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In the last two decades, research on distributed
filtering and control (FAC) has burgeoned into
large-scale complex networks and systems. A dis-
tributed networked system, typically composed of a
number of cost-effective dynamical nodes (agents)
with limited sensing, computing, and communication
capabilities, is gaining considerable popularity due to
its low power consumption, simple installation, high
performance, and strong reliability, as compared with
the centralized setting. As a result, various network-
induced FAC systems, techniques, and algorithms
have emerged, including node registration and control,
network consensus and synchronization, multi-sensor
data clustering/fusion, network topological design
and analysis, and the like. In addition, it is important
to have an insightful understanding of the way net-
works and systems behave and evolve from the FAC
perspectives. This is often critical with respect to
many important problems, such as managing a limited
number of sensors for the best field-of-view coverage,
tackling the intrinsic interactions and unknown cor-
relations among dynamical nodes, trade-offs between
performance and constraints, or achieving automation
in noisy environments, just to name a few. These
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problems are imperative but also challenging for their
multidisciplinary nature and inherent complexity, for
which various theories, techniques, and algorithms
are continuously being proposed and developed;
however, more research effort and endeavors are
needed.

This special issue is aimed at collecting high-
quality papers in the research field of distributed fil-
tering and control of complex networks and systems;
the final result includes two comprehensive reviews
and nine original research papers.

The first paper by Da et al. (2021) is a survey of
recent advances in multisensor multitarget tracking
based on the random finite set (RFS) approach. While
multisensor RFS fusion, which identifies an attractive
yet challenging problem, has drawn much attention
recently, this work serves as the first review in the
literature using references that were published mainly
in the last five years. Multisensor data fusion, which
plays a fundamental role in distributed tracking, is
briefly classified into two distinguishing groups in
this review, data-level multitarget measurement fu-
sion and estimate-level multitarget density fusion,
which share and fuse local measurements and poste-
rior densities between sensors, respectively. Im-
portant properties of each fusion rule, including op-
timality and sub-optimality, are detailed therein. In
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particular, two robust multitarget density averaging
approaches, i.e., arithmetic- and geometric-average
fusion, are addressed with regard to various posterior
distributions. Meanwhile, research trends and re-
maining challenges are highlighted.

The second paper by Wen et al. (2021) reviews
recent progress on distributed economic dispatch in
smart grids. Achieving an efficient distributed eco-
nomic dispatch (DED) strategy for the smart grid (SG)
in the presence of multiple generators plays a para-
mount role in obtaining various benefits of such
new-generation power systems, such as easy imple-
mentation, low maintenance cost, high energy effi-
ciency, and robustness. This paper focuses in partic-
ular on the pertinent literature published since 2015,
which is categorized into distributed discrete-time
and continuous-time economic dispatches of the SG
in the presence of multiple generators. In addition,
some future research directions in DED for the SG are
discussed.

The third paper by Yang et al. (2021) addresses
the economic dispatch problem of the smart grid un-
der vicious denial of service (DoS) attack. Taking the
actual situation of power generation as a starting point,
a new distributed optimization model is established,
which takes the environmental pollution penalty into
account. To save the bandwidth, a novel distributed
event-triggered scheme is proposed to keep the resil-
ience and economy of a class of cyber-power systems
when the communication network is subject to a ma-
licious DoS attack. An improved multi-agent con-
sensus protocol based on the gradient descent idea is
subsequently designed to solve the minimization
problem, and the prerequisites to minimize the system
power generation cost are analyzed from the per-
spectives of optimality and stability.

The fourth paper by Wang et al. (2021) presents
a new event-triggered Kalman consensus filter (ET-
KCF). The proposed algorithm is based on infor-
mation freshness, which is calculated as the age of
information (Aol) of the sampled data. It integrates
the event-triggered mechanism, updated information
method, and KCF algorithm to estimate the concen-
tration of pollutants in the aircraft more efficiently.
The disclosed method also takes into account the
influence of data packet loss and the loss of aircraft
communication path, and presents an Aol-freshness-
based threshold selection method for ET-KCF, which

compares the packet Aol to the minimum average Aol
of the system. This approach can clearly reduce en-
ergy consumption, as the transmission of expired
information is reduced. The convergence of the algo-
rithm is proved. Simulation results show that the
algorithm has better fault tolerance compared to the
existing KCF and features lower power consumption
than other ET-KCFs.

The fifth paper by Torres et al. (2021) introduces
an asymptotic observer of constant gain for nonlinear
systems that have linear input. This allows the ob-
server design to be formulated within the linear ma-
trix inequality paradigm, provided that a strictly pos-
itive real condition between the input disturbance and
the output is fulfilled. The proposed observer is then
applied to a large class of nonlinear chemostat dy-
namical systems. Under some typical assumptions,
the necessary change of chemostat state coordinates
exists, allowing the use of the constant-gain observer.
The developed theory is tested by estimating pollutant
concentration in a Spirulina maxima wastewater
treatment facility.

The sixth paper by Wu et al. (2021) extends
traditional (single-target) hybrid systems to multi-
target hybrid systems by focusing on the multi-
maneuvering target tracking system. This system
consists of a continuous, discrete, and switchable
state, as well as a discrete time-constant state; based
on these, the paper presents an exact derivation of a
solution for the multi-model generalized labeled
multi-Bernoulli filter.

The seventh paper by Wang (2021) analyzes the
convergence of time-varying networks, and applies
the results for the cooperative control of nonlinear
multiagent systems (MASs) with unknown control
directions (UCDs). It is proven therein that, if the
time-varying networks are cut-balanced, the conver-
gence of nonlinear MASs with non-identical UCDs is
achieved using the presented algorithms. A critical
feature of this application is that the designed algo-
rithms can be used to deal with non-identical UCDs by
employing conventional Nussbaum-type functions.

The eighth paper by Rehék et al. (2021) proposes
an algorithm for a leader-follower synchronization of
an MAS composed of linear agents with time delays.
The presence of different delays in various agents can
cause a synchronization error that does not converge
to zero. However, the norm of this error can be
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bounded, as demonstrated in the paper. The proof of
the main results is formulated by means of linear
matrix inequalities, and the size of the problem is not
dependent on the number of agents. Results are illus-
trated through examples, highlighting the fact that the
steady-state error is caused by heterogeneous delays.
The paper finally demonstrates the capacity of the
proposed algorithm to achieve synchronization with
up to a permissible small error.

The ninth paper by Sun et al. (2021) studies the
containment control problem for high-order hetero-
geneous nonlinear MASs under distributed event-
triggered schemes. For containment control with little
communication among the agents, a distributed
event-triggered control scheme is proposed based on
the backstepping technique, Lyapunov function, and
neural networks. Then, the result is extended to the
self-triggered control setting to avoid continuous
monitoring of state errors. The developed protocols
and rules ensure the convergence of the output for
each follower to the convex hull spanned by multiple
leader signals within certain error bounds. Moreover,
it is achieved that no agent exhibits Zeno behavior.

The tenth paper by Hu et al. (2021) studies the
state consensus of an MAS, where new agent groups
are added dynamically into the original MAS. The
paper analyzes the feasibility of dynamically adding
agent groups under different common forms of net-
work topologies, and obtains four feasible schemes
theoretically, including one scheme that is the best in
actual industrial production. Subsequently, the paper
carries out a dynamic modeling of MAS using the
scheme determined as the best. Impulsive control
theory and Lyapunov stability theory are used to an-
alyze the conditions under which the whole MAS
with dynamic join characteristics achieves state
consensus.

The last paper by Yang et al. (2021) examines
the finite-time formation control of MASs with region
constraints, where multiple agents have first-order
dynamics with a common target area. A novel control
algorithm is proposed using local information and
through interactions. If the communication graph is
undirected and connected, and the desired framework
is rigid, it is then proved that the controller can be
used to solve the formation problem within the target
area; that is, all agents can enter the desired region in
finite time while reaching and maintaining the desired
formation shapes.

The guest editors would like to thank all the
authors for their fine contributions to this special issue,
and appreciate the dedication from all the reviewers
for their time and effort. Great support of the editorial
office throughout the entire process also deserves our
appreciation. It is our hope that the selected papers
indeed capture some latest major scientific develop-
ments and can serve as a springboard for further re-
search progress.
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