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Abstract 

This paper investigates an H 2 / H ∞ 

filter designing for networked systems perturbed by multiple noises. 
The measurement transmission from the sensor to the remote filter is completed via a communication 
network in simultaneously presenting of data transmission time-varying delays, data packet dropout 
and data sequence disorder. Since the filter will receive delayed and disordered information, a zero- 
order-hold (ZOH) or a logical-ZOH (LZOH) is firstly employed for resorting the chaos data sequence. 
Afterwards, a hybrid H 2 / H ∞ 

filtering scheme is designed for accurately estimating the target output. 
By Itô formula and a novel free-weight method, the almost surely mean square exponentially stable 
(ASMSES) condition of the error system is conveniently obtained and the corresponding filter design 
method is finally presented. By the proposed method, not only the ASMSES with a pre-scheduled 
H 2 / H ∞ 

performance can be achieved, but also the convergence rate of overall system is pre-regulable. In 
addition, it has been point out the dynamic filtering performance of LZOH scheme should be better than 
ZOH ones due to less time-varying delays are introduced and more latest measurement information are 
employed. Numerical examples are provided to demonstrate the effectiveness of the proposed methods. 
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1. Introduction 

Communication network becomes a familiar concept nowadays for providing many func- 
tional capabilities to practical physical systems such as convenient system diagnosing, target 
tracking, signal processing and distribute controlling. By the assistance of communication 

networks, ‘connecting the world’ is gradually conceived as a common agreement and many 

under-construction projects are also witnessing it as a future trend. Typical networked systems 
are known as the Cyber Physical Systems (CPSs) which have a prominent feature of organical 
integrating for computation, communication and control [1–3] ; Internet of Things (IoTs) that 
have a magnificent purpose of connecting men and things anywhere anytime [4–7] ; Smart 
Grids (SGs) wherein new and sustainable energy resources, transportation, distributed usage 
will be integrated by incorporating pervasive sensing, communications and control facilities 
[8–10] , etc. 

In the so-called networked systems, a fundamental issue is known as the remote estima- 
tion or filtering. Such a problem arises when the system states are required to be measured 

and transmitted via communication networks to a remote receiver. Unfortunately, the system 

information usually turn to some distorted values instead of accurate measurement outputs 
when they arrive at the destination. Generally, the data deviations are induced due to two 

kinds of aspects: the system measurement output is perturbed by exogenous noises, and the 
transmitted data is distorted by communication imperfections. In practical applications, the 
exogenous noise universally exists and they are originated from many different sources such 

as errors of measuring instruments, mismatches between the mathematic models with the real 
systems, un-modelled system dynamics, unknown environment influences, etc. However, up 

to now, the generation and transmutation mechanisms of mechanisms of exogenous noise still 
remain unrevealed. In some literatures, the exogenous noises have many different types, for 
example, the Gaussian noise [11] , impulsive noise [12] , multiplicative noise [13] , quantization 

noise [14] , energy-bounded noise [15,16] , etc. Since the measured data is easily corrupted 

by exogenous noise, a filter (estimator) is commonly required for extract interest system in- 
formation. In the past decades, the filter design methods have been intensively researched. 
For example, the traditional Kalman method is adapted and Kalman method is adapted and 

employed to suppress white noise in [17–19] . The process noise and measurement noise are 
simultaneously described as a unified energy-bounded noise and an H ∞ 

filter design method 

is researched in [20] . Design methods of H ∞ 

and H 2 filters for a Markovian jump system are 
proposed in [21] . A l ∞ 

filter design method is designed for a discrete-time linear system with 

stochastic state- and input-dependent noise in [22] . The original nonlinear system is described 

as a class of T-S fuzzy systems and an H ∞ 

filtering is proposed in [23] . For a Markovian 

jump discrete-time system with time-varying transition probabilities, a switching finite-time 
H ∞ 

filtering method is researched in [24] . 
On the other hand, the communication imperfections are another kinds of considerable 

issues. Although the communication networks bring many advantages such as simplified in- 
stallation, costs maintenance, increased system flexibility and reliability, some network im- 
perfections can be a source of undesirable oscillation, performance degradation even stability 

deterioration. Thus, filtering design for systems subjected to some communication imperfec- 
tions is a challenging problem. For alleviating the negative influences of network-induced 

factors so as to improving system robustness, the communication imperfections should be 
properly incorporated into system model. In this regard, many kinds research efforts have 
been devoted for probing effective modelling and designing methods for the remote filters. 
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