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Abstract—This paper presents control and configuration of pho-
tovoltaic fed unified power quality conditioner for the purpose of 
power quality enhancement. Literature studies convey that fixed 
PI gains used in the control schemes of Unified Power Quality 
Conditioners (UPQC) and PV-UPQC cannot easily adapt to vari-
ous dynamic conditions. In this paper a novel online tunings meth-
od for PI control gains is adopted in the controllers of series and 
shunt converters of PV-UPQC. Unlike the previously implemented 
JAYA algorithm which has a single objective function utilized in 
the controller of DSTATCOM for improvement of only current 
quality, the new adaptive JAYA algorithm has two separate ob-
jective function, employed in shunt and series inverter control of 
PV-UPQC system for improvement of both current and voltage 
quality under various operational scenarios for power quality is-
sues. The experimental results verify that implementation of JAYA 
based auto tuning PI controller increases the adaptivity of PV-UP-
QC system towards various dynamic conditions. Results obtained 
are compared with conventional optimization algorithms with 
fixed PI gains pertaining to a distribution system for validating its 
efficacy.

Index Terms—Adaptive JAYA Optimization, current harmonics, 
power quality, PV-UPQC, voltage sags/swells.

I. IntroductIon

THE  sudden increase in application of non-linear loads in 
distribution system has induced power quality issues relat-

ed to voltage and current which has become a serious concern 
among researchers. The advanced semiconductor technology 
based systems are the primary cause of current perturbations in 
the distributed system. Moreover, these nonlinear loads behave 
abnormally in presence of voltage disturbances. Thereby power 
quality enhancement devices or power conditioners have re-
ceived much concentration towards power quality enhancement 
applications [1], [2]. Among various power types of condition-
ers unified power quality conditioner (UPQC) has earned enor-
mous interest due to high performance capability for mitigation 
of voltage and current perturbations in the distribution system 
[2], [3]. Moreover, increased proliferation of renewable energy 
systems like solar and wind to the distribution systems have 
become major concern due to their intermittent nature. Various 

topologies for grid connected PV systems are reported along 
with active filtering solution to maintain the current quality in 
the supply system [4]. PV grid integration adds advantage to the 
conventional system but due to the presence of nonlinear loads, 
voltage perturbations which appear at the point of common cou-
pling (PCC). Therefore the demand of the future energy systems 
to acquire improved power quality can be achieved through 
suitable grid integration topology with satisfactory cost effective 
solutions. The utilization of UPQC for grid integration of PV 
systems has increased the functionality of conventional UPQC 
which provide desired solution for issues related to power qual-
ity and protection of critical loads from voltage fluctuations [5], 
[6]. 

Power control of inverters of UPQC has been traditionally 
implemented with SRF, modified SRF theory [7], resonant 
controllers (PR-R and V-PI) [9], and UVTG controller [8], [10] 
for the generation of reference signals. Despite of good per-
formance of advanced controllers for UPQC, conventional PI 
controllers fail to operate satisfactorily in dynamic conditions of 
voltage and current, due to its non zero steady state error. The 
utilization of PI controller for conventional control algorithm 
for PV interfaced UPQC system may not provide satisfactory 
performance during dynamic conditions. As the PV interfaced 
UPQC system is responsible for simultaneous elimination of 
various voltage and current power quality issues. Therefore the 
need to design an advanced controller and perfect PI controller 
gains in concern with adaptavity towards severe conditions of 
grid cannot be ignored. 

The drawback of the utilized optimization schemes for 
PV-DSTATCOM lies in the selection of appropriate parameter 
to reach the optimum solution [11], [12]. On the contrary, find-
ing the optimum solution by selection of proper system param-
eters becomes difficult, for complex system like PV-UPQC. In 
this regard, a rigorous literature survey have been done, which 
clearly reveals that many attempts have adopted for the perfor-
mance enhancement of UPQC but there are very few literatures 
reported for PV-UPQC systems for performance and efficiency 
enhancement through the utilization of optimization schemes 
which is specifically free from algorithmic parameters. The 
conventional optimization schemes may be inactive during the 
dynamic conditions and there is much chance to converge at local 
minima due to inappropriate selection of the control parameters. 
Utilizing advanced optimization algorithms for PV-DSTATCOM 
in [11], solution for only current quality issues with fixed PI 
controller gains have been presented. Therefore an initiative 
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has been taken by the authors to enhance the performance of 
PV-UPQC system.

Traditional evolutionary optimization algorithms have com-
mon controlling parameters like population size, number of 
generations and they also require algorithm specific parameters 
like PSO uses inertia weight, cognitive parameters; Ant col-
ony bee uses number of onlooker bees, employed bees [11]. 
Considering all these facts, JAYA optimization algorithm has 
an advanced solution, which doesn’t use the algorithm specific 
parameters, but it only depends on the common controlling 
parameters. The JAYA algorithm also has major advantage 
over Teaching Learning Based Optimization (TLBO)  such as 
economical in computation, provides easy platform for discrete 
optimization and suitable for fewer design variables [11]. The 
proposed JAYA optimization scheme converges comparatively 
faster than TLBO to reach the global optimum solution.

To cope with the severe dynamic conditions of voltage and 
current, PV interfaced UPQC system requires an online and 
automatic tuning approach. Therefore authors have proposed a 
novel JAYA optimization scheme with a feature of auto tuning 
capability of PI controller gain values for PV interfaced UPQC 
system. Inspired from the auto tuning JAYA optimization 
scheme in [13] for efficient MPPT tracking and the critic based 
self tuning PI structure for voltage source converters in [14], the 
research work has been developed for the PV-UPQC system. 
The implementation of JAYA algorithm in online manner for 
PV interfaced UPQC systems have not been reported so far for 
performance and power quality improvement. The previously 
proposed JAYA algorithm for DSTATCOM has utilized single 
cost function useful for improvement of current quality [11]; 
however the authors have presented a new JAYA optimization 
algorithm, which has separate objective function for shunt and 
series inverter control useful for simultaneous current and volt-
age quality improvement in the PV interfaced UPQC system. 
The present novel JAYA optimization methodology is intro-
duced in this research work to reach the optimum values for PI 
gains in accordance with the aforementioned grid disturbances 
by increasing the adaptavity of the system. Adaptive JAYA 
optimization based Proportional Resonant and Resonant (PR-
R) controller for series converter and Unit Vector PI controller 
(UV-PI) for shunt converter of PV-UPQC have been imple-
mented, which are presented in Section III. New JAYA adaptive 
optimization technique explained in Section IV is useful for 
determination of suitable PI gain values on occurrence of severe 
grid conditions. Furthermore, PV interfaced UPQC (PV-UPQC) 
system presented in Section II is integrated with grid by utiliz-
ing a LCL filter at the output of shunt converter of PV-UPQC 
to minimize harmonics in PWM switching. The experimental 
prototype development, discussion on obtained experimental 
results by the implementation of proposed algorithm is clearly 
presented in Section V. The conclusion of the research work 
presented in the paper is included in Section VI.

II. system confIguratIon

Photovoltaic interfaced UPQC topology as proposed by the 
author in the paper is shown in Fig. 1. The grid is connected to 

a linear as well as a nonlinear load. UPQC system is installed in 
the distribution line where shunt inverter is placed at load side 
and the series inverter is present close to source side through 
series transformers. The series and shunt inverter of the UPQC 
share a common dc-link. The PV system containing a boost 
converter is interfaced to the grid through the dc-link of the 
UPQC. The grid voltage and the voltage required by the load 
can be represented here as vs and vL. The current consumed by 
the load is given as iL and the grid current is presented as is.

III. ProPosed control scheme of PV-uPqc 
The complexity arises in the UPQC when photovoltaic sys-

tem is fed to the grid through UPQC. As PV-UPQC system is 
new therefore, most of the conventional control scheme applied 
to the UPQC system may be applied to the present configura-
tion. However the present complex system becomes more com-
plex with the conventional algorithm and may not perform sat-
isfactorily. The control configuration of the PV-UPQC includes 
shunt inverter control, series inverter control and maximum 
power point tracking controller. The system utilizes UV-PI con-
troller for shunt inverter based on novel JAYA optimization to 
determine the best values for PI gains. The controller of PV-UP-
QC utilizes P&O (Perturb and Observer) MPPT method for 
maximum power extraction from the PV [13] for the regulation 
of dc link voltage.

A. MPPT Controller for the Boost Converter

The MPPT algorithms are utilized for boost converter of the 
PV System to extract maximum power. In the present paper au-
thors have adopted P&O scheme of MPPT [13] to extract maxi-
mum power from PV array. The utilization of MPP controller is 
associated with shunt inverter controller is shown in Fig. 2(a). 

B. UV-PI Controller Along With JAYA Optimization for Shunt 
Inverter

In the present paper authors have proposed UV-PI controller 
based on JAYA Optimization for the control of shunt inverter of 

Fig.1.  Block diagram of proposed photovoltaic fed-UPQC.
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UPQC as shown in Fig. 2. The measured amplitude of the three 
phase voltage (vsa , vsb , vsc) is given as

                                               (1)

Evaluation of unit templates for instantaneous phase voltage 
is given as (vap, vbp, vcp)  

                                (2)

Another set of unit templates are formed with a phase shift of 
90° is given as  (vaq , vbq , vcq) 

                                      (3)

Optimization of the perfect PI gain is required for the per-
formance enhancement of present system. Thereby JAYA 
optimization is employed with the controller to find perfect PI 
gains. The evaluated error between terminal voltage (vt) and 
the reference of terminal voltage is the input to the discussed 
JAYA optimization based PI controller block. The active power 
component of grid current is determined by comparison of mea-
sured actual dc link voltage and reference dc bus voltage. The 
regulation of dc voltage is highly essential which is maintained 
through PI controller (Icdp). In Fig. 2(b) amplitude of active 
power component of reference source current is given. The am-
plitude of the active power is generated by subtraction of feed 
forward component of PV (IFpv) from the summation of active 
power component of self generated dc bus of PV-UPQC and 
average magnitude of active power component of load current 
(ILap). In presence of voltage sag and voltage swell in the grid 
voltage, adjustment in the grid currents are necessary to main-
tain the power balance in the system. Thereby feed forward sig-
nal of PV is essential for the control algorithm for fast dynamic 
response and to suppress oscillations in the grid currents. The 
feed forward signal of PV (IFpv) is evaluated from amplitude of 
terminal voltage (vt) and power extracted from PV array, which 
is represented as (Ppv /vt ) . 

                                                (4)

Comparison of output obtained from dc bus voltage of PI 
controller and average load reactive power component results 
in amplitude of reactive power component of reference source 
current.

                                                           (5)

Where reactive power component of load current average is 
presented as ILaq is the output obtained from the output of low 
pass filter. The evaluated terminal voltage is compared with a 

reference terminal voltage ( v*
t  ) to generate errors corresponding 

to grid voltage conditions (voltage sags and voltage swells). The 
generated error is given to PI controller supported by proposed 
JAYA algorithm to provide suitable output. As the proposed 
JAYA optimization is implemented, PI controller is tuned ac-
cording to the sensed voltage distortions. The output of JAYA 
based PI controller (Icdq) is compared with average reactive 
power component of load current (ILaq) to provide the reactive 
power component of the reference source current (I*

dq) as given 
in (9).

So the present shunt controller computation method provides 
error free evaluation of reactive power component of the ref-
erence source current (I*

dq). The active current component and 
reactive current component per phase is evaluated as

                            (6)

                             (7)

The total reference source currents can be evaluated for 
PV-UPQC are represented as 

        (8)                                     

 

(a)

 (b)

Fig. 2.  Approximate diagram of shunt inverter controller (a) block diagram of  
DC link controller, (b) proposed controller for shunt inverter.
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The considered PV-UPQC system has the responsibility to 
supply active component as well as reactive component, both 
the components are added. The generated reference currents are 
passed through hysteresis current controller, which is employed 
to provide desired gate pulses for the shunt inverter of PV-UPQC. 
The tuning of PI controller gains is desired to improve the 
PV-UPQC performance which affects the controller efficiency 
and improvement of power quality. Therefore the proposed op-
timization is utilized to obtain the gain of PI controller.

C. Controller Based on JAYA Optimization for Series Inverter

Presence of voltage sags and voltage swells in the distribution 
line make the load voltage distorted. Therefore series inverter 
of PV-UPQC plays significant role in elimination of voltage 
distortions from the load voltages for steady state behaviour of 
loads. In the present scenario, control of series inverter is much 
necessary for better elimination of voltage distortions. Thereby 
the authors have proposed a new PR-R controller utilizing an 
adaptive JAYA optimization as given in Fig. 3 and is imple-
mented for PV-UPQC. The present controller has the ability for 
regulation of positive sequence components. Even in highly dis-
torted grid conditions, it is desired that series inverter of PV-UP-
QC has to provide suitable injecting voltage signal to regulate 
the load voltage magnitude. 

                                                                         (9)

Where vL is sensed load voltage, vi is the injected voltage and 
vs is the source voltage. It is assumed that during steady state 
condition, measured grid voltage remains sinusoidal with phase 
angle of θs. The supply voltage is reduced from V '

s to V ''
s, with 

voltage sag condition without having phase jump. On the con-
trary, the condition of voltage sag with a phase jump of δ, the 
series inverter controller of PV-UPQC injecting voltage signal 
with phase angle of  (θs+δ). The voltage controller of PV-UPQC 
in d-q reference frame has been implemented. In the present 
controller an advanced PLL has been utilized to obtain the 
phase angle of supply voltage for the desired transformation. 
The SOI-QSG-PLL is discussed in the following section. The 
switching signals for the series inverter are provided by the volt-
age reference signal generated by the proposed series inverter 
controller of PV-UPQC as given in Fig. 3. 

The transfer function to explain the PR-R controller [9] is 
given as

                                          (10)

Where Kr1 denotes the resonant gain, proportional gain is pre-
sented as KP , ωs is selected resonant frequency, cut-off frequen-
cy is represented as ωc. The configuration and development of 
a nonlinear controller is seems to be difficult. Therefore PR-R 
controller is developed to enlarge the bandwidth and quick 
action against voltage disturbances. The present series inverter 
controller shows its performance to achieve unity gain and zero 
phases at the respective resonant frequency.

The series inverter controller of the system utilizes new adap-
tive JAYA optimization as shown in Fig. 3. The PI controller 
gains are important for the operation of PR-R voltage controller 
for the generation of the reference voltages useful for switching 
signal generation for series inverter. To find suitable of PI con-
troller gains, proposed JAYA optimization has been employed. 
The presence of LC filter in PV-UPQC at the output of series 
inverter is represented by the transfer function GLC. The distur-
bances in the grid voltages are measured to evaluate the error 
for the updating the parameter values. 

To determine the suitable values of proportional gain and 
integral gain, implementation of proposed new JAYA algorithm 
in the PV-UPQC controller has been achieved. The selected 
parameters for the PR-R series inverter controller are given here 
as KP = 2, Kr1 = 2000,  ωc = 10 rad/sec, which are selected before 
optimization [9]. The suitable optimization parameters obtained 
from computation of JAYA optimization is given in TABLE II. 
The developed transfer function can be represented as

                                   

The present research work proposes a new and adaptive 
JAYA optimization algorithm to reach the best optimal values 
for the enhancement of efficiency of the present system.

D. SOI-QSG Based PLL 

Grid synchronization of PV-UPQC is important in the present 
complex system; therefore double second order integral-quadra-
ture signal generator based phase locked loop SOI-QSG-PLL 
block is implemented in the present system. The advanced PLL 
technique of SOI-QSG-PLL is employed in the present series 
inverter controller. The SOI-QSG-PLL is utilized for filtering 
function to determine signals with 90° phase shift which act 
as input to the positive sequence calculator. The effective uti-
lization of synchronous reference frame based PLL provides 
adaptive characteristic to system for any frequency change con-
dition. A detailed explanation of SOI-QSG is given in [15].

IV. Jaya oPtImIzatIon algorIthm and formulatIon

Celebration at defeating an opponent by neglecting the failure 

Fig. 3.  Approximate block diagram of JAYA based voltage controller for 
series inverter.
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at any condition to become victorious is termed as victory. Fol-
lowing this culture, an optimization method is named as JAYA 
(means victory) optimization tool.  The speciality of this algo-
rithm is to have the control parameters which propel its result 
more nearer to the best solution by eliminating the worst one. 
Due to its less implementation complexity, faster convergence 
and little computation time over other optimization schemes, 
the authors have considered JAYA optimization for the present 
system. Combining the features of JAYA algorithm and online 
tuning process of the PI controller, inspired from literatures 
[11], [13] and [14], the JAYA based auto tuning PI controller 
is proposed. The system feedback, evaluated by the actual and 
reference signals is considered as the objective function of the 
system. As the shunt converter is responsible for current quality 
in the grid, thereby objective function is defined as presented in 
(14). Similarly for the series converter the objective function is 
defined which depends on the actual load voltage and reference 
load voltage signals as presented in (15). The computation at 
iterations or steps of implementation of  JAYA optimization is 
shown in the flow chart of Fig. 4.

A. JAYA Based Algorithm 

In the JAYA based methodology, considered objective func-
tion is required to be minimized or maximized. Before the com-
putation of the algorithm, population size is needed to be ad-
dressed clearly which is denoted as (y =1, 2, 3...n). It is assumed 
in the algorithm that at any of the iteration “i”, the determina-
tion of the design variables can be given as (d =1, 2, 3...k). At 
the initialization point the termination criteria is also required to 
be defined. After initialization of the population size and deter-
mination of design variables, a random population is generated. 
Determination of the best candidate solution from the selected 
range of the candidate solution for the objective function of f (x) 
is the priority of the algorithm. Finding the worst solution from 
the range of candidate solution is required for the computation. 
After considering minimizing function, lowest value of f (x) is 
selected as the solution which is best among the range. The ran-
dom variable selected for the algorithm are r1 and r2 of the range 
[0,1]. It is assumed that Dd,y,i value of  d th variable, yth candidate 
and i th iteration, which can be presented as

   (12)

where Dd,y,i denoted as the value of d th variable for yth candi-
date at ith iteration. Dd,best,i is represented as the best candidate 
obtained and Dd,worst,i is considered as the worst candidate. The 
important characteristic of proposed JAYA algorithm has shown 
its tendency to move towards the best solution by dominating 
over the worst solution. The concept utilized for the present 
algorithm is represented by (12). The positive term present in 
(12) clearly denotes that the candidate moves towards the best 
solution. Similarly the negative part of (12) reveals the truth that 
the candidate solution is away from the worst. After evaluation 
of all the particles present in the solution, it is required that the 
convergence criteria should be met. According to the change 

in grid disturbances, the algorithm again looks for the new best 
solution by generating a fresh initialization command. Again 
upon finding the new values of design variables, objective func-
tion is evaluated which is compared with previously obtained 
value.

B. Implementation of JAYA Based Algorithm for PI Control-
ler 

As the PV-UPQC system is open to voltage and current dis-
turbances, so novel JAYA optimization scheme is employed 
to determine the PI controller gains (Kp and Ki) in the present 
paper. Therefore the algorithm should have adaptive nature to 
sense the type of disturbances; thereby it can define the objec-
tive function. The tuning of the PI controller gains and evalu-
ation in this study relies on the grid disturbances according to 
grid situations. The reduction on the updates of negative solu-
tion and thereby auto tuning of PI gains lead to enhancement of 

Fig. 4.  Proposed flow chart for JAYA optimization based auto tuned PI con-
troller.

p

i

(12)

p

p
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the controller performance. The updated solution will be consid-
ered as the best solution if it satisfies the convergence criteria. 
Otherwise, the considered solution is discarded and new updat-
ed solution of the algorithm will be generated. The flow chart of 
the proposed JAYA methodology for PV–UPQC is presented in 
Fig. 4.

Step 1 Initialization and parameter setting: The population 
size as n has been considered for the proposed JAYA algorithm. 
The initial values of the Kp and Ki is set within the range of [1.2, 
3.8] and [0.6, 2.4]. 

Step 2 Objective function evaluation: Two different objective 
functions are selected for the PV-UPQC for shunt converter and 
series converter as both are employed for different function with 
separate controller. 

Problem defined in the present paper signifies the formula-
tion of a minimizing function. Therefore a candidate solution 
providing the lowest value of f (x) has been selected as the re-
quired best solution. The evaluated mean square error (MSE) is 
considered as the objective function is given as

                                                     (13)  

Where er is different for both shunt and series inverter of 
PV-UPQC as they have different control algorithms. Therefore 
er for shunt and series inverter can be presented as

        (14)                

             (15)                         

Step 3 Fitness solution evaluation: The implementation of 
JAYA optimization in PV-UPQC system controller is to deter-
mine minimum constraints values. The application of JAYA 
algorithm has a randomly generated initial condition which is 
evaluated according to predefined cost function. At the time of 
initialization command for JAYA algorithm, require selection 
of initial population size or candidate solution, is defined as 
(y=1,2,3...n). Considering the candidate solution controller gains 
are determined through ith iteration and dth variable for choosing 
the best and worst solutions. Therefore Dd,y,i is directly related to 
the proposed inverter controllers of PV-UPQC. This method is 
selected to find controller gains to increase the performance and 
efficiency to achieve power quality standards.

Step 4 Convergence criterion: The proposed JAYA algorithm 
will conclude with the best solution if the error between the best 
candidate solution and the worst candidate solution is less than 
the threshold ε.

Step 5 Re-initialization of JAYA algorithm: The proposed 
JAYA algorithm will be initialized again, when a different grid 
perturbations occurs. The occurrence of current harmonics, 
voltage sags, voltage swells, and voltage unbalance will activate 
the proposed JAYA algorithm.

Determination of optimized PI controller gains values are 
achieved through the aforementioned method. (12) plays ma-
jor role in this process, where D'd,y,i is the value of optimized 
parameter. Previously obtained value of PI controller gain is 
considered as Dd,y,i for this algorithm. In accordance with new 
JAYA optimization methodology, the worst performing gain 
values are eliminated which is related to the negative term of (12) 
presented as “-r2,d,i (Dd,worst,i – |Dd,y,i|) ”.

The best performing gain values are accepted by the optimi-
zation algorithm presented as the positive term of (12) “Dd,y,i+r1,d,i 

(Dd,best,i – |Dd,y,i|) ”.
In accordance with various grid distortions, the controller 

of PV-UPQC requires specific value of PI controller gains to 
provide satisfactory performance. By utilization of conventional 
PI gain tuning method, certain values of PI gains have been ob-
tained for particular type of grid distortion.

These values of PI gains have been considered to provide a 
valid range for proposed JAYA based optimization algorithm, 
useful for accurate gain tuning on the appearance of different 
distortion levels. The initialization of JAYA optimization for 
the computation to find the PI controller gains has been done 
with selection of the range of PI controller gains is presented 
as kp (1.2→3.8) and ki (0.6→2.4).

V. results and dIscussIon

The proposed JAYA based auto tuned PI controller is applied 
to the controller of PV-UPQC system for the performance im-
provement. Simulation models are developed for the proposed 
system and methodology in MATLAB/Simulink environment 
to verify the efficiency and performance of the proposed con-
troller. The superiority of the JAYA based auto tuned PI con-
troller is claimed by comparing the results from the proposed 
controller with the conventional PSO and TLBO based fixed 
PI gain optimization method. The comparative evaluations of 
the methodologies considered are quantitatively evaluated in 
TABLE I. Various cases are considered for different grid condi-
tions, represented as the mean and standard deviation of PI gain 
error values are presented the TABLE I.                             

A detail discussion on prototype development and results are 
presented in this section. Prototype developed for PV-UPQC is 
shown in Fig. 5. The PV system is interfaced to the UPQC at 
the dc link. SEMIKRON inverters are implemented for UPQC, 
which share a common dc-link. The grid voltages, PV volt-
age and grid currents are sensed by the calibrated Hall effect 
transducer. The measured signals are utilized by dSPACE 1103 
processor for implementation of the control algorithm for the 
generation of the switching signals. Proposed JAYA optimiza-
tion scheme has shown its capability to update the PI controller 
parameters according to the sensed disturbance, the variations in 
measured PI controller gains are listed in TABLE II. Variation 
in sampling time can directly affect the controller performance 
to achieve desired results. Sampling time considered for the pro-
posed algorithm is 31.4 µs which is selected in accordance with 
the complexity of the overall algorithm to achieve satisfactory 
performance. It has been analysed with the proposed controller 
that upon increasing or decreasing the sampling time, the sys-



249

tem has performed in an average manner and results obtained 
are worst than with selected sampling time. 

A. Performance of PV-UPQC Under Linear and Nonlinear 
Load Conditions

In the PV connected mode to the grid through UPQC under 
linear and nonlinear load conditions, controllers are implement-
ed for developed prototype and experimental results are ana-
lyzed in this section. The measured nonlinear load currents rich 
in harmonics are presented in Fig. 6(a). For the elimination of 
the harmonics, PV-UPQC is employed and current waveforms 
at the PCC side based on implemented controllers are depicted 
in Fig. 6(b) to Fig. 6(e). Despite of controllers implemented, 
performance of the system varies with PI gains. Fig. 6(b) shows 
the PCC side currents with UV-PI controller with fixed value 
of PI gains without any optimization (Scenario I). PCC side 
currents with PSO algorithm (Scenario II), TLBO algorithm 
(Scenario III) after compensation of harmonics are shown 
in Fig. 6(c) and Fig. 6(d) respectively. The PV-UPQC with pro-
posed JAYA based auto tuning PI controller (Scenario IV) elim-

inates the harmonics and maintains nearly sinusoidal current at 
PCC is shown in Fig. 6(e). The total harmonic distortion of load 
and PCC currents of the present case is presented in TABLE IV.

B. Performance of PV-UPQC Under Unbalanced Linear Load 
Conditions

Fig. 7(a) presents experimental results of load side currents 
under unbalanced load conditions. The unbalanced load param-
eters are given in the TABLE III. As UPQC is installed in the 
grid with proposed controller, sensed currents at the PCC side 
are balanced and sinusoidal. The source currents after compen-
sation without optimization are presented in Fig. 7(b). Exper-
imental results of source currents with PSO algorithm, TLBO 
algorithm and JAYA based auto tuning PI controller are given in 
Fig. 7(c), Fig. 7(d), and Fig. 7(e) respectively.

C. Performance of PV-UPQC Under Voltage Sag Condition

Fig. 8(a) shows the PCC side voltage during voltage sag 
condition and Fig. 8(b) present the load side voltage after com-
pensation of voltage sag by PV-UPQC for phase a. During the 

TABLE IV
Performance analysIs of Pso,tlBo, ProPosed Jaya for PV-uPqc

TABLE III
exPerImental Parameters for PrototyPe deVeloPment

Source inductance

Parameters of PV array
Maximum power of PV(Ppv)
Open-circuit voltage (Voc)

Reference tracking under load

S. K. DASH et al.: POWER QUALITY IMPROVEMENT UTILIZING PV FED UNIFIED POWER QUALITY CONDITIONER

TABLE II
VarIatIon of PI controller gaIns wIth ProPosed Jaya algorIthm

Fig.5.  Hardware Prototype developed for PV-UPQC.

TABLE I
exPerImental sImulatIon results, conVergence tIme (mean, standard 

deVIatIon) for VarIous cases

Unbalanced Linear
Load

Voltage Swell
Unbalance Voltage

Sag

Type of Disturbances
Voltage swell
Voltage sag
Current harmonics
Linear and nonlinear
Unbalanced linear load
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Fig. 6.  Performance of PV-UPQC under linear and nonlinear load condition: (a) Load side current, PCC side current after compensation; (b) with conven-
tional PI controller (without optimization); (c) with PSO algorithm; (d)with TLBO algorithm; (e) with JAYA based auto tuning PI controller.

Fig. 7.  Performance of PV-UPQC under unbalanced linear load condition: (a) Load side current, PCC side current after compensation; (b) with conventional 
PI controller (without optimization); (c) with PSO algorithm; (d) with TLBO algorithm; (e) with JAYA based auto tuning PI controller.
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Fig. 8. Performance of PV-UPQC under voltage sag condition: (a) PCC side voltage with sag; (b) Load side voltage after sag compensation with JAYA based 
auto tuning PI controller; (c) Injecting voltage from series APF and dc-link voltage; (d) PCC current during voltage sag and PV current at constant irradiation; 
(e) Load side power analyzer three phase voltage and current.
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(b)
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voltage sag, the series inverter voltage injected and the regulat-
ed DC-Link voltage is presented in Fig. 8(c). To maintain the 
power balance at the load, there is increase in grid current as 
presented in Fig. 8(d). The load side voltages are measured by 
three phase power analyzer (YOKOGAWA WT500) as shown 
in Fig. 8(e). From the power analyzer, measured signals are an-
alyzed and it is seen that λ is at near to unity power factor.

D. Performance of PV-UPQC Under Voltage Swell Condition

Voltage swells occurs due to PCC voltage rises to 130 V as 
shown in Fig. 9(a). The series converter of PV-UPQC injects 

compensating signal to PCC to regulate the load voltage at 110 
V as presented in Fig. 9(b) with the proposed JAYA based con-
troller. The series inverter injecting voltage for load voltage 
regulation is given in Fig. 9(c), which also shows the constant 
DC-link voltage. During voltage swell condition, there is de-
crease in grid current to maintain power balance in the system 
as shown in Fig. 9(d). The results obtained from the exper-
imentation prove the efficiency of proposed JAYA based 
auto tuned PI controller for the controller of PV-UPQC. Fig. 
9(e) shows the power analyzer signals for regulation of the 
load voltages. 

Fig. 9.  Performance of PV-UPQC under voltage swell condition: (a) PCC side voltage with swell; (b) Load side voltage after swell compensation with JAYA 
based auto tuning PI controller; (c) Injecting voltage from series APF and dc-link voltage; (d) PCC current during voltage swell and PV current at constant 
irradiation; (e) Load side power analyzer three phase voltage and current.
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E.  Performance of PV-UPQC Under Unbalance Voltage Sag 
Condition

Unbalance voltage sag is a practical scenario taken into con-
sideration in this section to analyze the results of PV-UPQC 
performance. There is a voltage dip in Vsc  (Phase C) which 
is presented in Fig. 10(a). The load voltage is maintained by 
PV-UPQC based on JAYA based auto tuning PI controller as 
shown in Fig. 10(b). PV-UPQC with proposed method has 
shown its performance by maintaining the load voltage at de-
sired level.

F. Behaviour of PV-UPQC Under Irradiation Variation

From the Fig. 11(a), it is clearly revealed that decrease in 
irradiation condition from 1000 W/m2 to 500 W/m2 helps in de-
crease in the grid current. By the utilization of conventional PI 
in Fig. 11(a) under decrease in irradiation condition, fluctuation 
in DC-Link voltage appears. However, the dc-bus voltage is 
maintained at the desired level, proves the effectiveness of the 
proposed controller and performance of the PV-UPQC system 
as presented in Fig. 11(b).

The analytical comparison of adopted optimization method-
ologies PSO, TLBO and proposed JAYA based algorithm for 
PV-UPQC topology is presented in nutshell in TABLE IV. 

VI. conclusIon

The dynamic performance of proposed JAYA based auto 
tuned PI controller for PV-UPQC system has been analyzed 

in detail in this present study. An online JAYA optimization 
methodology is implemented for PV-UPQC to determine the 
best value of PI controller gains. UV-PI and PR-R controllers 
of shunt and series converters, based on JAYA optimization 
technique have enhanced the PV-UPQC performance. The 
performance and efficiency of the considered method is studied 
in multiple operational scenarios of the grid and the responses 
are compared with PSO, TLBO optimization methods. In the 
verge of increasing efficiency of the system PV-UPQV, an LCL 
filter is employed at the output of shunt converter to handle 
the undesired harmonics of PWM switching of converter. The 
experimental results verify the effectiveness of the proposed 
novel control method and prove that JAYA based auto tuned PI 
controller has significantly raised the PV-UPQC performance 
by reducing the convergence time, settling time, switching har-
monics, complexity and effective dynamic response.
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