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Context of the work 

The objective of this project is to propose a control scheme to control a nonlinear system 𝑥 = 𝑓(𝑥, 𝑢) subject to 
time-varying constraint 𝑐 𝑥, 𝑢, 𝑡 ≥ 0, where 𝑥 ∈ ℝ. and 𝑢 ∈ ℝ/ are state and input of the system, respectively. 
Suppose that the time-varying constraint can be represented as intersection of some time-varying constraints, i.e., 
at each 𝑡 we have 𝑥, 𝑢 |𝑐 𝑥, 𝑢, 𝑡 ≥ 0 = 𝑥, 𝑢 | 𝑐1 𝑥, 𝑢, 𝑡 ≥ 0.2

134  (left figure; 𝑟 is the reference).  The idea 
is to first pre-stabilize the system, and then add the constraint-handling capability to enforce constraint 𝑐 𝑥, 𝑢, 𝑡 ≥
0. To do so, the so-called Explicit Reference Governor (ERG) framework will be used. Note that the starting point 
will be linear systems where a quadratic Lyapunov function can be used to prove their stability. Then, the scheme 
should be extended to nonlinear systems. The developed scheme will be validated experimentally by navigating 
a UAV in an environment with moving obstacles (right figure). 
 

           

 

Description of the work 

The student will be asked to: 
1. Understand the ERG framework. 
2. Develop an ERG-based control scheme to guarantee time-varying constraints satisfaction in linear systems. 

The student should investigate under which conditions (distribution of constraints, speed of their changes, 
etc.) the ERG framework can solve the problem. For the sake of simplicity, 𝑐1 𝑥, 𝑢, 𝑡 ≤ 0, 𝑖 = 1, … , 𝑛; can 
be assumed to be convex. 

3. Extend the proposed scheme developed in (2) to nonlinear systems.  
4. Experimentally implement the proposed scheme in the flight lab at SAAS.  
5. Develop a MATLAB toolbox to make the proposed scheme easy to use for a wider public. 


