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Abstract—With the development in power sector, switching 
elements gives a great impact with electrical load. These 
elements create distortions in lines increasing the line losses, 
reducing power quality and purity of sin wave. DSTATCOM 
has a voltage source converter (VSC) which works in back to 
back configuration with a DC coupling capacitor. At the point 
of common coupling (PCC) the power is injected by the VSC 
and the reference current is generated using Synchronous 
reference frame control algorithm. The harmonic components 
are separated from reference current, the reference is 
compared with actual current and the pulse width to control 
VSC is adjusted by the PI controller. The motive of proposed 
approach is to illustrate using simulation in MATLAB 
software. By using (FFT) analysis Total harmonic distortion 
(THD) of line current can be measured. 
 
Keywords: Synchronous reference frame (SRF) theory, 
DSTATCOM, HBCC, PI controller, Power Quality . 

I. INTRODUCTION 

Maintaining approx sinusoidal power distribution bus voltage 
at rated magnitude and frequency is called as power quality. 
The general power quality problems in three-phase four-wire 
distribution system are low power factor, voltage imbalance, 
load unbalance, increase in neutral current, harmonic 
distortion, voltage imbalance, etc [1]. For the compensation of 
current harmonics and compensation of neutral current also 
improving the characteristics of the system, voltage source 
converter with parallel connected capacitor is used as a 

DSTATCOM [2]. The different control algorithms developed 
for generating reference control signals for voltage source 
converter of DSTATCOM are: power balance theory, 
synchronous reference frame theory (SRF theory), 
instantaneous reference frame theory (p-q theory).In this 
paper, the control approach is based on synchronous reference 
frame theory which is used for generation of control signal for 
voltage source converter of DSTATCOM in three phase four 
leg four-wire (3P4W) distribution system [3-10] The 
advantages of DSTATCOM are- 

 (a) Operation of DSTATCOM supported by means of a 

capacitor. 
(b) Neutral current compensation 

(c) Load balancing 
(d) Perform under non-sinusoidal supply condition. 
(e) Indirect current compensation. 
 

II. SYSTEM DESCRIPTION 

The system represents a three phase four wire system main 
components of system are Source followed by a VI 
measurement, nonlinear load for balance and unbalanced 
system and there is a DSTATCOM connected in parallel for 
which gating signals are provided by the pulse generator also 
including subcomponents as, Voltage source inverter, DC link 
capacitor, Reference current generator and Current Controller 
shown in Fig1. 
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Fig.1. Block diagram of proposed system 

 
DSTATCOM consists of a typical three-phase Insulated Gate 
Bipolar Transistor (IGBT) based four leg VSC bridge with the 
dc bus capacitor. An extra leg is added to control the current in 
neutral wire. DSTATCOM is used for instant monitoring of 
load current, improvement of power factor, regulation of 
voltage along with, elimination of harmonics, current 
compensation and maintaining the linear and nonlinear loads 
also generation of reference compensating current [3]. The 
gate pulse generator used for giving the gate pulses to the VSC 
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of DSTATCOM as well as for the neutral. In this block all the 
control pulses exists and also consist Reference current 
generation, PI controllers, HBCC, PLL etc [4].  
 
Algorithm of PI controller involves two separate parameters: 
The Proportional parameter determines equation of the current 
error; Integral parameter determines the equation based on the 
sum of recent errors [5,8]. 
 
 Correct regulation of proportional controller’s value plays an 
important role in DC voltage control system’s response. Too 
much increase in proportional gain may leads to unsteadiness 
(fluctuations) in control system and too much reduction 
decreases the responding speed of control system. Further the 
Integral gain of controller modifies the steady state error. 
Hence the system becomes stable only at a particular regulated 
value of PI controller. Many techniques of generation of 
gating pulses but the most widely used technique is hysteresis 
controller because of this simplicity and quick response. In 
hysteresis controller the reference current which was obtained 
by SRF technique is compared with the filter current and 
provides the gate pulses for DSTATCOM [12,19]. 

III. METHODOLY 

A.  Synchronous reference frame (SRF) method 
 

The SRFT is used in this proposed work for the control of 
(3P4W) three-phase four wire DSTATCOM. The load 

currents iLxa , iLxb and iLxc    the PCC voltages Vsxa , Vsxband Vsxc  and a dc bus voltage Vdcl, of DSTATCOM is sensed as 
feedback signals, the transformation of coordinates from a 

three-phase a-b-c stationery coordinate to 0--  further in 
0-d-q rotating coordinate using Park’s and Clark’s 
transformation and further the inverse of the same system. 
This transformation is necessary for the sake of 0-d-q 
reference frame signal which can effectively be controlled to 
get the desired reference output signal [11-14]. 
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Fig.2 Block diagram of Synchronous reference frame (SRF) 

method 

B. CONTROL ALGORITHM 

 
Fig. 3 shows the control algorithm consisting srf algorithm. In 
this work the cosθ and sinθ are determined using a three-

phase phase-locked loop (PLL). A Phase loop signal is 
obtained from voltages at terminal for fundamental unit 
vectors generation for transformation of sensed currents to the 
d-q-0 reference frame [11]. 
 

[iLxqiLxdiLx0] = 23  [   
 cos θ cos(θ − 2π3 ) cos(θ + 2π3 )sin θ sin(θ − 2π3 ) sin (θ − 2π3 )       12 12 12 ]   

  [ILxaILxbILxc ]     (1) 

 
A unit vector control technique requires only two feedback 

sensors for source voltages (Vsxa , Vsxband Vsxc ), one feedback 
sensor for dc bus voltage (Vdcl) , one feedback sensor for 
source currents(isxa , isxband ixsc ), and last sensor for the third 

phase voltage Vsxc  [-(Vsxa+Vsxb )] & current isc [- (isxa , +isxb )].  
 
The main feature of unit based template control technique is to 
reduce number of feedback sensors which will improve 
performance of DSTATCOM, It is the effective solution to 

mitigate harmonics, load unbalancing, power factor correction, 
reactive power control and neutral current compensation [7]. 
 

   

Fig 3 Synchronous Reference Frame Control Strategy 
                         Vsxa = Vmp sin(ωt)                                                              (2)              Vsxb = Vmp sin(ωt − 120° )                                                 (3)                 Vsxc = Vmp sin(ωt − 240 °)                                                 (4)          

  
The magnitude of three phase voltages (Vsa , Vsband Vsc ) at 

PCC is given by: 

      Vtt = √2(Vsxa2+Vsxb2+Vxsc2)3                                        (5) 
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The in-phase component of unit templates (usa , usb , and usc ) are calculated from (Vsa , Vsband Vsc ) which are given by 
 

    usxa = VsxaVtt , usb = VsxbVtt , usc = VsxcVtt                            (6) 

                                             
A summing block separated desirable and undesirable 

parameters further by using low-pass filter the unwanted 
parameters (harmonics) which can be removed  from the 
reference signal. The direct-axis and quadrature-axis currents 
consist of Fundamental component as well as harmonic 

components, 
 ILxd = Iddc + Idac                                                             (7)  ILxq = Iqdc + Iqac                                                              (8)             

 
The d-q parameter of the load currents are calcuated from 

the following equations: 

 [ILxdILxq ] = 23 [ sinωt sin(ωt − 2π3 ) sin(ωt + 2π3 )cos ωt cos(ωt − 2π3 ) cos(ωt + 2π3 )]     (9) 

 Vdcle = Vdcl∗ − Vdcl                                                          (10) Vtte = Vtt∗ − Vtt                                                               (11) 
 Vdc∗and Vdc are the reference voltage and actual voltage of DC 

bus and Vt and Vt∗  are amplitude of PCC voltage and the 
reference voltage at PCC respectively.Vdcle  is error in DC bus  voltage, Vtte is error in amplitude of the PCC voltage 
PI controllers output corresponds to required current for self 
supporting DC bus and voltage regulation at PCC as: 

 Iccd = Kpd Vdcle + Kid ∫ Vdcle dt                                (12)              Iccq = Kpq Vtte + Kiq ∫ Vtt dt                        (13)                Kpq  and Kiq  are the proportional and integral gains of the PI 

controller over the PCC voltage,  Kpd  and Kid  are the 

proportional and integral gains of the PI controller over the 
DC bus voltage, the SRF control theory is based on the 

transformation of currents in synchronously rotating three to 
two dimensional frame d-q frame. The desired source current 
in d-q frame are obtain as, 

 𝐼𝑠𝑥𝑑 ∗= 𝐼𝐿𝑑𝑑𝑐𝑙 +𝐼𝑐𝑐𝑑                                                            (14)              𝐼𝑠𝑥𝑞 ∗ =  𝐼𝐿𝑞𝑑𝑐𝑙 + 𝐼𝑐𝑐𝑞                                                      (15) 

 
Where 𝐼𝑠𝑥𝑑∗  and 𝐼𝑠𝑥𝑞∗  are estimated dc components of active 

and reactive component of reference Source currents in d-q 
frame. 𝐼𝑐𝑐𝑞  and 𝐼𝑐𝑐𝑑     are the output results of the DC voltage 

of Proportional integral controller and AC voltage PI 

controller respectively. The standard value of 𝐼𝐿𝑥𝑑  and 𝐼𝐿𝑥𝑞  

are obtain from the two alike low pass filters 𝐼𝐿𝑑𝑑𝑐 and 𝐼𝐿𝑞𝑑𝑐 . The reference source currents are achieved as: 

 

[𝐼𝑠𝑥𝑎 ∗𝐼𝑠𝑥𝑏 ∗Isxc ∗ ]  =   23  [ sinωt cosωtsin(ωt − 2π3 ) sin(ωt + 2π3 )cos(ωt − 2π3 ) cos(ωt + 2π3 )]  [Isxd ∗Isxq ∗]    (16)  

 
Where the signals sinωt and cos ωt are obtained using the 
phase locked loop (PLL) over point of common coupling 
(PCC) voltage. Three-phase source reference currents are 
obtained by inverse Park’s transfromation. In a summing 
block, the source   (Isxa , Isxb , Isxc ) and reference currents 
(Isxa∗, Isxb ∗ , Isxc∗) are compared and a proportional controller 
is used for amplify these error currents in all the phases before 
compared with a source current to generate the gating pulses 
for six IGBT switches of VSC of DSTATCOM. The generated 
gating pulses control the IGBT switches to inject the current 
such that the sensed source currents accurately follow the 
reference source currents [18,19]. 

 

IV. RESULTS AND DISCUSSION 

 

 (a)  Output waveform analysis of  SRF based 

DSTATCOM with balance linear load for the 

compensation of  harmonic components  

 
Under balanced system timings of circuit breakers are 
identical to each other also the load must having identical load 
parameters.  

 
Fig.4 The performance analysis for linear balance load 
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It is observed that the at time t=0 to t=0.1 sec the 
DSTATCOM is switched OFF the source current is out of 
phase with source voltage and distorted at time  t=0.1sec the 
DSTATCOM is switched ON the source current is setting 
down at time t=0.3 sec and in phase with the source voltage as 
we desired ideally. 

 
 

Fig.5 THD analysis 
 
Fig.5 shows the harmonic distortion study of supply current 
before compensation the THD was 23.57% which is 
insupportable hence the harmonic distortion analysis of supply 
current after compensation the THD was 5.04%. 
 
 (b) Results analysis of SRF based DSTATCOM with 

unbalance linear load for load balancing and neutral 

current compensation 

 

 

 
Fig.6 The performance analysis for linear unbalance load 

It is found that at t=0 to t=0.1sec when the controller was off 
the source voltage and current are out of phase. Fig.6 shows 
the performance analysis for unbalanced linear load. This 
figure shows that at t=0.1sec when the controller was on the 
source current settled down in phase at t=0.3sec. Fig. 7 shows 
the FFT analysis for unbalanced nonlinear load, The THD was 
23.57% which is intolerable hence the harmonic distortion 
analysis of supply current after compensation. The THD was 
5.17%. 
 

 
Fig.7 THD analysis 

V. CONCLUSION 

 

A innovative control scheme based on synchronous reference 
frame (SRF) theory had been used for the four-leg 
DSTATCOM for three-phase four-wire distribution system to 
improve the performance under Balanced/ unbalanced linear 
load condition. The model was developed using Simulink and 
Sim Power System toolbox. The simulation was performed for 
balanced unbalance linear loads. It was seen that before the 
compensation for current was provided, the current and the 
voltage waveforms were out of phase not a pure sine wave . 
The SRF based DSTATCOM was connected in the system, 
the compensation for current was provided, and making the 
current and voltage waveforms in phase and make 
approximate sinusoidal waveform. The following objectives 
have been successfully achieved. 
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Regulation 

 
APPENDIX 

 

Table I-: Simulink performance parameters  
param

eter 

Unit Balanced linear 
load 

Unbalanced linear 
load Vs Volts 600 600 Is Ampere 25 25 Vdcl Volts 630 630 Vtt Volts 585 585 ILX Ampere 14 14 ILN Ampere 4 4 ISN Ampere 2 2 ICN Ampere 4 4 ICC Ampere 25 25 

Thd % 4.97 5.17 

 

Three phase supply voltage=415V, 50Hz.  
Supply Impedance: Rs=0.01Ω, Ls=1mH  

Unbalanced/ Balanced Non-Linear loads: Three single phase 
diode bridge rectifier R=25Ω and L=8mH  
DC bus Capacitor Cdc=4000 μF  

DC bus PI Controller: Kp = 0.10, Ki = 0.1  
Low pass filter :25Khz pf:0.707 
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