi-
gated the non-fragile controllers based on event-triggered
control. In this paper, we study the non-fragile filtering
for the large-scaled power system to guarantee the H∞
performance.

Motivated by the above reasons, this paper concerns the
non-fragile event-triggered H∞ filtering for the large-scaled
power system. The main contributions of this paper are
summarized as follows:

1) We first propose non-fragile H∞ filtering for large-
scaled power systemwith decentralized event-triggered
control (Fig. 1). The subsystem can be transmitted to
the adjacent filtering only when its local state error
exceeds the threshold value, which reduces the fre-
quency of the update of the signal and saves the
resources.

2) We adopt decentralized non-fragile filtering for the
wireless sensor networks due to two common prob-
lems. (i) Sensor nodes, which are deployed in a harsh
environment, are corrupted or destroyed easily. Thus
the disturbance of the parameters called ’fragility’.
(ii) With the growing expansion of power systems,

FIGURE 1. Event-triggered filtering of large-scaled power system.

the traditional estimation method for the overall state
is no longer applicable. So we construct decentralized
filtering to estimate the state of each subsystem.What’s
more, distributed filtering collect data from itself and
its all neighbors.

3) The T-S fuzzy model has been proposed to cope
with the event-triggered non-fragile filtering. Based on
the Lyapunov-Krasovskii functional, a new sufficient
condition is obtained so that the filtering error sys-
tem is asymptotically stable and achieves a prescribed
filtering performance. A sufficient condition for the
event-triggered non-fragile filter is established by using
linear matrix inequalities (LMIs).

II. PROBLEM FORMULATION
The event-triggered filtering system is illustrated in Fig. 1.
In this section, we will construct the large-scaled power sys-
tem with non-fragile T-S fuzzy model and the event-triggered
condition mathematically.

Considering a M machine power subsystems with dis-
turbance as [22]. First, we transform the large-scaled sys-
tem toward a discrete-time T-S fuzzy system by the general
linearisation and the discretisation with sampling time T
(see (1), as shown at the bottom of this page).

where xi1 (k), xi2 (k) are the absolute rotor angle and
angular velocity of the ith machine, respectively; Mi is the
inertia coefficient and Di is the damping coefficient; Ei is the
internal voltage; Ymi is the modulus of the transfer admittance
between the mth and ith machines; θmi is the phase angle of
the transfer admittance between the mth and ith machines;
δ0mi is the phase angle in steady state of the transfer admittance
between the ith and mth machines.



xi1 (k + 1) = xi1 (k)+ Txi2 (k)
xi2 (k + 1) = xi2 (k)

+T {
Di
Mi
xi2 (k)+

M∑
m=1,m 6=i

EiEmYmi
Mi

[cos
(
δ0mi − θmi

)
− cos(xi1 (k)− xm1 (k)+ δ0mi − θmi)]+ wi (k)}

yi(k) = xi (k) .

(1)
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The above large-scaled power system can be described by
the T-S model as follow, which represents the subsystem Si
by fuzzy IF-THEN rules:
Rule j: IF θi1(t) is Fij1 and...and θig(t) is Fijg THEN

Si :



xi (k + 1) =
ri∑
j=1

hij (θi (k))[Aijxi (k)+Wijwi (k)

+

M∑
m=1,m 6=i

Cmixm (k)]

zi (k) =
ri∑
j=1

hij (θi (k)) [Hijxi (k)].

(2)

For the sensors, the measurement model is given as

yi (k) =
ri∑
j=1

hij (θi (k))Dijxi (k), (3)

where j = {1, 2, . . . , ri} is the jth inference rule, and ri
denotes the number of inference rules; θi are premise vari-
ables; Fijg denote fuzzy sets. xi (k) ∈ Rnix stands for the state
vector, yi (k) ∈ Rniy is the output of the plant, zi (k) ∈ Rniz is
the signal to be estimated, wi (k) ∈ Rniw is the disturbance.
Aij, Wij, Eij, Hij and Dij are constant known matrices.
Cmi denotes the interconnected effect between the mth and
ith subsystem, and Cmi = 0 for m = i.
Denote

hij (θi (k)) =
µij (θi (k))
ri∑
j=1
µij (θi (k))

,

which is assumed that µij (θi (k)) ≥ 0, hij (θi (k)) ≥ 0,
ri∑
j=1

hij (θi (k)) = 1 where i = 1, 2, . . . ,M .

In this paper, we consider the following non-fragile filter-
ing for the fuzzy subsystem Sfi:

Sfi :



xfi (k + 1) =
ri∑
j=1

hij (θi (k))[
(
Afij +1Afij

)
xfi (k)

+Bfijyi (tk)+
M∑

m=1,m 6=i

Bfmiym (tk)]

zfi (k) =
ri∑
j=1

hij (θi (k))Cfijxfi (k),

(4)

with

1Afij = Eij1(k)Fij,

where xfi (k), zfi (k) are the state variable of the filtering
and the estimation of the zi (k); Afi, Bfi and Cfi are filtering
parameter matrices to be determined.1Afij is a gain variation.
Eij and Fij are known real matrices and 1(k) satisfies

1T (k)1 (k) 6 I .

In the large-scaled power system which is introduced
in Fig. 1, in order to save communication resources, event-
triggered control is introduced to determine whether or not

the sampled data should be transmitted. We compare the
output error between the current data yi (k) and the last
transmitted data yi (tk) for each subsystem i. If the current
data yi (k) satisfies a given condition, then it will be trans-
mitted into the networks and become the new last released
data, else, the current data will not be transmitted and the
last released data will not changed. Considering the following
discrete-time event-triggered detector:

tk+1 = inf
{
k| eTi (k)Qiei (k) ≥ σ

2
i y

T
i (k)Qiyi (k)

}
, (5)

where k ∈ N and Qi = QTi > 0. ei (k) = yi (k) − yi (tk)
denotes the deviation from the last transmitted data to the
current data. Considering (5), an event-triggered strategy is
given by

yi (tk+1) =

{
yi (k) , eTi (k)Qiei (k) ≥ σ

2
i y

T
i (k)Qiyi (k)

yi (tk) , eTi (k)Qiei (k) < σ 2
i y

T
i (k)Qiyi(k).

(6)

Then, the fuzzy non-fragile filtering can be written as
follow:

Sfi :



xfi (k + 1) =
ri∑
j=1

hij (θi (k))[
(
Afij +1Afij

)
xfi (k)

+Bfij(ei (k) + yi (k))

+

M∑
m=1,m 6=i

Bfmi (em (k) + ym (k))]

zfi (k) =
ri∑
j=1

hij (θi (k))Cfijxfi (k) .

(7)

By defining a new state vector ξi (k) =
[
xTi (k) x

T
fi (k)

]T
and z̃i (k) = zi (k) − zfi (k), we can obtain the filtering error
subsystem i:

4i :



ξi (k + 1) =
ri∑
j=1

hij (θi (k))[̃Aijξi (k)+ W̃ijwi (k)

+B̃fijei (k)+
M∑

m=1,m6=i

B̃fmiem (k)

+

M∑
m=1,m 6=i

C̃miξm (k)]

z̃i (k) =
ri∑
j=1

hij (θi (k))H̃fijξi (k) ,

(8)

where

Ãij =
[

Aij 0
BfijDij Afij +1Afij

]
, W̃ij =

[
Wij
0

]
,

B̃fmi =
[

0
Bfmi

]
, B̃fij =

[
0
Bfij

]
,

C̃mi =
[

Cmi 0
BfmiDm 0

]
, H̃ij =

[
Hij −Cfij

]
,

D̃ij =
[
Dij 0

]
,

Ẽij =
[
0 0
0 Eij

]
, F̃ij =

[
0 0
0 Fij

]
. (9)
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The non-fragile event-triggered filtering problem of this
fuzzy system to be addressed in this paper can be formu-
lated as follows. Given a prescribed level of noise atten-
uation γ > 0, z̃ (k) = [̃zT1 (k) z̃

T
2 (k) , . . . , z̃

T
M (k)]

T and
w (k) = [wT1 (k) w

T
2 (k) , . . . ,w

T
M (k)]

T . The filtering in the
form of (4) for satisfying the following two requirements:

1) Asymptotically Stability: The error system composed of
M filtering-error subsystems (8) with w (t) = 0 is asymptot-
ically stable.

2) H∞ Performance: Under zero initial conditions, the
following overall H∞ performance is satisfied

‖̃z (k)‖2 < γ ‖w (k)‖2.

Remark 1:With the growing expansion of power systems,
a large-scaled power system has become a regular model.
The traditional method for a large-scaled power system, esti-
mating the overall state, is no longer applicable. To obtain
the overall state estimation in one site, the filtering has a
heavy burden, and the calculation is very large, so monitor-
ing each subsystem states is particularly important. In this
paper, we will estimate the state of each subsystem z̃i (k) =[ (
z1 (k)− zf 1 (k)

)T
· · ·

(
zJ (k)− zfJ (k)

)T ]T .
Remark 2: In the event-triggered control, only some of the

data will be sent out to the filtering side. If we decrease σ ,
the rate of data transmission will increase accordingly. At one
extreme, if the value of σ tends to zero, the event- triggered
scheme is not considered and tk+1 = tk + 1 from (5), we will
have a traditional time-triggered filtering system.
Remark 3: We can consider ei (k) = yi (k) − yi (tk)

as a disturbance. If ‖yi (k)− yi (tk)‖ is sufficiently small,
no transmissions between the sensor and filtering systems are
needed.

The following, some lemmas are presented.
Lemma 1 [23]: For matricesH ,1(t) andW with suitable

dimensions and 1T (t)1 (t) 6 I , the following inequality:

H 1(t)W +W T1T (t)H T 6 κH H T
+ κ−1W TW .

Lemma 2 (Schur Complement) [3]: For a given symmetric

matrix S =
[
S11 S12
ST12 S22

]
, the matrix S11 is the r × r matrix.

The following three conditions are equivalent :
1) S < 0,
2) S11 < 0, S22 − ST12S

−1
11 S12 < 0,

3) S22 < 0, S11 − ST12S
−1
22 S12 < 0.

III. MAIN RESULTS
A. STABILITY AND EVENT-TRIGGERED NON-FRAGILE H∞

PERFORMANCE ANALYSIS
In this section, we will present a sufficient condition for the
non-fragile event-triggered H∞ filtering in the form of (6).
Theorem 1: For given scalars γ , σ , εi1, εi2, εi3, εi4, the non-

fragile event-triggered filtering error system which is com-
posed ofM filtering-error subsystems as (8) is asymptotically
stable. If there exist matrices Pi > 0, Qi > 0, 8i > 0 with

appropriate dimensions, satisfying[
8 5T

i
∗ −I

]
< 0, (10)

for all i = 1, 2, . . . ,M , where

8 =

4 Bfmi Cmi
∗ −Mi 0
∗ ∗ −Ni

,
4 = 41 +42,

41 =



Pi 0 0 0

0 σ 2
i D̃

T
ijQiD̃ij − Pi +

M∑
i=1

Ni 0 0

0 0
M∑
i=1

Mi − Qi 0

0 0 0 0

,

42 = 9i
[
−I Ãij B̃fij W̃ij

]
+
[
−I Ãij B̃fij W̃ij

]T
9T
i ,

Bfmi =
[
9iB̃f 1i . . . 9iB̃fmi,m 6=i . . . 9iB̃fMi

]
,

Cmi =
[
9iC̃1i . . . 9iC̃mi,m 6=i . . . 9iC̃Mi

]
,

Mi = diag[M1 . . . Mm,m 6=i . . . MM ],

Ni = diag[N1 . . . Nm,m6=i . . . NM ],

5i =
[
H̃ij 0 0 0

]
.

Proof: Our main research is to guarantee the
event-triggered non-fragile filtering error system that is com-
posed ofM filtering-errorH∞ performance under zero initial
conditions. First, we construct a Lyapunov-function for the
filtering error systems as:

V (k) =
M∑
m=1

Vi (k) =
M∑
m=1

ξTi (k)Piξi (k) (11)

where Pi > 0. Defining1Vi (k) = Vi (k + 1)−Vi (k), we get

1V (k) =
M∑
i=1

[
ξTi (k + 1)Piξi (k + 1)− ξTi (k)Piξi (k)

]
.

(12)

In addition, we know the following:

0 = 2
M∑
i=1

χTi (k){9i[−ξi (k + 1)+ Ãijξi (k)

+ W̃ijwi (k)+ B̃fijei (k)]

+ [
M∑

m=1,m6=i

B̃fmiem (k)+
M∑

m=1,m6=i

C̃miξm (k)]}, (13)

where 9i =
[
RTi 0 0 0

]T . Here, we introduce the slack
matrix RTi . It is very useful for the derivation of linear matrix
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inequalities (LMIs) to the H∞ filtering design. Now (13) can
be rewritten as:

0 = 2
M∑
i=1

χTi (k){9i[−ξi (k + 1)+ Ãijξi (k)

+ W̃ijwi (k)+ B̃fijei (k)]

+ [
M∑

m=1,m6=i

B̃fmiem (k)+
M∑

m=1,m6=i

C̃miξm (k)]}

≡ 2
M∑
i=1

χTi (k)9i

×
[
−I Ãij W̃ij B̃fij

]
χi (k)

+

M∑
i=1

χTi (k)9i

M∑
m=1,m6=i

B̃fmiem (k)

+

M∑
i=1

χTi (k)9i

M∑
m=1,m6=i

C̃miξm (k) . (14)

Note that

2aT b ≤ aTM−1a+ bTMb, (15)

where M = MT > 0, and we have the following result:

2
M∑
i=1

χTi (k)9i

M∑
m=1,m 6=i

B̃fmiem (k)

≤

M∑
i=1

M∑
m=1,m 6=i

χTi (k)9iB̃fmiM
−1
i B̃Tfmi9

T
i χi (k)

+

M∑
i=1

M∑
m=1,m6=i

eTi (k)Miei (k), (16)

and

2
M∑
i=1

χTi (k)9i

M∑
m=1,m6=i

C̃miξm (k)

≤

M∑
i=1

M∑
m=1,m 6=i

χTi (k)9iC̃miN
−1
i C̃T

mi9
T
i χi (k)

+

M∑
i=1

M∑
m=1,m6=i

ξTi (k)Niξi (k). (17)

Defining χi (k) = [ ξTi (k + 1) ξTi (k) e
T
i (k) wTi (k)

]T
and 1Vi (k) = Vi (k + 1) − Vi (k). And we can conclude
from the event-triggered strategy (6) that

σ 2
i y

T
i (k)Qiyi (k)− e

T
i (k)Qiei (k) ≥ 0. (18)

Then we gets from (12)-(18) that

1V (k) =
M∑
i=1

[
ξTi (k + 1)Piξi (k + 1)− ξTi (k)Piξi (k)

]

+ 2
M∑
i=1

χTi (k)9i[−ξi (k + 1)+ Ãij (k)

+ W̃ijwi (k)+ B̃fijei (k)]

+ 2
M∑
i=1

χTi (k)9i

M∑
m=1,m 6=i

B̃fmiem (k)

+ 2
M∑
i=1

χTi (k)9i

M∑
m=1,m 6=i

C̃miξm (k)

+

M∑
i=1

(
σ 2
i y

T
i (k)Qiyi (k)− e

T
i (k)Qiei (k)

)

=

M∑
i=1

[
ξTi (k + 1)Piξi (k + 1)− ξTi (k)Piξi (k)

]

+ 2
M∑
i=1

χTi (k)9i[−ξi (k + 1)+ Ãijξi (k)

+Wijwi (k)+ Bfijei (k)]

+

M∑
i=1

M∑
m=1,m6=i

ξTi (k)N
−1
i ξi (k)

+

M∑
i=1

M∑
m=1,m6=i

eTi (k)M
−1
i ei (k)

+

M∑
i=1

M∑
m=1,m6=i

χTi (k)9iC̃miN
−1
i C̃T

mi9
T
i χi (k)

+

M∑
i=1

M∑
m=1,m6=i

χTi (k)9iB̃fmiM
−1
i B̃Tfmi9

T
i χi (k)

+

M∑
i=1

(
σ 2
i y

T
i (k)Qiyi (k)− e

T
i (k)Qiei (k)

)
=

M∑
i=1

[
ξTi (k + 1)Piξi (k + 1)

+ ξTi (k)

 M∑
m=1,m6=i

Ni + σ 2
i D̃

T
ijQiD̃ij − Pi

 ξi (k)
+ eTi (k)

 M∑
m=1,m 6=i

Mi − Qi

 ei (k)


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+ 2
M∑
i=1

χTi (k)9i
[
−I Ãij B̃fij W̃ij

]
χi

+

M∑
i=1

M∑
m=1,m6=i

χTi (k)9iC̃miN
−1
i C̃T

mi9
T
i χi (k)

+

M∑
i=1

M∑
m=1,m6=i

χTi (k)9iB̃fmiM
−1
i B̃Tfmi9

T
i χi (k)

=

M∑
i=1

χTi (k) (81 +82)χi. (19)

Then, by using the Schur complement, inequality (19) is
equivalent to

8+
[
5i 0

]T [
5i 0

]
< 0, (20)

which implies

M∑
i=1

χTi (k)8χi (k)− γ
2wT (k)w (k)+ z̃T (k) z̃ (k) < 0.

(21)

Under zero initial conditions, we have

‖̃z (k)‖2 < γ ‖w (k)‖2. (22)

Now, the asymptotic stability of the error system (8) is given
under the condition w (k) = 0. Hence, the proof is complete.
Remark 4: For (18), If k = tk , from the definition of

ei (k) in (5), we have ei (k) = 0, then from (18) that
σiyTi (k)Qiyi (k) ≥ 0. Else if k 6= tk , there is no event occur-
ring at the time k ∈ (tk , tk+1). According to (5), we obtain that
eTi (k)Qiei (k) < σiyTi (k)Qiyi (k). Therefore, it is concluded
that at any time, the inequality (18) can be concluded.
Remark 5: In order to prove the stability of system (8),

we introduce the matricesMi andNi. If considering the matri-
cesMij andNij , the obtained resultsmay be less conservatism.

B. H∞ FILTER DESIGN
In this section, the non-fragile event-triggered H∞ filter-
ing design problem for the large-scaled fuzzy system is
addressed. The following Theorem provides a simple way to
determine the filtering parameters Afij, Bfij, Cfij.
Theorem 2 (Non-Fragile Event-Triggered H∞ Filtering

Design): The H∞ filtering design problem is solved by given
a constant γ > 0. If there are the positive-definite symmetric
matrices Pij , M i , N i, Gi, M

0
i ≤ M i, N

0
i ≤ M i, Qi = Q−1i .

We define M i = M−1i , N i = N−1i and the positive con-
stants σi and εi, which satisfy[

8 5T
i

∗ −I

]
< 0, (23)

where

8 =



2 Bfmi Cmi Z̃i εiEi FTi
∗ M̃i 0 0 0 0
∗ ∗ Ñi 0 0 0
∗ ∗ ∗ −Xi 0 0
∗ ∗ ∗ ∗ −εiI 0
∗ ∗ ∗ ∗ ∗ −εiI

, (24)

2 =


Pi − Ri − RTi RiÃij RiB̃fij RiW̃ij

∗ −Pi 0 0
∗ ∗ Qi − Gi − G

T
i 0

∗ ∗ ∗ −γ 2

, (25)

Bfmi =
[
9iB̃f 1i . . . 9iB̃fmi,m 6=i . . . 9iB̃fMi

]
, (26)

Cmi =
[
9iC̃1i . . . 9iC̃mi,m6=i . . . 9iC̃Mi

]
, (27)

M̃i = diagM−1
{
M i − Gi − GTi

}
(28)

Ñi = diagM−1
{
M i − Ri − RTi

}
(29)

Z̃i =


0 0 0 0
0 RTi 0 σiRTi D̃

T
ij

0 0 RTi 0
0 0 0 0

, (30)

Xi = diag
[
0

N
0
i

M − 1
M

0
i

M − 1
Qi

]
, (31)

Eij =


Ẽij
0
0
0

, (32)

Fij =
[
0 F̃ij 0 0

]
. (33)

Furthermore, the parameter matrices of the H∞ filtering
are given as

Afij = R−12i Âfij,Bfij = R−12i B̂fij,Cfij = Ĉfij. (34)

Proof: Noticing that

−Y Ti X
−1
i Yi ≤ Xi − Yi − Y Ti (35)

whereXi = XTi > 0. DefineT = diag {I I Gi I Gi Ri I I I
I I I } and Gi = diag{G1, . . . ,Gm,m 6=i, . . . ,GM }, Ri =

diag{R1, . . . ,Rm,m 6=i, . . . ,RM }. Let multiply (10) from the
left and right by T , respectively, then one can obtain (23).
The proof of necessity is completed.

Inequality (21) implies Pi − Ri − RTi < 0. Considering
Pi > 0, we know thatRi > 0, whichmeansRi is a nonsingular
matrix. Then, we have

RiÃij =
[
R1iAij + R2iBfijDij R2iAfij
R2iAij + R2iBfijDij R2iAfij

]
,

RiB̃fij =
[
R2iBfij
R2iBfij

]
, RiW̃ij =

[
R1iWij
R2iWij

]
. (36)

By the introduction of the new matrices:

R2iAfij = Âfij,R2iBfij = B̂fij, (37)

the proof is completed.
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IV. NUMERICAL EXAMPLE
In this section, a two-machine interconnected system is con-
sidered as follows [18]
ẋi1 (t) = xi2 (t)

ẋi2 (t) =
Di
Mi
xi2 (t)+

2∑
m=1,m 6=i

EiEmYmi
Mi

[cos
(
δ0mi−θmi

)
− cos(xi1 (t)− xm1 (t)+ δ0mi − θmi)]+ wi (t).

(38)

Linearizing the subsystems at these points, i.e., xi1 (k) =
±π

/
2, i = 1, 2, one can obtain the following two-rule fuzzy

model for the subsystem Si .
Subsystem Si:
Rule 1: IF xi1 (k) is about −π

/
2, THENxi (k + 1) = Ai1xi (k)+ Bi1wi (k)+

2∑
m=1,m 6=i

Cmixm (k)

yi (k) = Di1xi (k) ,

Rule 2: IF xi1 (k) is about π
/
2, THENxi (k + 1) = Ai2xi (k)+ Bi2wi (k)+

2∑
m=1,m 6=i

Cmixm (k)

yi (k) = Di2xi (k) ,

where

A11 =
[
−0.15 −0.325
0.01 0.4

]
, A12 =

[
−0.1 −0.325
0.01 0.4

]
,

A21 =
[
−0.15 −0.325
0.15 0.7

]
, A22 =

[
−0.1 −0.325
0.15 0.7

]
,

B11 = B12 =
[

0
0.1

]
, B21 = B22 =

[
0
0.2

]
,

D11 = D12 = D21 = D22 =
[
1 0

]
,

H11 = H12 = H21 = H22 =
[
0 0.5

]
,

C12 =

[
0 0

0.025 0

]
, C21 =

[
0 0

0.06 0

]
.

In order to design the non-fragile filtering, the parameters
are given as following:

M111 =

[
0.1 0.05
0.01 0.03

]
, M112 =

[
0.15 0.01
0.1 0.1

]
,

M121 =

[
0.15 0.1
0.05 0.05

]
, M122 =

[
0.15 0.2
0.1 0.05

]
.

M211 =
[
0.1 0.01

]
, M212 =

[
0.1 0.015

]
,

M221 =
[
0.2 0.01

]
, M222 =

[
0.2 0.1

]
.

N11 =

[
0.1 0
0.01 0.05

]
, N12 =

[
0.15 0
0.01 0.01

]
,

N21 =

[
0.15 0.1
0.2 0.05

]
, N22 =

[
0.15 0.2
0.1 0.05

]
.

FIGURE 2. Trajectories of z1
(
k
)

and its estimation zf 1
(
k
)
.

FIGURE 3. Event-triggered release instants of subsystem 1.

With the initial condition x1 (k) = [0.3, 0]T and x2 (k) =
[0.3, 0]T , the disturbance is set to be w = sin (0.04πk) ∗
e−0.05k . We choose γ = 1.2 and σ1 = 0.4, σ2 = 0.2 .
Figs. 2 and 3 show the simulation results, and we obtain the
event-triggered matrices 81 = 2.8146 and 82 = 1.5323,
respectively. Then, we can get the filtering parameters as

Af 11=
[
0.789 −0.192
0.104 0.067

]
, Af 12=

[
0.43 −0.237
−0.075 0.04

]
,

Af 21 =
[

0.510 −0.209
−0.0035 0.0113

]
,

Af 22 =
[
−0.365 −0.310
−0.065 0.043

]
,

Bf 11 =
[

0.0992
−0.0487

]
,Bf 12 =

[
0.0691
−0.0355

]
,

Bf 21 =
[

0.0715
−0.0706

]
,Bf 22 =

[
0.0584
−0.0525

]
.

Cf 11 =
[
0.0386 0.0301

]
, Cf 12 =

[
0.0471 0.0923

]
,

Cf 21 =
[
0.0460 0.1227

]
, Cf 22 =

[
0.0620 0.298

]
.
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FIGURE 4. Trajectories of z2
(
k
)

and its estimation zf 2
(
k
)
.

FIGURE 5. Event-triggered release instants of subsystem 2.

V. CONCLUSION
In this paper, The event triggered control is proposed in
the large scale power systems, and the non-fragile H∞
filtering performance problem has been investigated. The
event-triggered means event-triggered control can determine
whether the current data is necessary for transmission accord-
ing to a triggered threshold. What’s more, the filtering
inevitably has gain uncertainty in real life. And thus we
desire non-fragile event-triggered H∞ filtering to guaran-
tee the performance. By applying a Lyapunov-Krasovskii
functional and linear matrix inequalities(LMIs), a method of
event-triggered H∞ distributed filtering design is developed
for the filtering error system concerned to be asymptotically
stable with a given disturbance attenuation level. A simula-
tion is finally given to show the effective methods in this
paper.
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