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Abstract

This dissertation presents a study of using Takagi-Sugeno
model in the creation of fuzzy models for dynamic systems linear and
non-linear in both time and frequency domains, and implementing a
general fuzzy system that is used to create fuzzy models, then the
designs are simulated using MATLAB and ISE10 software.

In the frequency domain, the study involves the use of the
ANFIS algorithms in the creation of the Takagi-Sugeno model for RC
circuit as low and high-pass filters, and RLC circuit as band-pass
filters. Besides, the study presents designing a general system to
operate the fuzzy models. Once we change the values of fuzzy rule's
parameters and the number of inputs, then many different systems can
be represented. In time domain the research provides fuzzy models for
RC and RLC circuits as examples of linear systems. Also use Sector
nonlinearity in the creation of fuzzy model for Lorenz chaotic
oscillator using the MATLAB environment, which is a new
representation that has been submitted for the first time. The research
involves design and implementation of a general fuzzy system using
descriptive language VHDL and is synthesized on FPGA chip that is
equipped in the laboratory Spartan 3E. Also in time domain, changing
values of parameters and number of inputs lead to different systems.
The general design of the system has been tested through the
representation of the RC circuit.

The results show the capability of representing electronic
circuits as fuzzy forms, which is a novel view to represent the
electronic systems looking for the first time. The study also show that
the mean square error for the amplitude and phase angle with the

angular frequency of the fuzzy system that is designed using ANFIS



with linear consequent, was found less than the mean square error for
the ANFIS system that uses constant consequent.

The results also show that representing the degree of
membership and the universe of discourse with 8-bit so that the degree
of membership is equal to the value of input, leads to the
simplification of the Fuzzifier stage, so that no arithmetic operation is
required. Also partitioning the universe of discourse such that their
membership functions become the complementary to each other, leads
to canceling the division process in the Defuzzification stage and thus
reduces the hardware components and increases the accuracy and
speed. Therefore, this general fuzzy circuit represents the smallest
fuzzy one designed, as it occupies only 2% of the area of the
Spartan3E (XC3S500E) chip, with the capability of choosing the
number of inputs not to exceed three inputs. Also, the implementation
time is not affected by the number of inputs or the number of effective

rules.
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