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Abstract— In this paper, an implementation of three phase 

synchronous reference frame (SRF) theory based control 

algorithm for functions of DSTATCOM in power factor 

correction (PFC) under nonlinear distribution system. A SRF 

theory based control algorithm is used for extraction of 

fundamental active and reactive power components of load 

currents. These components are used for estimation of 

reference source currents. The DSTATCOM is developed in 

three phase system and its real time performance is studied 

using MATLAB Simulink. The performance of 

DSTATCOM is found satisfactory with proposed control 

algorithm for nonlinear distribution system. 

Key words: Power Factor Correction, Matlab Simulink, SRF 

Theory, Dstatcom, Vsc, Non Linear Load, Reactive Power 

Compensation, Non Linear Load. SRF Theory, Dstatcom, 

Vsc, Reactive Power Compensation 

I. INTRODUCTION 

The power quality problem in AC distribution system are 

mainly proliferation of different type of nonlinear loads, un-

planned expansion of distribution system etc. These power 

quality problems include high reactive power burden, 

harmonic currents, load unbalance and excessive neutral 

current [1-6]. The power quality at point of common coupling 

(PCC) is regulated by various standards such as IEEE-519 

standard [7]. Three phase DSTATCOM is used for voltage 

regulation or power factor improvement, harmonic 

elimination and load balancing in three-phase system with 

linear and nonlinear load [8-9]. The performance of 

DSTATCOM is depends upon the selection of control 

algorithm and design. There are different type of algorithms 

are present for extracts the reference source currents to 

control the DSTATCOM such as Instantaneous Reactive 

Power (IRP) theory, Instantaneous Symmetrical 

Componanets (ISC), PI controller based algorithms, Current 

Synchronous Detection (CSD), p-q theory based control 

algorithm are present in literature [10-12]. 

In this paper, a DSTATCOM is implemented with 

three phase distribution system, which is based on 

synchronous reference (SRF) theory for extraction of load 

current [13]. This control algorithm on DSTATCOM is 

implemented for harmonic compensation, power factor 

correction and current compensation at source in distribution 

level with nonlinear loads. The three-leg VSC compensates 

the harmonic current and reactive power and balances the 

load. The insulated gate bipolar transistor (IGBT) based VSC 

is self-supported with a dc bus capacitor and is controlled for 

the required compensation of load current. The DSTATCOM 

is designed and simulated using MATLAB software with its 

Simulink and power system block set (PSB) 

II. DESIGN OF DSTATCOM 

DSTATCOM is used to generate or absorb reactive power. 

The DSTATCOM is a three-phase shunt connected power 

electronics based device. It is connected near the load. It 

consists of a dc capacitor, three-phase inverter (IGBT, 

thyristor), ac filter, coupling transformer and a control circuit 

as shown in figure 1. The important part of the DSTATCOM 

is the voltage source inverter that converts an input dc voltage 

into a three phase output voltage at fundamental frequency. 

The controller of the D-STATCOM is used to operate the 

inverter in such a way that the phase angle between the 

inverter voltage and the line voltage is dynamically adjusted 

so that the D-STATCOM generates or absorbs the desired 

reactive power at the Point of common coupling (PCC). If 

output voltage of the inverter is equal to system voltage Vs, 

the reactive power is zero and the D-STATCOM does not 

generate or absorb reactive power. 

 
Fig. 1: Single-line diagram of DSTATCOM 

When inverter voltage is greater than system voltage, the 

current Ic, flows through the coupling inductor from the D-

STATCOM to the ac system, which means DSTATCOM 

injects the current to the system and the device generates 

capacitive reactive power. If the inverter voltage is less than 

system voltage, the current flows from the ac system to the 

DSTATCOM, resulting in the device absorbing inductive 

reactive power. A three-phase voltage source converter 

(VSC) is realized using six IGBTs switches with anti-parallel 

diodes. Three phase loads may be a lagging power factor load 

or an unbalance load or a nonlinear load. A filter is connected 

to the system in parallel with the load and the compensator to 

reduce switching ripples in the PCC voltage injected by 

switching of DSTATCOM. 

 
Fig. 2: (a) Single line diagram of DSTATCOM system (b) 

Phasor diagram for UPF operation. (c)ZVR operation 

III. CONTROL ALGORITHM 

The control approach used for estimation of reference AC 

mains currents for the control of VSC is a synchronous 

reference frame theory (SRFT). The SRF theory based on the 

trans-formation of load currents in synchronous rotating d-q 

frame. This control system is shown in fig.2 
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Fig 3. Generation of reference currents using SRF theory 

based control algorithm 

IV. SIMULATION RESULTS 

 
Fig. 4: Performance of Three phase DSTATCOM with SRF 

theory based control algorithm for PF 

 
Fig. 5: Performance of Three phase DSTATCOM with SRF 

theory based control algorithm for PFC 

 
Before 

STATCOM 

After 

STATCOM 

THD of Source 

Voltage in Linear 

controller 

9.48% 2.39% 

THD of Source 

Current in Linear 

controller 

4.42% 1.70% 

THD of Source 

Voltage  in SRF 

controller 

10.75% 2.30% 

THD of Source 

Current  in SRF 

controller 

3.90% 1% 

Table 1: Before STATCOM & After STATCOM 

V. CONCLUSION 

A DSATCOM has been employed for compensation of 

nonlinear loads at distribution level using synchronous 

reference frame theory based control algorithm on three 

phase system. The SRF theory based control algorithm is 

used for extraction of balanced per phase active and reactive 

power for generation of reference currents. Various functions 

of DSATCOM in nonlinear distribution system such as 

harmonic elimination, source current compensation and load 

balancing have been demonstrated in power factor correction 

observed as per expected. The dc bus voltage of the 

DSATCOM has been regulated to the reference dc bus 

voltage under all varying loads. Based on simulated and test 

results, it is concluded that developed DSATCOM and its 

control algorithm has been found suitable for PFC operation 

in time varying loads. 

APPENDIX 

 Ac suuply source: 3-Phase, 415 V (L-L), 50 Hz; 

 Source Impedance: R
s 
= .01 Ohm, L

s 
= .4 mH; 

 Non Linear Load: Three phase full bridge uncontrolled 

rectifier with R= 3 ohm and L= 200 mH; 

 Ripple filter: R
f
= 5 ohm and C

f 
= 10 micro F; 

 DC bus Capacitance: 3000 micro Farad; DC bus Voltage: 

700 V 
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