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ABSTRACT

Effort for improvement of power quality in distribution systems has been gradually increased. Traditionally,
fixed, mechanical switched reactor/capacitor banks and Static Var Compensator have been used for improving
the power quality issue in distribution systems. In recent years, applications of inverter based power quality
conditioner have been growing for reactive power compensation in distribution systems, since their response is
faster than that of the conventional compensators. Distribution STATCOM (D-STATCOM) is an inverter based
power quality conditioner device used to improve the power quality issues in distribution systems. Control of
D-STATCOM is generally realized by PI controllers with fixed parameter. However, desired control
performance couldn’t be obtained due to its nonlinear structure.In this paper, Fuzzy-PI controller which has a
nonlinear and robust structure is proposed for control of D-STATCOM’s d and g-axis currents. Simulation of
Fuzzy-PI current controlled D-STATCOM is performed by MATLAB/Simulink software. In simulation study,
the dynamic response of D-STATCOM is observed by changing the reference reactive current. Simulation
results compared with conventional PI controller are given.
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1. INTRODUCTION

Reactive power compensation is a necessity since
reactive power causes increasing losses and various
power quality problems [1]. Fixed, mechanical switched
reactor/capacitor banks and Static Var Compensator
(SVC) have been widely used for reactive power
compensation. These types of compensation have some
disadvantages such as limited bandwidth, big size and
more losses and slower response. Today, inverter based
power quality conditioner devices have been proposed for
improving the power quality problems in distribution
systems because of their fast response, small size and low
losses [2-4]. Distribution STATCOM (D-STATCOM) is
an inverter based power quality conditioner device
connected in shunt with ac system. It is used for power
factor correction, load balancing, voltage regulation and
harmonic filtering in distribution systems.

In the control of D-STATCOM, reference values for d
and g-axis currents are generally obtained from
Proportional+Integral (PI) controllers designed with
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linear control methods. In the design of PI controllers,
linear mathematical model of controlled system is
required. Parameters of these controllers are tuned to
obtain the best performance for a particular region of
operation and conditions [5]. But, it is difficult to obtain
and what fails to perform satisfactorily under parameter
variation, load disturbance, unmodelled and nonlinear
dynamics of the plant [6]. To cope with disadvantages of
linear control methods, some researchers suggested non-
linear control methods like H,, differential algebra
theory, exact linearization with feedback [7-9]. Such
control methods need exact mathematical model and
parameters of controlled system. Besides, controller
design with these methods has a more complex structure
and is more difficult to realize than linear controllers
[10]. Recently, intelligent controllers like Fuzzy Logic
Controllers (FLC) and Artificial Neural Network (ANN)
as alternative linear and nonlinear control techniques
have been used in the control of D-STATCOM [11-16].
The mathematical model of system to be controlled isn’t
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necessary for these controllers. Moreover, they can
provide efficient control over a wide range of system
operating conditions, which distinguishes them from
conventional linear controllers [10].

In this paper, Fuzzy-PI controller which is a robust
controller is proposed for D-STATCOM’s d and g-axis
currents control. Model of power system and D-
STATCOM and controller unit are developed in
MATLAB/Simulink environment. Two Fuzzy-PI are
used for the control of d and g-axis currents separately.
Inputs of Fuzzy-PI controllers are chosen as errors of d
and g-axis currents and change in these errors. Steady
state error is eliminated by using the external integrator in
outputs of Fuzzy-PI controllers. Compared results of
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simulation with Fuzzy-PI controller and the linear PI with
fixed parameters are given for the variations in reference
reactive current.

2. BASIC OPERATIONAL PRINCIPLE AND
MATHEMATICAL MODELLING OF D-STATCOM

Schematic presentation of D-STATCOM is presented in
Figure 1. As shown in Figure 1, D-STATCOM consists
of inverter, dc-link capacitance (C) supplying the dc
voltage for inverter, coupling inductance (L) to exchange
reactive power and filter out the current harmonics and a
control unit to generate PWM signals for the switches of
inverter. In figure, R, and R represent switching losses in
inverter and winding resistance of coupling inductance
respectively.
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Figure 1. Schematic presentation of D-STATCOM.

Basic operation principle of D-STATCOM is similar to
rotating synchronous compensator and can be explained
by phasor diagrams presented in Figure 2. These phasor
diagrams are drawn for ideal case (by neglecting active
power losses). If output voltage of D-STATCOM is equal
to ac system voltage, reactive power is delivered to ac

grid; D-STATCOM operates in stand-by mode (Figure
2(a)). If output voltage of D-STATCOM is greater than
ac system voltage, reactive power is delivered to ac grid;
D-STATCOM operates in capacitive mode (Figure 2(b))
and vice versa (Figure 2(c)).
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Figure 2. Phasor diagrams for operation modes of D-STATCOM.
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Figure 3. Complete block diagram of D-STATCOM’s control algorithm.

3.FUZZY-PI CONTROLLER DESIGN FOR D-
STATCOM’S CURRENT CONTROL

Linear PI controllers are well established in classical
control system and it is often used as a benchmark against
the other types of controllers. Since this controller is
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linear, they are not usually suitable for strongly nonlinear
systems. Fuzzy Logic Controllers (FLC) is alternative to
classical PI controllers in such cases [22]. FLC has been
widely used in systems with complex structure because it
doesn’t need mathematical model of controlled system.
Figure 4 shows schematic representation of FLC. As
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shown in Figure 4, FLC consists of five main parts. These
are fuzzification, knowledge base, rule base, inference
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and defuzzification.
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Figure 4. Schematic representation of FLC.

In fuzzification part, crisp values of input are converted
into fuzzy values, so that these values are compatible
with the fuzzy set representation in the rule base. The
choice of fuzzification strategy is dependent on the
interference engine [23]. The knowledge base consists of
a database of the plant. It provides all the necessary
definitions for the fuzzification process. Rule base is
essentially the control strategy of the system. It is usually
obtained from expert knowledge or heuristic as a set of
IF-THEN rules. The rules are based on the fuzzy
inference. Inference called fuzzy model applies fuzzy
reason to rule base to obtain a proper output. Mamdani
and Takagi-Sugeno fuzzy systems are the most
commonly used fuzzy inference mechanisms. Mamdani
is suitable for the systems with slow-changing dynamic
while Takagi-Sugeno is suitable for the systems with fast-
changing dynamic. Results obtained from fuzzy process
are converted into crisp values by using any
defuzzification method such as maxima methods and
centre of area.
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The structure of the Fuzzy-PI controller used in
simulation study is shown Figure 5. It has two inputs and
one output. Inputs of controller are errors of d and g-axis
currents and derivative of these errors. In addition, an
external integrator is used to eliminate the steady state
error in output of FLC.

Figure 5. Structure of Fuzzy-PI controller.

In this study, normalized triangular membership
functions are preferred for input variables and output
variable as shown in Figure 6. Rule base for Fuzzy-PI
controller consists of 25 rules and are given in Table 1.
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Figure 6. Triangular membership functions, a) for input variables, b) for output variable.
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Table 1. Rule base for Fuzzy-PI controller.
e/Ae NB NM V4 PM PB
NB NB NB NB NM Z
NM NB NB NM Z PM
Z NB NM Z PM PB
PM NM Z PM PB PB
PB Z PM PB PB PB
Fuzzy-PI controller designed as described above is current. Complete block diagram of Fuzzy-PI current
replaced with PI controller used in control of d and g-axis controlled D-STATCOM is shown in Figure 7.
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Figure 7. Complete block diagram of Fuzzy-PI current controlled D-STATCOM.

4. SIMULATION RESULTS

In this study, the model of power system, D-STATCOM
and controller are developed in MATLAB/Simulink
environment and shown in Figure 8. Here, power system
is three-phase balanced. ac side and dc side mathematical
model of D-STATCOM is used to obtain d and g-axis
currents and dc average voltage value respectively. The
dc bus voltage is controlled by a PI controller with fixed
parameter to compensate for active power losses in the
transformer and inverter and reference value for d-axis
current is obtained from output of this controller.
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Reference value for q-axis current is given as step
command. Firstly, the d and g-axis currents are controlled
by a PI controller with fixed parameter and then these PI
controllers are replaced with Fuzzy-PI controllers. The
outputs of the d and g-axis current controllers are the
desired d and g-axis voltages to be generated by the
inverter. These voltages are converted to three-phase in
order to generate modulation signals required for control
of inverter. Phase Locked Loop (PLL) is used to
synchronize the inverter output voltage with power
system voltage.
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Figure 8. Simulink model of Fuzzy-PI current controlled D-STATCOM.
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The D-STATCOM output is obtained from three-level
cascaded inverter which has advantages such as
modularized circuit layout, using the least number of
components to achieve the same number of output
voltage levels between other multilevel inverter
topologies and possibility of packaging. This inverter is
modeled with ideal switches. Control of inverter is
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Modulation (SPWM) technique with carrier frequency of
1.25 kHz [24-27]. A coupling reactance with an
inductance of 3mH and winding resistance of 0.1ohm is
used to filter out and realize the exchanging of reactive
power. Single phase leg of inverter and generation of
PWM for inverter are shown in Figure 9(a) and (b)
respectively.

realized by Multilevel Sinusoidal Pulse Width
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The subsystem of control of d and g-axis currents in
Figure 8 is shown in Figure 10. It includes two Fuzzy-PI

e u

Fuzzy-PI

(b)
Figure 9. (a) Single phase leg of inverter, (b) Generating of PWM signals for single phase.
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controllers that control the d and g-axis currents and
generation of modulation signals.
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Figure 10. Subsystem of d and g-axis currents control.

The subsystem of Fuzzy-PI used in d-axis is shown in
Figure 11 and it is identical with Fuzzy-PI used in g-axis.
Here, Fuzzy-PI controllers have two inputs and one
output. Inputs to Fuzzy-PI controller used in control of d-
axis current are error and change in error of d-axis
current. Similarly inputs to Fuzzy-PI controller used in
control of g-axis current are error and change in error of
g-axis current. Outputs of these controllers are the d and

g-axis voltages (ug and ug) which have to be generated by
inverter.

Simulation study is done for changing of Iy.r from 0A to
+200A at 0.5 sec., +200 A to -200 at 0.8 sec. and -200A
to OA at 1.1 sec. Performance of Fuzzy-PI current
controlled D-STATCOM is evaluated for changes in i

du/dt

Figure 11. Subsystem of Fuzzy-PI used in d-axis.

and the compared simulation results with PI controller
with fixed parameter are presented. Figure 12 shows
tracking performance of Fuzzy-PI controller and PI
controller with fixed parameter when ig.ris changed from
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0A to +200A at 0.5 sec. Simulation result shows that than PI controller.
Fuzzy-PI controller reaches the reference value faster
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Figure 12. Simulation result for variation of iy from 0A to +200A.

Performance of Fuzzy-PI and conventional PI controller shown in Figure 13, Fuzzy-PI controller is superior to

are also tested for reference changing from positive to conventional PI controller in terms of reaching reference
negative (+200A to -200A) and depicted in Figure 13. As value.
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Figure 13. Simulation result for variation of iy, from +200A to -200A.

Simulation result obtained from Fuzzy-PI and controller reaches the reference value more quickly than
conventional PI controller for variation of ig.s from - PI controller.

200A to OA is given in Figure 14. From figure, Fuzzy-PI
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Figure 14. Simulation result for variation of iy, from -200A to 0A.

Figure 15(a), (b) and (c¢) show phase-a fundamental igrer is changed from OA to +200A, +200A to -200A and -
voltage and phase-a current of D-STATCOM as pu while 200A to 0 A respectively.
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Figure 15. Variation of iyes from -200A to 0A.

Variation of average dc voltage is shown in Figure 16(a)
and (b) in case of using the Fuzzy-PI and PI controller
with fixed parameter controller in control of d and q-axis

DC Voltage (V)

currents. Figure 16(b) shows that dc voltage has less
fluctuation during changing in g-axis current if Fuzzy-PI
controller is used in control of d and g-axis currents.
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Figure 16. Variation of average dc voltage.

5. CONCLUSION

In this paper, Fuzzy-PI current controlled D-STATCOM
is realized in MATLAB/Simulink environment.
Compared simulation results with conventional PI
controller are given. Simulation results show that Fuzzy-
PI controller gives a good response in changes of
reference reactive current over conventional PI controller.
In addition, the Fuzzy-PI controller is easily designed and
don’t need the mathematical model of system to be
controlled. Therefore, these features of fuzzy controller
make it attractive.
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APPENDIX

System parameters used in simulation study
Network voltage 1 2kV
Coupling inductance :3mH

Winding resistance of coupling

inductance :0.1Q
DC link capacitance : 6mF
Reference DC voltage 1 1970V
Carrier frequency : 1.25kHz
Sampling time 1 1x107s

Parameters of PI controllers

Kpac :0.9
Kige 134
K, 12

K; 125



