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a b s t r a c t

In this paper, a three-phase three-wire Distribution Static Compensator (DSTATCOM) which is fed by
Photovoltaic (PV) array or battery operated DC–DC boost converter is proposed for power quality
improvement in the distribution system. The DSTATCOM consists of a three-leg Voltage Source Converter
(VSC) with a DC-link capacitor. The PV array or battery operated boost converter is used to maintain the
desired voltage across the DC bus capacitor to provide continuous compensation. The proposed DSTAT-
COM provides continuous source harmonic reduction, reactive power compensation and load compensa-
tion throughout the day. The I cosU controlling algorithm is proposed for three-phase three-wire
DSTATCOM. The performance of the Fuzzy Logic Controller (FLC) is compared with the conventional Pro-
portional Integral (PI) controller at AC voltage controller in I cosU algorithm. The fuzzy controller further
reduces the source current Total Harmonic Distortion (THD) when compared with the conventional PI
controller. The main advantage of this proposed system is to provide continuous compensation for the
whole day. The switching of VSC will occur by comparing the reference source current with the sensed
source current using hysteresis based Pulse Width Modulation (PWM) current controller. The perfor-
mance of the DSTATCOM is validated using MATLAB software with its simulink and Power System Block-
set (PSB) toolboxes.

� 2013 Elsevier Ltd. All rights reserved.

1. Introduction

Extensive application of power electronic devices and other
distorting loads inject harmonics and reactive current into the
distribution system which is harmful to electronic equipments
that require high power quality [1–3]. To provide clean power
to the consumers many researchers have focused on renewable
energy source based power quality improvement in the distri-
bution system [4–7]. Power quality has caused a great concern
to electric utilities with the growing use of sensitive and sus-
ceptive electronic and computing equipments such as personal
computers, computer-aided design workstations, fax machines,
uninterruptible power supplies, printers and other nonlinear
loads such as fluorescent lighting, adjustable speed drives, heat-
ing and lighting control. Power quality is often considered as a
combination of voltage and current quality. In most of the
cases, it is considered that the network operator is responsible
for voltage quality at the point of connection while the cus-
tomer’s load often influences the current quality at the point

of connection. Increase in the number of nonlinear power elec-
tronic equipment and presence of sensitive electronic equip-
ment in the distribution side, results in the flow of harmonic
current in the line. This harmonic current leads to the addi-
tional losses in the distribution equipments, interference with
the communication systems and maloperation of the control
equipment. The group of controllers used in the distribution
system for the benefits of customers is known as Custom Power
Devices (CPDs). These devices have the ability to provide reme-
dial measures and cost effective solution to the power quality
problems [8,9]. Among these, DSTATCOM is one of the most
effective devices [10,11].

The DSTATCOM is one of the shunt connected custom power
device which injects current through the interface inductor at
the Point of Common Coupling (PCC). Hence, source current har-
monic reduction, reactive power compensation and load current
compensation can be achieved. The different topologies of
DSTATCOM are reported in the literature such as a 4-leg VSC,
three single phase VSC and 3-leg VSC with split capacitor
[12,13]. The proposed DSTATCOM consists of three-leg VSC with
a DC-link capacitor. The operation of VSC is supported by a DC-
link capacitor with proper DC voltage across it. Hence, in this
paper Photovoltaic (PV) module or battery interfaced boost con-
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verter is connected to the DC bus capacitor of VSC which is
used to maintain the desired voltage across the DC bus for pro-
viding continuous source current harmonic reduction, reactive
power compensation and load compensation throughout the
day.

In order to control the DSTATCOM and to generate the refer-
ence currents, there are number of controllers reported in the
literature survey such as instantaneous reactive power theory
[14–16], Synchronous Reference Frame (SRF) theory [17], Syn-
chronous Detection (SD) theorem [18], neural network control-
ler [19] and power balance theory [20]. Among these,
synchronous detection theorem [18] and synchronous reference
frame theory [17] are the most widely used reference current
generation techniques for three phase system. A thorough study
reveals that the methods discussed above require fine tuning to
make the circuit implementation as simple and rugged as pos-
sible. Specifically, the SRF theory is easy to implement because
the controller deals mainly with the DC quantities. In Ref. [7],
the SRF theory is employed to generate the reference source
current for the operation of PV based DSTATCOM. From the ob-
tained result, the source current THD for SRF theory employed
DSTATCOM is not less than IEEE 519-1992 permissible limit of
5%. A simple and effective current compensation algorithm has
been proposed to compensate for harmonics [21]. This algo-
rithm is effective in case of nonlinear load which does not re-
quire reactive power compensation. Hence, an I cosU
controlling algorithm has been proposed for reduction in cur-
rent harmonics (<5%) and to supply reactive power to the load
[22]. After tracking the reference currents with the help of this
controlling algorithm and by comparing it with sensed source
currents, the switching of VSC will occur and hence cancel
out the disturbances caused by the nonlinear load.

In this paper, PV or battery fed boost converter operated
DSTATCOM is mainly employed to provide continuous compen-
sation against the source current harmonics for the whole day.
When continuous compensation is required, the PV array is di-
rectly connected to the boost converter in the day time and
during the night time battery acts as a DC source for the boost
converter. In I cosU controlling algorithm, FLC has been pro-
posed at AC voltage controller in order to investigate the perfor-
mance of the controller in reducing the source current
harmonics. This paper does not discuss the maximum power
point algorithm and the boost converter presented in this paper

utilizes the PWM technique. The proposed system is simulated
under Matlab/Simulink software package. The organization of
the rest of this paper is as follows: Section 2 describes the pro-
posed system configuration with different operating modes. Sec-
tion 3 depicts the modeling of PV module via Matlab/Simulink
and design of boost converter. The proposed FLC employed at
AC voltage controller in I cosU algorithm to generate the refer-
ence source current is depicted in Section 4. The simulation re-
sults of the proposed algorithm are reported in Section 5.
Finally, the conclusion and the findings from the investigation
are presented in Section 6.

2. System configuration with different operating modes

Fig. 1 shows the circuit diagram of the three-phase three-
wire system which is used to feed the nonlinear load continu-
ously. The utilized nonlinear load is a three-phase uncontrolled
bridge rectifier supplying an R-type load. The nature of the non-
linear load is to cause distortion in source current. In order to
eliminate the source current distortion, the control of DSTAT-
COM is achieved by using I cosU algorithm. The load currents,
source voltages and the DC bus voltage are given as an input to
the I cosU controlling algorithm. The controlling algorithm is
used to generate the reference source currents. Then the hyster-
esis based PWM current controller compares the reference and
sensed source currents to generate the firing pulse to the
DSTATCOM. The DSTATCOM consist of six Insulated Gate Bipolar
Transistor (IGBT) based three-leg VSC which is used as a Volt-
age Source Inverter (VSI) with a DC-link capacitor. The PV mod-
ule or battery fed boost converter is connected to the DC-link
capacitor, which is used to provide a desired voltage across
the capacitor for continuous compensation. According to the
gate pulse given, the switching of VSI will occur which injects
a currents at the PCC through the interface inductor Lr. The
inductance allows the output of the VSI to look like a current
source to the distribution system.

The operation of the proposed DSTATCOM has been divided into
four different operating modes. The modes are (i) Day time excess
power mode, (ii) Day time mode, (iii) Night time mode and (iv) Idle
mode. Table 1 shows the switching states of four different operat-
ing modes.

Nomenclature

Iph light generated current or photocurrent
Isat saturation current of the diode (10�4 A)
Q electron charge (1.6 � 10�19 Coulombs)
A ideal factor (1.23)
K Boltzmann’s constant (1.38 � 10�23 J/K)
T cell working temperature (25 �C)
Rs series resistance (0.001 O)
Rsh shunt resistance (200 O)
I cell output current
V cell output voltage
Vout boost converter output voltage
Vin input voltage
D duty cycle
VL voltage across the inductor
I output current
XL leakage reactance
F switching frequency

IL(abc)n amplitude of nth harmonic current in a, b and c
phases

U(abc)n phase angle of nth harmonic current in a, b and c
phases

IL(abc) load current in a, b, and c phases
ismd output of the DC bus voltage PI controller
Vdcr(n) reference DC bus voltage
Vdc(n) sensed DC-link voltage
Kpd and Kid proportional and integral constants of the DC bus

voltage
Vdce(n) and Vdce(n�1) voltage errors in nth and (n�1)th instant
ismq output of the FLC employed at AC voltage controller
Vtr(n) reference AC terminal voltage
Vt(n) three-phase AC terminal voltage
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