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Stability Analysis of FLC

The stability for the design of FLC is a very important issue as it is used for control in the real world. Thus, there are always noise, disturbance, etc. The guarantee of stability of the system assures the usefulness in the real world. 

However, in the current stage, there still need more research on this topic.

In fact, most published FLC systems could not provide a convicted analysis about the stability issue, but only presented the superior performance under given situations. 

Then, whether the system is stable and whether it will be superior in another situation are left unspecified and difficult to assert.

Stability Analysis of FLC

The lack of analysis for the stability of FLC arises from the difficulty in modeling the transition between rules.

Only the stability of individual rules cannot guarantee the stability of the whole system under the fuzzy inference.

Consider the following discrete fuzzy control system,
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: IF x(k-1) is 
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 THEN x(k+1)= x(k) – 0.5 x(k-1);
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: IF x(k-1) is 
[image: image4.wmf]2

A

 THEN x(k+1)= - x(k) – 0.5 x(k-1);

where the membership functions of 
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 and 
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 are shown in the figure:
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[image: image58.wmf]It is easy to verify that the individual systems are stable. The response is shown as follows:
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[image: image59.bmp]But the response of the whole system is unstable:
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If the membership function is changed as:

The response becomes:
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Stability Analysis of FLC

Consider the following fuzzy control system (zero input): 
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: IF x(k) is 
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 AND … AND x(k-n+1) is 
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x(k+1)=
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x(k)+ … +
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x(k-n+1);

Or in state forms, the consequence is X(k+1)=
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X(k), 

where X(k)=
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Stability Analysis of FLC

The output of the fuzzy system is obtained as: X(k+1)=
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 is the fire strength of the i-th rule and l is the rule number.

Note that the multiple input variables are taken into account by product operations in this proof. 

Consider the Lyapunov stability theorem; i.e., if a Lyapunov function, which is an energy type of functions and its derivative is always negative, then the system is said to be asymptotically stable in the large. 

Stability Analysis of FLC

Consider the following discrete fuzzy control system,
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: IF x(k) is 
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 and x(k-1) is 
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 THEN x(k+1)=
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 x(k) ;
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: IF x(k) is 
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 and x(k-1) is 
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 THEN x(k+1)= 
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x(k) ;
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: IF x(k) is 
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 and x(k-1) is 
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 THEN x(k+1)= 
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x(k) ;

where 
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The equilibrium of a fuzzy system is global asymptotically stable if there exists a common positive definite matrix P for all the systems such that 
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Pick P=
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It is easy to verify that 
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However, it may be difficult to find such a matrix to suit all subsystems.

Note that even if there does not exist a common positive definite matrix P, the fuzzy system may be globally asymptotically stable.

Stability Analysis of FLC

Let 
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 be stable and nonsingular matrix for all i. Then, if there exists a common positive-definite matrix P such that 
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 is a stable matrix for all i and j.

In other words, if one of 
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 is not a stable matrix, then there does not exist a common positive-definite matrix P such that 
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Let P be a positive-definite matrix. If 
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Stability Analysis of FLC

Common P is an approach to verify the stability.

To find such a matrix that satisfies some linear inequalities (positive definite) is called LMI (Linear Matrix Inequalities).

There is a Matlab toolbox can be used to solve LMI.

But, it is solved in a trial-and-error style. Thus, no solution found by the toolbox does not mean there is no solution for the considered LMI. Sometimes, by using different initial values may have different results.
How to use this approach for control design?

Control Design for Fuzzy Systems
A common approach is Parallel Distributed Control (PDC).

PDC is to find controller for each rule individually.

Consider the i-th rule: 
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: IF x(k) is  AND … AND x(k-n+1) is 
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X(k+1)=
[image: image53.wmf]i

A

X(k)+ Biui

If the state feedback is considered, ui= ( ki X(k)
Then, X(k+1)=(
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Control Design for Fuzzy Systems

Then we can still use the idea of common P to test the stability.

But, how to design not in a trial-and-error fashion?

Try to consider those feedback gains k’s and P as unknown parameters.
But, the inequalities are not linear (bilinear). ( (
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( ki Bi)P
Some approaches may be used to transform BMI to LMI. (try to define PK=M, P(1=W, Schur complement, etc.) 
Note that such a transformation is conservative.
Control Design for Fuzzy Systems

You can find a lot of such approaches in designing controller for fuzzy systems under various conditions (such as with uncertainties, delays, or with observer, etc.) in the literature.
Since those approaches are very conservative, there are also studies that try to find relax conditions for those approaches, like common P, solving LMI, or transferring BMI to LMI.
Another idea for designing controllers for a fuzzy system is to define a nominal system, which is a linear system, and then treat all rules as uncertainties. Then, the control design becomes robust control design. 
Actually, some researchers also this idea to analyze properties of a fuzzy control system.
PAGE  
48
[image: image63.jpg]


                                                                                       Copyright ofc Shun-Feng Su, 2000 

[image: image58.wmf]
                          Department of Electrical Engineering, National Taiwan University of Science and Technology    


[image: image64.png]&

16

20

T(sec)

39



_920548697.unknown

_920554418.unknown

_920557458.unknown

_920560305.unknown

_920560307.unknown

_1030484110.unknown

_1428435740.unknown

_920560308.unknown

_925853872

_920559006.unknown

_920559196.unknown

_920560304.unknown

_920559189.unknown

_920558922.unknown

_920554929.unknown

_920557242.unknown

_920554881.unknown

_920553945.unknown

_920554260.unknown

_920554327.unknown

_920554321.unknown

_920554133.unknown

_920554178.unknown

_920549038.unknown

_920553251.unknown

_920553922.unknown

_920553250.unknown

_920552413.unknown

_920548757.unknown

_920373097.unknown

_920373760.unknown

_920374141.unknown

_920374234.unknown

_920381022.unknown

_920373998.unknown

_920373199.unknown

_920372908.unknown

_920373049.unknown

_920372794.unknown

