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Abstract 
 

In this paper, the assessment of different control techniques used in 

Distributed Static Compensator (DSTATCOM) is analysed. The control 

techniques which are compared in this paper are Synchronous Reference 

Frame (SRF) theory, Adaptive Filter based on synchronous extraction, 

Modified SRF theory. A Photo Voltaic (PV) array is modelled and proposed 

for feeding the three phase Voltage Source Inverter (VSI) incorporated with a 

boost converter to enhance the PV array voltage to meet the DC bus voltage. 

The above stated control strategies are implemented to generate the firing 

pulses to the VSI which will improve the power quality of the system. These 

models are fabricated and developed in MATLAB/SIMULINK environment 

with non-linear and unbalanced load conditions. In all the control strategies, 

the source current %THD is brought down below 5% which meets out the 

IEEE-519 standards. 

 

Keywords: DSTATCOM, Power quality improvement, Total Harmonic 
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Introduction 
In recent era, the power quality improvement using renewable resources has been 

concentrated by many scholars owing to the proliferation of the non-linear loads in 

the distribution side [1]. Maximum of the electrical loads utilized now-a-days are 

having non-linear characteristics. e.g. SMPS, motor drive applications, computer 

loads, ballasts etc. These loads are the main reason for the generation of harmonics in 

supply current which also exceeds the neutral current. There are various renewable 

sources like PV, wind power, fuel cell, tidal power, geothermal, etc. In this paper, PV 

array is used for power quality improvement. The PV cell is having the proficiency to 
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connect in series and parallel for increasing the voltage and current magnitudes 

correspondingly. The power produced from the solar panel require power 

conditioning before linking it to the dc bus capacitor and the voltage level is also not 

adequate to meet the reference value. So, it is prerequisite to connect a boost 

converter for increasing the voltage magnitude. The stepped up voltage from boost 

converter is fed to the dc bus thereby the voltage is maintained constant. 

     The distribution system is under extreme power quality problems because of the 

non-linear loads. Harmonic currents, load unbalance, high reactive power demand and 

extravagant neutral currents are the problems faced in the distribution side. So 

Custom Power Devices (CPDs) like DSTATCOM, Dynamic Voltage Restorer 

(DVR), and Unified Power Quality Conditioner (UPQC) are applied to provide 

solutions to the above stated issues. DSTATCOM is used in this paper to mitigate the 

above power quality issues. A comparison is performed with three different control 

strategies for same load and source conditions. The control strategies used in this 

paper are SRF theory, Adaptive filter based on synchronous extraction and a modified 

SRF theory. 

 

 

System Configuration of DSTATCOM 
A solar array is connected as the input to the boost converter whose output is fed as 

input to the DC link capacitor (Cdc). This DC link capacitor acts as the source to the 

Voltage source inverter (VSI). The switching devices which are used in VSI are 

Insulated Gate Bipolar Transistor (IGBT‟s). An inductor is used at the output of the 

VSI which is used to filter out the ripple content in the output current. A ripple filter 

which is connected at the Point of Common Coupling (PCC) is to minimise the ripple 

voltage owing to the switching current at the VSI. Fig.1. depicts the block diagram of 

the proposed model. 

     The value of voltage which is to be maintained across the DC link is calculated 

with respect to the output voltage of VSI. The expression for voltage across DC link is 

given by eqn.(1) 

     
m

V
V LL

dc
3

22
          (1) 

     Where VL-L is the line to line voltage which is taken as 415V and m signifies the 

modulation index which is considered as 1. By calculating Vdc, we get the value as 

677.6V and it is rounded off to 678V.  
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Figure 1: System Configuration of Proposed System 

 

 

Modelling of PV Array 
A PV array comprises of several PV cells which are connected in series and parallel. 

These PV cells are having the proficiency to connect in series and parallel for 

increasing the voltage and current magnitudes respectively [3]-[5]. Fig.2 depicts the 

electrical equivalent of Solar cell. 

 

 
 

Figure 2: Electrical Equivalent of A Solar Cell 

 

     The model of PV panel is prepared in MATLAB using the parameters which are 

available from SANYO-240HDE4 datasheet at an irradiation 1000W/m
2
 and at 25

o
C 

temperature. The specifications of the solar panel is shown in Table.1 
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Table 1: Specifications of the Solar Panel Used 

 

 
 

     For modelling a Solar cell, equation (2) is taken into consideration. The equation 

for the cell current (Im) is 
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     Where Ipv is the photo current, Io is the diode reverse saturation current given by 

1
)/( Toc VV

pv

o
e

I
I  , V is the cell voltage, Rs denotes series resistance, Rp denotes shunt 

resistance, VT denotes thermal voltage which is equal to 
q

kT
VT  (Where k is 

Boltzmann constant and q is the charge of electron). The photo current is given by 

eqn.(3) 
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))((
G
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     Where Iscr is short circuit current at reference temperature, ΔT is change in 

temperature in Kelvin and G is Irradiance in W/m
2 

     The V-I characteristics of the above mentioned solar panel are shown in figure (3). 
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Figure 3: V-I Characteristics of Solar Panel 

 

 

Control of Dc Bus Voltage Using Boost Converter 
A boost converter will enhance the input voltage to the required output voltage. Boost 

converter is fed from the PV array. The basic working principle of a boost converter 

can be illustrated in two modes. In Mode 1, when the switch (SW) is turned ON, 

inductor stores energy from the input. In Mode2, when the switch (SW) is turned 

OFF, the source voltage is added up with the inductor voltage and the current is flown 

via diode to the load. Hence the voltage is boosted up [6]. The boost converter circuit 

diagram is depicted in the Fig.4.  

 

 
 

Figure 4: PV Panel and Boost Converter 

 

     By choosing an appropriate duty cycle, the boost converter output voltage is 

maintained at 676V. The expression for boosted output voltage is given by 

DV

V

in

out

1

1
 and 

OFFON

ON

TT

T
D where D denotes duty cycle, TON and TOFF are the 

ON and OFF time periods respectively. 

 

 

Control of DSTATCOM 
In this paper the performance of three control schemes are analysed using 

MATLAB/Simulink software. They are SRF theory, Adaptive Filter based on 

synchronous extraction and a modified SRF theory. 
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A. Synchronous Reference Frame (SRF) theory 

The block diagram of SRF controller is depicted in Fig.5. Feedback signals are sensed 

from several points like DC link voltage of STATCOM, PCC voltages, load currents 

and source currents [1]. The load currents are transformed from abc frame to dq0 

frame using the equation (4).   
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     Where ila, ilb and ilc are the load currents which are sensed. A Phase Locked Loop 

(PLL) is employed to synchronisation purpose. The transformed dq0 components are 

fed to a Low pass filter in order to acquire the DC components. Two inputs are fed 

into the PI controller 1 i.e. Vdc and Vdc
*
. The two inputs are compared and then the 

error is fed into PI controller 1. The signal from the PI controller 1 is loss component 

of current (Iloss) as mentioned in the eqn. (5).  

     )()1()()1()( )( ndeidndendepdnlossnloss vkVVkii       (5) 

     Where Vde(n) is the error occurred at the n
th

 sampling instant of Reference DC bus 

voltage and the sensed DC bus voltage. kid and kpd denotes the integral and 

proportional gains of PI controller. The direct axis component of reference current 

(id
*
) is given by eqn. (6) 

     lossddcd iii*           (6) 

 
 

Figure 5: Controller For SRF Theory 
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     Likewise the error between the amplitude and the reference value of PCC voltage 

is given to PI controller 2 and the output signal from the PI controller 2 is the 

quadrature current component (iqr) derived using eqn. (7) 

     )()1()()1()( )( nteiqntentepqnqrnqr vkVVkii       (7) 

     Where Vte(n) is the error value which is given to the PI controller at the n
th

 

sampling time. kiq and kpq denotes the integral and proportional gains of PI controller. 

The reference value of quadrature current component (iq
*
) is expressed in the eqn. (8)  

     qrqdcq iii*           (8) 

 

B. Adaptive Filter (AF) based on synchronous extraction 

In this control strategy, the reference currents are derived in the time domain using 

synchronous extraction [8]. The elementary steps involved in the control algorithm 

are  

 

(i) Estimation of Cos and Sin Components of The PCC Voltages 

Sinθva and cosθva are the sine and cosine components of phase „a‟ which are obtained 

using sinusoidal tracking algorithm. The block diagram of sinusoidal tracking 

algorithm is depicted in the figure 6. 

     A1, A2 and A3 are the internal constants in the algorithm which are used to choose 

the accuracy and speed [7]. The outputs from this block are the in-phase and 

quadrature components of PCC voltage of phase „a‟ vpa and vqa. PCC voltage 

amplitude is given by eqn. (9) 

     )(
3

2 222

scsbsat vvvV          (9) 

 

 
 

Figure 6: Sinusoidal Tracking Algorithm 
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     Where vsa, vsb and vsc are the PCC phase voltages. Similar estimation is done for 

other two phases „b‟ and „c‟. The sine and cosine components derived for other two 

phases are Sinθvb, Sinθvc, cosθvb and cosθvc. 

 

(ii) Estimation of Load Current’s Magnitude For Active and Reactive 

Component 

By performing necessary mathematical calculations, the output derived is the active 

and reactive component ILpa and ILqa which are with respect to the phase „a‟. Similarly 

the estimation of other two phases is done [8]. The magnitude of real and reactive 

power components of 3-phase load currents are calculated using sum of individual 

magnitudes of real and reactive power current components which is divided by 3 . 

This is mathematically expressed in eqn. (10) 

     
3/)(

3/)(

LqcLqbLqaLqA

LpcLpbLpaLpA

iiiI

iiiI
                  (10) 

 

(iii) Estimation of Reference Source Current’s Magnitude For Real And Reactive 

Component 

The input for PI controller 1 is the error amongst the sensed DC bus voltage (Vdc) and 

the reference DC bus voltage (Vdc*). The output of this PI controller is the current 

loss component (Iloss). The magnitude of active component of reference source current 

(Ispt) is the sum of loss current component Iloss and the average value of active load 

currents (ILpA) is showm in eqn. (11). 

     i.e. LpAlossspt III                   (11) 

     Likewise the error between the amplitude and the reference value of PCC voltage 

is given as input to the PI controller 2 and the output signal is the quadrature current 

component (Iqr). The magnitude of reactive component of supply reference current 

(Isqt) is the difference between Iqr and the average value of the reactive load current 

(ILqA) which is depicted in eqn. (12.) 

     LpAqrsqt III                    (12) 
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Fig.7 Adaptive filter controller 

 

(iv) Estimation of Reference Source Current and PWM Pulse Generation 

The real and reactive components of reference source currents are determined using 

the eqn. (13) 
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     Therefore the reference source currents are derived from eqn. (14) 
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     The reference and sensed source currents are compared and the PWM pulses are 

generated which are given as the firing pulses to the VSI. 

 

C. Modified SRF Theory 

This modified SRF method is used to mitigate the harmonics with more precision in 

real time applications. The control algorithm of this Modified SRF theory is shown in 

the Fig.9. This method contains generation of unit vector, d-q transformation, 

harmonic current controller, regulation of DC link voltage and generating PWM 

pulses [11]. 
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     Generation of unit vector is performed in the easiest and efficient method as shown 

in the Fig.8. For the generation of unit vector, the instantaneous supply voltages are 

sensed. These supply voltages are transformed to 2-phase stationary voltages 

using the Clarke‟s transformation and theses signals are fed to a 1
st
 order low pass 

filter in order to get the DC components. This method of generation of unit vector 

leads to the exclusion of high frequency noises, grid harmonics and reactive power 

disturbances. 

 

 
 

Figure 8: Generation of Unit Vector 

 

     These  components are transformed to the synchronous rotating reference 

frame d-q frame using the parks transformation. In the similar manner, the filter 

currents are also transformed from abc to d-q frame of reference.  

 

 
 

Figure 9: Modified SRF Controller 
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     The inner current loop control is shown in the Fig.10. These are controlled using a 

PI controller. This can be achieved using the equation (15). 

     
dtikikv

dtikikv

qiqpq

didpd

*

*

                   (15) 

 

 
 

Figure 10: Inner Harmonic Current Loop Control 

 

     Where id and iq are the current errors. The PI controller transfer function is given in 

eqn.16  
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     The error amongst the DC bus voltage (Vdc) and the reference DC bus voltage 

(Vdc*) is given as input to a PI controller so that the voltage across the capacitor is 

maintained constant. A PWM generator is used to generate the pulses and these pulses 

are given to the VSI. 

 

Results and Waveforms 
A. SRF Theory 

The waveforms of load and source currents using SRF theory are shown in Fig.11(a) 

and 11(b) 

 

 
 

Figure 11(a): Load current waveform for SRF controller 
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Figure 11(b): Source Current Waveform For SRF Controller 

 

     The THD analyses for load and source currents are shown in Fig. 11(c) and 11(d) 

 

 
 

Figure 11(c): Load current THD 

 

 
 

Figure 11(d): Source current THD 
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B. Adaptive filter control strategy 
The waveforms of load and source currents using Adaptive Filter (AF) control 

strategy are depicted in Fig.12(a) and 12(b) 

 
 

Figure 12(a): Load current waveform for Adaptive filter 

 

 

Figure 12(b): Source Current Waveform For Adaptive Filter 

 

     The THD analyses for load and source currents are depicted in Fig. 12(c) and 12(d) 

 

 
 

Figure 12(c): Load current THD 
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Figure 12(d): Source Current THD 

 

C. Modified SRF Theory 
The waveforms of load and source currents in Modified SRF theory are shown in 

Fig.13(a) and 13(b) 

 

 
 

Figure 13(a): Load Current Waveform For Modified SRF Theory 

 

 
 

Figure 13(b): Source Current Waveform For Modified SRF Theory 

 

     The THD analyses for load and source currents are shown in Fig. 13(c) and 13(d) 

L
o
ad

 C
u
rr

en
t 

in
 A

 
S

o
u
rc

e 
C

u
rr

en
t 

in
 A

 

Time (sec) 

Time (sec) 



Comparison of Different Control Techniques For Dstatcom With Pv Array et.al. 17099 

 
 

Figure 13(c): Load current THD 

 

 
 

Figure 13(d): Source current THD 

 

     The DC bus voltage waveform is depicted in Fig.14. 

 
 

Figure 14: DC bus voltage 
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     The above waveforms show the load and source current for all the three control 

strategies with the THD analysis. Tabulation below shows the comparison of the 

control techniques. 

 

Table 2: Comparison of The Performance of Different Control Strategies 

 

Control Strategy Load Current THD % Source Current THD% 

SRF theory 15.71 3.07 

Adaptive Filter 16.22 3.42 

Modified SRF theory 14.69 3.43 

 

     From Table 2, it is inferred that SRF control strategy performs better in the 

mitigation of harmonics in the source current. Using SRF Theory the %THD is 

reduced from 15.71% to 3.07% whereas Adaptive filter decreases 16.22% to 3.42% 

and Modified SRF theory reduces 14.69% to 3.43%. When the execution speed is 

compared, Adaptive filter is quickest among all the control strategies. In Adaptive 

filter, the speed can be varied using the internal constants which are used in the 

controller. 

 

 

Conclusion 
DSTATCOM with Solar panel and boost converter are implemented for a 3-phase 

distribution system with different control strategies. The %THD of source current is 

well below 5% according to IEEE-519 standards. The DC link voltage is maintained 

constant in all the three control strategies using the solar panel and a boost converter. 

The comparison is performed under varying load and source conditions. These results 

are obtained for non-linear and unbalanced load conditions.  

 

 

Appendix -1 
3-phase line voltage : 415V, 50Hz 

Line impedance : 8Ω and 19mH 

Non-linear Load : 3-phase diode bridge rectifier with 27Ω and 10mH 

Unbalanced load : 27Ω + 20mH (R-phase), 10Ω + 20mH (Y-phase), 27Ω +  

  10mH (B-phase) 

Ripple filter  : 1Ω and 100μF 

AC inductor  : 25mH 

DC link capacitor : 3000μF 

DC link voltage : 678V 
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