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Unbalanced Voltage Compensation Using Grid-Connected Photovoltaic System 
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ABSTRACT: Appropriate power quality is indispensable for electrical distribution networks, 
especially in microgrids including renewable energy sources. One of the critical issues affecting power 
quality is the unbalanced voltage. Voltage imbalance in microgrids spreads due to proximity of loads 
and power sources, causing instability, and eventually interruption. In general, unbalanced voltage can 
be compensated by using reactive power compensators, e.g. series active power filter and dynamic 
voltage restorer. However, these equipment imposes additional costs, which is not economically viable. 
Recently, the surplus capacity of inverter-interfaced Distributed Generations is used to improve voltage 
quality. In this regard, the control methods based on Proportional-Resonance controllers in αβ frame or PI 
controllers in a Dual-frame Synchronous Reference Frame (DSRF) are the usual methods that are used. 
The problem of limiting the output current in αβ frame and the problem of oscillating components in 
DSRF are the weakness of these methods. To resolve the mentioned drawbacks, a control method based 
on Decoupled Double Synchronous Reference Frame (DDSRF) is proposed in this paper for unbalanced 
voltage compensation, using a two-stage grid-connected Photovoltaic system. The simulation results 
show that despite the dynamic changes and the alternating nature of the Photovoltaic system in power 
generation, the proposed control system appropriately compensates the unbalanced voltage, and controls 
the DC link voltage and the Photovoltaic output power. After compensation using the proposed control 
strategy, the Voltage Unbalance Factor (VUF) and the Total Harmonic Distortion (THD) at the PCC are 
under the permissible range accounting for two percent and five percent, respectively.
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1- Introduction
Today, the penetration of renewable energy sources is 

increasing due to climate change, increasing production  of 
environmental pollutants, decreasing energy sources, and the 
rising trend of fossil fuel prices in the world energy market. 
Due to the growth of energy consumption and the cost of 
constructing new transmission lines, Distributed Generation 
(DG) units have become increasingly crucial to response to 
the requirements of energy consumers.  One of the renew-
able resources of DGs is solar energy. Solar power plants can 
be considered a suitable option to replace fossil fuel power 
plants [1-3]. 

In Photovoltaic (PV) based DG units, the output power is 
intermittent due to changes in environmental conditions. On 
the other hand, appropriate power quality is indispensable, 
especially in microgrids. One of the critical issues affecting 
power quality is an unbalanced voltage problem. Voltage im-
balance mainly happens due to unbalanced distribution of 
single-phase and nonlinear loads or grid faults. Unbalanced 
voltage in microgrids spreads due to proximity of loads and 
power sources, causing instability and ultimately microgrid 
disruption [4, 5]. On the other hand, due to the low inertia of 

DG sources and the high speed of power electronic  instru-
ments, the dynamics of the microgrids are much faster than 
the dynamics of conventional power systems, which multiply 
the probability of instability and voltage collapse [6, 7].

In general, unbalanced voltage can be compensated by 
different methods. We can mention these ways in compensa-
tion methods: using series active power filters and dynamic 
voltage restorers [8-10], injection of negative sequence cur-
rents into the system by parallel active filters [11], and using 
parallel-series compensators such as the unified power qual-
ity conditioner [12, 13]. The static synchronous compensa-
tor is another solution for unbalanced voltage compensation. 
In this method, voltage compensation at the desired point is 
done by injecting positive and negative sequences of reac-
tive power [14, 15]. The use of the methods mentioned for 
unbalanced voltage compensation imposes additional costs 
on the system, which is not economically viable. Authors 
in [16] develop a reactive power compensation strategy that 
uses single-phase distributed PV inverters to mitigate voltage 
unbalance. However, the proposed control method requires 
infrastructure communications. In [17], the control system is 
designed hierarchically at primary and secondary levels. The 
secondary level controller acts as the central controller, and *Corresponding author’s email: shahramkarimi@razi.ac.ir 
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sends appropriate control signals to the primary level control-
lers to compensate for the unbalanced voltage at PCC. Two 
methods for controlling the interface converter of a grid-con-
nected DG system for unbalanced voltage compensation are 
presented in [18]. The first method decreases the active pow-
er oscillation under unbalanced voltage conditions, and the 
second method focuses on controlling the negative sequence 
components of the current. In [19], the negative component 
impedance control loop at the unbalanced load connection 
point is used to improve the microgrid performance during 
unbalanced conditions. A three-level control method for un-
balanced voltage compensation and microgrid performance 
improvement is presented in [20]. The first level of the con-
trol system has the task of controlling the negative sequence 
components for adequate power sharing, the second level has 
the duty of the unbalanced compensation, and finally the third 
level has the task of improvement of power quality. In [17] to 
[20], methods for unbalanced voltage compensation in the αβ 
frame have been performed by Proportional-Resonance (PR) 
controllers. When the control system is implemented in the 
αβ frame, it is impossible to use a current limiter in the con-
trol system due to the sinusoidal current sources, which can 
damage converter during an overload or grid fault. 
Therefore, the researchers have proposed using PI control-
 lers in a Dual-frame Synchronous Reference Frame (DSRF)
control system [21, 22]. Nevertheless, DSRF cannot effec-
 tively distinct the positive and negative sequence components
 and causes the oscillating components in the d-q frame. In
[23] and [24], low-pass filters are used to reduce the oscillat-
 ing components and improve system performance. Moreover,
 low-pass filters do not entirely remove these oscillations and
 cause dynamic response slowing. In [25], Decoupled Double
Synchronous Reference Frame (DDSRF) is proposed to elim-
 inate these oscillatory signals. However, in [25], the reference
 current is assumed to be DC, which in most conditions is not
the case. In [26], a DDSRF-based method is proposed for un-
 balanced voltage compensation in a stand-alone microgrid.
 Moreover, in [26], an ideal constant DC source is considered

 .as a DC part, and the DC link dynamic is not considered
This paper presents an effective control method for a 

two-stage grid-connected Photovoltaic system to compensate 
for unbalanced voltage at PCC caused by unbalanced loads. 
DDSRF has been used to properly separate the sequence com-
ponents. Despite the dynamic and intermittent nature of the 
PV system, the proposed control system appropriately con-
trols DC link voltage, and PV output power. Using the pro-
posed control strategy, the Voltage Unbalance Factor (VUF) 
at PCC falls within its permissible range.

In the rest of the paper, the proposed DDSRF method is 
presented in section 2. In section 3, the proposed control sys-
tem of a two-stage grid-connected PV system is described. 
The grid-connected Photovoltaic system and its control sys-
tem are simulated using SimPowerSystem/Simulink, and the 
simulation results are shown in section 4. Finally, the conclu-
sion is presented in section 5.

2- DDSRF Structure
For unbalanced voltage compensation, the negative se-

quence components of voltage must be eliminated. Thus, the 
negative sequence components must first be separated from 
the positive sequence components. DDSRF has been used 
to better separate these sequence components, which will be 
discussed in the following. Fig. 1 illustrates the positive and 
negative sequence components of the unbalanced voltage 
vector in the DSRF, comprising a rotating frame  +dq with 
the angular speed ω,’ the angular displacement θ’, a rotating 
frame  -dq  with the angular speed of -ω’, and the angular 
displacement of -θ’. Assuming that the angular displacement 
of the frame +dq is equal to the angular displacement of the 
positive sequence components of the voltage vector θ›=ωt, 
the unbalanced voltage vector is expressed as follows:
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It can be seen that the voltage sequence components in the 
d-q frame comprise a dc part and a double frequency oscil-
lating part. To better separate the sequence components and 
eliminate the oscillating part, the DDSRF method is used. 

If we consider the unbalanced voltage and current as fol-
lows:
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Using the equations  . J
dqi e iθ

αβ

±± − ±=  and  . J
dqv e vθ

αβ

±± − ±= , 
positive sequence components of voltage and current can be 
expressed by separating dc and oscillating parts in the d-q 
frame:

1 cos ( 2 )
  .  

0 sin ( 2 )
d

dq dq
q

v t
v T v V V

v t





  



      = = = +            
   (1) 

cos ( ') sin ( ')
  

sin ( ') cos ( ')dq

T

dqTT
 
 

+ −     = =      − 
 (2) 

cos ( ) cos ( )
   

sin ( ) sin ( )
v t t

v v v V V
v t t


  


   
   

+ −
+ − + −

+ −

     + − +
= = + = +     + − +      (3) 

cos ( ) cos ( )
   

sin ( ) sin ( )
i t t

i i i I I
i t t


  


   
   

+ −
+ − + −

+ −

     + − +
= = + = +     + − +      (4) 

( 2 )  J t
dq dqdq

ACDC

v v e v   −  + −= +
 (5) 

( 2 )  J t
dq dqdq
DC AC

i i e i   −  + −= +
 (6) 

( 2 ) ( 2 ) J t J t
dq dq dqdq
DC AC Decoupling term

v v e v e v       −  + − −  + −

−

= + −
 (7) 

( 2 ) ( 2 )  J t J t
dq dq dqdq
DC AC Decoupling term

i i e i e i       −  + − −  + −

−

= + −
 (8) 

2
_ _( )
2

dc link dc link
pv dc

C dV
P P

dt
= −  (9) 

3( ) ( ) ( ) ( ) ( )
2t td td tq tqP t V t i t V t i t+ + + + + = +   

(10) 

3( ) ( ) ( ) ( ) ( )
2t td tq tq tdQ t V t i t V t i t+ + + + + = − +   (11) 

_ _
2( ) ( )

3td ref t ref
sd

i t P t
V

+ +
+=

 (12) 

_ _
2( ) ( )

3tq ref t ref
sd

i t Q t
V

+ +
+

−
=

 (13) 

( ) ( ) ( ) ( ) ( )d
f td sd f sq

dV tC i t i t C t V t
dt


−

− − −= − −  (14) 

( )
( ) ( ) ( ) ( )q

f tq sq f sd

dV t
C i t i t C t V t

dt


−
− − −= − +  (15) 

 (5)

1 cos ( 2 )
  .  

0 sin ( 2 )
d

dq dq
q

v t
v T v V V

v t





  



      = = = +            
   (1) 

cos ( ') sin ( ')
  

sin ( ') cos ( ')dq

T

dqTT
 
 

+ −     = =      − 
 (2) 

cos ( ) cos ( )
   

sin ( ) sin ( )
v t t

v v v V V
v t t


  


   
   

+ −
+ − + −

+ −

     + − +
= = + = +     + − +      (3) 

cos ( ) cos ( )
   

sin ( ) sin ( )
i t t

i i i I I
i t t


  


   
   

+ −
+ − + −

+ −

     + − +
= = + = +     + − +      (4) 

( 2 )  J t
dq dqdq

ACDC

v v e v   −  + −= +
 (5) 

( 2 )  J t
dq dqdq
DC AC

i i e i   −  + −= +
 (6) 

( 2 ) ( 2 ) J t J t
dq dq dqdq
DC AC Decoupling term

v v e v e v       −  + − −  + −

−

= + −
 (7) 

( 2 ) ( 2 )  J t J t
dq dq dqdq
DC AC Decoupling term

i i e i e i       −  + − −  + −

−

= + −
 (8) 

2
_ _( )
2

dc link dc link
pv dc

C dV
P P

dt
= −  (9) 

3( ) ( ) ( ) ( ) ( )
2t td td tq tqP t V t i t V t i t+ + + + + = +   

(10) 

3( ) ( ) ( ) ( ) ( )
2t td tq tq tdQ t V t i t V t i t+ + + + + = − +   (11) 

_ _
2( ) ( )

3td ref t ref
sd

i t P t
V

+ +
+=

 (12) 

_ _
2( ) ( )

3tq ref t ref
sd

i t Q t
V

+ +
+

−
=

 (13) 

( ) ( ) ( ) ( ) ( )d
f td sd f sq

dV tC i t i t C t V t
dt


−

− − −= − −  (14) 

( )
( ) ( ) ( ) ( )q

f tq sq f sd

dV t
C i t i t C t V t

dt


−
− − −= − +  (15) 

 (6)



A. Mohammadi et al., AUT J. Elec. Eng., 54(2) (2022) 295-312, DOI: 10.22060/eej.2022.21387.5472

297

od, the sequence components decoupled by subtracting the 
oscillating part of the positive and negative sequence compo-
nents, as follows:
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In Fig. 2, the block diagram of the sequence components 
extraction based on the DDSRF method for both voltage and 
current is shown. In this figure, the NF block is the notch 
filter that is tuned to eliminate the oscillating part. The block 
diagrams of the decoupling blocks are presented in Figs. 2c 
and 2d.

 

 

 

Fig. 1. Voltage vector in DSRF and separation of positive and negative sequence components [27] 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1. Voltage vector in DSRF and separation of posi-
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Fig. 2. Block diagram of sequence components extraction based on DDSRF method a) voltage 

components, b) current components c) voltage decoupling block d) current decoupling block 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2. Block diagram of sequence components extraction based on DDSRF method a) voltage compo-
nents, b) current components c) voltage decoupling block d) current decoupling block

As seen in equations (5) and (6), there is an oscillating 
part with twice the frequency of the grid frequency between 
the positive and negative d-q axes. Using the DDSRF meth-
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3- Proposed Control Strategy
In a two-stage grid-connected PV system, power control 

is done by controlling two converters. In the proposed control 
strategy, the DC-DC converter controls the power extracted 
from the Photovoltaic panels via MPPT control algorithm, 
and the voltage source inverter controls the output active 
power and compensates the unbalanced PCC voltage simul-
taneously. The main focus of this paper is on the inverter con-
trol under unbalanced load conditions. The proposed inverter 
control system has one inner and two outer control loops. 
The outer control loops include the DC link and PCC voltage 
control that produce the reference currents for the inner con-
trol loop. The inner control loop is a current controller that 
controls the inverter output currents. To adequately separate 
the positive and negative sequence components of the voltage 
and current signals, DDSRF is used. Fig. 3 shows the overall 
structure of the proposed control strategy for the two-stage 
grid-connected PV system. 

3- 1- DC Link Voltage Control Loop
To inject the active power generated by PV system into 

the grid, the DC link voltage must be controlled. The dynamic 
of the power exchanged between the DC link, and the PV 

system can be expressed as follows:
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Where, pvP  is the PV output power and dcP  is the DC link 
output power.

Ignoring the losses, the inverter output power, tP , can be 
considered equal to dcP . Therefore, the inverter output pow-
er is equal to the PV output power if the DC link voltage is 
regulated. Fig4 . depicts the DC link voltage controller. The 
inverter output active and reactive power under unbalanced 
conditions can be described as follows: 
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Fig. 3. Structure and block diagram of the proposed control strategy of a two-stage grid-connected PV 

system. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3. Structure and block diagram of the proposed control strategy of a two-stage grid-connected PV system.
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In the steady state, 0tqV + = , the positive sequence compo-
nents of the reference current in the d-q axes can be obtained 
as follows: 
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According to equations (12) and (13), the active and reac-
tive power can be controlled by the positive sequence compo-
nents of the reference current in the d-q axes.

3- 2- Unbalanced Voltage Compensation 
To compensate for the unbalanced PCC voltage, the nega-

tive sequence components of the PCC voltage should be 
eliminated. These components can be eliminated using ap-
propriate negative sequence components of the current gener-
ated by the inverter.

By applying Kirchhoff’s current law at the LCL filter and 
converting the equations to the negative d-q frame, the fol-
lowing equations are achieved:
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The control commands of the negative sequence compo-
nents, vdu − and vqu −  can be obtained after Laplace transforma-
tion:
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Equations (16) and (17) show that by adding and subtract-
ing f sqC Vω −  and f sdC Vω − , the components in the d-q axes can 
be decoupled. As a result, the negative sequence components 
of the reference current are generated, as presented  in Fig. 
5. The closed-loop transfer function of the current control-
ler,  which is explained in subsection 3.3, can be expressed 
as follows:
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where, iτ  is the time constant of the current controller.
According to Fig. 5, the open-loop transfer function of 

the control loop for unbalanced voltage compensation can be 
written as follows:
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where ( )vdqG s−  can be considered as a proportional control-
ler [28]:
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It is worth noting that _sd refV − and _sq refV − , which are the 
negative sequence components of the reference voltage in the 
d-q frame, are zero.

Additionally, the amplitude of PCC voltage is regulated 
by injecting an adequate value of the reactive power. Fig. 6 
shows the block diagram of the control system related to the 
PCC voltage regulation. In this figure, _sd refV +  is the desired 
voltage amplitude. The compensator ( )vacK s can be consid-
ered as a PI controller. The compensator parameters are de-
termined based on the gain and phase margin requirements, 
and the desired bandwidth of the control system.
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Fig. 4. Block diagram of the DC link voltage control system. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4. Block diagram of the DC link voltage control system.
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3- 3- Current Control Loop
By separating the positive and negative sequence compo-

nents using the proposed DDSRF, the inverter AC side dy-
namic in the positive, and negative reference frames are given 
as follows:
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where 1 2tL L L= + and 1 2( )t onR R r R= + +  are the inductance 
value and AC side resistance, respectively. 

As seen in equations (22) and (23), d and q-axes currents 
are coupled. To decouple these currents and by using the 
equations  ( ) . 

2
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2
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VV t m− −= , the con-

trol signals are considered as follows:
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where dqu + and dqu −  are the control signals. Fig. 7 illus-
trates the block diagram of the current controller in d-q ref-
erence frame. The open-loop transfer function of this control 

 

 

 

Fig. 5. Control loop for unbalanced voltage compensation. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5. Control loop for unbalanced voltage compensation.

 

 

 

Fig. 6. Block diagram of the PCC voltage regulator 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 6. Block diagram of the PCC voltage regulator
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system can be expressed as follows:
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where ( )dqG s± can be considered as a PI controller:
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a)                                                                                                     b) 

Fig. 7. Block diagram of the current controllers a) positive sequence components, b) negative 

sequence components 
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Fig. 7. Block diagram of the current controllers a) positive sequence components, b) negative 

sequence components 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 7. Block diagram of the current controllers a) positive sequence components, b) negative sequence components
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4- Studied System and Simulation Results
The system under study is a two-stage grid-connected 

PV system. Specifications of the PV module are presented 
in Table 1. The system parameters and the control system pa-
rameters are shown in Table 2 and Table 3, respectively. The 
load is a switchable Y-connection load with the impedance of 
0.1 + j0.01 Ω/phase, which each phase can separately discon-
nect or connect to the system.

The grid-connected PV system and the proposed control 
scheme have been simulated using the SimPowerSystem/

Simulink toolbox in the MATLAB software environment. 
During the simulation time, it is assumed that the ambient 
temperature is constant at 25ºc and the irradiance changes, as 
depicted in Fig. 8a. At the startup of the system under study, 
the Y-connection load is not connected, and later at t=2.25 s, 
this load is connected to the PCC. Furthermore, to apply an 
unbalanced load to the system, phase C of Y-connection load 
is open circuited at t=2.75 s, which leads an unbalanced PCC 
voltage.

Table 1. Specification of the PV system [29]  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 1. Specification of the PV system [29] 

Parameter value 

maximum power, Ppv 2.86MW  
voltage at MPP, Vmpp 1368 V 

current at MPP, Impp  2093 A 

number of series modules, ns 25 

number of parallel modules, np 375 

PV capacitor, Cpv 80 μF 

Table 2. Studied system parameters [28]

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 2. Studied system parameters [28] 

Parameter value 

boost converter inductance, Lb 738 μH 

boost converter resistance, Rb 5 mΩ 

switching frequency, fsw, fb 5 kHz 

DC link capacitance, Cdc-link 700 μF 

DC link voltage, Vdc-link  2500 V 

inverter side inductance, L1 350 μH 

inverter side resistance, R1 2.38 mΩ 

filter capacitor, Cf 2500 μF 

grid side inductance, L2 2 μH 

grid side resistance, R2 0.1 mΩ 

amplitude of voltage, Vs 391 V 

angular frequency, ω 377 rad/s  

grid inductance, Lg 50 μH 
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Table 3. Control system parameters

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 3. Control system parameters 

Parameter value 

kpd
+, kpq

+, kpd
-, kpq

- 0.39 
kid

+, kiq
+, kid

-, kiq
- 3.63 

Gff (s) 1
0.002s+1

 

kpv-d
-, kpv-q

- 1.5 

kp_vac 1 

ki_vac 2e6 

Gv (s) 1868 19
2077
+

+
( )

( )
s

s s

 

Figures 8 to 14 illustrate the obtained results. Fig. 8 shows 
the obtained results for the DC part of the studied system. 
The output power of PV and DC link voltage are shown in 
Fig. 8b and 8c, respectively. It can be seen that the changes 
in irradiance have a direct effect on the PV output power. The 
power value of 2.86 MW at the time of maximum irradiance 
reaches 1.41 MW for irradiance 524 W/m2. Additionally, Fig. 
8c shows that DC link voltage is well regulated despite irradi-
ance changes. In addition, Fig. 8b illustrates that the proposed 
strategy for unbalanced voltage compensation does not affect 
the PV system performance. However, after unbalanced load 
connection is fluctuated at =2.75 s, the DC link voltage com-
ponents by the inverter due to the production and injection of 
negative sequence.

The positive and negative sequence components of the in-
verter output voltage and current at d and q axis are presented 
in Fig. 9. As can be seen, the positive sequence component of 
PCC voltage in d-axis is well controlled and follows its refer-
ence (391 V). In addition, the positive sequence component 
of PCC voltage in q-axis is zero due to the PLL function. As 
a result, the changes in irradiance do not affect the perfor-
mance of AC voltage control system. Furthermore, as can be 
seen in Fig. 9, the waveform of positive sequence component 
of inverter current in d-axis is similar to PV power because 
with the constant dV +  and 0qV + = , the output power is directly 
controlled by dI + . The negative sequence components of the 
inverter current are negligible before unbalanced load con-
nection. However, after t = 2.75 s, the negative sequence cur-
rents are injected to compensate for the unbalanced voltage. 

The inverter output currents and three-phase voltages 
at PCC are shown in Fig. 10 and Fig. 11, respectively. Fig. 
11 depicts that the unbalanced PCC voltage is appropriately 
compensated and regulated.

According to the IEC standard, VUF should be less than 
2% [30]. This factor is actually obtained by dividing the neg-
ative sequence voltage by the positive sequence voltage. Fig. 
12 shows the VUF of PCC voltage. As can be seen, the VUF 
is about 6.1% at t = 2.78s, and its value falls within permis-
sible limit (2%) after about 0.4s. In addition, the VUF reaches 
a value of 0.18% at t = 4s. Fig 13 presents the FFT analysis 
results. As shown in Fig. 13a, after balanced load connec-
tion, the Total Harmonic Distortion (THD) of PCC voltage is 
0.29%. According to Fig. 13b, after unbalanced voltage com-
pensation the value of THD is 0.77%. The amount of THD 
and VUF are summarized in Table 4. As one can see, the 
simulation results confirm the effectiveness of the proposed 
control strategy for unbalanced voltage compensation.

Fig. 14 illustrates the active power flow in the AC side. As 
can be seen, before load connection, the PV power is injected 
into the grid. The three-phase load is connected to the PCC 
at t = 2.25s and imposes 2.16 MW. Due to the downward 
trend of the output power of the inverter, the rest of the load 
power is supplied by the grid. As the PV power increases, 
the grid power decreases consequently. By unbalanced load 
connection at t = 2.75s, due to disconnection of phase C of Y-
connection load, the amount of load active power decreases 
to approximately 1 MW. As the PV power is increased, the 
load is supplied and the rest of the active power is injected 
into the grid. 
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Fig. 8. a) Irradiance b) PV power c) DC link voltage
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Fig. 8. a) Irradiance b) PV power c) DC link voltage 
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Fig. 8. a) Irradiance b) PV power c) DC link voltage 
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Fig. 8. a) Irradiance b) PV power c) DC link voltage 
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Fig. 9. Positive and negative sequence components of inverter output voltage and current at d and q 

axis 

 

 

 

 

 

 

 

 

 

 

Fig. 9. Positive and negative sequence components of inverter output voltage and current at d and q axis
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Table 4. THD and VUF of PCC voltage
 

 

 

 

 

 

 

 

 

 

 

 

 Table 4. THD and VUF of PCC voltage 

Parameter After applying a 

balanced load 

After applying an 

unbalanced load 
THD (%) 0.29 0.77 

VUF (%) < 0.1 0.18 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 10. the inverter output currents 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 10. the inverter output currents
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Fig. 11. PCC voltage 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 11. PCC voltage
 

 

 

Fig. 12. the Voltage Unbalance Factor (VUF) of PCC voltage 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 12. the Voltage Unbalance Factor (VUF) of PCC voltage
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b) 

Fig. 13. THD of PCC voltage a) under balanced load b) under unbalanced load  

 

 

 

 

 

 

 

 

  

 

Fig. 13. THD of PCC voltage a) under balanced load b) under unbalanced load  
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Fig. 14. Active power flow in the AC side 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 14. Active power flow in the AC side

5- Conclusion
This paper presents an effective control method for two-

stage grid-connected Photovoltaic system to compensate for 
unbalanced voltage at PCC caused by unbalanced loads. To 
appropriately separate the sequence components of voltage 
and current signals, DDSRF has been proposed. Despite the 
dynamic and intermittent nature of the PV system, the pro-
posed control system properly controls DC link voltage and 
PV output power. Using the proposed control strategy, VUF 
at the PCC falls within its permissible range (2%), and THD 
of PCC voltage remains less than 1%. As a result, this paper 
shows that the grid-connected Photovoltaic system can be 
used as a grid-support for PCC voltage regulation and unbal-
anced voltage compensation. 

6- Nomenclature
( )ffG s  Feed forward filter in the current control 

loop 
iαβ

+  positive sequence αβ  components of the inverter 
current

iαβ
−  negative sequence αβ  components of the inverter 

current
dqi +  positive sequence dq components of the inverter 

current
dqi −  negative sequence dq components of the inverter 

current
dqi

+  DC term of positive sequence dq components of the 
current

dqi
−  DC term of negative sequence dq components of the 

current
dqi

+
  AC term of positive sequence dq components of the 

current
dqi

−
  AC term of negative sequence dq components of the 

current

pdqk +   Proportional controller coefficient of the positive 
current control loop 

pdqk −  Proportional controller coefficient of the negative 
current control loop

idqk +  Integral controller coefficient of the positive current 
control loop 

idqk −  Integral controller coefficient of the negative current 
control loop

p vack −  Proportional controller coefficient of the 
PCC voltage control loop 

i vack −  Integral controller coefficient of the PCC 
voltage control loop

pv dqk −
−  Proportional controller coefficient of the 

negative control loop for unbalanced voltage compensa-
tion 

v αβ
+  positive sequence αβ  components of the voltage

v αβ
−  negative sequence αβ  components of the voltage

dqv +  positive sequence dq components of the voltage
dqv −  negative sequence dq components of the voltage
dqv

+  DC term of positive sequence dq components of the 
voltage

dqv
−  DC term of negative sequence dq components of the 

voltage
dqv

+
  AC term of positive sequence dq components of the 

voltage
dqv

−
  AC term of negative sequence dq components of the 

voltage

Greek symbols
θ  angular displacement

iτ  time constant of the current controller
ω  angular frequency
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