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Abstract

The consensus problem has a crucial role in theoretical and practical aspects of interconnected systems, for instance
in smart computing field. This paper is concerned with the observer-based H,, consensus problem for a class of
linear multi-agent systems subject to measurement outliers. In the addressed observer-based H,, consensus problem,
measurement outliers can affect the estimation accuracy and thus affect the consensus performance. To assuage the
impact of measurement outliers, a control protocol based on an observer containing a saturation function with variable
saturation limits is proposed. The purpose of this paper is to find a solution to the addressed H., consensus problem
for a class of linear multi-agent systems subject to measurement outliers by designing an observer-based control
protocol such that multi-agent systems can fulfill the H., consensus performance over a finite horizon. With the aid
of Lyapunov theory, the sufficient condition is established to guarantee that the consensus error dynamic system
satisfies the H,, consensus performance. Then, the linear matrix inequality (LMI) approach is used to obtain the
desired parameters of the observer-based control protocol. Finally, the effectiveness of the proposed control protocol
is verified in a simulation environment.

Aim: The purpose of this study is to find a solution to the addressed H., consensus problem for a class of linear
multi-agent systems subject to measurement outliers.
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Methods: By choosing a suitable Lyapunov function, the sufficient condition is obtained, which can guarantee the
consensus error dynamic system satisfying the given H., consensus performance. The LMI approach is employed
to design the desired controller. With Matlab LMI toolbox, a numerical example was conducted to demonstrate the
effectiveness of the proposed observer-based control protocol in the simulation environment.

Results: A satisfactory consensus performance can be guaranteed for multi-agent systems subject to measurement
outliers under the proposed observer-based control protocol. The constructed saturation function with variable sat-
uration limits can mitigate the effect of measurement outliers by dynamically regulating saturation limits. Compared
with the traditional observer-based control protocol, in this paper, the proposed observer-based control protocol
shows robustness against measurement outliers.

Conclusion: A solution to the addressed multi-agent consensus problem subject to measurement outliers was found
by designing an observer-based consensus controller. The obtained results can be extended to sensor networks,
neural networks, and nonlinear multi-agent systems.

Keywords: Multi-agent systems, measurement outliers, H., consensus, linear matrix inequality, saturation with vari-
able saturation limits

INTRODUCTION

A smart computing system is usually composed of a number of smart mobile nodes. To maintain the pre-
specific system performance requirement in the presence of certain sudden cases, researchers have employed
many intelligent methods to cope with the computing problem for different types of practical systems. With
the development of science and technology, the study of the smart computing problem for interconnected
systems has become a hot research topic, and much effort has been made in many application fields, such as
smart grids '], Tt is worth mentioning that the consensus problem has shown a crucial role in theoretical and
practical aspects of interconnected systems and has stirred up a wave of research (see!>?!).

In the past few decades, the research on collective behaviors of multiple networked agents has attracted at-
tention owing to the wide range of practical applications referring to robotics, satellite networks, unmanned
vehicles, sensor networks, and so on. Consensus, as one of the most typical collective behaviors, aims to let the
states of a group of homogeneous or heterogeneous agents in light of the local shared neighboring information
reach a common value *%!, Focusing on the consensus control problem, researchers in different research fields
have made great efforts and numerous research results have been published (see (6] and the references therein).
To cater to the robustness requirement of multi-agent systems, the Hy, consensus problem is put forward in
ref. 7], which is extended to the H., consensus control problem in ref.[®]. Until now, the H., consensus prob-
lem has been studied deeply and many remarkable results have been published (see, e.g.,[°"'¢). In particular,
the Ho-consensus control problem under round-robin protocol is studied for a class of linear multi-agent sys-
tems in ref.['3). Further, in ref. (%], the leader—follower H.-consensus problem is investigated for a class of
nonlinear multi-agent systems under semi-Markovian switching topologies with partially unknown transition
rates.

In light of the given network topology, how to design an efficient Ho, consensus control protocol is a pivotal
issue for the individual agent!”). Under the state-feedback-based control protocol, one agent in multi-agent
systems, by using its own state information and the state information shared by its neighboring agents, can
make its state converge to a given common state. Because of the simpleness and convenience of design, the state-
feedback-based consensus control problem has obtained widely attention®'®). Unfortunately, in practical
engineering, it is sometimes difficult to attain the full state information. Instead, observer-type distributed
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consensus control protocols, as one type of the measurement-based control protocols, have been developed.

In recent decades, the observer-based H., consensus problem for multi-agent systems has attracted a large
amount of research attention, and many remarkable research results have been published in the literature
(see, e.g.[#1921)). In ref.['°), a robust yet reliable consensus control law against actuator faults is proposed,
under which the desired control performance can be ensured. In ref.[*], the observer-type event-triggered He,
consensus control problem is studied in a finite-time horizon for a class of discrete time-varying multi-agent
systems subject to external disturbances and missing measurements.

In the above-mentioned studies, the impacts of missing measurements, actuator faults, and redundant channels
on multi-agent consensus performance have been investigated. In practical applications, it is noted that outlier
is another common phenomenon mainly originating from sensor or communication failures, disturbances
in the environment, human errors, and so on, which will contaminate the measurements and thus affect the
control performance. To mitigate the effect of measurement outliers, several research efforts have been made
(see[?2-26]). For example, in [}, a novel observer including a saturation function with variable saturation limits
is constructed. Based on the results, the state estimation problem for neural networks is studied in ref. (23] and
the fault detection problem is considered in T-S fuzzy system in ref. (>}, In addition, the method proposed for
outliers detection in wireless sensor networks has been studied, which is implemented within a hierarchical
multi-agent framework in ref.!?”). It is worth mentioning that the H., consensus control problem based on
such a novel observer for linear multi-agent systems has not yet gained adequate attention, and this constitutes
the main motivation of this paper.

Based on above discussions, in this paper, the observer-based H., consensus problem is studied for a class of
linear multi-agent systems subject to measurement outliers. The main contributions of this paper are summa-
rized as follows: (1) measurement outliers are considered for the first time for linear multi-agent consensus control
problem; (2) a saturation function with variable saturation limits is introduced to the observer; and (3) a novel
observer-based control protocol is proposed, under which linear multi-agent systems subject to measurement
outliers can achieve H,, consensus performance over a finite horizon.

PROBLEM FORMULATION

Consider a multi-agent system with N agents under a fixed network topology. Let G = {V, &} be a directed
graph including a node set V = {1,2,..., N} and an edge set & C V x V. If an edge exists between nodes i
and j, we denote (i, /) € & and node j is called a neighbor of node i and vice versa; if no edge exists between
nodes i and j, it means (i, j) ¢ &. Let ; denote all neighbors of node i. Moreover, define the Laplacian matrix
L = [liflnxy with i = =1if (i, j) € &,1;; = 0if (i, j) ¢ &, and Iy = = 2. 1.

Consider a discrete linear multi-agent system with N agents. The dynamics of ith agent can be expressed by

xi(k+1) = Ax;(k) + Bu; (k) + Dw; (k) (1)
yi(k) = Cx;(k) + Ev;(k) (2)

where x;(k) € R~ is the state, u;(k) € R™ is the control input, y;(k) € R™ is the measurement output,
and @;(k) € R"= and v;(k) € R" are the system noise and measurement disturbance, respectively, which
are assumed to belong to /5[0, M]. A, B, C, D, and E are known time-invariant matrices with appropriate
dimensions.

In this paper, we consider a case that outliers may occur in the measurement. In practical applications, outliers
may originate from sensor or communication failures, disturbances in the environment, human errors, and
so on. To mitigate the effect of measurement outliers, we construct an observer-based control protocol of the
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following form for agent i:

Zi(k+1) = A%i(k) + Bu;(k) + Gsat,, 1) (s:(k))

aitk) =5

Ggilk+1) = A,-&,-(k) + T (k)R;si (k) (3)
si (k) = yi(k) — C&;(k)

u; (k) =K X jen; (£ (k) = %i(k))

where £; (k) is the state of the observer i, 0y(k) = [071 (k), 0i2(k), ..., 0u0(k)]" (h=1,2,...,n,) denotes the
variable non-negative saturation limit vector, s;(k) = [s;.1(k), si2(k),...,s;x(k)]" is the innovation vector,
and sat,, (¢ (s;(k)) is a saturation function of the following form:

Sato'i.l (k) (si,l (k))
sate, (k) (5i2(k))
saty, (k) (si(k)) = :
sate, , (k) (Sin, (k)

with satg, , (k) (sin(k)) = max{-c;,,(k), min{o;,(k),s;»(k)}} being a saturation function. The scalars 1; €
[0, 1), w;;, > 0, matrices R; = Rl.T > 0, and G and K are controller parameters to be designed below. Define
W/i = diag(wl,]’ Wl',z’ AR Wi,ny)-

An auxiliary variable g;(k) is introduced to simplify the notation expression, which is defined as follows:

qi(k) = s5i(k) — satg k) (s:(k)). (4)
Denote

A = diagy{A}, B = diag, {B},C = diag,{C}

D = diagy{D}, & = diagy{E}, G = diagy {G}

W = diag, {W;}, R = diag\{R;}, A = diag, {4;}
x(k) =[x (k), ..o xp (O]T, y (k) = [y] (k). -,y (k)T
&(k) = 21 (k), ... 2L (O], @ (k) = [@] (k),..., &8 (K)]"
v(k) = ] (&), .oV ()T, g (k) = [g] (K), - . g (1T
(k) =[] (), ..., on (O u(k) = [u] (k). ..., up (k)]
s(k) = [sT(k),...,sh()]", 1y = [1,1,...,1]"

| —
N

sats, (k) = [(saty, (k) (s1(k))7, ..., (satey () (sw ()]

Then, Equations (1) and (2) can be rewritten as follows:
x(k+1) =Ax(k) + Bu(k) + Dw(k) (5)
y(k) = Cx(k) + Ev(k). (6)

The proposed observer-based control protocol in Equation (3) can be rewritten as follows:

X(k+1) = A% (k) + Bu(k) + Gsat’ (k)
125’(/{ +1) = 12/15’(1() +sT(k)Rs(k) )
s(k) = y(k) — Cx(k)

u(k) =K ® Li(k)
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Then, the augmented auxiliary variable ¢ (k) has the following form:

q(k) = s(k) — sat’ (k). (8)

By defining e(k) = x(k) — £(k) and combining Equations (5)-(8), the following error dynamic system can be
obtained:

e(k+1)=(A-GCe(k) + Dw(k) — Gv(k)+Gq(k). (9)

Denote

n(k) =[x" (k) " ()], 7 = [D" D)"Y =[06"]"

of = A+BKe L -BKe®L
a 0 A-GC |

Then, it follows from Equations (5) and (9) that

n(k+1)=9nk)+ Dok) —Gvk)+Gqk). (10)

Definition 1 Given the positive definite matrix U = UT > 0 and the disturbance attenuation level y > 0, if the
following inequality

n(k) = en() B 4y <V> {1 (R By + VR 4y + 07 (O)UR(0)} (11)

holds, where { = (%lle,) ® Dy, it is said that the multi-agent system in Equation (1) can achieve the Hy
consensus performance index in Equation (11) over a finite horizon [0, M].

In this paper, our objective is to design appropriate parameter matrices and scalars {G, A;, R;, W;, K} for the
proposed observer-based control protocol in Equation (3) such that the multi-agent system in Equation (1)
can achieve consensus.

MAIN RESULTS

In this section, a solution is found to the addressed multi-agent consensus problem by properly designing
the desired controller in Equation (3). The following theorem gives a sufficient condition under which the
augmented system in Equation (10) can achieve the given H,, consensus performance in Equation (11).
Firstly, we give the following assumption and lemma which are useful to obtain our main results.

Assumption 1 The matrix B is a full-column rank matrix, i.e., rank(B) = c¢p.

For the matrix B, there exist two orthogonal matrices T € R™! and Z € R#*“#, such that

B=TBZ = [2] BZ = m (12)

where T} € R8% T, € RU=¢8)X and A = diag{Ai,As,...,Acy} with A; (j = 1,2,...,cp) being nonzero
singular values of B.
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Lemma 1 Assume the matrix B € R™? is a full-column rank matrix. If matrix Py has the structure

Py 0

P1:TT[

]T:TITPHT] +T) PuTs (13)
where Pjy € REB%B > (), Py, € RU)XU=cB) 5 0, and the definitions of Ty and T, are given in Equation (12),
then a nonsingular matrix Py € R°8%8 satisfies BPy = P1B.

Theorem 1 Consider the linear multi-agent system in Equation (1) and let the disturbance attenuation level
v, a positive definite matrix U, and controller parameters {G, K} be given. The augmented system in Equa-
tion (10) can achieve the Ho, consensus performance in Equation (11) if there exist a positive definite matrix
P and some controller parameter matrices and scalars {A;, R;, W;}, under the initial condition n' (0)Pn(0) —
17.5(0) — y*n" (0)Un(0) < 0, satisfying the following LMI:

H+Y'PY <0 (14)
where
H, 0 FT'CTR F'C™w 0
P | 0 0 0
H=| = x  —y’I+R w 0
* % % 2w 0
* * * * (]'{4

H, = —P+{+F'CTRCF, H, = diag(151 - 1%)
y:[ﬂ@ —ggO],EZ IN®12,1X—(%1N1§)®12M. (15)

proof 1 Construct the following Lyapunov-like functional function for the augmented system in Equation (10):
V(k) =" (k)Pn(k) + 13,5 (k).
Then, one has
AV(k) =n" (k + D)Pn(k + 1) + 1,5 (k + 1) =" (k)Pp(k) - 13,0 (k)
=(e/n(k) + Dw (k) = Gv(k) + 4 q(k)" P(/ (k) + D@ (k) =G v (k) + G q(k))
+ 1540 (k) + (y(k) = C2(k) R(y(k) = C£(k)) =" (k)Pn(k) = 13,5 (k). (16)

According to Lemma 1.6 in[?], the following sector constraint condition can be obtained:
24" (YW (CFn(k) +v(k) = q(k)) = 0 (17)
where F = [0 I].

Taking the Ho, consensus performance in Equation (11) into consideration, it follows from Equations (16) and
(17) that

(k) = En )1y 0y = VI (OIE 4y = VIV, 4y =71 (O)UR(0)
M

< ) Alln(k) = en()I? = llw ()11 = ¥ 1lv (k) 117}
k=0

M
+ > "k + )Pyl + 1) + 135 (k + 1) = (k) Py (k) - 16 (k)
k=0

+2q" (k)W(CFn(k) +v(k) — q(k))} + 1" (0)Py(0) - 13,5 (0) — y*n" (0)Un(0)

M
= > AT ) (H + YT PY)IT ()} + 17 (0) Pp(0) = 13,5(0) = ¥*n" (0)Un(0) (18)
k=0
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where T(k) = [n7 (k) @' (k) vI (k) q7 (k) (52 (k))T1" and H and Y are given in Equation (15).

By noticing the initial condition n” (0)Pn(0) — 17,5 (0) — y*n" (0)Un(0) < 0, we have from Equation (18) that
the Ho, consensus performance requirement in Equation (11) is achieved when Equation (14) holds. The proof is
now complete.

According to the results in Theorem 1, the sufficient condition guaranteeing the augmented system in Equa-
tion (10) achieves the Ho, consensus performance in Equation (11) is obtained. Thus, we are now ready to
design the parameters of the proposed controller in Equation (3) in terms of the following theorem.

Theorem 2 Consider the linear multi-agent system in Equation (1) and let the disturbance attenuation level y and
a positive definite matrix U be given. The augmented system in Equation (10) can achieve the Hy, consensus per-
formance in Equation (11) if there exist a positive definite matrix P = diag{ Py, P} with P| = TlTPl 1711 +T2TP22T2,
Pi1 € REB%¢B > (), Pyy € RU=cB)XU=c8) 5 0, T\ and T» being given in Equation (12), and some parameter ma-
trices and scalars {G, A;, R;, W;, Ko}, under the initial condition n" (0)Pn(0) — 11.5-(0) — v*n" (0)Un(0) < 0,
satisfying the following LMI:

[7: ﬁ] <0 (19)

where

Yo =% P2 -% %01.%=[0G.1"

ol = PA+BKy® L -BKy® L
0= 0 PryA - GoC

H is given in Equation (15).

Moreover, the parameters of desired controller are given by

K =ZN'P{IAZTKy, G =P;'Go. (20)

proof 2 Noting Assumption 1 and Lemma 1, we can obtain that there exists a nonsingular matrix Py € Rém*¢m
that satisfies BPy = P B. Then, we can obtain Py as follows:

Po=(ZD) 'A'PAZT. (21)

Let P1B = BPy, Ko = PoK and Gy = P»G; then, in light of the Schur complement lemma, Equation (19) can
easily be obtained from Equation (14). The proof of this theorem is now complete.

In Equation (3), by letting 0;(k) = ¢ — o (i = 1,2,..., N), the following general control protocol can be
obtained for agent i:

f,(k+ 1) ZAXQ,(/C)+BIZZ(]€)+G_§,(]€)
5i(k) = yi(k) - Cx;(k) (22)
i; (k) =K 3 jen; (X (k) = x;(k))

By defining e(k) = x(k) — x(k) and combining Equations (5), (5) and (22), we can obtain

e(k+1)=(A-GCe(k) + Dw(k) — Gv(k).
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Denote

A+BKRL -BKeL

ﬁ(k)z 0 ?(—Q_C .

x(k) ;5 |0 ;
é(k)}’g_ [G]’d_

Then, we obtain

ik + 1) = d5(k) + D (k) - Gv(k). (23)

The following corollary can guarantee that the augmented system in Equation (23) satisfies the following Ho,
consensus performance requirement

1K) = 7Ry 4y <T@ 4y + IV 4y, + 7 (O)T7(0)) (24)

where U = U” > 0 is a positive definite matrix and ¥ > 0 is the disturbance attenuation level, which means
that the consensus performance of multi-agent system in Equation (1) can be guaranteed.

Corollary 1 Consider the multi-agent system Equation (1) and let the disturbance attenuation level y and a posi-
tive definite matrix U be given. The augmented system in Equation (23) achieves the Hu, consensus performance re-
quirement in Equation (24) if there exist a positive definite matrix P = diag{ P, P} with Py = T| P\\T\+T] PxT,
Py € REBXB > (), Pyy € RU=e8)XU=c8) 5 0, Ty and T, being given in Equation (12), and some parameter matri-
ces {G, Ko}, under the initial condition P — ¥*U < 0, satisfying the following LMI:

P+ 0 0o T

0
2] PoyT
* Y 02 Q—T < 0. (25)
* * —y-1 —go
% % % -p

Moreover, the parameters of desired controller are given by
K= ZA_IPII]AZTIZ(), g_ = pz_lg_o. (26)

proof 3 By letting 0;(k) = o — oo, wi(k) — 0, Ri(k) =0, and 2;(k) =0 (i = 1,2,...,N), the proof of this
corollary can be obtained directly from Theorem 2.

Remark 1 The main contribution of this paper is that a novel observer containing a saturation function with
variable saturation limits is introduced into the designed consensus control protocol. Because of the constraint
of saturation function with variable saturation limits, the saturation limits can dynamically change when outliers
occur. Based on such merit, the designed control protocol can mitigate the effect of measurement outliers effectively.

Remark 2 Thus far, a solution to the addressed Hs, consensus problem for a class of linear multi-agent systems
subject to measurement outliers has been found by designing an observer-based control law. The main results have
been derived and shown in Equations (1) and (2). For the case of measurement without outliers, the corresponding
result is given in Corollary 1. In the next section, a numerical example is provided in a simulation environment to
verify the effectiveness of the proposed consensus control protocol.

ILLUSTRATIVE EXAMPLE

In this section, a numerical example is provided to verify the effectiveness of the proposed control protocol in
Equation (3).
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Consider multi-agent systems including five agents. Given the Laplacian matrixas £ =1[2 -1 -100;-13 —
1 =10;-1 =14 -1 =150 =1 =13 =1;00 —1 — 1 2], the ith agent’s state is x; (k) = [x;1(k) x;2(k)]”
and its dynamics is given in Equation (1) with

1 -0.5 1 0 1
I P e

The length of finite horizon M is set as M = 100. y is chosen as y = 1.5. x;(0) and £;(0) (i = 1,2,....,5)
obey the uniform distribution on the interval [-2,2]. Set &;(0), @w;(k), and v;(k) as 57(0) = 1, w;(k) =
e~ 1% sin(10k), and v;(k) = e~ 1% cos(10k) (i = 1,2,...,5), respectively.

The outliers considered in measurements are unit pulse signals, which enter the second agent at £ = 60 and
the fourth agent at k& = 80. Next, by making a comparison between the results of Theorem 2 and Corollary 1,
the effectiveness of the proposed control protocol in Equation (3) can be demonstrated. In terms of the results
of Theorem 2 and Corollary 1, by employing MATLAB LMI toolbox, the solutions of LMIs in Theorem 2
can be obtained as follows:

C[oa467]" (00373 ]
T [-0.1165] ° -0.0230| °
W; =0.7285, R; =0.2813, 1, =0.3948 (i = 1,2,...,5),

and then the simulation results are shown in Figure 1-5, which depict the compared state trajectories of five
agents, the evolution profiles of 0;(k), and the compared consensus errors, respectively.

From the simulation results employing the results of Corollary 1, we can see that outliers can affect the con-
sensus performances of the second fourth agents and their neighboring agents. The variable 0» (k) can change
dynamically when outliers of £ = 60 occur such that the effect of outliers is weakened. For the fourth agent,
the variable o4 (k) can change dynamically once outliers occur. Based on this merit, when outliers occur, the
proposed control protocol in Equation (3) can have satisfactory performance. For the first, third, and fifth
agents without the effect of outliers, variables oy(k) (I = 1,3,5) converge to zero. For the consensus error
x; (k) — % Zi’il xij(k) (i=1,2,...,5j=1,2),at k =60 and k = 80, in terms of results in Corollary 1, con-
sensus errors of the second and fourth agents and their neighboring agents have relatively large fluctuations.
In light of the results in Theorem 2, the fluctuations of consensus errors of the second and fourth agents and
their neighboring agents are very small. The simulation results demonstrate the effectiveness of the proposed
control protocol Equation (3).

Moreover, to demonstrate the usefulness of the proposed control protocol in Equation (3), we choose the
outliers obeying the zero mean Gaussian noise with covariance 10. The simulation results are shown in Figures
6-10. From the simulation results, we can see that the proposed control protocol has a satisfactory performance
against the different types of measurement outliers.

CONCLUSION

In this paper, the observer-based Ho, consensus problem for a class of linear multi-agent systems subject to
measurement outliers is investigated. To mitigate the effect of measurement outliers, a novel control protocol
based on an observer including a saturation function with variable saturation limits is proposed. Under the
proposed observer-based control protocol, multi-agent systems can achieve the Hy, consensus performance
index over a finite horizon. Finally, by making a comparison with the general observer-based control protocol,
the effectiveness of the proposed control protocol was verified in a simulation environment. Future research
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Figure 1. State trajectories x; ; (k) of five agents subject to measurement outliers (unit pulse).
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Figure 2. State trajectories x; » (k) of five agents subject to measurement outliers (unit pulse).

directions may be devoted to an extension of the results obtained to nonlinear multi-agent systems and multi-
agent systems with variable number of agents. Moreover, the obtained results can also be extended further to
more practical research fields, such as sensor networks, neural networks, and multiple mobile robot system.
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Figure 8. The profiles of o (k) of five agents subject to measurement outliers (Gaussian noise).


http://dx.doi.org/10.20517/jsegc.2021.04

Page 73

Consensus error

Consensus error

Lu et al. J Smart Environ Green Comput 2021;1:60-75 | http://dx.doi.org/10.20517/jsegc.2021.04

1 T T T T T T T T T
- Agent 1 Agent 2 Agent 3 Agent 4 — — Agent 5
0.5 ~ _ J
—_ ~
e == _
5 Of
£
@ -0.5 A
@
s 1 1
(@)
-1.5 *
_2 1 1 1 1 1 1 1 1 1
10 20 30 40 50 60 70 80 90 100
Time (k)
2 T T T T T T T T T
Agent 1 Agent 2 Agent 3 Agent 4 — — Agent 5
Rl :
]
(2]
2 0 Ve v |
[
)
(%]
s
i j\/\/\/\/\/wv A
_2 1 1 1 1 1 1 1 1 1
10 20 30 40 50 60 70 80 90 100
Time (k)
Figure 9. Consensus errors of x; (k) — & X, x;,1 (k) subject to measurement outliers (Gaussian noise).
1 T T T T T T T T T
’ Agent 1 Agent 2 Agent 3 Agent 4 — — Agent 5
_1 Il Il Il Il Il Il Il Il Il
10 20 30 40 50 60 70 80 90 100
Time (k)
2 T I I I I I I I I
Agent 1 Agent 2 Agent 3 Agent 4 — — Agent 5
Il Il Il Il Il Il Il
30 40 50 60 70 80 90 100
Time (k)
Figure 10. Consensus errors of x;» (k) - & LN, x;2 (k) subject to measurement outliers (Gaussian noise).


http://dx.doi.org/10.20517/jsegc.2021.04

Lu et al. J Smart Environ Green Comput 2021;1:60-75 | http://dx.doi.org/10.20517/jsegc.2021.04 Page 74

DECLARATIONS

Authors’ contributions
Made substantial contributions to conception and design of the study and performed data analysis and inter-
pretation: Lu Y, Zhang N

Performed data acquisition, as well as provided administrative, technical, and material support: Karimi HR

Availability of data and materials
Not applicable.

Financial support and sponsorship
This work was partially funded by the Italian Ministry of Education, University and Research through the
Project “Department of Excellence LIS4.0-Lightweight and Smart Structures for Industry 4.0”

Conflicts of interest
All authors declared that there are no conflicts of interest.

Acknowledgments

Anyone who contributed towards the article but does not meet the criteria for authorship, including those
who provided professional writing services or materials, should be acknowledged. Authors should obtain
permission to acknowledge from all those mentioned in the Acknowledgments section. This section is not
added if the author does not have anyone to acknowledge.

Ethical approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Copyright
© The Author(s) 2021.

REFERENCES

1. LoiaV, Terzija V, Vaccaro A, Wall P. An Affine-Arithmetic-Based Consensus Protocol for Smart-Grid Computing in the Presence of Data
Uncertainties. |EEE Trans Ind Electron 2015;62:2973-82.

2. Formato G, Troiano L, and Vaccaro A. Achieving consensus in self-organizing multi agent systems for smart microgrids computing in
the presence of interval uncertainty. J Ambient Intell Human Comput 2014;5:821-8.

3. Yang Z, Wu W, Li H, Zhou Y. Consensus in Smart Computing Systems Proc IEEE International Conference on Smart Computing. |EEE
2017.

4. Xu W, Wang Z, Ho DWC. Finite-horizon H.,, consensus for multiagent systems with redundant channels via an observer-type event-
triggered scheme. |EEE T Cybern 2018;48:1567-76.

5. Zhang D, Xu Z, Karimi HR, Wang QG, Yu L. Distributed H., output-feedback control for consensus of heterogeneous linear multi-agent
systems with aperiodic sampled-data communications. |EEE Trans Ind Electron 2018;65:4145-55.

6. Qin J, Ma Q, Shi Y, Wang L. Recent advances in consensus of multi-agent systems: A brief survey. IEEE Trans Ind Electron
2017;64:4972— 83.
7. ShenB, Wang Z, Hung YS. Distributed H..-consensus filtering in sensor networks with multiple missing measurements: The finite-horizon

case. Automatica 2010;46:1682-8.

8. LiuY, Jia Y. H. consensus control of multi-agent systems with switching topology: A dynamic output feedback protocol. Int J
Control 2010;83:527-37.

9. LinP JiaY, LiL. Distributed robust H., consensus control in directed networks of agents with time-delay. Syst Control Lett
2008;8:643-53. 10. Mo L, Jia Y. H., consensus control of a class of high-order multi-agent systems. |ET Contr Theory Appl
2011;5:247-53.

11. Saboori I, Khorasani K. H.. consensus achievement of multi-agent systems with directed and switching topology networks. |[EEE Trans


http://dx.doi.org/10.20517/jsegc.2021.04
http://www.icmje.org/recommendations/browse/roles-and-responsibilities/defining-the-role-of-authors-and-contributors.html

Page 75 Lu et al. J Smart Environ Green Comput 2021;1:60-75 | http://dx.doi.org/10.20517/jsegc.2021.04

20.

21.

22.
23.

24.

25.

26.

217.

28.

Autom Control 2014;59:3104-9.
Wang X, Yang GH. Distributed reliable H., consensus control for a class of multi-agent systems under switching networks: A topology-
based average dwell time approach. Int J Robust Nonlinear Control 2016;26:2767-87.

. Wang Z, Ding D, Dong H, Shu H. H., consensus control for multi-agent systems with missing measurements: The finite-horizon case.

Syst Control Lett 2013;62:827-36.

Zhang H, Feng G, Yan H, Chen Q. Observer-based output feedback event-triggered control for consensus of multi-agent systems. |[EEE
Trans Ind Electron 2014;61:4885-94.

Song J, Han F, Fu H, Liu H. Finite-horizon distributed H..-consensus control of time-varying multi-agent systems with round-robin
protocol. Neurocomputing 2019;364:219-26.

He M, Mu J, Mu X. H, leader-following consensus of nonlinear multi-agent systems under semi-Markovian switching topologies with
partially unknown transition rates. Inf Sci 2020;513:168-79.

Wang L, Wang Z, Wei G, Alsaadi FE. Observer-based consensus control for discrete-time multiagent systems with coding-decoding
communication protocol. IEEE T Cybern 2019;49:4335-45.

Qin J, Gao H, Yu C. On discrete-time convergence for general linear multi-agent systems under dynamic topology. |EEE Trans Autom
Control 2014;59:1054-9.

Chen J, Zhang W, Cao Y-Y, Chu H. Observer-based consensus control against actuator faults for linear parameter-varying multiagent
systems. |EEE Trans Syst Man Cybern: Syst 2017;47:1336-47.

Gao L, Cui Y, Chen W. Admissible consensus for descriptor multi-agent systems via distributed observer-based protocols. J Frankl Inst
2017;354:257-76.

Wang H-D, Wu H-N. Distributed consensus observer-based H., control for linear systems with sensor and actuator networks. Int J

Control 2015;88:857-71.

Alessandri A, Zaccarian L. Stubborn state observers for linear time-invariant systems. Automatica 2018;88:1-9.

Lu C, Wu M, He Y. Stubborn state estimation for delayed neural networks using saturating output errors. |EEE Trans Neural Netw
Learn Syst 2020;31:1982-94.

Mao J, Ding D, Wei G. Distributed stubborn-set-membership filtering with a dynamic event-based scheme: The Takagi-Sugeno fuzzy
framework. Int J Adapt Control Signal Process 2020.

Shen Y, Wang Z, Shen B, Dong H. Outlier-resistant recursive filtering for multisensor multirate networked systems under weighted
try-once-discard protocol. IEEE T. Cybern.

Wang X, Yang GH. Observer-based fault detection for T-S fuzzy systems subject to measurement outliers. Neurocomputing 2019;335:21—
36.

Gil P, Martins H, Januario F. Detection and accommodation of outliers in wireless sensor networks within a multi-agent framework. Appl
Soft Comput 2016;42:204-14.

Tarbouriech S, Garcia G, da Silva JMG, Queinnec I. Stability and stabilization of linear systems with saturating actuators. London:
Springer; 2011.


http://dx.doi.org/10.20517/jsegc.2021.04

	Introduction
	Problem Formulation
	Main Results
	Illustrative example
	Conclusion
	Declarations
	Authors’ contributions
	Availability of data and materials
	Financial support and sponsorship
	Conflicts of interest
	Acknowledgments
	Ethical approval and consent to participate
	Consent for publication
	Copyright




