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Motivation 
1. The tracking control of multi-input multi-output (MIMO) nonlinear 
systems has attracted a great deal of attention over the past few 
decades because it is common in practice. 
2. For disturbance observer design, up to now, several methods 
have been applied to handle the external disturbances. However, 
the performance of the observer is always ignored. A high-
performance disturbance observer needs to be investigated 
further. 
3. A question remains, that is, how to achieve prescribed 
performance tracking control of high-order MIMO nonlinear 
systems in the presence of uncertainties, disturbances, and input 
constraints. 
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Main idea 
1. We formulate and solve the tracking control problem with 
prescribed performance for high-order MIMO nonlinear systems, 
where the system uncertainties and external disturbances are also 
considered.  
2. A novel neural network (NN) disturbance observer is presented 
to handle the system uncertainties and external disturbances. 
Compared with the existing schemes, the convergence time is 
proven to be limited, and a continuous signal is achieved to avoid 
chattering problems. 
3. With the error transformation, a new solution is given to 
guarantee the predefined tracking performance. Furthermore, the 
input saturation is considered as an extension. 
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Method 
1. In this study, the radial basis function (RBF) NN is chosen to 
construct an NN observer for disturbance estimation. A 
continuous signal in the finite-time observer is achieved to avoid 
chattering problems. Moreover, the disturbance observer design 
is separated from the controller design, and remains flexible to 
integrate with other control laws. 

2. To achieve the prescribed performance, the original system is 
transformed by an error transformation function. On that basis, a 
barrier Lyapunov-based backstepping controller is designed to 
realize the proposed control objective. 
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Method (Cont’d) 
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Major results 
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Conclusions 

1. In the control design, we have presented a novel NN 
disturbance observer to estimate the uncertainties and 
disturbances in finite time.  

2. Using the backstepping technique and a barrier Lyapunov 
function, an adaptive tracking control method has been proposed 
which could guarantee the prescribed performance of the 
tracking error and the boundedness of the closed-loop signals.  

3. Future research may focus on the observer-based control 
strategy for completely unknown systems and nonlinear multi-
agent systems. 
 

Front In
form

 Technol E
lectro

n Eng



Xuerao WANG received the B.S. degree in Engineering from Qingdao University 
of Technology, Qingdao, China, in 2016, and the M.S. degree in Engineering from 
University of Science and Technology Beijing, Beijing, China, in 2019. She is 
currently pursuing the Ph.D. degree in Control Science and Engineering with the 
School of Automation, Southeast University, Nanjing, China. Her research 
interests include intelligent control, nonlinear system control, and reinforcement 
learning. 

Qingling WANG received the B.S. and M.S. degrees in Automation from the 
Central South University, Changsha, China, in 2007 and 2010, respectively, and 
the Ph.D. degree in Control Science and Engineering from Harbin Institute of 
Technology, Harbin, China, in 2014. He was a Visiting Student with the Australia 
National University, Canberra, ACT, Australia, from 2012 to 2014, and was a 
Visiting Scholar at the Technical University of Berlin, Germany, in 2016. He is 
currently an Associate Professor with the School of Automation, Southeast 
University, Nanjing, China. His current research interests include constrained 
control, adaptive control, and cooperative control of multi-agent systems. 

Changyin SUN received the B.S. degree in Applied Mathematics from the 
College of Mathematics, Sichuan University, Chengdu, China, in 1996, and the 
M.S. and Ph.D. degrees in Electrical Engineering from Southeast University, 
Nanjing, China, in 2001 and 2004, respectively. He is currently a Professor with 
the School of Automation, Southeast University, Nanjing, China. His current 
research interests include intelligent control, flight control, and optimal theory. 

Front In
form

 Technol E
lectro

n Eng


	Adaptive tracking control of high-order MIMO nonlinear systems with prescribed performance
	Motivation
	Main idea
	Method
	Method (Cont’d)
	Major results
	Major results (Cont’d)
	Major results (Cont’d)
	Major results (Cont’d)
	Major results (Cont’d)
	Major results (Cont’d)
	Conclusions
	Slide Number 13



