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INTRODUCTION

 
Energy demands are growing remarkably high 

and making the power quality into utmost difficulty 
to meet energy demands that leads to load shedding 
problem and power quality problem (
2011). The power quality problem is sensed to be an 
occurrence manifesting non-standard voltage, current 
or frequency (Li et al., 2007 and Wijekoon 
2003) which is described as the variation of volta
current and frequency in a power system (
2007 and Wang et al., 2006). It also refers to a wide 
variety of electro-magnetic phenomena that 
characterizes voltage and current at a given time and 
at a given location in the power system (
2008 and Li et al., 2007). The power quality is 
essential and necessary for proper operation of 
industrial process involving a good protection to the 
system for well-being and progress for prolonged 
usage (Al-Hadidi et al., 2008 and Pirjo Heine 
2003). It is clear that the Power quality problems 
such as voltage sag, swell, harmonic distortion, 
unbalance, transient and flicker can have prominent 
impact on customer devices so as to result in 
malfunctions and loss of production (
Wahab et al., 2006). 
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A B S T R A C T  
Abstract: Currently, power quality has been evolved as an important issue in the recent 
times and irresistibly marked as one of the vital areas of research in many industries. 
Subsequently various power quality disturbances are taken for research, which includes 
voltage sag, swell, notch, spike and transients etc. Dynamic Voltage Restorer (DVR) 
proves that it is a suitable device to deal with this sort of power quality disturbances. 
Undoubtedly it is one of the best choices to mitigate the voltage sag that duly integrates 
harmonics and reactive power compensation to the device. Moreover, system parameters 
and system structure can be varied with time and environment. As a result, traditional PI 
parameter tuning methods cannot fit appropriately to deal with difficult calculations. To 
achieve desired solutions Genetic Algorithm (GA) based tuning PI controller for DVR is 
proposed in this paper that provides optimal control signal like K
analysis has been carried out and implemented successfully in the working platfor
MATLAB/Simulink.  To prove improved performance of the GA based PI controller for 
the DVR, the GA based PI controller can be compared with the Conventional DVR 
system to prove that the system performance is enhanced. 
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INTRODUCTION  

Energy demands are growing remarkably high 
and making the power quality into utmost difficulty 
to meet energy demands that leads to load shedding 
problem and power quality problem (Babaei et al., 

. The power quality problem is sensed to be an 
standard voltage, current 

, 2007 and Wijekoon et al., 
which is described as the variation of voltage, 

current and frequency in a power system (Li et al., 
. It also refers to a wide 

magnetic phenomena that 
characterizes voltage and current at a given time and 
at a given location in the power system (Jindal et al., 

. The power quality is 
essential and necessary for proper operation of 
industrial process involving a good protection to the 

being and progress for prolonged 
., 2008 and Pirjo Heine et al., 

. It is clear that the Power quality problems 
such as voltage sag, swell, harmonic distortion, 
unbalance, transient and flicker can have prominent 
impact on customer devices so as to result in 
malfunctions and loss of production (Shairul Wizmar 

Different methods used to mitigate voltage sags 
and swells, the use of a custom power device is 
considered to be the most efficient method. 
Switching off a Large Inductive load or Energizing a 
Large Capacitor Bank are typical systems no
ending up in swells. The need is to provide better 
remedies, more than the Installation of Power 
Quality Monitors to solve these problems (
al., 2010 and Ghosh et al., 2002)
Transmission (FACTS) based devices provide an 
efficient mitigation solution for prevention of voltage 
sags. The high and unaffordable cost of FACTS 
based devices often prohibits and stands as hindrance 
for their wide deployment within the power 
networks. 

Yan Zhang et al. (2010) presented an approach 
to optimally select and allocate the FACTS devices 
in distribution networks to minimize number of 
voltage sags at network buses. This method was 
based on optimization of pre
function using simple as well as Niching Genetic 
Algorithms (NGA). The objective of optimization 
was to achieve further improvement in overall 
system sag performance. The GA
was simultaneously optimized based on the Location, 
Type and Rating of totally six FACTS devices. The 
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Different methods used to mitigate voltage sags 
and swells, the use of a custom power device is 
considered to be the most efficient method. 
Switching off a Large Inductive load or Energizing a 
Large Capacitor Bank are typical systems normally 
ending up in swells. The need is to provide better 
remedies, more than the Installation of Power 
Quality Monitors to solve these problems (Tiwari et 

, 2002). Flexible AC 
Transmission (FACTS) based devices provide an 

nt mitigation solution for prevention of voltage 
sags. The high and unaffordable cost of FACTS 
based devices often prohibits and stands as hindrance 
for their wide deployment within the power 

(2010) presented an approach 
ally select and allocate the FACTS devices 

in distribution networks to minimize number of 
voltage sags at network buses. This method was 
based on optimization of pre-selected objective 
function using simple as well as Niching Genetic 

objective of optimization 
was to achieve further improvement in overall 
system sag performance. The GA-based optimization 
was simultaneously optimized based on the Location, 
Type and Rating of totally six FACTS devices. The 
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performance of the algorithm was tested and 
illustrated on 295-Bus Generic Distribution system. 

J.V. Milanovic et al. (2010) introduced an 
approach for comprehensively assessing all financial 
benefits to the network resulting from their use. The 
annual financial losses of entire network due to 
voltage sags were used as savings target. The FACTS 
based devices were optimally placed by using a 
Niching Genetic Algorithm (NGA) for voltage sag 
mitigation. FACTS based devices were widely 
implied such as Static VAR Compensator (SVC), 
Static Compensator (STATCOM) and Dynamic 
Voltage Restorer (DVR). The cost of individual 
devices along with their installation costs and annual 
maintenance charge were taken into account in 
optimization procedure, while simulation was 
performed on a 295-Bus Generic Distribution 
Network (GDN). 

Martin Max L.C et al. (2013) contributed a study 
using a mathematical model appropriate for 
application to predictive maintenance of transmission 
line segments at low cost, without need for sensors 
distributed along with line. By tracking leakage 
current of transmission lines, this model finally gave 
a way for estimating the current line insulation status. 
Once it is computed, the possibility to compare it 
with other future status can be gained. As a next 
level, the verification of insulation conditions of that 
line was enabled. The model uses a new indicator 
called MCHO, which could detect and diagnose both 
normal and abnormal operating conditions of a 
power transmission line. The indicator has endowed 
capacitance for the harmonic frequencies of 
transmission line Leakage current. The model was 
validated through measurements obtained on a 
stretch of transmission line. 

Sheng-Yu Tseng et al. (2013) proposed an Inter-
leaved Step-up Converter with a single-capacitor 
snubber for PV energy conversion applications. The 
step-up converter has adopted two sets of boost 
converters with inter-leaved fashion and coupled 
inductor technology so as to reduce output ripple 
current and to increase level of output power. To 
achieve higher conversion efficiency and reduce 
switching losses of the proposed converter, a Loss-
Less Single-Capacitor Turn-off Snubber was 
introduced. Therefore, the conversion efficiency 
could be increased significantly. In an attempt to 
draw maximum power from PV arrays, a 
perturbation and observation method and a micro-
controller were associated to implement Maximum 
Power Point Tracking (MPPT) algorithm and power 
regulating scheme. Finally, a proto-type of a Soft-
Switching Inter-leaved Boost Converter with coupled 
inductors was built and implemented. Experimental 
results were obtained to verify performance and 
feasibility of the proposed converter for PV arrays 
applications. 

Binod Shaw et al. (2014) initialized a work in 
which, OGSA was applied to provide solution for 
Optimal Reactive Power Dispatch (ORPD). 
Traditionally, ORPD was defined as the 
minimization of active power transmission losses by 
controlling a number of Control variables. It was 
formulated as a non-linear constrained optimization 
problem with continuous and discrete variables. 
OGSA was applied to find out settings of control 
variables such as generator voltages, tap positions of 
tap changing transformers and amount of reactive 
compensation to optimize certain objectives. The 
study was later implemented on IEEE 30-bus, 57-bus 
and 118-bus test power systems with different 
objectives that reflect minimization of active power 
loss. The results were compared with Evolutionary 
Optimization Techniques surfaced in recent state-of-
the-art literature including basic GSA. 

Gyeong-Hun Kim et al. (2015) proposed a 
Three-phase Four-leg Voltage Sourced Inverter 
(VSI) based Load Unbalance Compensator (LUC) 
with control algorithm. The purpose of  three-phase 
four-leg VSI based LUC was to enhance power 
quality of the stand-alone microgrid. The power 
quality of the microgrid which is installed in Mara-
island of Korea was analyzed by using real 
operational data. A photo-voltaic power generation 
system, diesel generator, battery energy storage 
system and a power management system modeled in 
PSCAD/ EMTD. Three-Phase four-leg VSI based 
LUC was modeled and applied to the modeled 
microgrid. Power flow and stability of the modeled 
microgrid with the LUC was combined for further 
analysis under variable irradiance and unbalance 
loads. LUC was chiefly instrumental to improve 
stability of the stand-alone microgrid and its control 
algorithm could be effectively utilized for the stand-
alone microgrid having large unbalance loads. 

 
MATERIALS AND METHODS 

 
Dynamic Voltage Restorer (DVR): 

The Dynamic Voltage Restorer (DVR) is a 
series compensator that can be able to protect a 
sensitive load from the distortion in supply side 
during fault or overload in the power system. The 
basic principle of the series compensator is 
simplified by inserting voltage with required 
magnitude and frequency. The series compensator is 
capable of restoring the load side voltage to the 
desired amplitude and waveform even when the 
source voltage is unbalanced or distorted. The DVR 
device employs Gate Turn Off thyristor (GTO) solid 
state power electronic switches in a Pulse Width 
Modulated (PWM) inverter structure. The DVR can 
generate or absorb independently the controllable 
real and reactive power at the load side. 
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Fig. 1:  Dynamic Voltage Restorer 

 
The DVR is made of a solid state ‘DC to AC’ 

switching power converter, and injects a set of three 
phase AC output voltages in series so as to provide 
synchronism with distribution feeder voltages. The 
amplitude and phase angle of injected voltages are 
variable, thus allowing a control of real and reactive 
power exchange between the DVR and the 
distribution system effectively. The DC input 
terminal of the DVR is connected to an energy 
source or energy storage device with appropriate 
capacity. The reactive power exchange between the 
DVR and the distribution system is internally 
generated by the DVR without AC passive and 
reactive components. The real power exchanged at 
the DVR output AC terminals is provided by the 
DVR input DC terminal by an external energy source 
or energy storage system. DVR structure is 
comprised of a rectifier, inverter, filter and coupling 
transformer as depicted in figure1. Pulse Width 
Modulation (PWM) technique is used to control 
variable voltage. Filter is applied to eliminate 
harmonics that is generated from high switching 
frequency in PWM technique. In Power system 
network, the DVR is connected in series with the 
distribution feeder that supplies a sensitive load as 
shown in figure 1. Two main factors related to 
capability and performance of DVR working against 
voltage sags in a certain power system namely the 

sag severity level and Total Harmonic Distortion 
(THD).  
 
Principle Operation of DVR System: 

In normal conditions, the capacitor between 
rectifier and inverter will be charging. When voltage 
sag appears, capacitor discharges to maintain load 
voltage supply such that nominal voltage can be 
compared with voltage sag so as to get difference 
voltage that can be injected by DVR system to 
maintain load voltage supply. PWM technique used 
to control this variable voltage and reactive power 
can be injected by the DVR system. Practically, the 
capability of injection voltage by the DVR system is 
50% of the nominal voltage. It is sufficient for 
mitigation voltage sag as far as the statistics showing 
that many voltage sag cases in a power system 
involving less than 0.5 p.u. voltage drop. 
 
Mathematical Model for Voltage Sag Calculation: 

Let us assume that the fault current is larger than 
the load current. The point of common coupling is 
the point from which both fault and load are fed. 
Upon the occurrence of a fault which may be a line-
to-line ground fault, a short circuit current flow 
leading to reduction in the voltage magnitude at the 
Point of Common Coupling (PCC) is pictured in 
figure 2. This voltage sag can be unbalanced and can 
get accompanied with a phase jump. 

 
 

 
Fig. 2: Calculation for Voltage Sag 
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Where, SSS jXRZ += is the impedance, 

FFF jXRZ +=  is the impedance between the 

PCC and the fault, then upE .1=  is the source 

voltage. The missing voltage is the voltage difference 
between Pre-sag condition and sagged or faulted 
condition which is derived in the equation 4. 

sagpresaggmis VVV −=sin
                         

(4) 

The missing voltage is provided by sag 
compensating device like DVR which is injected in 
series with the supply voltages to bring the voltages 
to pre-sag condition. 

 
PI Controller for DVR Tuning: 

The reason behind the use of expanded 
Proportional Integral (PI) Controller is its 
effectiveness in steady-state error of a control system 
and also its easy and uncomplicated implementation 
process. However, the only disadvantage of the 
conventional compensator is its inability to improve 
transient response of the system. The conventional PI 
controller displayed in figure 3 has the form of 
equation 5, where U is the control output which is 
fed to the PWM Signal Generator. KP and KI are 
Proportional and Integral gains respectively, which 
depend on the system parameters. ε is the Error 
signal that denotes the difference between injected 
voltage and reference voltage. 

 
 
Fig. 3: Control of the Injected Voltage using Conventional PI Controller 

 

∫+=
TIP tdtKtKtU )()()()( εε           (5) 

Equation (5) focuses that the PI Controller 
introduces a pole in entire feedback system, thus 
making a change in its original root locus. 
Analytically, the pole introduces a change in the 
response of control system. The effect is the 
reduction of steady-state error. On the other hand, the 

constants PK  and IK  determine the stability and 

transient response of the system, in which, these 
constants rely on their universe of discourses: 

 

[ ]maxmin, PPP KKK ∈ and [ ]maxmin, III KKK ∈  
 
Where, values of minimum and maximum 

proportional and integral constants (gains) are 
practically evaluated through experimentation and by 
using iterative techniques, thus making design of the 
conventional PI controller to be highly dependent on 
expert’s knowledge. When the compensator 
constants exceed allowable value, the control system 
may results into unstable state. After determination 
of domain of the proportional and integral constants, 
the tuning of the instantaneous values of the 
constants can take place. Based on the value of the 
Error signal ε, the value of the constants adjusts to 
formulate an adaptive control system. The constants 

PK  and IK  will change to ensure the steady-state 

error of the system, when reduced to minimum, if it 
is not zero. 
 
Proposed GA based PI Controller for DVR: 

DVR tuning is one of the widely preferred 
techniques to reduce power quality problem in the 
industrial power system. GA is a stochastic global 
adaptive search optimization technique based on 
mechanisms of world famous Darwin's principle of 
natural selection. The searching process is maximum 
similar to that of nature, where a biological process 
of a stronger individual is likely to be a winner and 
achiever in a competing environment. To use the GA 
technique successfully, it is fundamental to initialize 
the GA technique with a set of solutions represented 
by chromosomes called Population. Each solution 
can be represented by a binary string of ones and 
zeros, real numbers or other forms, basically 
depending on application data. The fittest among a 
group of individuals survive and therefore used to 
form new generations of individuals with improved 
fitness values. The fitness of an individual is a 
measure, which is vital, and exhibits how well the 
individual performs in a problem domain. Using an 
innovative flair of human search, the GA can be 
extremely useful. Recently, the GA has been 
recognized as an effective and efficient technique to 
solve optimization problems.  
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Fig. 4: Proposed DVR System 

 
Comparing with other optimization techniques, 

the GA starts with an initial population containing 
number of chromosomes, each one representing a 
solution to the problem by evaluating performance 
through Fitness credibility. The GA consists of three 
basic operations namely, 

(a) Selection: This gives more reproductive 
chances to the fittest individuals.  

(b) Cross-Over: During this operation, some 
reproduced individuals cross and involve in the 
exchange of their Genetic Characteristics.  

(c) Mutation: This may occur in a small 
percentage and end up in creating a random change 
in the Genetic material, in an attempt to contribute 
Variety in the Population.                             

The Evolution process involves the GA through 
more promising regions deeply in the search space. 
The application of the basic operations instigates a 
creation of new individuals may prove impressive 
than their parents. This Algorithm is handled 
repeatedly for many generations and finalized after 
reaching individuals representing optimum solutions 
to the problem. In this paper, we imply the GA with 
PI controller for tuning the DVR and the electrical 
circuit for our proposed system, as represented in 
figure 4.  
 
Implementation of GA based Tuning PI controller: 

The block diagram for the entire system is given 
in the figure 5. 

 
 

 
 
Fig. 5: Schematic of GA based PI Controller 

 
The implementation of the tuning procedure 

through GA starts with a definition of chromosome 
representation. The chromosome is formed by two 
values corresponding to two gains to be tuned, to 

reciprocate a satisfactory behavior. The gains PK  

and IK  are binary string numbers which 

characterize the individual to be evaluated. Each gain 
is represented by ten binary numbers, whereas each 
chromosome has twenty genes in this particular 
process.  

 
Mathematical Modeling GA based PI Tuning of 
DVR: 

The DVR is connected to regulate the load 
voltage to 1.0 per unit. Let us assume that rms load 
voltage is given as 1.0 per unit. The Line current is 
given in the equation 6, 

ll
s jXR

I
+
∠=

o01
                          (6) 
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For zero DVR power, the voltage must be in 
quadrature to the line current,  

( ) ( )11
90 jbaVVeVV ff

Ij
ff

s +=Θ∠== +∠
rrrr o

     (7) 

Where, 11 jba + is unit phased at o90 , 

( ) 22 jbaVIjXRVVV lslfs ++=++=+
rrrrr

     (8) 

Where, 22 jba + shows the feeder drops. By re-

arranging the equation we get, 

( )1122 jbaVjbaVV fls +−++=
rrr

                   (9) 

The following quadratic equation is then 
obtained from the magnitude of, 

( ){ } flf VbbaVaV
rrr

2121

2
2 ++−

        
(10) 

If inP  and loadP  are Input power from the 

source and the load power respectively; Likewise 

inQ  and loadQ  are the input reactive power from the 

source and load reactive power respectively. Then, 

( ) ( )∑ +−⋅⋅−⋅⋅⋅=−= 112 coscos3 δαφφ iiloadindvr IVIVPPP  (11) 

( ) ( )∑ +−⋅⋅−⋅⋅⋅=−= 112 sinsin3 δαφφ iiloadindvr IVIVQQQ (12) 

Where, i = 1, 2, 3. 
For Minimum Power Operationφ , δ, α, V1 and 

V2, we have 0=
αd

dPdvr  

Then ( ) 0sin1 =+−⋅⋅∑
i

iii IV δαφ   

If 0>dvrP then, βφα +=opt
  

Else if, 0=dvrP , then

( )









+
⋅⋅−+=

22

2 cos3
arccos

YX

V
opt

φβφα   

X

Y
arctan=β

 
( ) ( )∑∑ ⋅=⋅=

i
ii

i
ii VYVX δδ sin,cos 11

 
Figure 6 projects a process flow of the proposed 

GA based tuning of PI Controller for DVR.

  

 
Fig. 6:  Process Flow of GA based PI Controller for DVR 

 
Initially, the approximate range and coding 

length of each parameter have to be determined for 
encoding. The length of string depends on defining 
domain of the variables and precision of calculation. 
In this paper, Binary number encoding method is 
adopted to provide simplicity for Genetic Algorithms 
operation. Here the length of string is 10, and any 
binary cluster (a9 a8 a7 a6 a5 a4a3 a2 al a0) is same 

value in 0~1024. The steps involved in the GA based 
PI Tuning are discussed below: 
 
Step 1: 

 Generation of Random Population 

The Gene expression [ ]IP KKK ,=  is encoded 

in binary number to improve or boost efficiency and 
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enhance improvement in the calculation speed and 
robustness. 
 
Step 2:   

Fitness Calculation 
After decoding each member of population, the 

fitness values for each individual ‘n’ are calculated 
and saved in the current population ‘N’. As the 
dynamic performance currently adopted is termed to 
be overshoot and transient, we undergo a different 
strategy of approach so as to determine the objective 
function such that the performance index of integral 
of the absolute value of error to time is taken into 
account. Square index of the input can be added into 
the objective function to avoid exceed of the limit of 
control variables. Undoubtedly, the considerable 
factor is the transient time index. The following 
objective function is defined to obtain satisfactory 
dynamic performance in the transient process. Then 
the error is assessed by using an appropriate error 
performance criterion. The Fitness function is 
defined as the integrated time absolute error criterion 
as prompted in the equation 13. 

( ) ( )( ) utwdttuwtewJ ⋅++= ∫
∞

3
0

2
211

        
(13) 

Where ( )te  is the error between the reference 

signal and the system output, ( )tu   stands for the 

output of controller. In the same way, ut  denotes the 

rising time and ( )3,2,1, =iwi  denotes 

corresponding weight value. Moreover, to avoid 
great over-shoot, a penalty function is added to the 

objective function, when the error is( ) 0<te . The 

objective function is focused in the below equation 
14. 

( ) ( ) ( )( ) utwdttewtuwtewJ ⋅+++= ∫
∞

3
0 4

2
21   (14) 

where, ‘ 4w ’ stands for the weight value. The 

fitness function is directly related to the objective 
function, in this article, inverse of objective function 
is used for fitness function. Then the fitness function 
is defined as: 

J
F

1=
             

(15) 

 
Step 3: 

 Selection 
It is difficult to converge the Global optimal 

solution using the proportion method to choose the 
operator. Consequently, the best individual 
reservation strategy can be adopted to improve the 
performance. By computing through preference to 
better individuals, allowing them to pass on their 

genes to the next generation. The goodness of each 
individual depends on its mere fitness function itself. 
 
Step 4: 

Termination Criterion 
If termination criterion cannot satisfy the need, 

the creation of new population N+1 by reproduction, 
cross-over and mutation can be anticipated. 
 
Step 5:  

Cross-over 
This is certainly the prime distinguished factor 

of GA from other optimization techniques. Here, two 
individuals are chosen from population using the 
selection operator. A cross-over site along with the 
bit string is randomly chosen and the values of two 
strings are exchanged up to this point. 

 
If S1=000000 and s2=111111 and the Cross-

over point is 2 then S1'=110000 and s2'=001111 
 
The two new offspring created from this mating 

are provided into the next generation of the 
population. By re-combining portions of good 
individuals, this process is likely to create even better 
individuals. 
 
Step 6:   

Mutation 
With some low probability, a portion of new 

individuals can have some of their bits flipped. The 
Major purpose is to maintain diversity within the 
population and to inhibit premature convergence. 
Mutation is the only step to induce a random walk 
through the search space. Without inclusion of cross-
over step, mutation and selection can effectively 
create parallel, noise-tolerant. It is required to repeat 
the Step 2-6 until fusing schedule indexes and 
making the parameters convergent 

 
RESULTS AND DISCUSSION 

 
The proposed GA based PI control for the tuning 

of DVR is implemented in MATLAB/Simulink 
platform. The performance of this proposed approach 
is tested on a DVR system within the system 
parameters enumerated in Table 1. Voltage sag is 
created at load terminals via three-phase fault as 
shown in the figure 4. Load voltage is sensed and 
passed through a sequence analyzer and the 
magnitude is compared with reference voltage (Vref). 
This System of efficacy is comprised of 13 kV, 50Hz 
Generator, feeding transmission lines through a 3-
winding Transformer connected in Y/Δ/Δ, 13/115/ 11 
kV.
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Table 1:  System Parameters 
Sl. No. System Quantities Standards 

1. 

Inverter Specifications IGBT based, 3 Amps,  
6 Pulse,   
Carrier Frequency = 1080 Hz,  
Sample Time = 5µsec 

2. 
Transmission Line Parameter R=0.001 ohms,  

L = 0.005H 

3. 

Genetic Algorithm Population Size = 50, Generations = 100 
Cross-over rate = 0.6, Mutation = 0.06,  
Reproduction Method = Roulette Wheel 
Cross-over = Single Point Cross-over 
Mutation = Single Point Mutation 

  
Weights in object function of Eqn. (14) are

999.01 =w , 001.02 =w , 0.23 =w  and

1004 =w . The Input and load voltage obtained 

without any fault are given in the figure 7. It clearly 
shows that the Load voltage is almost similar to that 
of the input voltage. 

  

 
Fig. 7:  Input Voltage and Load Voltage without Fault  

 
Three-phase fault “X” is introduced, the voltage 

sag and swell occurring after the influence of fault 
and corresponding supply voltage are shown in the 
figure 8. It clearly shows s 50% of three-phase 
voltage sag and voltage swell occurring at the utility 
grid which is initiated at 0.1s and kept until 0.3s, 

with total voltage sag duration of 0.2s is shown in 
figure 8(a). In figure 8(b) the DVR performance 
during a voltage swell condition in which amplitude 
of supply voltage is increased up to 25% from its 
nominal voltage is shown. 

 
(a) 

 
(b) 

 
Fig. 8:  (a) Voltage Sag at Source (b) Voltage Swell at Source 
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In order to overcome the voltage sag and swell, 
the DVR is added effectively to improve the power 
quality. The voltage injected to rectify the voltage 

sag and swell by the conventional DVR and the 
proposed DVR are differentiated.  

 

 
(a) 

 
(b) 

 
Fig. 9:  Voltage Injected by (a) Conventional DVR (b) Proposed DVR at Voltage Sag Condition 

 
(a) 

 
(b) 

 
Fig. 10:  Voltage Injected by (a) Conventional DVR (b) Proposed DVR at Voltage Swell Condition 

 
Figure 9 shows the injected voltage by the 

conventional DVR and the proposed GA based PI 
control tuned DVR respectively at voltage sag 
condition, while figure 10 demonstrates the 

observation during voltage swell condition. The 
distinguished balance load voltage at voltage sag and 
swell are focused in the figure 11 and 12. 
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(a) 

 
(b) 

 
Fig. 11:  Load Voltage at Voltage Sag by (a) Conventional DVR and (b) Proposed DVR 

 

 
(a) 

 
(b) 

 
Fig. 12:  Load Voltage at Voltage Swell by (a) Conventional DVR and (b) proposed DVR 

 
Figure 11 administers the corresponding load 

voltage with compensation by the conventional and 
proposed DVR methods respectively at voltage sag 
condition. In figure 12 the load voltage with the 
supply voltage swell is given. As obtained from the 
results, the load voltage is kept at the nominal value 
with a help of the DVR. Similar to the case of 
voltage sag, the DVR reacts quickly to inject 
appropriate voltage component (Negative Voltage 
Magnitude) to correct the supply voltage. The 
performance shows that the DVR tuning is 
substantially helpful to maintain the voltage sag and 
swell in power system which is not completely 
balanced by the conventional DVR. Hence our 
proposed GA based PI controller for the DVR tuning 
certainly enhances the performance, balancing sag 
and swell voltages in remarkable levels. The 
experimental analysis proved that the proposed 

system provides a better optimal control value for PI 
controller and empowers the DVR system to reduce 
voltage sag and swell.  
 
Conclusion: 

This paper, as visualized by the readers, has 
proudly presenting an optimal GA based PI 
controller for DVR to enhance the performance and 
to reduce power quality problems such as voltage 
sags, swells and others. An Overview of a 
conventional DVR is also included for better 
understanding of the proposed technique. DVRs are 
the most recent and effective custom power devices 
for voltage sag and swell compensation. As 
discussed earlier in detail, it injects appropriate 
voltage component to correct any sort of rapid 
anomaly in the supply voltage and to furthermore 
keep the load voltage to be balanced and constant at 
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the Nominal Value. It is clearly proven that our 
proposed DVR scales down the problems like 
voltage sag and swell. The performance of this 
technique is proved by comparing with the 
conventional DVR system for balancing the voltage 
issues. To make further desired advancements in this 
proposal, our future work will exclusively include a 
significant comparison with laboratory experiments 
to carry out a comparative study of simulation and 
experimental results. 
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