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Abstract— this paper is concerned with the problem of delay dependent H∞ control of discrete-time uncertain 

recurrent neural networks with time varying-delays.  The neural network is subject to parameter uncertainty, and 

time-varying delay. For the robust H∞ stabilization problem, a state feedback controller is designed to ensure global 

robust stability of the closed-loop system about its equilibrium point for all admissible uncertainties. By using the 

Laypunov-Krasovskii functional, a linear matrix inequality (LMI) approach is developed to establish sufficient 

conditions.  A simulation example is exploited to show the usefulness of the derived LMI-based stability conditions.  
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I. INTRODUCTION 

 Recurrent neural networks (RNNs) have found successful applications in many areas such as image processing, signal 

processing, pattern recognition, and optimization problems. Recently, there has been a rapidly growing research interest on the 

dynamical properties of RNNs [1].  Since a neural network usually has a spatial nature due to the presence of an amount of 

parallel pathways of a variety of axon sizes and lengths, it is desired to model them by introducing continuously distributed delays 

over a certain duration of time, such that the distant past has less influence compared to the recent behavior of the state. Therefore, 

stability analysis of neural networks has received much more attention over the past years [2]-[6]. Time delays are inevitable in 

the implementation of artificial neural networks as a result of the finite switching speed of amplifier. Therefore, various issues of 

neural networks with time delays have been addressed, and many results have been reported in the literature.  

 

It is worth noting that, up to now, most recurrent neural networks have been analyzed by using a continuous-time model. 

However, when the continuous-time recurrent neural networks are implemented to simulate, experimentalize or compute based on 

computers, it is necessary to discretize the continuous-time networks to formulate a discrete-time system. But as pointed out in 

some previous articles, the discretization cannot preserve the dynamics of a continuous-time system even for a small sampling 

period. Therefore, a study on the dynamics of discrete-time neural networks is crucially needed [7]-[11]. However, the stability 

analysis for stochastic neural networks is difficult. Recently,  although some results related to this issue have been reported in the 

literature. 

 

In practice, uncertainties often exist in most engineering and communication systems and may cause undesirable dynamic 

network behaviours. More specifically, the connection weights of the neurons are inherently dependent on certain resistance and 

capacitance values that inevitably bring in uncertainties during the parameter identification process. The deviations and 

perturbations in parameters are the main sources of uncertainty. So, it is important to study the dynamical behaviours of neural 

networks by taking the uncertainty into account has been reported in [12]-[17]. During the last decade, the H∞ control theory has 

attracted a lot of attention and made significant progress. The state-space approach for the H∞ control of linear systems is 

developed based on the relation between the H∞ norm and the algebraic Riccati equations which play an important role in the 

optimal control of linear systems [18]-[21]. Recently, H∞ control approach has been extended to uncertain systems. The necessary 
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and sufficient conditions for H∞ control of uncertain linear systems are given [22, 23]. The robust stabilization problem has been 

addressed in [24] and LMI-based stability criteria and stabilization conditions have been proposed based on Lyapunov-Krasovskii 

functional method, while the H∞ control problem has been studied in[25], and some sufficient conditions for the existence of an 

H∞ controller have been presented by means of LMI format. 

 

     Motivated by the above discussions, we study the asymptotic stability problem for a new class of discrete-time neural networks 

with both discrete and distributed time-delays. We first deal with the deterministic neural network under mild conditions on the 

activation functions, where neither differentiability nor monotonicity is needed. By constructing a new Lyapnuov-Krasovskii 

functional, a linear matrix inequality (LMI) approach is developed to establish sufficient conditions for the discrete time neural 

networks to be globally asymptotically stable. A simulation example is presented to show the usefulness of the derived LMI-based 

stability condition. 

 

 

2. Problem Formulation 

 

      Consider the following discrete-time recurrent neural network with interval time-varying discrete 

and distributed delay described by    
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