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Using devices such as unified power quality conditioners (UPQCs) in distribution networks seems essential for higher electricity quality.
Moreover, distribution network reconfiguration is a suitable model for improving network characteristics, including loss reduction and
voltage increase for distribution networks, and is widely used in this era. Here, the study discusses the rechanging of distribution
networks for UPQC via proposing an appropriate model for it. In addition to the optimum structure of distribution networks, the most
appropriate branch where UPQCmust be located and the most appropriate reactive power size with which series and shunt filters must
be injected into the grid are determined.,e simulations have been applied on two 69- and 84-standard-bus networks.,e results of the
simulations indicate much power loss reduction and much voltage increase in the presence of UPQC compensators.

1. Introduction

,e important goal of companies for electric effectiveness is
providing the sinusoidal voltage continuously and stable
voltage to all customers. In previous studies, parameters of
PQ including the harmonics power, voltage cell, frequency,
power factor, and reactive power are examined by using the
infusion generators. ,e problem of power eminence is
yielded in separation of customer equipment by using some
problems in current, deviation of frequency, and voltage.
,e subjects of PQ have engrossed high consideration from
companies and clients because of utilization of various types
of susceptible electronic devices. ,e differences of PQ re-
garding load switching are obtained through short circuits,
voltage decrease, gleam and relief, and distortions of har-
monics. ,e electrical misses have happened via burst in
electrical cycles, sudden loads, firelight, and radiated fre-
quency. ,e various types of disturbances of PQ are oc-
curring in the outline of electrical power. ,e evaluation of

proficiency from PQ indicated that 50 percent of troubles of
PQ are related to bonds of the ground, voltage neutral to the
ground, and more ground-related problems. Distribution
network reconfiguration is an effective way of reducing
losses among the existing loss reduction methods in dis-
tribution networks. As distribution networks are designed in
ring or mesh but are exploited in radial distribution, two
customarily opened and normally closed switches exist.
Reconfiguration represents selecting the open or closed state
of these switches. However, the aim of reconfiguration may
not be only to reduce losses. Previously, there have been
several successful methods developed and employed. Im-
proving voltage profile, balancing the load, and service
restoration are some of the objectives mentioned in
reconfiguration studies. In previous works, the heuristic
model is proposed to obtain minimum loss configuration
[1]. In [2], an innovative approach is provided for reducing
losses and improving voltage profiles. In [3], a method is
suggested to balance feeder load and reduce losses for
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unbalanced distribution networks. In [4], models to provide
network reconfiguration are proposed. Regardless of the aim
of reconfiguration, reconfiguration studies can be catego-
rized as far as the presence of different compensator devices
is concerned.

1.1. In the Presence of a Capacitor. Capacitors have various
advantages in distribution networks, such as voltage regu-
lation, power factor improvement, and losses reduction.
Multiple studies have investigated reconfiguration and ca-
pacitors simultaneously. For instance, reconfiguration and
capacitor control are investigated simultaneously using the
simulated annealing method [5]. An algorithm is presented
in a study [6] by considering different load levels based on
MINLP for performing reconfiguration and capacitor
allocation.

1.2. In the Presence of Distributed Generations (DGs).
DGs have many economic and operational advantages [7].
Various articles have investigated the distribution reconfi-
guration. For instance, distribution reconfiguration is used
for DG via the genetic algorithm [8]. A study [9] has
considered DG’s active power generation cost in reconfi-
guration. Other objective functions that PSO optimize in this
article include the operational power generation cost of
distribution networks, the number of switches functions,
and bus voltage deviation. A model is presented in a study
[10] based on MINLP for distribution reconfiguration for
DGs.

1.3. In the Presence of DSTATCOM. Some advantages of
DSTATCOM include voltage flicker reduction, harmonic
reduction in-network, improving bus voltage, reducing
losses, and continuous control of reactive power [11].
Distribution network reconfiguration and DSTATCOM
placement are investigated simultaneously in a study [12].
,e present study aims to reduce losses and improve voltage
levels via DEA.

Today, the need for high power quality is felt more than
ever. In general, it can be stated that low power quality
causes additional costs for producers and consumers. For
instance, an equipment malfunction, more network losses,
consumer dissatisfaction, and life loss of equipment are
examples of some extra charges imposed on producers and
consumers due to low power quality. However, electricity
distribution networks may not have high quality due to
nonlinear loads, single-phase consumers, power electronics
loads, etc. As a result, the use of devices that guarantee the
power quality of distribution networks is essential. UPQC
is one of the best devices which can improve power quality
effectively [13]. UPQC has a series and a shunt filter that are
connected back to back. ,e active series filter is respon-
sible for damping feeding disturbance, and the active shunt
filter damps the current quality generated by consumers
[14].

In [15, 16], a model to assess the technical efficiency of
PQ change strategy via FACTS devices is reported. In [17],

the control strategy is reported using UPQC. In [18], the flow
pattern is recommended for feeder reconfiguration to
obtain the best start in search models. In [19], a model is
reported to optimize the NR problems in PDS to decrease
VP in advance. In previous studies, NR was used to in-
crease the VP and decrease power loss. In [20], a UPQC
with two CAMCs in back-to-back connection is proposed.
,e hybrid modulation technique used in the CAMC
made the implementation of the control objectives easier.
Due to the applicability of power electronic devices in
improving the FACTS performances, the expectancy of
using various kinds of controllers for efficient shunt are
increased. ,e devices of FACTS are answered to alter in-
network positions. ,e implication of FACTS devices in
transmission and analogous systems is implemented
properly in distribution systems. ,e devices of distri-
bution-FACTS are utilized to recover the problems of
power in systems of distribution [1, 2] that happen at a
measure of milliseconds. In the mentioned time,
D-FACTS has injected the active power and reactive
power in the system to recover sensitive loads [9]. ,e
DSTATCOM as a converter of the voltage source is used
to recover the problems of power quality [13–19]. ,e
DVR as an important converter is utilized to recover the
problems of power quality. In [7], ANFIS, which is related
to a controller of hysteresis, is suggested to obtain the
efficiency of power quality. ,e novel works were pro-
duced by the incorporation of fuzzy and neural networks.
,e suggested models of D-FACTS are used in systems of
two bus distributions including the sensitive load and
source. ,e D-FACTS effects on recovery of the problem
of power quality are examined. But, the D-FACTS effects
on the system of large distribution are not examined. Also,
the D-FACTS impacts are investigated for a short dura-
tion but not examined for a long term.

Considering the importance of reconfiguration and
the increasing importance of UPQC, this work investi-
gates distribution reconfiguration for UPQC. In this
paper, first, a model will be extracted for UPQC load flow.
,en, based on this model and with the aid of a genetic
algorithm, reconfiguration of distribution networks will
be carried out in the presence of UPQC. Reducing losses
and improving voltage profile are the objective functions
based on the network form, by which the best UPQC
location and the most appropriate injected power will be
determined. To combine loss reduction and voltage im-
provement as one objective function, these objective
functions should be normalized. In this study, Utopia
Point and Nadir Point methods are used for normalizing
objective functions.

2. The Problem’s Objective Functions

As mentioned above, the present study aims to decrease the
losses and increase voltage for networks. Objective functions
considered for optimization purposes are total active losses,
voltage deviation average, and the sum of the normalized
values of these two objective functions. ,ese objective
functions can be formalized as follows [1–3]:
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where Ptotal,loss is total power losses (W) and Vi is the
voltage magnitude of bus i. Also, f1 and f2 are the nor-
malized values of the first and second objective functions,
respectively. n indicates the number of buses. NL shows the
number of lines. P (MW) and Q (Var) are active and re-
active power, respectively. ,e constraints which should be
considered in this optimization are as follows (constraints 1
and 2 must be regarded for common reconfiguration and
constraints 3 and 4 for reconfiguration in the presence of
UPQC):

(1) Bus voltage must not exceed the permitted limits:

Vmin <Vi <Vmax. (4)

(2) ,e branch’s current must not exceed the permitted
limits:

Ii

􏼌􏼌􏼌􏼌
􏼌􏼌􏼌􏼌< Ii,max. (5)

(3) ,e sum of UPQC injected series and shunt reactive
power size is lower than reactive load power:

􏽘
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series
i + Q
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i ≤QTotal,Load􏼐 􏼑. (6)

(4) ,e branch that the optimization algorithm proposes
for opening must not be the same as UPQC’s
location.

In these equations, Qseries
i and Qshant

i are injected re-
active power by compensator i and NUPQC is the total
number of existing UPQCs in the network. Vmin and Vmax
(V) are network voltage constraints, and Ii and Imax (A) are
the branch current i and the maximum branch current i,
respectively. Vmin and Vmax are lower and upper bounds of
voltage, respectively. QTotal,Load is the total reactive power
for the consumer. NUPQC is the number of UPQC devices
[20].

,e sum of two different objective functions is con-
sidered one objective function for simultaneous optimiza-
tion; it is necessary to normalize them because each function
is in different units. In this study, Utopia Point and Nadir
Point methods are used for normalizing objective functions
[21]. If x∗i is the best response for optimizing the single
objective function i, then the normalized objective function i
f1 will be defined as follows [21]:
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where fU
i is the Utopia Point and is defined as follows:
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Utopia Point fU is obtained from the best data of Pareto
solution, and a Utopia Point is computed as a result of
optimization of n single criteria in time serving.

And, fN
i is the Nadir Point that is defined as follows:

f
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Nadir Point fN is obtained from the worst data of the
Pareto solution, and finding a Nadir Point is difficult when
the problems have three and more criteria. ,e given points
via the user, Utopia Point fU, and Nadir Point fN, define the
piecewise function u.

3. UPQC Modeling

UPQC can inject active and reactive power and is used to
increase sag and unbalance voltages [20, 22]. A very com-
plicated PV model is presented in a study for modeling
UPQC in a distribution network within which only the series
part is controllable. In the present paper, a simpler and more
appropriate model is presented for the placement of UPQC
in the network by evolution algorithms. UPQC compen-
sators can inject power. Figure 1 shows a general view of a
UPQC installed between buses i and j, with its series and
shunt parts specified.

,e series for UPQCs operates entirely between each
other for injecting power, and it has enough the power for
reactive load of bus j for modeling shunt injected reactive
power. ,e shunt injected reactive power is intended as a
negative load for bus j as in Figure 2 [20].,e reactive load of
bus j after modeling the shunt part of UPQC is changed, and
in this equation, Qshunt is the injected power for UPQC.

,e series injected power to the line will be simulated
after modeling the shunt part separately and as a reactive
negative load. ,e single line diagram of Figure 2 is changed
by voltage (Figure 3).

If the network’s Norton equivalent circuit is achieved
from the points of i and j, the ,evenin’s circuit will be
converted to Norton circuit as in Figure 4. In this situation, we
can model the injected series power as loads of i and j buses:

Is �
Vs

Zs

. (10)

,e Vs, Is, and Zs are voltage, current, and impedance for
buses, and these parameters are formulated as follows:

Vs � Vsm∠δVs,

Is � Ism∠δIs,
(11)

where δVs and δIs are the angle of voltage and current,
respectively. Vsm and Ism are the maximum values of voltage
and current, respectively. Equal power is needed in the load
flow.,erefore, the current source will be replaced with it by
using equivalent power equations, and Figure 4 will be
converted to Figure 5 subsequently.

,e active power is obtained via [21]
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where Sseries,i (VA), Pseries,i (W), and Qseries,i (Var) are
complex, active, and reactive power in series lines, respec-
tively. ,e exact process will be conducted in bus j. ,ese
operations will be performed in each of the load flow it-
erations. Operational management cannot be used to inject
and it is [21–23] as follows:

Pseries,i � real Sseries,i􏽮 􏽯 � 0. (15)

,e current angle of Is will be calculated in the following
way:

δIs �
∠Vi + π

2
. (16)

Before calculating equations (12)–(14), first, the source
current in each iteration is calculated with the aid of the
following equation:

Is �
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􏼌􏼌􏼌􏼌
􏼌􏼌􏼌􏼌
∠

Vi + π
2

. (17)

Since Is a constant amount, only its angle will be
changed in each iteration to adjust to the injected reactive
power. After completing the load flow iterations, the
injected series voltage angle will be calculated using the
following equation:

δVs � ∠
Is

Zs

􏼠 􏼡. (18)

4. Performing Reconfiguration and UPQC
Placement in a Distribution Network

,e switch types are available in distribution networks, and each
ring includes one typically opened switch. Performing
rechanging by using intelligent algorithms can be simulated in

VSeries

IShunt

Voltage
Source

Converter

Voltage
Source

ConverterVDC

Series Compensator Shunt Compensator

Vi

R X

Vj

PLi + jQLi PLj + jQLj

Figure 1: Single line diagram of the UPQC structure.

Voltage Source 

Converter

VDC

Vi
R X

IL

ISeries
VjVSeries

PLi + jQLi PLj + jQLj - jQshunt

Figure 2: UPQC structure with modeling of the shunt part as the
negative load for bus j.

PLi + jQLi PLj + jQLj

V0i

R X

V0j

I0L

Figure 3: ,evenin’s equivalent circuit for UPQC.

PLi + jQLi PLj + jQLj – jQshunt

VjZLine

ISeries

Vi

Figure 4: Norton equivalent circuit of the series part of UPQC.

Vi Vj
ZLine

SSeries, i

PLi + jQLi PLj + jQLj - jQshunt

SSeries, j

Figure 5: ,e load model for the series part of UPQC.

4 Complexity



two ways: (a) all the switches should be considered open in the
initial state and then by closing some of the switches, a network
structure will be obtained that, in addition to being radial, must
reduce the objective function to its minimize amount; (b) in the
initial state of the problem, all switches should be considered
closed and then by opening a specific number of switches, the
radial limitation andminimization of the objective function will
be met.,e number of normally closed switches in distribution
networks ismuchmore than the number of customarily opened
ones. Hence, if we perform the reconfiguration according to the
second method, the problem will be less complicated.

,e following states can be considered for performing
reconfiguration concerning UPQC placement:

(1) First, reconfiguration and then UPQC placement
(2) First, UPQC placement and then reconfiguration
(3) Distribution network reconfiguration and UPQC

placement simultaneously

,e third method can have the characteristics of the
other two ways at the same time. Here, the algorithm is used
for optimization. In the first step of the genetic algorithm,
the initial populations (chromosomes) are generated. For
distribution network reconfiguration, concerning UPQC
placement, each chromosome can be considered a structure
as shown in Figure 6.

Step 1: the genes of this part represent the typically
opened switch number. According to Graph’s theory, the
number of these genes or usually opened switches will be
calculated by the following equation:

N � L − n + 1. (19)

Here, N is the number of customarily opened switches, L
is the branch number, and n is the network bus number.

Step 2: the genes in this part of the chromosome indicate
the branches in which UPQC will be located.

Step 3: the genes in this part of the chromosome indicate
the shunt injected reactive power of all UPQCs.

Step 4: the genes in this part of the chromosome indicate
the series injected reactive power of all UPQCs.

For instance, for a 69-bus network with 73 branches with
five typically opened switches and one UPQC, each chro-
mosome has eight genes. Five of these genes are network
switches that must be opened. ,e sixth gene indicates the
branch in which UPQC will be located. ,e seventh gene
indicates the shunt injected reactive power, and the eighth
gene indicates the series injected reactive power of UPQC.

Once the initial population is generated randomly, the
objective functions will be evaluated. After evaluating the
objective function, genetic operators (usually three operators
of selection, crossover, and mutation) will be applied in the
initial population. ,e generated chromosomes will be
reevaluated, and this process continues until the stopping
conditions are met.

5. Simulation Results

In this paper, two 69- and 84-bus networks are considered
for simulation. Data are compared by the following:

(1) ,e primary state of the network
(2) Network reconfiguration without the presence of

UPQC
(3) Reconfiguration and UPQC to optimum the losses
(4) Reconfiguration and UPQC to improve the voltage

level
(5) Reconfiguration and UPQC to decrease losses and to

increase voltage levels simultaneously

5.1. 69-Bus Network. In this study, a system with 12.66 kV,
69-bus, 8-lateral radial distribution according to modern
node counting with some corrections in demands of active
power and reactive power is remarked as another test sys-
tem. ,e whole load of the studied system is obtained as
(4.0951 +j2.8630) MVA. ,e obtained results of the studied
system are calculated from [22]. ,is distribution network
has 69 buses and 73 branches. ,e total load over its feeders
is 3.801MW and 2.6944 MVAR. Data of this network are
taken from [23].,e population size is assumed to be 50, and
the iteration number is 200 for simulation. Based on
equation (6), the amount of UPQC series and shunt injected
power must not exceed 2.6944 MVAR (total reactive power
of this network). Data of simultaneous network reconfi-
guration and UPQC placement are demonstrated in Table 1.
,e suitable effect of reconfiguration and UPQC placement
can be observed clearly in this table. As can be observed, in
optimizing the first objective function (f1), the network
losses have been reduced significantly and have decreased
from 224.92 to 73.10 kW.,erefore, the objective function is
improved by about 66% which is very considerable. In this
state, switches 14, 58, 63, 69, and 70 are suggested to be open,
and UPQC is located in line 60, and the shunt and series
injected power are 1.1 and 0.91 MVAR, respectively. In
optimizing the second objective function (f2), a significant
improvement is observed in the voltage level enhancement.
As Table 1 shows, this function has decreased from 0.0265
PU to 0.0045 PU. ,e voltage means reached the ideal
amount of 0.9955 PU that is rather suitable and noticeable.
In this state, the opened switches are 10, 12, 18, 58, and 61,
and the UPQC location is line 73, and its series and shunt
injected power are 1.03 and 1.49 MVAR, respectively. For
optimizing the fifth case or optimizing the third objective
function, the amounts of fU and fN should be determined
concerning the third and fourth cases:

f
N

� [150.72KW0.0112PU],

f
U

� [73.1KW0.0044PU].
(20)

,us, considering these obtained amounts and equations
(3) and (7), the third objective function is as follows:

Section 1 Section 2 Section 3 Section 4

Figure 6: Chromosome structure for reconfiguration and UPQC
setting optimization.
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,is function is optimized as an objective function by a
genetic algorithm; the first and second objective functions
have the same importance from the optimizing algorithm
perspective. According to Table 1, the optimizing algorithm
suggested a response between the third and fourth cases in
the fifth case, and a relative balance is established between
these two functions. In this state, the loss is 84.85 kW and the
average voltage of the network is 0.9917 PU. It should be
noted that in (20), the f1 (losses) must be in kW and the f2
(voltage deviation) must be in the PU unit.

,e voltage profile for all buses in different cases is
presented in Figure 7. Following the figure, the voltage in the
primary structure is not in an appropriate state. Still, after
reconfiguration and UPQC placement for improving voltage
levels (fourth case), it reaches the best state compared to
other mentioned cases. Especially in the range of buses 1 to
50, the voltage levels are improved more than in other cases
and it can be stated that the voltage is around one PU. But, in
this state, the net loss is 150 kW. According to the figure, in
the fifth case, where the voltage levels and network losses are
optimized simultaneously, failures are more satisfying than
in the fourth case. In bus 61, a considerable load is available
which is the cause of voltage sag in this area. In the fifth case,
voltage sag is compensated appropriately due to the
placement of a compensator on this bus. When the effects of
installation of D-FACTS devices in two states are investi-
gated, it can be concluded that in the studied systems, the
performances and effectiveness of D-FACTS devices are
similar.

5.2. 84-Bus Network with 96 Branches. ,e loads on this
network are 28.35MW and 20.70 MVAR, and lines 96–84
are open in the initial state. ,e operational losses and
average voltage deviation in this network are 532.61 KW and
0.03078 PU, respectively. For more information, please refer
to [23]. For this large network, two UPQCs are considered
with 13 typically opened switches (tie switch) and consid-
ering two UPQCs, each chromosome has 19 genes. Due to
the extent of each chromosome, more population and it-
eration numbers are considered compared to a 69-bus
network. ,e population and iteration numbers are 50 and

250, respectively. ,e UPQC characteristics and simulation
results in different cases are shown in Tables 2 and 3. In
addition to the proposed structure, the optimization of
objective function f1 proposes the locations of two UPQCs at
lines 79 and 7; this condition could reduce the network losses
to 407.43KW and increase over 20%. In f2 and the new
proposed structure, lines 7 and 78 are designated for the
placement of UPQCs. ,e voltage reached 0.0129 PU. ,e
intermediate voltages reached 0.9888 PU, which is a satis-
factory result. ,e line losses are too high and cannot be
accepted (624.58KW). As the previous network, for opti-
mizing the third objective function, firstly, the fU and fN will
be defined concerning the third and fourth cases in Table 3:

f
U

� [407.43KW0.0129PU],

f
N

� [624.58KW0.0199PU].
(22)

,en, considering these obtained amounts and equa-
tions (3) and (7), we will receive
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�
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0.007

.

(23)

As the 69-bus network, in this case, the structure and
location of UPQC are suggested precisely. ,ese indicate the
appropriate performance of normalization by Utopia Point

Table 1: ,e results of UPQC placement and reconfiguration simultaneously in 69-bus network.

Tie switches
UPQC characteristics

Total losses
(KW)

Voltage
deviation

Vmin
(PU) Vave (PU)Line Shunt power

(MVAR)
Series power
(MVAR)

Case 1 69, 70, 71, 72, 73 - - - 224.92 0.0265 0.9091 0.9734
Case 2 12, 13, 58, 61, 69 - - - 99.88 0.0135 0.9427 0.9865
Case 3 14, 58, 63, 69, 70 60 1.1 0.91 73.10 0.0112 0.9654 0.9887
Case 4 10, 12, 18, 58, 61 73 1.49 1.031 150.72 0.0044 0.9688 0.9956
Case 5 14, 58, 64, 69, 70 61 1.78 0.384 84.85 0.0082 0.9719 0.9917
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0.9

0.92

0.94

0.96

0.98

1

1.02

Bus Number

V
ol

ta
ge

 (p
u)

Case 1 (Ploss= 224 KW)
Case 4 (Ploss= 150 KW)
Case 5 (Ploss= 84 KW)

Figure 7: Voltage for cases of the 69-bus network.
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and Nadir Point methods. Although in this case, the voltage
levels are less than those of the fourth case, the losses are not
considered and the amount of network losses is acceptable
(459.32KW) compared to the initial state.

,e voltage profile of all buses in different cases is
presented in Figure 8. ,e voltage profile in the primary
structure does not have an appropriate state. Still, after
reconfiguration and placement, it is in the best state com-
pared to the other mentioned cases.

To make a comparison with other methods, we have
selected an 84-bus network in mode 1. ,e evolutionary
algorithm optimization methods, linearized mathematical
method, and simulated annealing algorithm have been
considered. Accordingly, the obtained results from losses are
538.32 kW for the evolutionary algorithm, 541.43 kW for the
mathematical linearization method, and 536.76 kW for the
simulated refrigeration algorithm. From the obtained re-
sults, our method has received the best answer in com-
parison to other mentionedmethods, that is, 1.2%, 1.7%, and
0.8%, respectively.

6. Conclusion

In this paper, the reconfiguration of the distribution network
and the placement of UPQC were studied. A simple load
flow model was proposed for the placement of UPQCs. In
general, the location and size of UPQC and typically opened
switch numbers were investigated for different purposes.
,erefore, three objective functions were studied: losses,
voltage deviation, and the combination of these two. It was
found that the simultaneous combination of reconfiguration
and UPQC placement reduces the active power losses to
more than 50% of the primary structure and significantly
improves the voltage characteristics. ,e sum of loss ob-
jective function and the voltage deviation objective function
were considered as objective functions so that the optimi-
zation algorithm could optimize these two objective func-
tions simultaneously.,e normalizationmethod was used to
scale these objective functions, and the results obtained were
quite desirable and logical. With careful consideration of the
simulations, the improvement in voltage level and reduction
in losses are obvious in the presence of UPQC.
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