
POWER QUALITY IMPROVEMENT IN DISTRIBUTION SYSTEM USING DVR 
WITH MINIMUM ENERGY INJECTION: AN INTELLIGENT CONTROL SCHEME 

P. Murali1, D.Kirubakaran 2 
1Research Scholar, Anna University, Chennai, India  

2Supervisor,Department of EEE, St Joseph’s Institute of Technology, Chennai, India  
muralipanchanathan@gmail.com 

  

Abstract--In the proposed paper, an intelligent control 
technique Modified Gravitational Search Algorithm 
(MGSA) for DVR is proposed for power quality (PQ) 
upgrade of distribution system. The MGSA is a joined 
execution of the Gravitational Search Algorithm (GSA) 
and Artificial Neural Network (ANN). The control 
system elements of HRES are thinking about the 
informative of PQ inconveniences. In this, the MGSA is 
done in two stages, the initial step is to generate the 
dataset using GSA technique and the second step is to 
develop the dataset for the prediction of duty cycle using 
ANN. Contingent upon the issues of PQ the MGSA 
enhances the required amount of control signal to the 
converter for recoup the initial operating condition. 
With the help of the proposed technique, the PQ issues 
are mitigated with advancement in fast execution and 
closeness to the exact value in decreasing the SAG 
issues for any sensitive loads connected to the 
distribution system. Hence this work is executed and 
assessed using MATLAB/simulink platform at different 
stages like KF, EKF, PSO and ABC. Thus the proposed 
work reveals that the examination exhibits the 
prevalence of the proposed approach and affirms its 
capability to take care of the PQ issues and upgrade the 
execution of the DVR in the distribution systems. 
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I INDRODUCTION 

At perfect sinusoidal voltage with contracted magnitude 
level and frequency in a perfect way [1] the clients of 
power distribution system ought to require continuous 
stream of energy. For all intents and purposes, 
extraordinary amount of nonlinear loads given by power 
systems, particularly distribution systems [2, 3], the 
nature of power supplies are perceptibly influenced. In 

view of nonlinear loads destructive substances are 
included the waveform. By nonlinear loads [4], many 
power quality issues are additionally delivered. Power 
quality is a huge issue considering electricity providers, 
instrument makers and clients. The power quality issues 
are arranged into a few sorts [5, 6] in view of the 
distortion happening in voltage waveform. They are (i) 
Transients, (ii) Short term variations like sag, swell and 
interruption, (iii) Long term variations  like  sustained  
interruption,  under  and over  voltages, (iv) Voltage  
imbalances  such  as  DC  offset,  harmonics,  inter  
harmonics,  notching  and  noise and (v) Voltage 
fluctuations and power frequency variations [7, 8]. To 
direct the PQ issues in the power distribution system [9] 
client power gadgets (CPDs) are utilized. Reactive 
power, filtering of current harmonics, load current 
balancing and power factor correction [10] are killed by 
CPD. Presently broadly acknowledged client power 
gadgets are static synchronous compensator 
(DSTATCOM) and dynamic voltage restorer (DVR) as 
they work on voltage source converter (VSC) standard 
[11, 12]. By the proficient power gadget of series 
associated power electronic converter called DVR the 
effects of upstream voltage unsettling influences on 
delicate loads are directed. For the execution of DVR 
[13, 14] control methodologies are reasonably used. 
Zero-succession voltage segment is thought to be zero 
[15-17] as three wired distribution systems are utilized 
to associate mechanical loads out of enormous dominant 
part of DVR control techniques. Subsequently 
unbalanced sags are not neutralized by other controlling 
techniques of DVR and they are likewise moderate. The 
compensation exhibitions of DVR [18] might be 
enhanced by control algorithms. In this approach, the 
objective was to improve the PQ in the distribution 
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system while satisfying the fluctuation of voltage during 
the fault condition. Here, the hybrid technique of MGSA 
is utilized to assist the control algorithm of DVR. The 
proposed technique is clearly described in detail. The 
remainder of this article is organized as follows, the 
recent research work and the background of the research 
work is discussed in Section 2. The proposed technique 
thorough explanation is explained in Section 3. The 
suggested technique achievement results and the related 
discussions are given in Section 4 and the paper is 
concluded in Section 5. 

 

 
                      II LITERATURE REVIEW 
 

In the assessment of PQ issues, tackling, and 
controlling in distribution system various research 
works are accessible in writings. Beneath gives the 
survey of a few.                                                    The 
usage of energy from wind in a secured way with 
greater quality has been clarified by S. Agalar et al. 
[21]. Two systems were considered for the detailed 
explanation of wind energy. With the help of static 
transfer switch (STS), the grid and the wind energy 
systems are connected in parallel in the first system and 
similarly in the second system, the dynamic voltage 
restorer (DVR) was connected with the wind energy 
system (WES).The aim was, to keep the changes that 
may occur in the energy that was created with the 
assistance of DVR system because of the varieties of 
wind speed. To keep up the power progression and to 
enhance the power quality is the point of the created 
systems. An active crowbar protection (ACB_P) system 
was proposed by S.Swain et al [22]., for upgrading the 
fault-ride through (FRT) capacity of DFIG so as to 
enhance the power nature of the system. In 
conventional protection scheme, only resistor 
protection scheme was designed with capacitor in series 
with the resistor. Reducing the rotor side fault current, 
regulating the DC voltage, reducing the crowbar 
operating time in order to disengage the DFIG from the 
rotor side converter , the short circuit response of 
terminal voltage and dynamic responses of the DFIG 
are the principle target of the proposed approach..For 
welding applications that have output voltage control 
and current constraining element notwithstanding amid 
outrageous overloading conditions at the output 
terminals a power-factor-corrected bridgeless (BL) 
switched-mode power supply (SMPS) has been 
portrayed by s. Narula et al. [23]. Working in a 
continuous conduction mode to achieve unity power 
factor the front-end of the SMPS comprises of a BL 
boost converter, while to manage the output voltage at 
the backside a pulse width modulation isolated full 

bridge dc-dc converter was utilized. Demonstrating its 
fast dynamic response to supply voltage and load 
varieties the plan and execution of this BL arc welding 
power supply (AWPS) was displayed. To enhance the 
power quality (PQ) in a distribution system for a 
distribution static compensator (DSTATCOM) a dual 
tree-complex wavelet transform-based control 
algorithm have been displayed by d. Li et al. [24]. To 
separate individual line frequency component for the 
estimation of the reference active power component the 
misshaped load current of each phase was decayed into 
different frequency levels with this procedure. To 
create the reference currents for the control of voltage 
source converter utilized as DSTATCOM the 
deviations of separate detected load currents from these 
assessed reference components are utilized.The answer 
for power quality management has been researched by 
V. Khadkikar et al. [25]. The regularly changing scenes 
in the field of  generation and distribution systems have 
offered ascend to extra PQ difficulties in spite of the 
fact that the power quality issues, like reactive power 
compensation ,harmonic distortion and fluctuations 
were found to be regular in power system and power 
electronics researchers perspective. An open unified 
power quality conditioner (OUPQC) a fascinating 
arrangement has been examined by h. Hafezi et al. [26]. 
Inside the smart domo grid project, co-founded by the 
Italian Ministry of Economic Development, they 
additionally talked about the design, simulation and 
implementation phases related to an open UPQC 
introduced in a genuine LV distribution grid in the city 
of Brescia (Italy). To confront power quality issues in 
distribution networks come about because of the field 
installation that demonstrates the adequacy of the 
proposed arrangement. For load compensation 
applications in three-stage system, K. Venkatraman et 
al. [27] have exhibited a custom power gadget, named 
as transformer-less universal power quality conditioner 
(TUnPQC). Energy systems are one of the most 
important infrastructures of the modern society. To 
realize a sustainable, reliable and affordable energy 
supply, a new energy revolution is now ongoing 
globally. M A Farahat[28] Energy systems are one of the 
most important infrastructures of the modern society. 
To realize a sustainable, reliable and affordable energy 
supply, a new energy revolution is now ongoing 
globally. M.Talaat[29] When the load exceeds the 
generation, the system stability is affected, which leads 
to cascade outages and shutdown of the major parts of 
the power system, causing the frequency decay effect. 
Without a typical dc link the TUnPQC comprises of 
shunt and series compensators.  

 
 
 

A. Background of the research work 
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 PQ issues has prompted due to the usage of sensitive 
electronic equipment has expanded. The following are 
the different PQ disturbances: Transients, Interruptions, 
Voltage sag, voltage swell, Voltage collapse, Harmonics 
etc. Particular custom power gadgets are utilized to 
manage these PQ issues. For the utilization of voltage 
sag, swell and harmonics DVR is a custom power device 
utilized. For disentangling the above issues the DVR is 
quick, flexible and powerful arrangement. With loads in 
the extent of some MVA, the DVR is proposed for 
securing the entire plant. Inside couple of milliseconds, 
the DVR can re-set up the stack voltage. The objective 
voltage work on which it gives the suitable 
compensation output voltage of DVR is settled also with 
the ideal voltage injection angle in perspective of 
minimum energy compensation. On its control 
algorithm, the compensation performance of the DVR 
depends to such an extent. With the ideal balance of the 
voltage droop to vanquish the voltage sag/swell issue, 
the control algorithms like artificial neural network 
(ANN), fuzzy logic control (FLC), genetic algorithm 
(GA), differential evolutionary (DE) algorithm, 
simulated annealing (SA) etc, are used together. Putting 
aside greater chance to execute or settle on the decision 
tenets, the ANN and FLC are working in view of the 
training data, so it can't give the proficient dynamic 
response. It causes infeasible plan with superfluous 
computational time as the GA, DE and SA operation 
depends arbitrarily in nature. In the control algorithm it 
requires assistant support for discovering 
swell/sag/harmonic issue in system voltages to develop 
DVR's execution however a few configurations and 
control strategies are utilized for the DVR. Thus, to 
lighten the PQ issues in distribution system an upgraded 
approach is required to enhance the DVR execution. To 
deal with this issue most works are displayed in writing 
and the capable results are not given by the showed 
works. This exploration work has been roused to do 
because of these issues and disadvantages. 

III PROPOSED CONTROL TECHNIQUE WITH DVR 

     The proposed block diagram with control structure of 
DVR is shown in Fig. 1. During voltage sag, the 
required amount of voltage supplied to the load is 
supplied by the DVR in associated with the point of 
common coupling (PCC). The DVR basically comprises 
of a injection transformer in series with a voltage source 
converter harmonic filter and an energy storage device 
connected to the dc-link. The dc link injects or absorbs 
the required amount of power to compensate the 
recognized voltage sag. The harmonic content is reduced 
after the introduction of a filter which is placed in 
between VSC and injection transformer. Subsequently, 
the filter changes over the pulse-modulated voltage of 
the VSC into sinusoidal voltage. The filtered voltage is 

injected into distribution system via series-injecting 
transformer. There are two principle factors identifying 
with the capacity and execution of DVR conflicting with 
voltage sags at specific power system, the severity level 
of sag and the Total Harmonic Distortion. Both of these 
thus are essentially chosen by the DC source [30]. The 
accompanying segments quickly depict the 
demonstrating of the DVR. 
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Figure. 1 Proposed DVR Structure in Power 
System 
 

A. Modeling Of DVR 

An equivalent circuit of DVR is appeared in the fig. 2. 
In DVR equivalent circuit, load bus fault level decides 

system impedance
sysZ  . At the point when the DVR 

infusion transformer injects a series voltage, the 
expected  load voltage magnitude is increasing. The 
voltage level of the DVR can be composed as, 

sys
f

sys
f

syssys
l

inj
DVR VIZVV                    (1) 

Where, 
sys

lV  is the required system load voltage 

magnitude, 
sys
fI  is the system load current, sysZ  is the 

system impedance and 
sys
fV  is the system voltage during 

fault condition. Load current can be written as, 

sys
l

sys
l

sys
lsys

l
V

jQP
I


                                            (2) 

Where, 
sys

lP and 
sys

lQ  are the active and reactive power 
absorbed by the system load. On the off chance that the 
load voltage is considered as reference shape, the 
condition (1) can be composed in the accompanying 
structure. 
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Figure. 2 Equivalent Structure of DVR 

)sin(cos)]sin(

)[cos()sin(cos





jVj

IZVjV

sys
f

sys
f

syssys
f

inj
DVR





    

(3)
    

 

Where, ,  and  are the angle of 
inj
DVRV , 
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fV

 

respectively and   is the load power factor angle 
computed as, 
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The complex injected power of DVR can be written as, 

sys
f

inj
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                                      (5) 

The efficient working of the DVR is depending upon the 
measured voltages at the terminals. The values of 
measured supply voltages for the proposed system can 
be communicated by the following matrix as the 
accompanying structure, 
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The symmetrical components measurement of three 
phase voltages is defined by the following equations (7), 
(8) and (9).  
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Where, 
zVmax  , 

pVmax  and 
nVmax   represents the maximum 

voltage at the zero, positive and negative sequence of the 
three phase systems respectively.  
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In the above equation yij is the ith and jth element of the 
measurement matrix.. To choose the symmetrical 
component based on functions as state variables, the 
state vector variables are communicated as, 
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Where,  )(tai  is the elements of the ith ( i=1, 2,…,6. ) 
state variable. The estimation condition of the 
recommended DVR system can be determined in 
simplified form as, 

X(t) = Y(t).A(t)        (12)                                                                    

Where, X(t)is the measured three phase supply voltage 
at time instant t, Y(t) is the measurement matrix and A(t) 
is the state vector variables of the symmetrical 
component systems. From equation (12), it states that 
state variables are the sine or cosine functions of 
sequence component’s amplitude and its phase angles. 
At the point when the deviation in voltage happens in 
the load side of the distribution system, the system fault 
voltages in any instant of time t is communicated as,  

                                                                                              
(13) 

Where,  )(tV sys
N  and 

)(tV
mf  represents the normal 

system voltage and the magnitude of fault voltage 
instant of time t respectively. Now time t is in a range of 
tmin t tmax. The voltage deviation might be a high 
value or low value than the normal system voltage and it 
can be balanced by fluctuating the duty cycle of the 
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sys
N

sys
f 
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converter. The system fault voltage significantly relies 
on the injection voltage of the DVR. The DVR injection 
voltage is balanced by fluctuating the duty cycle of the 
switching circuit. The alteration of the duty cycle relies 
upon the accompanying conditions, 
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Where, Dcy represents the duty cycle of the converter 
and  D(t)represents the duty cycle at the time instant t. 
Duty cycle decides the operation time depending on the 

fault voltage condition of the system. When 
)(tV sys

f  is 
greater than the normal system voltage, Dcy requires 

minimum operating cycle. When 
)(tV sys

f  is lesser than 
the normal system voltage, Dcy requires maximum 
operating cycle. However, this adjustment of the duty 
cycle is accomplished by the proposed MGSA 
algorithm. The accompanying area quickly clarified 
about the proposed control algorithm based DVR 
connected system. 

B. The Proposed MGSA Control Approach 

GSA is one of the most up to date heuristic algorithms 
that were roused by the physical laws [31]. In GSA, 
Newtonian laws of motion and gravity are utilized to 
accomplish the ideal arrangement utilizing a set of 
agents named as objects and their execution is measured 
by their masses. In GSA procedure, the output data set 
gotten from the goal of SNR is very much trained by the 
ANN algorithm keeping in mind the end goal to enhance 
the execution of the DVR. Henceforth this technique is 
named as the MGSA. Steps Of GSA Based Dataset 
Generation 

 

FVF Step 1: Initialize 

 In this step, the filter is initialized. The input of the 
algorithm is given as the filter coefficients and the 
population xf is initialized at the particular range of 
limits.  

 maxmin
coeffcoeffcoeff VVVX 

                             (15)    

Where,  
min

coeffV
  and 

max
coefV

 represents the range of min and 

max value of filter coefficient of system voltage and fX
 

denotes the initial population.  

Step2. Random generation 

Here, the coefficient 
)( nm

coeffV
values are initialized as the 

random generation of filter parameters.  
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Step 3:  Set the iteration count as   i=i+1 where, i= 
1,2,3,….  

Step 4: Fitness Function 

As mentioned in the following, maximizing the SNR is 
the objective function of the proposed method. The 
general expression for SNR is given by,  

Fabc = Max(SNR)  =                                                         
(17) 

noise

signal

V

V
SNR 

                                                              (18) 

Where, 
signalV

and noiseV  represents the ratio between the 
signal and noise of the voltage respectively. The process 
gets optimized once the maximum objective function is 
achieved and the corresponding filter parameters are 
tuned. 

 Step 5: Updating process 

From the fitness function, the best and worst parameters 
of the inputs are updated. The best fitness and the worst 
fitness are described by the following equations. 

 
)(min

,1
tfit
sjB

jF 
                                                 (19) 

 
)(max

,1
tfit
sjw

jF 
                                               (20) 

Where, AF and BF
represents the best and worst 

fitness, from the above calculations check the fitness of 
the new parameter and memorize the best solution.  

Step 6: Repeat 

In this progression, the strategy is rehashed until the 
point when the most extreme iteration is come to. The 
output is ordered as per their inputs and the coordinating 
yield is noted. 

Step 7: Termination 
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Spare the ideal outcomes and boost the SNR objective 
for controlling the varieties. At that point spare the 
relating gain parameters of filter function. In light of the 
above strategies the gain parameter is ideally tuned. The 
above strides 1-6 are rehashed and the ideal outcomes 
are put away. To train the neural network structure the 
output of the algorithm is framed as the dataset. The 
Artificial Neural Network (ANN) is used for the active 
and reactive power generation. The output of the 
algorithm is meant as the accompanying, 
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In the condition, it unmistakably demonstrates that in 
view of the output dataset the duty cycle of the converter 
is balanced. The accompanying segment clarifies about 
the training procedure of the ANN. 

 SNRMaxfobj 

1.0errBP

 

Figure. 3 Process of MGSA Control Technique 

1) Prediction of Duty Cycle using ANN 

FVDS In this segment, the best esteem generated by the 
GSA is additionally trained by the ANN to enhance the 
strength of the DVR. By and large, the set of training 
data for ANN is created by the real framework 
steadiness conduct. Be that as it may, in this work, the 
training data set is generated from the solutions of GSA 
and the input & output of the network is given by  

)(tV nm
abc & 

)(tD nm
cy .  

Input layer, hidden layer and output layer are typically 
the three layer feed-forward neural networks [32]. For 
the modeling of ANN, Tangent Sigmoid Transfer 
Function is used at hidden layer and similarly linear 
transfer function is used at output layer . 
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Figure. 4 Structure of ANN 

Fig. 4 represents the structure of the ANN in estimation 
of fitness function. In the hidden layer the procedure of 
ANN is performed. In this paper, the Back Propagation 
(BP) ANN training are utilized and the training data set 
of the network is given as, Input training data,     
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Output training data,   
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With the help of these data sets, the network is being 

trained and its output as 
ANN

cyD
. The steps are explained 

below. 

Step 1:  Initialize each neuron with the input, output and 
weight.  

Here, 
best

abcV &
best

cyD
represent the input and output of 

the network. 

Step 2: Determine the BP error by giving these data sets 
to the classifier which is given as follows, 

ANN
cy

best
cyerr DDBP 

                             (24) 

 Where, 
best

cyD
 is the target output and 

ANN
cyD

 is the 
output of the network. 
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Step 3: The network output is calculated as, 
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Equation (25) and (26) represents the activation function 
of output layer and hidden layer respectively. 

Step 4: Weights of the neurons are varied by, 
www oldnew 

,  

Where, w is the change in weight, which can be 
determined as, 

err
ANN
cy BPDw  

                                          (27) 

Where, 


 is the learning rate which varies from 0.2 to 
0.5. 

Step 5: Repeat the process from step 2, until BPerr gets 
minimized to a least value i.e., 

BPerr < 0.1                                                       (28) 

The proposed methodology is simulated with 
MATLAB/simulink platform and the efficiency is 
analyzed which reveals the course of contrast with the 
supplementary procedure. With the effectiveness of the 
proposed HRES unit evaluated, the load voltage, 
positive sequence, real and reactive power is analyzed in 
the section IV. 

 IV  RESULTS AND DISCUSSIONS 

 In this segment, the execution of the proposed 
MGSA strategy is actualized and dissected in 
MATLAB/Simulink working stage. The proposed 
strategy is utilized to enhance the PQ of the DVR 
associated distribution system with minimum injection. 
Here, the control system depends on the MGSA which 
upgrade the control algorithm for delivering the control 
signals of the DVR. With this control technique, 
unbalanced issues will be found with exactness and 
snappier execution to pull back out the PQ issue in 
sensitive load linked with distribution systems. Now the 
generated control signal by proposed procedure can 
deliver the upgraded control pulses can be used for 
enhancement of DVR. So as to execute the proposed 
control technique, the recreation comes about are 
contrasted and those of KF, EKF, PSO and ABC control 
techniques. 

A. Performance Analysis 

The adequacy of the proposed MGSA strategy is 
dissected to remunerate the changes caused by stack and 
the PQ issues. Additionally, the active and reactive 
power of DVR are repaid by the proposed outline. The 
execution of the proposed technique is tried under four 
instances. The proposed strategy is used to locate the 
ideal outcomes as depicted beneath. 

Case A: Voltage Sag Condition 

In the principal case, the voltage sag condition is 
investigated, the voltage sag happens primarily due the 
expanded utilization of power. The fluctuation in voltage 
may bring about the disappointment of the framework 
because of flimsy condition. Here, the source voltage, 
injected voltage, load voltage and positive sequence 
voltages are executed utilizing the proposed strategy. 
Fig. 5 demonstrates the proposed source voltage under 
faulted condition. Now, the voltage sag occurs amid the 
time interim between 0.1 to 0.2. Taking this into 
account, the end goal to remunerate the voltage sag the 
injected voltage of the DVR is upgraded with minimum 
injection. The execution of the injected voltage utilizing 
different methods like KF, EKF, PSO and ABC is 
dissected in fig. 6. By utilizing these procedures, the 
injected voltage of the DVR is upgraded at a specific 
level to remunerate the voltage sag. The execution of the 
injected voltage of the proposed MBSA is likewise 
appeared in fig. 6. By contrasting the injected voltage of 
the different procedures, the proposed strategy is greatly 
improved than the current systems. Fig. 7 demonstrates 
the load voltage proposed amid the voltage sag 
condition. It obviously demonstrates that the voltage at 
sag condition is practically repaid utilizing the proposed 
strategy. The positive sequence of the MGSA amid the 
voltage sag is appeared in fig. 8. 

 

Figure. 5 Source Voltage Proposed at Voltage sag 
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Figure. 6 Injected voltage of  (a) KF based DVR 
controller during Voltage Sag  (b) EKF based DVR 
controller during Voltage Sag    (c) PSO based DVR 
controller during Voltage Sag (d) ABC based DVR 
controller during Voltage Sag    and (e) MBSA based 
DVR controller during Voltage Sag 

The real and reactive power flow between the voltage 
sag conditions is deviated and the current procedures 
like KF, EKF, PSO and ABC. The correlation chart of 
the current systems with the proposed strategy is 
appeared in fig. 9 and 10. It demonstrates that by the 
proposed methodology that the real and reactive power 
is much remunerated and the MGSA technique is more 
appropriate to upgrade the PQ of the DVR. 

 

Figure. 7 Load Voltage Proposed at Voltage sag 

 

Figure. 8 Positive Sequence Proposed at Voltage sag 

 

Figure. 9 Real Power Comparison at Voltage sag 

 

Figure. 10 Reactive Power Comparison at Voltage sag 

Case B: Voltage at Unbalanced Condition 

In the unbalanced condition, the deviation in the voltage 
happens because of the variety in the load. Subsequently 
the voltage at the fault condition should be adjusted. The 
investigation of the different procedures amid unbalance 
condition is given underneath. Fig.11 demonstrates the 
source voltage proposed at the unbalance condition. 
Here, the disturbance in voltage is between the interim 
0.1 to 0.2. The different systems are produced to 
improve the voltage level at the unbalanced condition. In 
this area, a portion of the current systems of KF, EKF, 
PSO and ABC is dissected with proposed technique in 
the execution of the injected voltage which is appeared 
in fig. 12. 

 

Figure. 11 Source Voltage Proposed at Unbalanced 
Condition 

Fig. 14 and 15 demonstrates the correlation of active and 
reactive power of the current systems with the proposed 
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MGSA technique. From the examination, it 
demonstrates that the proposed technique is more 
prevalent than the current strategy in the remuneration of 
real and reactive power. 

 

Figure. 12 Performance during unbalanced fault 
conditions (a) Injected voltage of KF based DVR 
controller (b) Injected voltage of EKF based DVR 
controller (c) Injected voltage of PSO based DVR 
controller (d) Injected Voltage of ABC based DVR 
controller and (e) Injected voltage of MBSA based DVR 
controller  

 

 

Figure. 13 Positive Sequence voltage at Unbalanced 
Condition 

 

Figure. 14 Real Power Comparison at Unbalanced 
Condition 

 

Figure. 15 Reactive Power Comparison at Unbalanced 
Condition 

Case C: Phase – Phase fault condition 

This segment clarifies about the examination of the fault 
clearance utilizing the current methods amid the phase-
phase fault condition. Here, the fault happens between 
the phases B and C, the BC fault happens fundamentally 
because of the short circuit between the two phases. Fig. 
16 demonstrates the source voltage at the BC fault. In 
this, the event of fault between 0.1 to 0.2 is cleared by 
injecting the voltage by DVR utilizing distinctive 
existing procedures. The injected voltage execution of 
the current systems and the proposed strategy is 
appeared in fig. 17. Fig. 18 demonstrates the load 
voltage proposed at the phase to phase fault condition. 
From the diagram, it demonstrates that by the proposed 
strategy the load voltage is practically repaid with the 
ordinary voltage. The positive sequence response of the 
proposed technique is appeared in fig. 19. 

 

Figure. 16 Source Voltage Proposed at BC fault 

 

Figure. 17 Performance during BC fault  (a) Injected 
voltage of KF based DVR controller (b) Injected voltage 
of EKF based DVR controller (c) Injected voltage of 
PSO based DVR controller (d) Injected Voltage of ABC 
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based DVR controller and (e) Injected voltage of MBSA 
based DVR controller  

 

Figure. 18 Load Voltage Proposed at BC fault 

 

Figure. 19 Positive Sequence Proposed at BC fault 

. Finally the correlation graph is plotted utilizing the real 
and reactive power between the current systems. The 
examination demonstrates the need of the proposed 
strategy so as to enhance the execution of the DVR. 

 

 

Figure. 20 Real Power Comparison at BC fault 

 

Figure. 21 Reactive Power Comparison at BC fault 

Case D: Phase – Ground fault condition 

In this segment, the fault happens because of the 
improper insulation between the phase and the ground. 
The fig. 22 demonstrates the proposed source voltage 
amid the phase-ground fault i.e., A fault. Here, amid the 
interim between 0.1 to 0.2 the phase-phase fault is 
happened. For repaying the voltage at fault condition, 

the execution of the injected voltage utilizing distinctive 
methods is appeared in fig. 23. The execution graph of 
different strategies demonstrates that the proposed 
technique requires least injection to remunerate the A 
fault. Fig. 24 and 25 demonstrates the load and positive 
sequence of the proposed MGSA technique. The 
diagram plainly clarifies the change in the voltage of 
0.7V amid the fault condition by the proposed technique. 

 

Figure. 22 Source Voltage Proposed at A fault 

 

Figure. 23 Performance during A fault  (a) Injected 
voltage of KF based DVR controller (b) Injected voltage 
of EKF based DVR controller (c) Injected voltage of 
PSO based DVR controller (d) Injected Voltage of ABC 
based DVR controller and (e) Injected voltage of MBSA 
based DVR controller  

 

Figure. 24 Load Voltage Proposed at A fault 
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Figure. 25 Positive sequence Proposed at A fault 

In fig. 26 the real power of the proposed strategy rapidly 
achieves the stable condition when contrasted and the 
current systems. At that point the output of the reactive 
power is investigated in the fig. 27 

 

Figure. 26 Real Power Comparison at A fault 

 

Figure. 27 Reactive Power Comparison at A fault 

The proposed system rapidly achieves a steady operation 
at 300 W as contrasted and different techniques, for 
example, KF, EKF, PSO, ABC are 200, 250, 275 and 
300 separately. From the general examination, the 
proposed strategy manages different disturbances and 
system vulnerabilities, for example, various loading 
conditions and severe faults. The valuation execution 
among as KF, EKF, PSO and ABC strategy is 
researched. This evaluation demonstrates that this 
methodology is the best technique to suspicious 
nonlinearity in this framework with more reliability, 
robust and easy execution when compared to alternate 
methodologies. In this manner, the execution of the 
proposed strategy has accomplished better outcomes. 

 V  CONCLUSION 

In this paper, to explain the PQ issues in the distribution 
system of DVR, MGSA control strategy is proposed. For 

limiting the real and reactive power varieties of the 
system the proposed control algorithm is suited very 
much. MATLAB/Simulink platform is utilized for 
modeling and recreations of the proposed procedure of 
DVR have been introduced. The proposed MGSA 
system is viable in getting ability to locate the ideal 
arrangements with high exactness. Here, the MGSA 
includes in two stages, for generating dataset utilizing 
GSA and for training the dataset for the expectation of 
duty cycle utilizing ANN. The execution of the proposed 
control technique is deviated and recent procedures like 
KF, EKF, PSO and ABC. From the execution 
examination, the MGSA based DVR can withhold the 
different fault condition like voltage sag, unbalanced 
fault, phase-phase fault and phase-ground fault.  
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