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This book introduces nonlinear control systems for control engineering and science to graduate, undergraduate students and researchers; it tar- gets control engineering students who do not like to do not have time to derive and prove mathematical results for nonlinear control systems. It can be serve as a text book for nonlinear control systems, especially for feedback linearization techniques which is a common approach in controlling nonlinear systems.

The development of computer software for nonlinear control systems has provided many benefits for teaching, research, and the development of control systems design. MATLAB is considered the dominant soft- ware platforms for linear and nonlinear control systems analysis. This book contains a MATLAB based program that helps teachers, students, and researchers with an easy to use for finding feedback linearization controller for a specific nonlinear class of systems

Chapter (1) is an introduction to theoretical aspects of nonlinear feedback linearization techniques. We sue a simple and complex exam- ples to better illustrate the method on how to find the feedback lineariza- tion controller for single and multi input output systems. In section (1.9) A MATLAB based program is developed and use to find feedback lin- earization control using symbolic MATLAB libraries for a special class of nonlinear systems

Chapter (2), the concept of structure variable control will be intro- duced in intuitive way, with illustrative examples that makes the reader familiar with the theory of sliding mode control in an easy and simple way. After having defined the control law, the parameters of the con- troller should be identified, hence a simple method is presented to find those parameters. In section (2.4) A MATLAB based function is de- veloped to find the sliding mode surfaces and controllers using symbolic MATLAB library for SISO and MIMO nonlinear dynamical systems that could be written in a special form.

This textbook provides an easy way to learn nonlinear control sys- tems such as feedback linearization technique and slidng mode control (Structrue varibale control) which are one of the most used techniques in nonlinear control dynamical systems; therefore teachers-students and
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researchers are all in need to handle such techniques; and since they are too difficult for them to handle such nonlinear controllers especially for a more complicated systems such as induction motor, satellite, and vehicles dynamical models. Thus, this document it is an excellent re- source for learning the principle of feedback linearization and sliding mode techniques in an easy and simple way:


	Provides a briefs description of the feedback linearization and sliding mode control strategies

	Includes a simple method on how to determine the right and ap- propriate controller (P-PI-PID) for feedback linearization control strategy.

	Provides a MATLAB symbolic based programs that can solve the Lie derivative of any nonlinear dynamical system that could be written in a special form

	A Symbolic Matlab Based function for finding the feedback lineariza- tion and sliding mode controllers are developed and tested using several examples.

	A simple method for finding the approximate sliding mode controller parameters is introduced



The relative degree of the system which can be found using the provided MATLAB code; can be used to determine the degree of the Sliding Mode Surface; which is a very important scalar for those who are working with Variable Structure Control.

There are many examples used in the last chapter with a modified Matlab program such as:


	A nonlinear dynamical model of a pendulum system

	A nonlinear dynamical model of Ven der pol system

	A nonlinear dynamical mode of an Aircraft

	A nonlinear dynamical model of an induction motor

	A nonlinear dynamical model of a Permanent magnett synchronous motor.



Where the program used to construct the nonlinear controller uses symbolic computations; such that the user should provide the program with the necessary functions f (x), g(x) and h(x) using the symbolic library.

Note: Make sure the function syms is existed on your Matlab by typing help syms on Matlab









C H A P T E R 1


Feedback Linearization Control
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[image: image]Feedback linearization is a common approach used in con- trolling nonlinear systems. The approach involves coming up with

a transformation to the nonlinear system into equal linear system that could be controlled easily using a new input control. Feedback lineariza- tion could be applied to nonlinear systems of the form:




x˙ =f (x) + g(x)u (1.1)

y =h(x)

Where x ∈ ঩n is the state vector, x ∈ ঩p is the vector of inputs, and

y ∈ ঩m is the vector of outputs. The goal is to develop a control input:

u = D(x)−1 [−A(x) + v] (1.2)

That renders a linear input-output map between the new input v and the output. An outer-loop control strategy for the resulting linear control system can then be applied.
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1.1  FEEDBACK LINEARIZATION OF SISO SYSTEMS   
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Let’s consider the following SISO nonlinear dynamical system described by:



x˙ = f (x) + gu

y = h(x) (1.3)

Where x = [x1, x2,.., xn] is the state vecotr; u input vector to the sys-

tem; f (x) and g(x) are infinite differentiable vectors; h(x) is the output
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vector; hence the input-output feedback control law u is defined for SISO nonlinear systems in (1.6) by the folowing relation :


u =    1  (−Lr h(x) + v) (1.4)

[image: image]LgLr−1h(x) f


[image: image]Where r is the relative degree of the system; LgLr−1f (x) and Lr h(x) are the lie derivative of h(x) along the vector fields g(x) and f (x) respec- tively. The notion of the lie derivatives and how its calculated will be given in the subsequent sections. Thus, the overall system control law u and nonlinear system (1.6) combianed in seris; yields to a linear system with order r (relative degree) from the new input v to output y




yr = v (1.5)

Where v is the new input vector to the system; that will be used as new controlled input.
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RLATIVE DEGREE OF SISO SYSTEMS
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1.  r = n the system admits an exact state linearization

2.  r ≤ n the system admits partial feedback linearization

3.  r > n the system does not admit an input output feedback lin- earization
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1.2  FEEDBACK LINEARIZATION OF MIMO SYSTEMS   
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Feedback linearization control for MIMO system is applied to dynamical systems that have the following form:



[image: image]m

x˙  =f (x) + gi(x)ui

i=1


y1 =h1(x)

y2 =h2(x) (1.6)



.


yn =hn(x) (1.7)




Equation (1.6) is called a square system, where the number of inputs is equal to the number of outputs.
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[image: image][image: image][image: image]The control law for MIMO systems can be obtained using lie deriva- tive.


Where

r1
[image: image]1
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...

[image: image]rm m


 = A(x) + D(x)u (1.8)

[image: image] Lri hj(x)  

A(x) = 

....
[image: image]r
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 (1.9)

 Lg Lr1 −1h1(x) . Lg Lr1 −1h1(x)  

[image: image]D(x) = 

1   f
....
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m   f


[image: image] (1.10)
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Where D(x) is called the  decoupling  matrix  of  the  system,  and  it  is not always nonsingular, and therefore the linearization control is then achieved if and only if the decoupling matrix is invertible

[image: image]Lri hj(x) The lie derivative of h(x) along the vector field f (x)




Lgm

Lrm−1hm(x) The lie derivative of h(x) along the vector field g(x)


[image: image]Therefore, rthe linearization control law is then written in compact form as:

u = D(x)−1 [−A(x) + v] (1.11)

Where v is the new input control vector which has the same dimension as u.
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RLATIVE DEGREE OF MIMO SYSTEMS
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1.  r = r1 + r2 +...rm = n then the system admits an exact

[image: image]2.  r = r1 + r2 + ....rm n then the system admits partial feedback linearization

3.  r > n the system does not admit an input output feedback lin- earization for both types of systems
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