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This thesis presents the design of a fuzzy logic controller for the compensating
current control of the Shunt Active Power Filter (SAPF) to eliminate harmonic currents in the
AC co-phase railway system. The harmonic detection to calculate the reference current for
the shunt active power filter uses the PQF method, which applies the instantaneous reactive
power theory (PQ) combined with the harmonic filtering technique using Sliding Window
Fourier Analysis (SWFA). The design of the shunt active power filter parameters uses the
conventional method. At the same time, the DC bus voltage control employs a Pl controller
designed using an approximation method by comparing the coefficients with the
characteristic polynomial terms of a standard second-order transfer function, and the
compensating current control of the shunt active power filter will present the application of
a fuzzy logic controller designed using a newly developed method based on simple
calculations. The design of the fuzzy logic controller is divided into three parts. The first part
involves designing the structure of the fuzzy logic, which includes the shape of the
membership functions, the number of linguistic values, the fuzzy inference method, fuzzy
rules, linguistic variables, and the linguistic values of the fuzzy logic controller. The second
part focuses on designing the inputs of the fuzzy logic controller, which are divided into three
cases: the case using only the error input, the case using both error and error rate inputs, and
the case using both error and sum error inputs. The final part presents the design of the
membership function positions for the fuzzy logic controller using the newly developed
calculation method. The simulation results of the harmonic elimination in the AC co-phase
railway system using MATLAB/Simulink program show that the case using both error and sum
error inputs provides the best performance in compensating current control. The average
%THD of the source current after compensation is 1.40% for both the two-phase and three-
phase power systems, whereas before compensation, the %THD values were 22.16% and
22.14%, respectively. To validate the performance of the compensating current control of
the fuzzy logic controller designed using the proposed method, the harmonic elimination
simulation in the AC co-phase railway system was conducted using Hardware In the Loop
(HIL) technigues by MATLAB/Simulink in combination with the TMS320C2000TM Experimenter

Kit DSP board. This simulation involved testing with four different load cases for the railway



system, including normal load, reduced amplitude load, increased amplitude load, and load
with shape variation. The HIL simulation results showed that the fuzzy logic controller
designed using the proposed method demonstrated good performance in compensating
current control, even when the load of the railway system changed. As a result, the average
%THD of the source current after compensation decreased to 1.47%, 2.64%, 2.82%, and
2.35% for the two-phase power system, and 1.46%, 2.65%, 2.83%, and 2.35% for the three-
phase power system, corresponding to the four load cases, respectively.

In addition, the thesis also presents practical harmonic elimination using the hardware
system to test harmonic elimination for the railway system in the laboratory. The
experimental results show that the fuzzy logic controller designed with the proposed
method performs well in compensating current control, and the shunt active power filter
can effectively eliminate harmonics. The average %THD of the source current after
compensation decreased from 23.50% to 4.85% for the two-phase power system and from
19.47% to 4.47% for the three-phase power system, which is under the standard of IEEE Std.
519-2022.
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