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Подсекция 4.2 Математическое и компьютерное моделирование, Механика 
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Tracking control of nonlinear systems is a significant problem in control theory which is 

widely explored for many times. We may explain it by the importance of the solution of this problem in 

practice. There are many applications of tracking. For example, tracking had been widely employed for 

military applications and civil applications as in Air Traffic Control in an airport. In aerospace tracking 

is applied tracking of a satellite in orbit. There are many examples to list which prove how widely may 

be used tracking applications in practice.  

Time delay phenomena exists in many practical systems such as electrical networks, 

microwave oscillators, and hydraulic systems. They may emerge for many reasons. Many dynamical 

systems cannot be  properly described by differential equation because the condition of the state 

variables  in the future time depends not only on their current value, but also on their past values. 

Such system is defined as a time-delay system. Time delay may be occurred due to the delayed 

measurements and delayed control. In both occasions, the delay considered to be undesirable because 

they  may cause the deterioration of the system performance and even destabilize the system. By using 

time delay systems we can describe biological, chemical and physical and other phenomena.  It is 

familiar that time delay phenomena started to take our interest from the beginning of the 21th century 

and in its turn lead to numerous important results. Due to these results many problems in different 

fields of life found their solution [1].  For the time systems without delay Lyapunov method is an 

effective way for solving stabilization or tracking problem. To say exactly, it is required to construct a 

Lyapunov function. But in the case of system with time-delay Lyapunov function considered to be a 

functional. We call it Lyapunov-Krasovskii functional. This functional is used first in the work of 

Krasovskii [2].  

Tracking problem for time delay systems is an issue related to control theory, which we are 

going to investigate in this paper. It has the following form: 

 

 

where is the state and   is the control input of the system;  is the 

time delay of the state; are unknown continuous functions;

 

The purpose of this paper is to show that tracking problem of high-order time delay non-linear 

systems is solvable by state feedback. Tracking problem when is investigated from the last 

decades and we get results which gave us opportunity to solve many problems. Now we study tracking 

problem when and design a controller for high-order non-linear time delay systems.  
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Now we present several important lemmas and definition what are useful for obtaining the main result. 

Definition [3]. For fixed coordinates and real numbers

 consider the following: 

1. The dilation  is defined by  for any 𝜀>0, where    is called the 

weights of the coordinates. For simplicity, we define dilation weight  

2. A function  is said to be homogeneous of degree 𝜏 if there is a real number

such that for any  

3. A vector field  is said to be homogeneous of degree 𝜏 if there is a real number 

such that , for any  

Lemma 1 [3]. Given a dilation weight suppose and  are homogeneous 

functions of degree  and , respectively. Then  is also homogeneous with respect to the 

same dilation weight . Moreover, the homogeneous degree of  is . 

Lemma 2 [3]. Suppose:  is a homogeneous function of degree  with respect to the 

dilation weight . Then the following holds:  

1.  is homogeneous of degree  with  being the homogeneous weight of ; 

2. There is a constant  such that . Moreover, if  is positive definite; then 

, where is a constant.  

Lemma 3 [3]. For  being a constant, the following inequalities hold:  

 

If is odd, then  

 

Lemma 4 [3].Let   be positive constants. Given any positive number , the following 

inequality holds: 

 

 

Assumption 1 [4]. 

1. For thereareconstants such that 
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where and  

2. The reference signal  is bounded, that is, it is a function such that there is a known constant  

satisfying 

 

The objective of this paper is to design a state feedback controller for system (1) under Assumption 1 

and 2 such that closed-loop system tracks the reference signal.  

Theorem (main result): Under Assumption 1-2 on system (1), the practical tracking problem stated in 

Definition is solvable by controller in the following form: 

. 

Example and simulation 

Consider the nonlinear system 

 

where The controller we designed by state feedback will be in 

the following form: 

 

The result we obtained is presented in the Figs 1-2. 

 
 

Fig.1.The trajectories of the first state and reference signal. 
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Fig.2. Tracking error between the first state and reference signal. 

Conclusion 

In this paper we investigated tracking problem for nonlinear high-order time delay systems. Using 

Lyapunov function and homogeneous theory we designed controller that allow to track a given 

reference signal. In Fig.1 we can see that the controller we obtained satisfy the conditions that we need. 

Fig.2 shows that tracking error changes in the interval [-0.8, 0.6]. It shows that our controller needs to 

be improved to make the tracking error small.  
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