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Summary: 

 This article presents a state-space model with time-delay to map the relationship between known 
input-output data for discrete systems. For the given input-output data, a model identification 
algorithm combining parameter estimation and state estimation is proposed in line with the 
causality constraints. Consequently, this article proposes a least squares parameter estimation 
algorithm, and analyses its convergence for the studied systems to prove that the parameter 
estimation errors converge to zero under the persistent excitation conditions. In control system 
design, the U-model based control is introduced to provide a unilateral platform to improve the 
design efficiency and generality. A simulation portfolio from modelling to control is provided with 
computational experiments to validate the derived results.  
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1   INTRODUCTION  

Various conventional algorithms have been used first for estimating the parameters of control 
systems1-4 and some identification algorithms have been developed for linear systems5,6 and nonlinear 
systems7-11 but some of them assume that input-output data are available at every sampling instant 
and most of control algorithms assume that the parameters of the considered systems are known.12,13 
The law of dynamic motion of a system can be described by differential/difference equations. These 
equations can be transformed into a set of the first-order differential/difference equations, which are 
called the continuous-time/discrete-time state-space models. The state space models are convenient 
for controller design, system modelling and identification, signal processing and filtering,14 for 
example, the pole placement, the observer design,15 and Kalman filter. Time-delay systems are very 
common in practical situations in nature like, for instance, transmission problems, communications, 
population growth models and other control systems.16  

Many control processes (e.g., three-tank water tank, the continuous reactor and the distillation tower) 
can be best modelled by systems involving time-delay in the state.17 Effects of time-delay on the 
stability and performance of control systems have drawn attention of many investigators in different 
engineering disciplines, including structural systems, chemical processes, remotely controlled 
undersea and aerospace robots and structures, and manufacture processes. Sanz et al. studied the 
observation and stabilization of linear time-varying systems with time-varying measurement delay,18 
Javier and Zheng proposed the unknown input functional observability of descriptor systems with 
neutral and distributed delay effects,19 Chen et al. presented the variational Bayesian approach for 
ARX systems with missing observations and varying time-delays.20 The recursive or iterative search 
schemes can be used for finding the solutions of linear and nonlinear matrix equations21-24 and of 
deriving new system identification algorithms.25-31 The convergence analysis of identification 



 

 



 

 

 



 

 



 

 

 



 

 



 

 



 

 



 

 



 

 



 

 



 

 



 

 



 

 



 

 

 



 

 



 

 


