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Abstract—This paper mainly focuses on the problem of
networked fault estimation (FE) and fault-tolerant control
(FTC). A novel adaptive memory-based mechanism is proposed
by introducing the latest piece of historical output information.
The historical information at each instant is matched with a
corresponding weight such that the closer information is, the
more contribution to the releasing event. Many unexpected
triggering events can be avoided under this communication
protocol, especially for the scenarios of the system with jitter
disturbance or random noise. Moreover, to make the instant-
aneous data releasing rate adapt to the requirement of the
control system, a time-varying threshold of the event-triggered
mechanism is designed. Therefore, the burden of network
bandwidth can be greatly decreased. Based on this proposed
communication protocol, a new fault and state estimation model
is developed. The fault-tolerant controller uses the estimations to
compensate for the influence induced by the network and the
fault. Sufficient conditions are derived to co-design the
parameters of FE, FTC, and adaptive memory-based event-
triggered mechanism. Finally, the performance of the proposed
communication mechanism, FE, and FTC is evaluated on an
example of the F-404 engine system.

Index Terms—Adaptive memory-based event-triggered mech-
anism, Fault estimation, Fault-tolerant control.

I. INTRODUCTION

H IGH safety and high reliability are the fundamental

requirements of modern engineering systems. However,

unexpected faults, such as actuator stuck and sensor saturation

are common phenomenon in practical industry processes. The

system’s performance with a certain fault, especially with a
severe fault, will be deteriorated, increasing potential safety

problems. To maintain the control performance of the system

in the presence of certain bounded faults, fault detection (FD),
FE, and FTC are necessary to tackle these problems. Over the

past decades, the problems of FD, FE, and FTC have attracted
extensive attention, see for example, [1]–[6], and references

therein.

The FD concerns with monitoring the control system, iden-

tifying when a fault has occurred. To obtain acceptable control

performances of the system with faults, two design methods

are usually adopted: passive FTC [7] and active FTC [8], [9].

The main purpose of passive FTC is to design a tolerant con-

troller to make the system insensitive to unexpected faults, for

example, in [7], a reliable controller was designed by assum-

ing the actuator failure is governed by a series of random vari-

ables. The authors in [10] developed a robust adaptive FTC to

achieve asymptotic tracking for a cascaded system subject to

actuator failures. In [11], a passive FTC was investigated for

T-S fuzzy-based nonlinear systems against bounded actuator

faults. It is noticed that these passive FTC methods do not

depend on fault information. In contrast with the passive FTC,

the active FTC method needs to make full use of fault infor-

mation to compensate for the influence of the fault in the con-

trol process. In [12], By using integral sliding-mode control

technology, a finite-time FE-based FTC scheme was proposed

to address the trajectory-tracking problem of surface vehicles.

To realize the voltage compensation of dual three-phase per-

manent-magnet synchronous motor against multi-faults, the

current-sensor fault was estimated to design a fault-tolerant

controller in [13]. It can be manifested that the active FTC

method is more effective and reliable on the condition that the

fault information can be obtained or estimated. In the past dec-

ades, considerable efforts have been dedicated to the issue of

active fault-tolerant control to deal with various fault prob-

lems [14]–[16].

It is known that signal transmission plays a vital role in the

control loop. The signal transmission in the literature listed

above is based on traditional point-to-point (P2P) communica-

tion. Under this transmission style, the control scale, flexibil-

ity, and reliability will be limited [17]–[19]. With the
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development of the technology of computation, network, and

control theory, network communication of the control system

has gradually been an alternative to the traditional P2P-based

communication control system. However, some features of

communication networks for networked control systems

(NCSs), such as time delay, limited network bandwidth, etc.

will deteriorate or destabilize the control performance. There-

fore, over the past two decades, considerable attention has

been received for improving the performance of NCSs [20]–

[22], for example, in [20], the authors modeled the network-

induced delay as an interval time-varying delay. The network-

induced delay is assumed to be governed by some random dis-

tributions in [23], [24]. In traditional control design, digital

signal transmission with a fixed period from one terminal to

the others is usually adopted, and the fixed period is set small

enough to ensure the control system with a satisfying perfor-

mance in the worst situation [25]. Consequently, this time-

triggered mechanism (TTM) with high-frequency sampling

and broadcasting will inevitably aggravate the burden of a net-

work, even leading to network congestion.

To effectively save network bandwidth when designing

NCSs, numerous results regarding the event-triggered mecha-

nism (ETM) have been proposed in recent years, such as [26]–

[32]. Unlike TTM, signal transmission with ETM depends on a

condition used to generate releasing event, rather than a periodic

time sequence. The control strategy with these event-triggering

conditions ensures the stability of the system. In [33], the data

transmission was designed by utilizing a mechanism of time-

driven sampling and event-driven releasing. The parameters of

the controller and the ETM can be co-designed by using such an

approach of model transferring. This method was successfully

extended to the design of networked FTC, such as in [34], under

this framework, the data releasing rate can be dramatically

decreased, while the control performance can be maintained to

an acceptable level. In [35], an annulus-based ETM was pro-

posed to decrease the amount of data releasing for time-varying

FD systems. To improve the adaptation of the event-triggering

condition, adaptive/ dynamic ETMs were developed [36]–[39],

for example, in [38], [39], the thresholds were designed to be a

dynamic that changes with the current sampling information and

the latest released information. Distributed adaptive ETM

in [36], [40] was investigated for consensus of linear multi-agent

systems (MASs) against multiplicative faults and disturbances,

where the parameters of the triggering function depend on both

the state and the running time to enhance the adaption to the con-

dition. It is noticed that the ETMs in the literature as mentioned

above only use the current information to decide the next releas-

ing instant. Sometimes it may lead to an unnecessary releasing

event. Fewer results are reported to use the ETM with historical

information for the design of FTC. Theses research gaps are our

primary motivation for the current study.

Motivated by the above literature, the memory-based event-

triggered mechanism was proposed to design the FE and the

FTC for networked control systems. The main contribution of

this paper is threefold as follows.

1) A new memory-based event-triggered mechanism was

developed. The weighted historical information is introduced

in the triggering function, by which the unexpected releasing

event under the traditional ETM can be avoided due to the

instantaneous random jitter (RJ);

2) A new fault estimation model is constructed to match the

memory-based ETM, under which the estimation accuracy of

the observer can be guaranteed.

3) The FE and FTC can be co-calculated conveniently based

on the conditions that guarantee the stabilization of the aug-

mented system by converting a nonlinear matrix inequality

into an optimization problem.

The rest of this study is organized as follows. Section II

presents the framework of networked FE and FE-based

FTC. Section III gives the coordinated design method of the

FE and the FTC. Finally, a semi-physical simulation plat-

form for an aircraft engine system (AES) is presented to

show the effectiveness and advantages of the proposed

approach in Section IV. Conclusion V summarizes this

study.

Notation: In this paper, a½M;N� represents NTMN . colf�g
stands for a column vector.HefMg ¼ M þMT .

II. PROBLEM FORMULATION

As shown in Fig. 1, the framework of networked FE and the

corresponding FTC is depicted. To relieve the burden of net-

work bandwidth, the adaptive memory-based ETM is

introduced.

A. Plant Model

Consider the following linear time-invariant system with

fault and external disturbance:

_xðtÞ ¼ AxðtÞ þ BuðtÞ þ GfðtÞ þDvðtÞ
yðtÞ ¼ CxðtÞ
zðtÞ ¼ FxðtÞ;

8<
: (1)

where xðtÞ 2 Rn, yðtÞ 2 Rny , uðtÞ 2 Rm, zðtÞ 2 Rnz , fðtÞ 2
Rnf , and vðtÞ 2 Rnv denote the system state, measured output,

control input, system output, system fault and external distur-

bance, respectively. A;B;C;D; F and G; are known matrix

with appropriate dimensions. In this study, the pairs ðA;CÞ
and ðA;BÞ are assumed to be observable and controllable,

vðtÞ and _fðtÞ belong to l2½0;1Þ.

Fig. 1. The framework of the adaptive event-triggered FE-based FTC.
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From Fig. 1, one can see that the input of the adaptive mem-

ory-based ETM includes not only the current output informa-

tion yðtÞ but also ŷðtÞ with historical information.To facilitate

the description of ŷðtÞ, we first define

�ðsÞ ¼ colfgðsÞ; g1ðsÞ; . . . ; gp�1ðsÞg; (2)

G ðsÞ ¼ �ðsÞ � In; (3)

where gðsÞ is a function that satisfies
R t
t�w gðsÞds ¼ 1, w is a

given constant that represents the length of historical informa-

tion to be used as the input to fault/state estimation observer.

For G ðsÞ, we assume it has the following property:

G ðsÞ
ds

¼ G G ðsÞ; (4)

where Gpn�pn is a given constant matrix.

Next, we define

~yðtÞ ¼ a1ŷðtÞ þ a2yðtÞ; (5)

where ŷðtÞ ¼
R t

t�w gðs� tÞyðsÞds and
P2

i¼1 ai ¼ 1;ai > 0.
Remark 1: It is noticed that ŷðtÞ in (5) is average historical

information. Meanwhile, gðsÞ can be regarded as a weight of

yðsÞ at instant s. If one chooses gðsÞ as a monotone increasing

function for s 2 ½�w 0� in (5), it means that the closer the

time is to current instant t, the bigger the weight is.
Remark 2: As mentioned in Remark 1, ŷðtÞ is average his-

torical information owning to the sliding window with a fixed

window width w. Such a widow slides with time t. If w ! 0,
it tends to be a memoryless ETM, while w is chosen too big,

more useful information may be missed. Therefore, a reason-

able w is the result of multiple trials.

Remark 3: From (5), one knows that the historical informa-

tion and the current information are matched with respective

weights. The bigger a1 is, the more historical information in

the ETM and FE is. Especially, if one sets a1 ¼ 0, the trans-

mission signal turns to be a traditional one.

B. Memory-Based ETM

To alleviate the burden of the communication network, an

adaptive memory-based ETM is introduced (see Fig. 1).

We define

’ð$ðt; tkÞ; yðtÞÞ ¼ $T ðtÞV$ðt; tkÞ � dðtÞyT ðtÞVyðtÞ; (6)

where $ðt; tkÞ ¼ ~yðtÞ � yðtkÞ and tk is the k-th triggering

instant. yðtkÞ is the system output that is successfully transmit-

ted over the communication network at instant tk. dðtÞ is a sca-
lar function designed by

dðtÞ ¼ �d� 2ð�d� dÞ=p arctan
% $T ðtÞV$ðt; tkÞ

yT ðtÞVyðtÞ

� �
(7)

for t 2 ½tk; tkþ1Þ, where 0 < d < �d � 1 and % > 0.
Then, the next triggering instant can be expressed by

tkþ1 ¼ inf ftjt > tk;’ð$ðt; tkÞ; yðtÞÞ > 0g (8)

Remark 4: It is noticed that instantaneous RJ may arouse

unexpected triggering events when using the traditional ETM.

Such the event is called the bad event in the following. The

historical information with a sliding window w being intro-

duced to generate the absolute error of the ETM in (8) can

avoid the occurrence of bad events, which will be demon-

strated in Section IV.

Remark 5: From (7), one knows that the threshold is vari-

able and has the following properties and advantages: (1) d �
dðtÞ � �d; and (2) the threshold decreases with the relative error
% $T ðtÞV$ðt;tkÞ

yT ðtÞVyðtÞ , which means the bigger ~yðtÞ deviates yðtkÞ, the
smaller dðtÞ is, leading to much more releasing events.

Accordingly, the control performance can be ensured.

C. The Framework of FE and FTC

For the sake of compensating for the influence of faults and

solve the asynchronization problem induced by the network, a

fault estimation observer is considered, which is constructed

as follows:

_�xðtÞ ¼ A�xðtÞ þBuðtÞ þ G�fðtÞ þ LðyðtkÞ � �yðtÞÞ
_�fðtÞ ¼ EðyðtkÞ � �yðtÞÞ
�yðtÞ ¼ a1C

R t

t�w gðs� tÞ�xðsÞdsþ a2C�xðtÞ;

8><
>: (9)

where �xðtÞ 2 Rn, �yðtÞ 2 Rny and �fðtÞ 2 Rnf denote the

observer state, output and the estimated fault signal, respec-

tively. L and E are parameters to be designed.

Based on the above fault observer, we now consider the fol-

lowing FTC strategy

uðtÞ ¼ �ByG�fðtÞ þK�xðtÞ; (10)

where K is the observer-based fault-tolerant controller

gain to be designed, and By is the matrix that satisfies

ðI � BByÞG ¼ 0.
Defining exðtÞ ¼ xðtÞ � �xðtÞ and efðtÞ ¼ fðtÞ � �fðtÞ, and

recalling the definition of$ðt; tkÞ yields that

_exðtÞ ¼ ðA� a2LCÞexðtÞ þ GefðtÞ þ L$ðt; tkÞ

� a1LCH0

Z t

t�w

G ðs� tÞexðsÞds

_efðtÞ ¼ � a1ECH0

Z t

t�w

G ðs� tÞexðsÞds

� a2ECexðtÞ þ E$ðt; tkÞ þ _fðtÞ:

8>>>>>>>><
>>>>>>>>:

(11)

By define cðtÞ ¼ ½eTx ðtÞ; eTf ðtÞ; xT ðtÞ�T and nðtÞ ¼ ½vT ðtÞ;
_fT ðtÞ�T , we can obtain the following augmented system:

_cðtÞ ¼ AcðtÞ � a1JCH0

Z t

t�w

G ðs� tÞexðsÞds

þ J$ðt; tkÞ þ DnðtÞ (12)
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where A ¼ A0 þA1, H0 ¼ ½In; 0n � � � ; 0n|fflfflfflfflffl{zfflfflfflfflffl}
p�1

�, and

A0 ¼
A G 0

0 0 0

0 G A----
-----
-----
-----
-----
----

2
64

3
75�������� ;D ¼

D 0

0 I

D 0

2
64

3
75���� ;

A1 ¼
½�a2LC 0ðnþnf Þ�nf

� 0ðnþnf Þ�n

½�BK 0n�nf � BK

" #
�����������������������

-----
-----
-----
-

;

J ¼
L

0

� �
;L ¼

L

E

� �
:

The main purpose of this study is to design a networked

fault-tolerant control strategy such that the system with the

memory-based ETM in (8) has anH1 performance g, i.e.,

1) The system (12) with nðtÞ ¼ 0 is asymptotically stable;

2) The system (12) for nðtÞ 6¼ 0 satisfies
R1
t0

zT ðtÞzðtÞdt �
g2

R1
t0

nT ðtÞnðtÞdt under zero initial condition.
The following lemma that plays an essential role in deriving

the main results will be introduced first before proceeding

further.

Lemma 1: For a vector function c : E ! Rnc with nc ¼
2nþ nf and a symmetric positive definite matrix Q 2 Rn�n,

the following integral inequality holds:Z
E
a½Q;cðsÞ�ds � a M�Q;

Z
E
G ðsÞcðsÞds

� �
(13)

where M ¼ ½
R
E �ðsÞ�T ðsÞds�

�1
, �ðsÞ and G ðsÞ are defined in

(2) and (3), respectively.

III. NETWORKED FE AND FTC DESIGN

In this section, we first analyze the stability and H1
performance of the system (12) in Theorem 1 and then

develop the approach of the networked FE and FTC with

the novel communication protocol presented in (8) in The-

orem 2.

For the purpose of simplifying the prescription, we give the

following notations:

I1 ¼ Inc 0nc�pn 0nc 0nc�ny 0nc�nn 0nc
� �

;

I2 ¼ 0pn�nc Ipn 0pn�nc 0pn�ny 0pn�nn 0pn�nc

� �
;

I3 ¼ 0nc 0nc�pn Inc 0nc�ny 0nc�nn 0nc
� �

;

I4 ¼ 0ny�nc 0ny�pn 0ny�nc Iny 0ny�nn 0ny�nc

� �
;

I5 ¼ Inn�nc 0nn�pn 0nn�nc 0nn�ny Inn 0nn�nc

� �
with nc ¼ 2nþ nf; nn ¼ nv þ nf; nh ¼ ðpþ 2Þnþ nf .

Theorem 1: For given scalars �d; w; g;b;ai ði ¼ 1; 2Þ and

matrices K; L and E, the system (9) can asymptotically esti-

mate the fault and the state of the plant with an H1 perfor-

mance level g under the adaptive memory-based ETM in (8),

if there exist symmetric matrices P ¼ P1 P2

PT
2 P3

� �
, Q >

0; R > 0, and matrices U1; U2 with appropriate dimensions,

such that the following inequalities hold:

F ¼ P1 P2

PT
2 P3 þM�Q

� �
> 0; (14)

QþQ1 	
FH2I1 �I

� �
< 0; (15)

where

Q ¼ He HT
3 PT 1

	 

þ IT1H

T
1QH1I1

� IT3QI3 þ wIT1H
T
1RH1I1 þ IT2 T 2 � IT4VI4

þ �dðCH2I1ÞTVCH2I1 � g2IT5 I5;

Q1 ¼ HefT T
3 Sg;

T 3 ¼ bU 0 0 0 0 U½ �; U ¼ diagfU1; U2g;

S ¼ A �a1JCH0 0nc�n J D �Inc
� �

;

T 1 ¼ T 11 T 12½ �;

T 11 ¼
0nc 0nc�pn 0nc

G ð0ÞH1 �G �G ð�wÞH1

" #
;

T 12 ¼
0nc�ny 0nc�nn �Inc

0pn�ny 0pn�nn 0pn�nc

" #
;

T 2 ¼ 0 �M� R 0 0 0 0½ �;
H1 ¼ ½In; 0n�nf ; 0n�; H2 ¼ ½0n; 0n�nf ; In�;

H3 ¼ Inh ; 0nh�nc ; 0nh�n; 0nh�nn ; 0nh�nc

h i
:

Proof: For the convenience of expression, we first define

hðtÞ ¼
cðtÞR t

t�w G ðs� tÞexðsÞds

" #
;

fðtÞ ¼ colfhðtÞ; exðt� wÞ; $ðt; tkÞ; nðtÞ; _cðtÞg:

From Lemma 1, one knows that

a½P;hðtÞ� þ
Z t

t�w

a½Q; exðsÞ�ds

� a½P; hðtÞ� þ a M�Q;

Z t

t�w

G ðsÞexðsÞds
� �

¼ a½F; hðtÞ�: (16)

Due toF > 0; R > 0, we can construct the following Lya-
punov-Krasovskii function.

V ðtÞ ¼ a½P; hðtÞ� þ
Z t

t�w

a½Q; exðsÞ�ds

þ
Z t

t�w

ðs� tþ wÞa½R; exðsÞ�ds (17)
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Take the derivative of V ðtÞ along the system (12), and it has

_V ðtÞ ¼ 2hT ðtÞP _hðtÞ þ a½HT
1QH1;cðtÞ�

� a½Q; exðt� wÞ� þ w a½HT
1RH1;cðtÞ�

�
Z t

t�w

a½R; exðsÞ�ds:

It is noted that

d

dt

Z t

t�w

G ðs� tÞexðsÞds ¼ G ð0ÞH1cðtÞ � G ð�wÞH1cðt� wÞ

� G
Z t

t�w

G ðs� tÞexðsÞds: (18)

Utilizing Lemma 1 once more yields that

_V ðtÞ � 2hT ðtÞPT 1fðtÞ þ a½HT
1QH1;cðtÞ�

� a½Q; exðt� wÞ� þ w a½HT
1RH1;cðtÞ�

þ a½IT2 T 2;fðtÞ�: (19)

From (12), one knows that

2T T
3 SfðtÞ ¼ 0: (20)

Recalling the event-triggering condition in (8) and combing

(19)-(20), we have

_V ðtÞþzT ðtÞzðtÞ � g2nT ðtÞnðtÞ

� 2hT ðtÞPT 1fðtÞ þ a½HT
1QH1;cðtÞ�

� a½Q; exðt� wÞ� þ w a½HT
1RH1;cðtÞ�

þ a½IT2 T 2;fðtÞ� � a½IT4VI4;fðtÞ�

þ a½�dðCH2I1ÞTVðCH2I1Þ;fðtÞ�

þ a½ðT T
3 S þ STT 3Þ;fðtÞ�

þ a½ðFH2I1ÞT ðFH2I1Þ;fðtÞ� � a½g2IT5 I5;fðtÞ�:
(21)

Using Schur complement lemma to (15) follows that

_V ðtÞ þ zT ðtÞzðtÞ � g2nT ðtÞnðtÞ < 0: (22)

Then, one can easily obtain _V ðtÞ < 0 with nðtÞ ¼ 0 andR1
t0

zT ðtÞzðtÞdt � g2
R1
t0

nT ðtÞnðtÞdt for n 6¼ 0. Thus, we com-

plete the proof. &

Next, we will develop the design method of FE and FTC for

networked systems with the proposed adaptive memory-based

ETM in terms of Theorem 1.

Theorem 2: For given scalars �d; w; g;b;ai ði ¼ 1; 2Þ, the
system (9) can asymptotically estimate the fault and the state

of the plant with an H1 performance level g under the

adaptive memory-based ETM in (8), if there exist symmetric

matrices P ¼ P1 P2

PT
2 P3

� �
, Q > 0; R > 0, and matrices

U1; U2;N 1;W; Y with appropriate dimensions such that the

following inequalities hold:

F ¼
P1 P2

PT
2 P3 þM�Q

� �
> 0; (23Þ

Qþ �Q1 	
FH2I1 �I

" #
< 0; (24Þ

U2B ¼ BW; (25Þ

where

�Q1 ¼ Hef �T T
3
�Sg;

�T 3 ¼ bInc 0 0 0 0 Inc
� �

;

�S ¼ �A �a1
�JCH0 0nc�n

�J UD �U
h i

;

�A1 ¼
½�a2N 1C 0ðnþnf Þ�nf

� 0ðnþnf Þ�n

½�BY 0n�nf � BY

" #
������������������������-----

----- ;

�A ¼ UA0 þ �A1; �J ¼
N 1

0

� �
�� :

and the other symbols are defined in Theorem 1. Furthermore,

the parameters of FE and FTC are:

K ¼ W�1Y;
L
E

� �
�� ¼ U�1

1 N 1:

Proof: Define N 1 ¼ U1L, U2B ¼ BW , and Y ¼ WK,

then one can know that (24) is equivalent to (15). The proof is

completed. &

It is noticed that it is hard to find a feasible solution from

Theorem 2 due to the equality constraint in (25). The follow-

ing approximate algorithm is considered to get the parameters

of ETM in (8), FE in (9), and controller gain in (10) by using

LMI control toolbox.

It is known that (25) is equivalent to

traceðU2B�BW ÞT ðU2B�BW Þ ¼ 0 (26)

Due to the property in (26), the parameters to be resolved in

Theorem 2 can be approximatively obtained by the following

Theorem.

Theorem 3: For given positive scalars �d; w; g;b;ai ði ¼
1; 2Þ and a small enough constant s > 0, the system (9) can

asymptotically estimate the fault and the state of the plant

with an H1 performance level g under the adaptive memory-

based ETM in (8), if there exist symmetric matrices P ¼
P1 P2

PT
2 P3

� �
, Q > 0; R > 0, and matrices U1; U2;N 1;W; Y

with appropriate dimensions, such that the following inequal-

ities hold:
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F ¼
P1 P2

PT
2 P3 þM�Q

� �
> 0; (27Þ

Qþ �Q1 	
FH2I1 �I

" #
< 0; (28Þ

�sI 	
U2B� BW �I

� �
< 0; (29Þ

where the symbols are defined in Theorem 2. Furthermore, the

parameters of FE and FTC are:

K ¼ W�1Y;
L
E

� �
¼ U�1

1 N 1:

IV. CASE STUDY

In what follows, a practical example, the test run of an

F-404 AES [41], is provided to show the effectiveness of

the FE and FTC design method for networked systems

with the proposed adaptive memory-based ETM. The plat-

form of the system is presented in Fig. 2, from which one

can see that the communication network is implemented

by a pair of Zigbee modules, the other modules including

plant, adaptive memory-based ETM, FE, and FTC are sim-

ulated by Simulation/Matlab in PC. The system matrices

are given as:

A ¼
�1:46 0 2:428

0:1643 �0:4 �0:3788

0:3107 0 �2:231

2
64

3
75; B ¼

0:11 0

0:14 �0:4

0:10 0

2
64

3
75;

G ¼
0

�0:4

0

2
64

3
75; D ¼

0:5

1:5

1

2
64

3
75; C ¼

�0:1 0 1

0:15 2 �0:1

0:1 0:2 0:1

2
64

3
75;

and F ¼ I3.
By using Theorem 3 with d ¼ 0:05;�d ¼ 0:18; w ¼

0:06; g ¼
ffiffiffiffiffi
10

p
;b ¼ 200;a1 ¼ 0:7;a2 ¼ 0:3 and s ¼ 0:001,

one can obtain the controller gain in (10) is

K ¼ �7:8060 0:7715 �5:1863
�12:5312 13:5394 �12:3676

� �
;

and the parameters of FE in (9) are

L ¼
1:9513 1:0960 11:0304

4:8132 �2:6073 �11:9353

2:6512 0:2150 2:2646

2
64

3
75;

E ¼ �1:5994 5:0764 35:4080½ �;

and the weight matrix of the ETM in (8) is

V ¼
3685:4720 �902:1206 �8747:6339
�902:1206 674:3940 5743:5295
�8747:6339 5743:5295 50547:2189

2
4

3
5:

Assume the initial state of the plant and the fault estimation

observer are xð0Þ ¼ �xð0Þ ¼ ½0:10:2� 0:1�T . Different types

of fault (solid blue line in Fig. 7) that injects into the system is

considered to show the effectiveness and the advantages of

the designed FTC strategy, which is expressed by

fðtÞ ¼ 0:3e�0:2ðt�10Þ2 � 0:2e�0:1ðt�25Þ2 t � 40
0:3 t > 40

�

Fig. 2. Simulation platform.

Fig. 3. The disturbance with random jitter.

Fig. 4. State response x1ðtÞ and its estimation �x1ðtÞ.
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To test the performance of the proposed memory-based

ETM respect to disturbance with RJ, we set the disturbance as

shown in Fig. 3.

Fig. 4 - Fig. 6 present the plant trajectories and their estima-

tions, from which one can see that the system with the fault

(depicted in Fig. 7) and the disturbance (shown in Fig. 3) per-

forms well by using the proposed approach. Also, from Fig. 7,

it can be known that the fault estimation signal can well observe

the injected fault signal. As such a reason, the injected fault sig-

nal of the plant can be better compensated (see the control strat-

egy in (10)) by the estimated fault signal, thereby leading to

good control performance.

Fig. 8 shows the adaptive threshold of the memory-based

ETM. Under such a threshold, the next triggering instant is

decided by the event-triggering condition in (8). Fig. 9 presents

the time sequence of triggering instants and their releasing inter-

vals. Combining Fig. 8 and Fig. 9, one can see that the threshold

is time-varying and the triggering threshold increases after the

latest triggering event, which is an attempt of decreasing the

amount of data-releasing till the triggering condition is invoked.

To verify the necessity of using adaptive threshold, we choose

dðtÞ 
 ðdþ �dÞ=2. Under this fixed threshold, the amount of

releasing data (ARD) within 50 s is 127, while the AMD is 99

when using the adaptive threshold in (7) whose curve is depicted

in Fig. 8.

Fig. 6. State response x3ðtÞ and its estimation �x3ðtÞ.

Fig. 5. State response x2ðtÞ and its estimation �x2ðtÞ.

Fig. 7. The fault and its estimation.

Fig. 8. Adaptive threshold dðtÞ.

Fig. 9. Triggering instants and releasing intervals with a1 ¼ 0:7.

Fig. 10. Triggering instants and releasing intervals with a1 ¼ 0.
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Next, we choose a1 ¼ 0 as stated in Remark 3. In this case,

the ETM does not include the historical information, and it

turns to be an adaptive traditional event-triggered mechanism

(TETM). Fig. 10 shows the time sequence of triggering events

under this scenario. Table I gives the ARDs of adaptive

TETM and our proposed adaptive memory-based ETM. Com-

bining Table I, Fig. 9 and Fig. 10, one can see that the ARD

by using our method is obviously less than the one by using

adaptive TETM when the system is subject to RJ disturbance.

That is to say, the performance of avoiding the occurrence of

bad events by using our method is better than using the tech-

nique of TETM for the system with RJ, as mentioned in

Remark 4. To further show the advantage of our proposed

adaptive memory-based ETM, the disturbance is assumed to

be smooth, which is shown in Fig. 11. In Table I, it is clear

that our method is still better than the TETM in the condition

of the disturbance without RJ. Therefore, one can conclude

that the network bandwidth can be greatly saved when using

our proposed method for networked FE and FTC problems.

V. CONCLUSION

In this paper, the problem of networked FE and FTC has been

addressed. To mitigate the usage of limited network resources, a

new adaptive memory-based event-triggered mechanism has

been proposed. By introducing a certain length of historical

information to the ETM and matching the historical information

with different weights to different past times, the unexpected

triggering events generated by disturbance or some random

noises can be decreased. Moreover, a reasonable threshold can

be obtained online by the proposed adaptive approach, which

depends on the current and the past output rather than a fixed

constant. Under this proposed ETM, a new FE and FTC design

method for networked systems has been developed. Finally, an

example of the F-404 AES is used to show the effectiveness and

advantages of the proposed approaches. In the future study, the

networked fault detection problem with the proposed memory-

based ETMwill be considered. Also, a full hardware experimen-

tal platformwill be constructed.
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