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Event-triggered Distributed Hoo State Estimation
with Packet Dropouts through Sensor Networks

Derui Ding, Zidong Wang, Bo Shen and Hongli Dong

Abstract

This paper is concerned with the event-triggered distributed H, state estimation problem for a class of discrete-time
stochastic nonlinear systems with packet dropouts in a sensor network. An event-triggered communication mechanism is
adopted over the sensor network with hope to reduce the communication burden and the energy consumption, where the
measurements on each sensor are transmitted only when a certain triggering condition is violated. Furthermore, a novel
distributed state estimator is designed where the available innovations are not only from the individual sensor but also
from its neighboring ones according to the given topology. The purpose of the problem under consideration is to design
a set of distributed state estimators such that the dynamics of estimation errors is exponentially mean-square stable and
also the prespecified H, disturbance rejection attenuation level is guaranteed. By utilizing the property of the Kronecker
product and the stochastic analysis approaches, sufficient conditions are established under which the addressed state
estimation problem is recast as a convex optimization one that can be easily solved via available software packages.
Finally, a simulation example is utilized to illustrate the usefulness of the proposed design scheme of event-triggered

distributed state estimators.
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I. INTRODUCTION

A sensor network typically consists of a large number of geographically distributed sensor nodes which
cooperatively monitor parameters or events of interest. Nowadays, sensor networks have a wide-scope do-
main of applications such as environment and habitat monitoring, health care applications, traffic control,
distributed robotics, and industrial and manufacturing automation [1-3]. It is worth noting that, the network
size, the communication constraints as well as the stringent energy limit inevitably result in great challenges
to the applications of classical centralized estimation techniques that demand enormous storage space and
centralized computation. As such, it is not surprising that the distributed filtering or estimation problem for
sensor networks serves as one of the most fundamental collaborative information processing problems and has

gained an ever-increasing research interest, see [4-12] and the references therein.
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It is well recognized that the limited bandwidth of the communication channel inevitably leads to some
network-induced phenomena whose occurrence is often of the random nature. It is worth pointing out that
the desired system performances could be seriously degraded if such network-induced phenomena are ignored
in the estimator design. Therefore, considerable attention has been focused on the state estimation issues for
systems with various network-induced phenomena in the past few years [13-20]. Among others, the packet
dropouts (also called missing measurements), which are known to be one of the most frequently occurred
phenomena in the networked systems, have received particular research interests and a great number of
estimator design algorithms have been proposed in the literature, with examples including Kalman filtering
approaches and H., estimation methods based on the linear matrix inequalities (LMI) or the recursive linear
matrix inequalities (RLMI), see, e.g., [21-25]. On the other hand, the nonlinearity is ubiquitous in real-world
systems. In a networked environment, the nonlinear disturbances might stem from the random fluctuation of
the network load and the unreliability of communication links. In such a case, the disturbances themselves
could experience random abrupt changes in their type or intensity [26-28]. Furthermore, for sensor networks of
large size, the packet dropouts and stochastic nonlinearities become even severe due primarily to the inherent
feature of such networks, for instance, the communication constraints, strong coupling, spatial deployment,
and so forth. Therefore, it is desirable to examine how these two phenomena affect the estimation performance
and this constitutes one of the motivations for the present research.

Very recently, the event-triggered communication mechanism has attracted some preliminary research at-
tention for networked systems. The event-triggered strategy is deemed to be particularly necessary for the
distributed real-time sensing and control due mainly to the need for reducing the communication burden and
the energy consumption [29-31]. As far as the sensor networks are concerned, the sensor nodes are often
battery operated with a limited energy resource. As such, in order to prolong the lifetime of such sensor
networks, an effective approach in the implementation is to adopt a novel communication strategy (i.e. an
event-triggered protocol) to avoid unnecessary data transmission. It is noted that, on event-triggered proto-
cols, there have been a growing number of results covering a wide range of applications in various engineering
systems such as networked control systems and multi-agent systems [29-33]. Unfortunately, in the presence
of network-induced phenomena, available results in the literature have been scattered for state estimation
problems through sensor networks. Such a situation results from the two challenging issues identified as
follows. (1) A sensor network is often subject to various network-induced phenomena (e.g. packet dropouts
and stochastic nonlinearities) even if the event-triggered communication protocol is exploited. So, the first
difficulty is how to develop a reasonable model to describe event triggering communication mechanisms and
network induced phenomena in a unified framework. (2) The key issue in designing distributed estimators
for sensor networks is how to fuse the information available for the estimator both from itself (without event-
triggered mechanism) and from its neighbors (with event-triggered mechanism). In other words, the second
challenge is how to construct a suitable distributed estimator such that the information from different sources
is adequately integrated.

Summarizing the above discussions, it can be concluded that there is a great need to examine how the packet
dropouts and stochastic nonlinearities affect on the performance of event-triggered distributed estimators
through sensor networks with the given topology. As such, the main purpose of this paper is to initiate
a study on the distributed H., state estimation problem with an event-triggered communication protocol.
The main contributions of this paper can be highlighted as follows. (1) Both the packet dropouts and the

event-triggered communication protocol are considered within a unified framework in order to better reflect the
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reality. (2) A novel structure of distributed estimators is designed to adequately utilize the available innovations
from not only itself (without event-triggered mechanism) but also its neighboring sensors (with event-triggered
mechanism). (3) Intensive stochastic analysis is conducted, with help from the utilization of the Kronecker
product, to enforce the Hoo performance for the addressed distributed estimation problem in addition to the
exponentially mean-square stability constraint.

The rest of this paper is organized as follows. In Section II, a target plant described by a discrete-time
stochastic nonlinear system is introduced, where the event-triggered communication mechanism and the phe-
nomenon of packet dropouts are presented in the corresponding sensor networks. In Section I1I, by employing
the Lyapunov stability theory combined with the Kronecker product, some sufficient conditions are estab-
lished in the form of linear matrix inequalities, and then the gains of event-triggered distributed estimators
are obtained by solving a convex optimization problem. In Section IV, an example is presented to demonstrate
the effectiveness of the established design scheme of distributed estimators. Finally, conclusions are drawn in
Section V.

Notation The notation used here is fairly standard except where otherwise stated. R™ and R™*" denote,
respectively, the n dimensional Euclidean space and the set of all n x m real matrices. [2(]0,00);R"™) is
the space of square-summable n-dimensional vector functions over [0,00). I denotes the identity matrix of
compatible dimension. The notation X > Y (respectively, X >Y'), where X and Y are symmetric matrices,
means that X — Y is positive semi-definite (respectively, positive definite). M T represents the transpose of
M. E{z} stands for the expectation of stochastic variable z. ||x|| describes the Euclidean norm of a vector
x. The shorthand diag{M;, Ms,--- ,M,} denotes a block diagonal matrix with diagonal blocks being the
matrices My, Ms, --- M,. The symbol ® denotes the Kronecker product. In symmetric block matrices, the

symbol * is used as an ellipsis for terms induced by symmetry.

II. PROBLEM FORMULATION AND PRELIMINARIES

In this paper, it is assumed that the sensor network has n sensor nodes which are distributed in space
according to a fixed network topology represented by a undirected graph & = (¥, &, ) of order n with the
set of nodes 7 ={1,2,--- ,n}, the set of edges & € ¥ x ¥, and the weighted adjacency matrix 7 = [h;;] with
nonnegative adjacency element h;;. An edge of ¢ is denoted by the ordered pair (i, 7). The adjacency elements
associated with the edges of the graph are positive, i.e., h;; > 0 <= (i,j) € &, which means that sensor i can
obtain information from sensor j. The set of neighbors of node i € ¥ is denoted by N; = {j € ¥ : (i,j) € &}.

In this paper, a target plant is the system whose states are to be estimated through the distributed sensors.

Let the target plant be described by the following discrete-time stochastic nonlinear system:

{ Tpr1 = Az + Agxg—r + fag, ) + Buwy (1)

z, = Lxy,

with n sensors modeled by
Yik :Cijk+Di'Uk, 1= 1727"' y T (2)

where x;, € R"® is the state of the target plant that cannot be observed directly, y; , € R" is the measure-
ment output from sensor i, zp € R™= is the output to be estimated, and wg, vy € l3(]0,00);R) are external
disturbances. 7 is a known positive scalar, and A, Ay, B, L, C; and D; are known constant matrices with

compatible dimensions.
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The function f(x,d)) with f(0,9) = 0 is a stochastic nonlinear function having the following first moment

for all zy:
E{f(zk, Ok)|zr} =0 (3)
and the covariance given by
E{f(ar 9) f (25, 0))lan} = 0, &k #j, (4)
and .
E { f(zr, %) f (g, Op) i} = Z; Lz} Tz, (5)
where s is a known nonnegative integer, II; and I'; (i = 1,2,---,s) are known matrices with appropriate
dimensions.

For the purpose of presentation clarity, on sensor node i, denote the estimation of x; and the innovation

sequence, respectively, as Z; ; and
rik = Yik — Cii k-

It should be pointed out that a distributed state estimation is capable of fusing the information available for
the estimator on node 7 from both sensor ¢ itself and its neighbors. A further objective of this paper is to
take the event-triggered communication mechanism into consideration in order to reduce the communication
burden. For this purpose, we define event generator functions ¢;(-,-) : R™ xR — R (i = 1,2,--- ,n) as
follows:

Vi(e, 0;) = 6z:k6i,k - 6¢r§m,k. (6)

Here, €, = Tf x — Tik Where rf i 15 the broadcast innovation at the latest event instant and ¢; is a given
positive scalar. The executions are triggered as long as the condition v;(e;x,d;) > 0 is satisfied. Therefore,

the sequence of event triggered instants 0 < s§ < si < --- < si < --- is determined iteratively by
sjyq = inf{k € N|k > s{, 1;(ei . 6;) > 0}. (7)

As is well known, due to the limited network bandwidth, the broadcast innovation could be subject to packet
dropouts. To cater for the phenomenon of packet dropouts, the received information for neighbors of node %
can be described as

ff,k = ai,krf,k (8)
where the stochastic variables o (i = 1,2,--- ,n) are employed to govern the stochastic occurring packet

dropouts. These variables are assumed to be mutually independent Bernoulli-distributed white sequences

taking values on 0 or 1 with the following probabilities
Prob{o,, =0} =1—a, Prob{a;,=1}=a.
In this paper, the distributed state estimators are of the following structure:

- - - ~t
Bigar = ABig + Aqdip—r + Kiqrip + Kig Y hijihy,
JEN; (9)
Zik = LZ;
where Z; , € R" is the estimated output on sensor node i. Here, K; 1 and K; » are the estimator gain matrices

on node i to be determined.
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Remark 1: For distributed state estimation problems, the information available on each node is not only
from itself but also from its neighbors according to the given topology. From the engineering viewpoint, the
event-triggered communication protocol is adopted to determine at what time the information needs to be
broadcasted. Hence, for a given node, the amount of the data received from any neighboring sensors should
be less in that of the data from the node itself due to the application of the event-triggered protocol. This
explains why we divide the innovation into two parts in (9), i.e., 7; 5 concerning the data from the node itself
and > JEN; hijf; . concerning the data from the neiboring nodes. Therefore, the proposed estimator model (9)
can be utilized to effectively cope with the complicated coupling issues between any sensor and its neighboring
sensors and also adequately fuse these two kinds of information (i.e. ;5 and f;k) to improve the estimation
performance.

Remark 2: For described state estimation issues, an event-triggered communication mechanism (7) is adopted
with hope to reduce the communication burden and the energy consumption, where the innovation on each
sensor is broadcasted to its neighbors only when the certain triggering condition in (8) is violated. In light
of such a condition, it is not difficult to see that a smaller threshold d; gives rise to a heavier communication
load, and therefore an adequate trade-off can be achieved between the threshold and the acceptable network
load.

For notational simplicity, we define

&o=lo@ay— &, @ =[], &5, - 2]
Zik =2k~ Ziks A =Ey Z3g oo %Cf,k]T,
er=1lel, ey o el 0N Flan, k) = 1, @ far, O,

A = diag, {A}, Ay =diag,{A4},
C = diag{C1,Cy--- ,Cy}, Ky =diag{Ki1,Ko1---,Kpn1},
D=[D{, D], -, DI", Ky=diag{Ki Koo+, K2},
= =diag,{a}, EZp=diag{air—&, asp—a, -+, app —al.
Using the defined notations, the dynamics of the estimation errors can be obtained as follows:
Eop1 = (A= KiC = Ko(HER I)C) &k + Aab—r — Ko(HE @ Ie, — (K1D + Ko(HE @ I)D) vy,

_ (10)
+ (1 (= B)wk + f(xk, ﬁk) — ICQ(HEk X [)C(ln & a:k) — ICQ(HEk & I)ek — ]CQ(HEk & I)ka

Setting n, = [#1 &) and Wy = [wl vl]T, an augmented system can be derived from (1) and (10) as
follows: - ~ ~ - ~ ~ ~
{ Ne+1 = Ang + Agni + F (2, Uk) + Aan—r + Bey + Byey, + Dy + Dy )
2 = L,
where

y(xkvﬁk) =111 ® f(xkaﬁk)a L= [ 0 I®L ]7 Ad = diagn+1{Ad}7

- A 0 - 0
0 A-KiC—Koy(HE®@I)C |’ —Ko(HE®I) |’

_ 0 0 ~ 0

A = _ , B = _ ,
—ICQ(H:k ® I)C(ln &® I) 0 —’Cg(H:k &® I)

B 0 5
1,©B ~KiD—KyHE@ DD | ~F

0 0
0 —Ko(HE, @)D |
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Before proceeding further, we introduce the following definition and assumption.
Definition 1: The augmented system (11) with v = 0 is said to be exponentially mean-square stable if
there exist constants € > 0 and 0 < i < 1 such that

E{[lnk]*} < en® ielfiaxo]E{Hwin}’ keN.

Assumption 1: The matrices I; and I'; (i = 1,2,--- ,s) in (5) have the following decomposition
T
I =m7l =| 1 T T =607
T2 T2

where 7;, m1;, m2; and 6; are known vectors with appropriate dimensions.

The purpose of this paper is to design a set of state estimators of form (9) for the discrete-time stochastic
nonlinear system (1) through sensor networks. More specifically, we are interested in looking for the parameters
K;1 and K;5 (i =1,2,--- ,n) such that the following requirements are met simultaneously:

R1) The augmented system (11) with @ = 0 is exponentially mean-square stable;

R2) Under the zero-initial condition, for a given disturbance attenuation level v > 0 and all nonzero W,

the estimation error Z; satisfies

1 . = 112 2 . ~ 112
;E E{[|26]17} <47 llawl > (12)
k=0 k=0

ITI. MAIN RESULTS

In this section, by resorting to the stochastic analysis techniques, we shall provide the analysis result of
the H performance for the augmented system (11), and then proceed with the subsequent design stage of
event-triggered estimators.

Theorem 1: Let the estimator parameters K; 1 and K; 5 (i =1,2,--- ,n) as well as a prescribed disturbance
attenuation level v > 0 be given. The dynamics of the estimation errors (11) is exponentially mean-square
stable and also satisfies the prespecified Ho, performance constraint (12) if there exist two positive definite

matrices P, (Q and a positive scalar A satisfying

Ri1 Ri2 Riz Rua
R R R
R — * 22 23 24 <0 (13)
* *  R3z3 R

* * * R
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where

@ - diag{éla 627 Tty 571}7 H’L = diag{h’i,la h’i727 Tty hi,n}7

U=a(l-a)Y (HIH) @ (K],PK;»),

i=1

I=[700 --- 0], I=[0I11 --- 1], D=[0 D],

= AT(1® P) A+T1+Z (n+ 1)tr [PIL]TTT,I

+A1,eDTcl O NCA, o)) -T2 P)+(IQ)+ %ETZ,
= AT(I® P)A;, Riz=AT(I® P)B,
Riu=ATIT@P)D+ 1, 2D)7cT(© % I)D,
Roo = A§(I ®P)Ag—(I®Q), Ryz=AY(I®P)B, Rou=AL(I®P)D,
BY(I®@P)B+V -\, Rs=B'(I®P)D,
DT (I® P)YD+ Yo+ ADT(© @ I)D — 4?1,
(1, ® TCTUC(1, ®I) 0 ] .
) 2

0 0
Proof: First, noting the stochastic matrix Zj, one has

0 0

T, =
! 0 DPTUD

E{(HEZ, ® I)TK] (I ® P)Ko(HE, ® 1)}
61— a) S (e @ 1) (1@ Koo)' (T PY(T ®© Ky)(He @ 1)
i=1

a(l—a) Y (M Hi) © (K[LPK;»).
i=1

(14)

Then, by employing the property of matrix trace, it follows from (4) and (5) that

E{FT (vg,9%)(I ® P)F (2k,9%)}
= E{(1n41 ® f(zr, ) (1 @ P)(Lng1 @ f(an, %))}
= E{(Ln41Ln+1) ® (f" (2, O) P (24, 91)) }
= (1)1 1n11) @ E{fT (2, 9%) P f (x1, 1) }
= (171 1p41) @ E{tr[Pf (e, %) f (. 9)] } (15)
= (1] 11041) OF {xf th [PHi]Fiwk}

i=1

—E {m{ Zs:(n + 1)tr [PHi]Fixk} :

=1

In what follows, choose the Lyapunov function for system (11):

k—1
Vi=mi(I@Pn+ Y 0/ (I@Q)n (16)

i=k—T1
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Calculating the difference of V}, along the trajectory of system (11) with w, = 0 and taking the mathematical

expectation, one has
E{AV}} = E{VkH _ Vk}
_ - _ _ - T
= E{ («4% + Ay + F (2r, Ok) + Agnk—r + Bey, + Bk€k>

x (I ® P) (Ank + Ay + F (wp, k) + Agn—r + Bey, + Bk€k>

k k—1

—fI@ P+ Y. nf(I®Q)n — n (I Q)m}
i=k—1+1 i=k—T (17)

- E{ngﬂ(f ® P)Any, + 2nF AT(I @ P) Agny—r + 20F AT (I @ P)Bey

S
o Yome +nf Y (n+ Ve [P T Ty, + nf_, AL (I © P)Agiy—r
=1

+ 20/ Aj (I © P)Bey + ef BT (I © P)Bey, + ef Ve — i (I @ P

ol (L2 Qe — (I Q)mir }.
Furthermore, it follows from the event-triggering condition (7) that
Xeler —MF(, o D)TcT© @ I)C(1, @ D) < 0. (18)
Taking the above inequality into account, we have
E{AV;} < E{n{fTT(I ® P)An + 20T AT(I @ P) Agne—r + 207 AT (I @ P)Bey,

S
o Yome + 0 Y _(n+ Dt [P T Ty, + 0 A (I © P)Agp—r
i=1

+onl _AT(I @ P)Bey + el BT (I @ P)Bey, + el Wey, — \el ey,
+ i, o DTcT© @ Ne, @ D, —nt (I @ P

which results in
E{aVi} < E{il Ri} (20)

where 7 = [nf ni el ]T and

Rii — %ETE Ri2 Ris
R = * Ra2 Ras
*k k Rgg

By considering (13), one has R < 0 and, subsequently
E{1mk]1*} < = Amin (= R)[|7 1. (21)

Finally, along the similar line of the proof of Theorem 1 in [34], once can prove that the augmented system
(11) is exponentially mean-square stable.

To establish the H, performance, we introduce the following:
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L. N
E{AVi + — 5] - 72}

< E{ﬁg O, + 20 AT (I @ PYDiy, + 2nF_ AL (I @ P)Diy,

(22)
_ _ _ _ 1 o
+ 2el BT (I ® P)Dwy, + w} DT (I @ P)Diy, + W} Yoty + ;ng LY Loy — 2wk,
+20F (1, ® 1)TCT(© ® I)Duy, + Al DT (O ® I)ka}
which leads to )
E{ AV + — 15l = 12l < E{af Ri} < 0. (23)
It follows from the zero initial conditions and (23) that
1 [e.9] ~ o0 -
= > E{EIP <97 ) law?
k=0 k=0
and therefore the proof is now complete. |

Having established the analysis results, we are now ready to handle the distributed estimator design problem
with an event-trigged communication mechanism. For this purpose, we firstly need to deal with the trace
operation in Theorem 1, and then establish a sufficient condition for the existence of the desired H, estimator.

Theorem 2: Let the estimator parameters K; 1 and K;» (i =1,2,--- ,n) as well as a prescribed disturbance
attenuation level v > 0 be given. The dynamics of estimation errors (11) is exponentially mean-square stable
and also satisfies the prespecified H, performance constraint (12) if there exist two positive definite matrices
P and @, and positive scalars A and w; (i = 1,2,--- ,s) satisfying

—T; 7lp .

<0, 1=1,2,---,s (24)
* -P

R RY  WIYT(I®P)

* —I®P 0 <0 (25)

* * —I®P

where - -
Ri1 0 0 R

x TRy 0 0

ﬁ: * * ﬁgg 0 7
* * ¥  Ru
Ri=(@P) | A A B D], Y=[2 % - W],

W= a(l - d)diag{diag{C(ln ®1),0}, 0, 1, diag{O,D}},
Vi = diag{diag{?—li ® Ki2,0}, 0, H; ® K; 2, diag{0,H; ® Ki,z}},
R = 1, eDIct© 1)1, 0I)
+ (n—i—l)ZwiITFiI—I@PJrI@Q—i— leTZ,
i=1 n
Ry =21, 2D)TCTO@I)D, Ryp=-12Q,
Raz = —M, Rus=DT(©@1)D —+°I.
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Proof: First, it is not difficult to see that (13) is equivalent to

S+ (n+1) Y diag{tr[PIL]JI"T — =i, 0, 0, 0} <0 (26)

i=1
where S11 = Ri1 — Y5 (n+ Dtr[PIL]ITT I+ (n+ 1) Y-8, w; and

S11 Ri2 Rz Ru
*  Roo Roz Rau
* *  Rsz Rau
* * * R

S =

On the other hand, in light of the Schur complement lemma, (24) is equivalent to
T - -
7T’iP7Ti<wi7 (Wi—1,2,“‘,3)
which, by using the property of matrix trace, can be rewritten as
tr[PIL] < @i, (@i =1,2,--,5).

Therefore, if S < 0, one has that (13) is true. Furthermore, by using the Schur complement lemma again, it
follows that (25) is equivalent to S < 0. Finally, according to Theorem 1, the design requirements R1) and
R2) are simultaneously satisfied. The proof is complete. [ |

Finally, by utilizing variable substitution, we have the following theorem whose proof is omitted for space

saving.

Theorem 3: Let the disturbance attenuation level v > 0 be given. Assume that there exist two positive
definite matrices P and (), matrices KLl and IN(Z-,Q (1t = 1,2,---,s), and positive scalars A\ and w; (i =
1,2,--- ,s) satisfying the following linear matrix inequalities

L rp
“in <0, i=1,2,---,s (27)
* —P
B ﬁ ZT WTj}T
x —I®P 0 <0 (28)
| * * —I®P
where .
Z2=12 % 2 &), V=% % - D]
Vi = diag{diag{?—[i ® Ki2,0}, 0, H; ® K o, diag{0,H; ® f(i,z}}a
PA 0 .
Z = ~ - —_ , 2o = dlagn—l—l{PAd}v
0 (I®P)A—IC1€—IC2(”H:®I)C
0 PB 0
Z3 = _ _ , Z4= . _ _ )
—Ko(HE® I) 1, ® (PB) —KiD—Ko(HE®I)D
In this case, with the estimator gain matrices given by K;1 = P‘ll@,l and K;9 = P_l_ki72 (1=1,2,---,s),

the dynamics of estimation errors (11) is exponentially mean-square stable while achieving the prespecified

Hoo performance constraint (12).
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Remark 3: In this paper, a novel distributed estimator is first proposed in order to properly fuse two
classes of information (i.e. the innovation for the node itself without the event-triggering mechanism and the
innovation for neighboring nodes subject to the event-triggering mechanism). It can be seen that, in the main
results in Theorems 1-3, the information about the given topology, the probability of packet dropouts and
the threshold of event-triggering conditions on the estimation performance are all involved. For instance, the
matrix © = diag{dy, 2, - - ,d,, } mainly lies in matrices R1; and R44 in Theorem 1. It can be found that, with
increased the threshold ¢;, the inequality R11 < 0 and R44 < 0 are more difficultly satisfied which reduces the
feasibility of the matrix inequality (13). The main technical contributions lie in that 1) a reasonable model is
established to describe the event-triggered communication mechanism and the network-induced phenomena
in an unified framework; and 2) the gains of proposed distributed estimators are obtained by solving a set of
linear matrix inequalities reflecting both the threshold and the desired H,, performance.

Remark j: Note that the estimator design scheme provided is in form of LMI techniques. As is well known,
the algorithm based on the standard LMI system has a polynomial-time complexity. Specifically, the number
N(e) of flops needed to compute an e-accurate solution is bounded by O(MN3log(V/¢)), where M is the
total row size of the LMI system, N is the total number of scalar decision variables, V' is a data-dependent
scaling factor, and ¢ is relative accuracy set for algorithm [34]. To handle the computational complexity of the
developed LMI-based algorithm, we recall that the sensor network size is n and the variable dimensions can
be seen from x, ;1 € R, y; 1, € R™, 23, 21, € R"*, and wy, vy, € R. Furthermore, according to Theorem 3,
one has both M = 12(n + 1)n, + sny + s and N = (n, + 1)ng + 2snyzn, + 1. Therefore, the computational
complexity of the established result can be represented as O(nn?l). In other words, such a computational

xT

complexity depends polynomially on the variable dimensions.

IV. A SIMULATION EXAMPLE

In this section, a simulation example is presented to illustrate the effectiveness of the proposed design
scheme of distributed H o, estimators for discrete-time stochastic nonlinear systems with both event-triggered
communication protocol and packet dropouts through sensor networks.

The considered target plant and sensor dynamics are, respectively, modeled by (1) and (2) with the following

7204 .02 2
A_ | 072 040 oA, - 0.02 0  p- 0.20 ’

0.25 —0.56 0 015 0.25
Ci=[-030 010 ], Co=[-027 0.12], C3=[-0.32 0.10 |,

Cy=[-030 012 ], Cs5=[-029 0.09 ], D;=0.02
Dy = D3 =0.025 Ds=Ds;=0015 L=/[020 030 ],

parameters:

and the stochastic nonlinear function f(xy, ) is chosen as

' , 0.06
flag,O) = (0.151gn(a;,,lf)azlylgﬁ‘/%C + 0.13sign(23)7297) [ 0.00 ]

where a;}C (1 = 1,2) denotes the i-th element of the system state, and 19,1C and 19% are zero mean, uncorrelated

Gaussian white noise sequences with unity covariance. It is not difficult to verify that the above stochastic
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@@?

Fig. 1. Topological structure of the sensor network

nonlinear function satisfies

T
st =0 st = [ U220 [0 g |

The sensor network shown in Fig. 1 is represented by a graph ¥ = (¥,&, ) with the set of nodes
v ={1,2,3,4,5}, the set of edges & = {(1,2), (1,5),(2,1),(2,3),(3,2),(3,4), (4,3),(4,5),(5,1),(5,4)} and the
following adjacency matrix

0 020 0 0 012
012 0 020 O 0
I = 0O 012 0 020 O

0 0 020 0 0.20
| 020 0 0 012 0

The H performance level 7, the threshold d; (i = 1,2,--- ,5), the time delay 7 and the probability & are
taken as 0.98, 0.04, 3 and 0.95, respectively. Using the Matlab software (with the YALMIP 3.0), a set of

solutions to linear matrix inequalities (27)-(28) in Theorem 3 is obtained as follows:

p_ | 10075 00168 0= 0.1681 —0.0601
| —0.0168 1.0980 |’ | —0.0601 0.3167 |’

- —1.6208 ~ 0.0030 ~ —1.5140 - —0.0024
Kl,lZ[ ]7 Kl,zzl ], K2,1=[ ], K2,2=[ ]7

—1.4858 0.0004 —1.7262 0.0041
- —1.5697 - 0.0039 - —1.4643 ~ —0.0008
K31 = , Kzo= , Ky1= , Ky = ;
—1.3806 —0.0002 —1.5319 0.0016

Ksi=[ 17357 —15194 |7, Kso=1[00040 —0.0003 |7, X=1.1497, w =0.4374.

Furthermore, the desired estimator parameters are
—1.6317 0.0030 —1.5293 —0.0024
Ky = , Kig= , Koy = , Koo = ;
—1.3781 0.0004 —1.5954 0.0037

—1.5794 0.0039 —1.4770 —0.0008
K31 = , Kzo= , Ky1= , Ky = ;
—1.2815 —0.0001 —1.4177 0.0014

Ksy=[ —1.7463 —1.4104 | Kso =] 0.0039 —0.0002 |".
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(a) The estimation errors. (b) The event-triggered times.

Fig. 2. The estimation errors and event-triggered times.
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(a) The first element of dynamic trajectories. (b) The second element of dynamic trajectories.

Fig. 3. The dynamic trajectories.

In the simulation, the exogenous disturbance inputs are selected as

~0.25sin(0.2k)
 01k+1 7
The initial conditions are set as z_3 = [~0.10 0.15]7, z_o = [0.20 — 0.27]7, »_; = [0.125 — 0.17]7,
zo = [0.25 —0.55]7 and ;5 = [0 0] (k = —3,-2,-1,0, i = 1,2,---,5). Simulation results are shown

in Figs. 2-3, where Fig. 2 depicts the estimation errors z; ; as well as the event-triggered times, and Fig. 3

W v = 0.25 cos(0.2k) exp(—0.1k).

plots the trajectories for the states and the estimates. The simulation results show that estimators have a
satisfactory estimation performance which confirms that the distributed estimation scheme presented in this

paper is indeed effective.

V. CONCLUSIONS

In this paper, we have dealt with the event-triggered distributed H., state estimation problem for a class

of discrete-time stochastic nonlinear systems through sensor networks. To reduce the network burden and the
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energy consumption, we have considered the event-triggered communication mechanism, where the innovation

on each sensor has been transmitted only when a certain triggering condition has been violated. By employing

the Lyapunov stability theorem, some sufficient conditions have been established to ensure that the dynamics

of the estimation error satisfies the desired H, performance constraint. Finally, an illustrative example has

been provided to confirm the usefulness of the developed state estimation approach. Further research topics

include the extension of the main results to the distributed filtering for more general stochastic nonlinear

systems with different triggering rules.
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