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ABSTRACT
Background: Nowadays with the growing demand of electricity the quality of power or
voltage becoming a significant problem. Voltage swell is one of the vital voltage
disturbances that occur frequently in power distribution system. Distributed Static
Synchronous Compensator (DSTATCOM) is one of the key components used to
mitigate the supply voltage quality disturbances in terms of voltage sags, swells and
harmonics in the distribution system. A DSTATCOM consist of a DC energy source, a
voltage source inverter (VSI), a filter, a coupling transformer and the control system.
Objective: This paper presents the comparative analysis of three different auspicious
control techniques of distributed static synchronous compensator (DSTATCOM),
aimed at power quality enhancement in terms of voltage swell mitigation and
elimination of load voltage harmonics in a distribution system. The control strategy
based on synchronous reference frame (SRF) theory, an instantaneous active and
reactive current (IARC) theory and proportional-integral (PI) controller have been used
for reference current generation and control the operation of voltage source inverter
(VSI) based DSTATCOM. Results: The SRF, IRAC and PI controlled DSTATCOM is
validated through dynamic simulation in a MATLAB\SIMULINK platform under
linear and nonlinear loads. Conclusion: The IARC control technique shows the
superior performance to minimize the effect of the voltage swell by injecting the
appropriate amount of compensation current and harmonics generated due to nonlinear
load compared with SRF and PI control techniques. The obtained simulation results
from SRF, IARC and PI control schemes are excellent or even slightly better in IARC
control in compared with SRF and PI control.

INTRODUCTION
Recent work on worldwide power distribution shows a substantial growing number of sensitive loads such
as hospital equipment, industry automation, semiconductor device manufacturer. The most common
characteristics of these loads in modern industry and commercial applications are their ability to produce voltage
sags and swells. According to an Electric Power Research Institute (EPRI) report, the economic losses due to
poor power quality are $400 billion, a year in the U.S alone (Sadigh and Smedley 2016; Latran et al., 2015).
According to the IEEE standard, a voltage swell is defined as an increase in root mean square voltage from
110% to 180% of the normal voltage at the power frequency for the duration of 0.5 cycles of 1 minute. A
voltage swell can occur due to a fault switching off a large load and switching to a large capacitor bank
(Venkatesh et al., 2011). Voltage Swells are characterized by their magnitude and duration (Alam et al., 2015).
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There, are many different solutions have been proposed to eliminate voltage swells (Babaei et al., 2010),
conventionally the passive filters are used for power quality issues. But nowadays power electronics based on
new kinds of emerging custom power devices such as Dynamic Voltage Restorer (DVR) (Arun Kumar and
Ashok Kumar, 2015), Distributed Static Compensator (DSTATCOM), and Unified Power Quality Conditioner
(UPQC) (Raghavan and Subramanian, 2015) has been more popular because they offer the advantages of
flexibility and high performance to improve the controllability of power distribution network (Singh 2010). The
DSTATCOM is one of the solid-state shunt connected CPD, which is one of the victorious solutions to enhance
different significant aspects of power quality (Sundarabalan and Selvi 2015; Eskander and Amer 2011; Rahman
et al., 2015; Zaveri et al., 2012). The performance of DSTATCOM depends on the control algorithm used for
reference current calculation and firing pulse generation strategy. Most common and popularly used control
strategies for 3p4w DSTATCOM are an instantaneous active power theory, symmetrical component theory,
improved instantaneous active and reactive current component theory (Aredes et al., 2009), p-q and p-q-r theory
(Gupta 2012), , d-q reference frame or synchronous reference frame theory (Li et al., 2013), etc.
In this work, synchronous reference frame theory, instantaneous active and reactive current theory and PI
controller are used for the control of VSI based DSTATCOM. A new configuration of DSTATCOM is proposed
for a three-phase four-wire power distribution system, which is based on six-leg VSI. The DSTATCOM model
is simulated using time-domain MATLAB\Simulink platform to mitigate voltage swells and load voltage
harmonics under linear and nonlinear load. Comparative analysis of the control strategies under linear and
nonlinear loads in between without compensator and with compensator is presented.
Description Of Dstatcom Configuration:
Figure 1 shows a schematic diagram of a shunt connected power electronic based DSTATCOM with
balance resistive-capacitive (R-C) and a diode-rectifier load connected to a three-phase four-wire distribution
network having a source resistance and inductance. The DSTATCOM produces suitable compensating currents
( i Ca , i Cb , i Cc ) and injected into each phase of the system to eliminate voltage swells. To filter high-frequency
components of i Ca , i Cb , i Cc compensating currents, an interfacing inductance Lf is used at the AC side of the
voltage source inverter based DSTATCOM.

Fig. 1: Schematic diagram of VSI-based DSTATCOM
Dstatcom Control Strategies:
Control strategy plays the most important role in any custom power devices (CPDs). The performance of a
D-STATCOM system solely depends on its control technique for generation of reference signals (current and
voltage). For this purpose, there are various control algorithms are presented in literature, and some commonly
used control techniques are Synchronous Reference Frame (SRF) theory (Karmiris et al., 2012), Sinusoidal
Pulse Width Modulation (SPWM) technique (Balikci and Akpinar 2015), Fuzzy Logic Control technique
(Sivakumar and Linda, 2015), Instantaneous Active and Reactive Current (IARC) theory and PID control
technique (Jing and Cheng 2013). Among these control approaches, SRF, IARC and PI control methods are
popularly used.
Synchronous Reference Frame (Srf) Theory:
This control scheme is based on the transformation of load currents ( i La , i Lb , i Lc ) from a-b-c frame to the
synchronous rotating reference frame to extract the direct, quadrature and zero-sequence components is given in
the equation (1) (Padiyar 2007). A block diagram of the control topology is shown in figure 2.
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Fig. 2: Block diagram of SRF controller
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The desired source currents in d-q components are obtained in equation (2) and (3).
___
*
i sd = i Ld + i Cd
___
*
isq = K q i Lq + ui Cq

(2)
(3)

The average values of i Ld and i Lq is obtained as the output of two identical low pass filters (LPFs) is
given in equation (4).
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Where G s  is the transfer function of a 2nd order low pass filter. The reference for the source current is the
d-q frame and first converted to the α-β frame and then to the a-b-c frame using the equations (5) and (6).
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* * *
The reference for the source current vectors ( isa , i sb , isc ) are compared and the desired compensator
*
*
*
currents ( i Ca , i Cb , i Cc ) are obtained as the difference between the load and the source currents are represented
in equation (8).
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*
i Ca = i La *
i Cb = i Lb *
i Cc = i Lc -

*
i sa 
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isb 

*
i sc

(8)




Instantaneous Active And Reactive Current (Iarc) Theory:
A block diagram of the control approach is shown in Figures 3a and b is used for determination of the
reference current vector.

Fig. 3: Block diagram of IARC controller (a) Computation of G and B (b) generation of reference compensator
current
In this method, the vector reference source currents are represented in equation (9) (Padiyar 2007).
q
*
Is = GVt + BVt

(9)

Where ‘G’ and ‘B’ are defined in the equation (10).
*
P
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*
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,
B
=
(10)
2
2
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*
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Where Ps and Q s are the average power and reactive power supplied by the source and are expressed in

equation (11).
*
Ps = PL +  Ps 


*
* *
Qs = r Ps


2
PL and V are defined by using equation (12).
1T T
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 Vt i L dt
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2 1T 2
2
2
V =
 Vta + Vtb + Vtc dt
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(11)

(12)
(13)

The reference compensator is obtained by comparing the reference source current and load current.
Proportional–Integral (Pi) Controller:
Block diagram of PI controller is depicted in figure 4. Three-phase source voltage ( Vabc_s ) is continuously
measured the control system and is compared with a reference voltage ( Vref ) and generates a voltage error
( Verror ) signal.
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Fig. 4: Block diagram of PI Controller
This error signal is given to the PI controller as an input, the PI controller process this error signal and
produces an angle δ to drive the error to zero. From the phase-shift angle δ, the three-phase sinusoidal signal
Vcontrol
is obtained as:
Va = Sin( t +  )



Vc = Sin  t +  + 2 
3

VControl  Vb = Sin  t +  - 2
3









(18)

In PWM generator, a sinusoidal signal is compared with a carrier signal and generates triggering pulses.
This triggering or firing pulses are given to the gate terminal of the insulated gate bipolar transistor (IGBT)
switches to switch on the VSI based DSTATCOM under voltage swell condition.
Simulation of Dstatcom:
Figure 1 shows the proposed configuration of the test system used to carry out the transient modeling and
simulation of the DSTATCOM with the associated control strategies. This DSTATCOM model is simulated
with the SRF, IARC and PI control techniques with simulation period 0.3 s. The system simulation parameters
are given in Table 1.
RESULTS AND DISCUSSION
In this section, simulation results of three promising control topologies used in three-phase four-wire
DSTATCOM under linear and nonlinear load conditions are presented. The objective of the simulation is to
study three different performance aspects for VSI based DSTATCOM: (i) Voltage swell mitigation and
harmonic elimination, by SRF control based DSTATCOM under linear and nonlinear load (ii) Voltage swell
mitigation and harmonic elimination, by IARC control based DSTATCOM under linear and nonlinear load and
(iii) Voltage swell mitigation and harmonic elimination, by PI control based DSTATCOM under linear and
nonlinear load.
Voltage Swells Mitigation By Srf Control Based Dstatcom Under Linear Load:
Due to switching off a three-phase linear load by opening breaker2, a three-phase balanced voltage swell
occurs in the source terminal of the distribution network from 0.10 to 0.25s. For balanced voltage swell of 30%,
the source voltage signal before compensation, the compensation current, the load voltage after voltage swell
compensation is depicted in figures 5a to d. As figure shows, the proposed SRF control based voltage swell
compensator restore the voltage on the load side by injecting proper compensating current in each phase so that
the load voltage remains at the desired level.

Fig. 5: Voltage swell under linear load with SRF controlled DSTATCOM
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The performance of SRF control based uncompensated and compensated load voltages under linear load is
shown in figure 6. As the figure shows when the compensator is connected, the voltage at the load terminal
reaches rapidly to the normal level 140V. This can be resolved by injecting the appropriate amount of current to
the distribution network under voltage swell conditions.

Fig. 6: Load voltage with and without SRF controlled DSTATCOM
Voltage Swells Mitigation By Srf Method Under Nonlinear Load:
Figures 7a to d depicts the simulation results of SRF control based DSTATCOM with a nonlinear load. In
this case, the three-phase source voltage magnitude increased to 25% of the normal level for the duration of 0.15
s. Then voltage recovers to its normal level. As it can be observed from the simulation results, the SRF control
based DSTATCOM is able to generate the desired current components for three-phases rapidly and helps to
maintain load voltage sinusoidal at the normal value as shown in figure 7d.

Fig. 7: Voltage swell under nonlinear load with SRF controller
Figure 8 depicts the load voltages under nonlinear load conditions with and without voltage swell
compensator. As the graph shows when SRF control based voltage swell compensator is added to the
distribution system, it produces required amount of compensation current in each phase rapidly, so that the load
voltage remains at the acceptable level.

Fig. 8: Load voltage with and without SRF controlled DSTATCOM
Voltage Swells Mitigation By Iarc Control Under Linear Load:
A three-phase voltage swell of magnitude 20% occurs in the source terminal of the distribution network
from 0.01 to 0.25s. For balanced voltage swell of 20%, the source voltage signal before compensation, the
compensation current, the load voltage after voltage swell compensation is depicted in figures 9a to d. As figure
shows, the proposed IARC control based DSTATCOM restore the voltage on the load side by introducing the
exact amount of compensating current in each phase so that the load voltage remains at the acceptable level.
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Fig. 9: Voltage swell under linear load with IARC control scheme
The performance of IARC control based uncompensated and compensated load voltages under linear load is
depicted in figure 10. As the graph shows when the voltage swell compensator is connected, the voltage at the
load terminal reaches rapidly to the normal level.

Fig. 10: Load voltage with and without IARC controlled DSTATCOM
Voltage Swells Mitigation By Iarc Method Under Nonlinear Load:
Figures 11a to d shows the simulation results of IARC control based voltage swell compensator with a
nonlinear load. In this case, the three-phase voltage swell of magnitude 44% has happened in all phases at 0.15 s
duration. Then the voltage, recovers to its normal level. As it can be observed from the simulation results, the
IARC control based voltage swell compensator is able to produce the required current components for threephases rapidly and helps to maintain load voltage balance and sinusoidal at the normal value.

Fig. 11: Voltage swell under nonlinear load with IARC control scheme
Figure 12 depicts the load voltages under nonlinear load conditions with and without DSTATCOM. As the
graph shows when IARC control based voltage swell compensator is connected to the distribution system, it
generates the desired amount of compensation current in each phase rapidly, so that the load voltage remains at
the acceptable level.

Fig. 12: Load voltage with and without IARC controlled DSTATCOM
Voltage Swells Mitigation By Pi Controller Under Linear Load:
Figures 13a to d shows the simulation results of the PI controller based DSTATCOM with a linear load. In
this case voltage swell of 18% has happened in all the three-phases, which starts at t=0.10 s and ends at t=0.25 s.
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From the figures 13c and d it is observed that PI controller based DSTATCOM is able to produce the required
current components for three-phases and helps to maintain load voltage sinusoidal at the normal level.

Fig. 13: Voltage swell under linear load with PI control scheme
Figure 14 shows the load voltages under linear load with and without voltage swell compensator. As it can
be seen, after the voltage swell compensator connected, voltage swell disappears and load voltage recovers their
normal level.

Fig. 14: Load voltage with and without PI controlled DSTATCOM under linear load
Voltage Swells Mitigation By Pi Controller Under Nonlinear Load:
A three-phase voltage swell of magnitude 20% occurs in the source terminal of the system from 0.10 to
0.25s. For balanced voltage swell of 20%, the source voltage signal before compensation, the compensation
current, the load voltage after voltage swell compensation is depicted in figures 15a to d. As figure shows, the
proposed PI control based DSTATCOM restore the voltage on the load side immediately by injecting required
amount of compensating current in each phase so that the load voltage remains at the acceptable level.

Fig. 15: Voltage swell under nonlinear load with PI control scheme
Compensated and uncompensated load voltages under nonlinear load are depicted in figure 16. As the graph
shows when the voltage swell compensator is connected, the voltage at the load terminal reaches rapidly to the
normal level.

Fig. 16: Load voltage with and without PI controlled DSTATCOM under nonlinear load
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Figures 17a and b show the performance comparison of SRF, IARC and PI control based DSTATCOM for
generation of compensation current under linear as well as nonlinear loads. The short duration voltage
disturbance mitigation capability of the DSTATCOM depends on current injection capability of the device
during the voltage swell period. From the graph, it is noted that, during the voltage swell IARC and PI control
based DSTATCOM generates the highest amount of compensation current compared to the SRF controller
during linear load, but in the case of nonlinear load only IARC controller produces the highest amount of
compensation current compared to SRF and PI controller.

Fig. 17: Injecting current under SRF, IARC and PI control techniques (a) linear load and (b) nonlinear load
Analysis of Simulation Results:
Comparative evaluation of three different control schemes is shown in Table 1 and 2. Table 1 shows the
THD comparison of SRF, IARC, and PI control based DSTATCOM under nonlinear load condition. It is
observed from the table 1 that IARC controlled DSTATCOM effectively eliminate the THD compared to SRF
and PI control based DSTATCOM. It can be noted from table 2 that IARC and PI controllers are simple with
respect to computational complexity because it does not require any transformation (Parks and Clarks). The
IARC control method shows excellent performance to mitigate the voltage swell of magnitude 20% and 44%
under linear as well as nonlinear load conditions by injecting maximum amount of compensation current. On the
other hand SRF and PI control based DSTATCOM mitigate voltage swell of magnitude 30% and 18% under
linear load and 25% and 20% under nonlinear load.
Table 1: Comparison of THD with different control schemes
THD (%) in compensating voltage
SRF Controller
IARC Controller
Load
Before
After
Before
After
condition
compensation
compensation
compensation
compensation
Nonlinear
7.43
0.58
6
0.01
load
Table 2: Comparison of SRF, IARC and PI control strategies
Parameters
Various Control Techniques
SRF Controller
Computational complexity
It
requires
complex
transformation
Phase locked loop (PLL)
It requires PLL
Voltage Swell mitigation
Compensating current
Harmonic elimination

Good
Small
Good

PI Controller
Before
compensation
6

After
compensation
0.13

IARC Controller
It does not require complex
transformation
It does not require PLL

PI Controller
It does not require complex
transformation
It does not require PLL

Excellent
High
Excellent

Good
Small
Good

Conclusion:
In this work, a comparative analysis of three different control schemes for DSTATCOM installed in threephase four wire distribution systems has been presented. The performance of these control techniques has been
analyzed for voltage swell mitigation and elimination of load voltage harmonics using time-domain
MATLAB/Simulink software under three-phase linear and nonlinear load conditions. In contrast, SRF theory
needs additional PLL circuit for calculation of angle ‘θ ‘where as in IARC and PI control methods angle ‘θ’ is
directly calculated from main voltages. IARC and PI control techniques are simple as it does not require Clarks
or Parks transformation. The IARC control technique shows the superior performance to minimize the effect of
the voltage swell by injecting the appropriate amount of compensation current and harmonics generated due to
nonlinear load compared with SRF and PI control techniques. The obtained simulation results from SRF, IARC
and PI control schemes are excellent or even slightly better in IARC control in compared with SRF and PI
control. Simulation tools such as PSCAD and EMTDC are also used to analyze the performance of
DSTATCOM. DSTATCOM can also be controlled by using intelligent or soft computing techniques like Fuzzy
logic controller, Neural Networks, Neuro fuzzy controller, Neural network tuned fuzzy logic controller and
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ANFIS. Optimization techniques such as, Genetic Algorithm, and Particle Swarm Optimization can also be
implemented.
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