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Abstract: The distributed generators in the radial distribution network are to
improve the Grid performance and its efﬁciency. These Distributed Generators
control the PV bus; it is converted as a remote controlled PVQ bus. This PVQ
bus reduces the power loss and reactive power. Initially, the distributed generators
were placed in the system using mathematical modelling or the optimization. This
approach improves the efﬁciency but it has no effect in loss minimization. To
minimize the loss the reconﬁgured network with Genetic algorithm based Distributed generator placement proposed as existing work. This approach minimizes the
loss effectively; but the genetic algorithm takes more time for DG placement.
Hence, in this, the network reconﬁguration is performed using a modiﬁed Satin
bower bird algorithm after DG placement and DG sizing. Initially, the sensitive
analysis applied the load ﬂow analysis to identify the optimal placement for the
distributed generator. Then, the modiﬁed Satin Bowerbird (SBO) used for the network reconﬁguration. This approach minimizes the loss of effectively by combining the network reconﬁguration process. The proposed modiﬁed SBO-based
network reconﬁguration implemented on standard bus systems 33 and 69 using
MATLAB R2021b version under Windows 10 environment. The proposed
approach compared with the existing work in terms of real power loss and loss
reduction.
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1 Introduction
In today’s world, electricity also becomes a daily need like food and shelter because most of the
appliances and technologies work using electricity. The increased technological development and
population leads to a higher electricity consumption and scarcity in the resources. To overcome this
problem, the distributed network system is introduced with the help of distributed energy sources like
renewable energy sources and distributed generators. In the distributed network, the tie switches are
available to provide the power to the system, when there is a fault in the system. This tie switches can
alter its position placement and its operating condition using a network reconﬁguration approach. This
network reconﬁguration approach helps to minimize the power loss and improve the power quality in the
This work is licensed under a Creative Commons Attribution 4.0 International License, which
permits unrestricted use, distribution, and reproduction in any medium, provided the original
work is properly cited.
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system. Even when the network is reconﬁgured, the radiality of the system has to be maintained. In this
section, different network reconﬁguration approaches from various works are discussed. A shufﬂed frog
leaping algorithm (SFLA) is combined with the pareto frontier optimization and fuzzy logic to improve
its boundary condition of the traditional SFLA and network reconﬁguration [1]. This improved SFLA is
tested on the IEEE 69 bus system and it reduces the voltage drop and power loss as compared to the
traditional SFLA, genetic algorithm and particle swarm optimization algorithm.
Due to the placement of distributed generators and network reconﬁguration the system suffers from the
output uncertainties. This problem is overcome with the help of measurement placement in the distributed
system. Here, a Markov Random Process (MRP) and Montecarlo (MC) simulation is performed for the
measurement placement after ﬁnding the saturation number in the system [2]. This approach is tested on
the IEEE 33 and 119 bus system. The power ﬂuctuation in the system is reduced with the help of a
Gaussian Mixture Model (GMM). A combination of graph theory and metaheuristic algorithm is
proposed for distributed generator placement and size along with the network reconﬁguration in IEEE
39,69 and 119 buses [3]. Here, the graph theory is utilized for network reconﬁguration and checking the
radiality condition. It also provides the search space for the cuckoo search algorithm for DG placement in
the network. An optimization based approach for placing and sizing the distributed generators and link
capacitors in the IEEE 33 and 69 bus systems is proposed [4]. Here, the Intersect mutation differential
evolution algorithm is used and it works by minimizing the power loss of the system. The article [5] also
proposed a multi-objective based optimization algorithm for the distributed network system like Baran
and Civlar system to operate in the ofﬂine mode. Here, the non-dominated sorting genetic algorithm is
utilized. This algorithm is utilized to perform both DG placement and sizing with network
reconﬁguration. This approach reduces the power loss and cost for the DG placement.
Orthogonal array based Taguchi optimization is proposed in [6] for the optimal distributed generators
placement in the IEEE bus systems like 33, 118 and 201 bus systems. It utilized the euclidean distance
metric to update its position for the optimization process.
Most of the research works concentrate on the DG placement in the network to reduce the power loss in
the system. But the DG placement may result in a reverse power ﬂow in the system as DG supplies energy to
the system. Hence, this reverse power ﬂow is considered in the embedded particle swarm optimization for
placing the DG in IEEE 30 and 33 bus systems [7]. A stochastic mixed integer linear programming is
proposed for the optimal placements of renewable sources like solar, wind and energy storage systems as
DG in IEEE-119 bus system [8]. This approach selects the optimal placements by minimizing the cost
and energy share.
A modiﬁed genetic algorithm is proposed for the network reconﬁguration in the Baran reconﬁguration
system [9]. Here, the genetic algorithm is modiﬁed by updating the population based on the solution of the
conﬁgured network. The population size may shrink or grow based on the ﬁtness value. This approach
minimizes the loss effectively. A new approach with two exploration steps for the network
reconﬁguration in IEEE –33 and 70 bus systems [10]. Here, the runner root algorithm is proposed, in
which the position update is performed using longer jumps and re-initialization is performed to overcome
the local optimal solution trapping. These two steps help to minimize the loss and improve the load
balancing in the feeder as well as the branch.
A two stage network reconﬁguration is proposed for the reconﬁguration in the PG and E 69 bus system.
In the ﬁrst stage, the DG placement is performed using loss sensitivity factor. In the second stage, the actual
reconﬁguration is performed using the Ant lion optimizer with multi-objective function. This approach
minimizes the losses effectively with constant power output.
Based on the above research works, it observed that most of the works consider the network
reconﬁguration in PQ bus only. But the voltage proﬁle can be improved better in the remote voltage
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control bus. Hence, in this paper, the network reconﬁguration in the presence of a remote voltage control bus
in IEEE-33 and 69 bus systems is proposed. The network reconﬁguration is performed using the modiﬁed
satin bower bird algorithm. The paper is organized as follows: Recent techniques in network
reconﬁguration are discussed in Section 2. The existing modiﬁed circular reconﬁguration in the remote
voltage control bus is discussed in Section 3. Section 4 elaborates the proposed approach network
reconﬁguration in IEEE bus systems. Section 5 discusses the proposed method results and compares it
with the existing approach. Finally, the paper summarized in Section 6 and Section 7 mentioned the
future works.
2 Literature Survey
Essallah et al. (2019) proposed a mathematical approach for an optimal distributed generator placement
and its power value in IEEE 33 and 69 bus systems. Here, ﬁrst the bus for the DG placement is selected with
the help of an index called voltage stability margin. Then, the optimal DG power is determined with the help
of a curve ﬁtting toolbox. This approach is a tedious operation with higher time consumption as it reprocesses
its operation till it achieves minimal loss. In recent years, the bus control has been modiﬁed by the
introduction of a remote voltage control bus called PQV bus. Here, the PQV bus is controlled by the
generator bus called P bus. A new approach with two exploration steps for the network reconﬁguration in
IEEE –33 and 70 bus systems [10]. Here, the runner root algorithm is proposed, in which the position
update is performed using longer jumps and re-initialization is performed to overcome the local optimal
solution trapping. These two steps help to minimize the loss and improve the load balancing in the feeder
as well as the branch [11]
A combination of ﬂower pollination and cloning selection algorithms are used to reconﬁgure the
distribution system by modifying the tie and line positions. The network’s radial topology is protected
when a load node is shifted to a collection of power nodes during reconﬁguration. The PV arrays and DSTATCOM installation is based on the index value called voltage stability [12].
Even though the optimization algorithms determine the optimal network reconﬁguration with minimal
power loss. It faces a major drawback in time consumption and non-radial nature in the reconﬁgured network
[13]. To overcome this problem, a predeﬁned radiality based conﬁgured network solutions are used for
ﬁnding the optimal conﬁguration. Then, these positions are processed using Discrete evolutionary
programming and discrete evolutionary particle swarm optimisation approaches for network
reconﬁguration in IEEE-33 and 118 bus systems [14].
A comprehensive teaching learning-based optimization with single objective function called power loss
and multi objective function called power loss, voltage and residual energy is proposed for the DG
placements in IEEE 33, 69 and 118 bus systems [15]. The main advantage of this approach is that it does
not suffer from the local optimal solution.
Generally, the real and reactive power is only considered in the bus control. But in the PQV bus the
voltage is also present along with the real and reactive power. In the optimal DG placement in the remote
voltage control bus is proposed. But it does not discuss the network reconﬁguration process. Based on
this, a network reconﬁguration in a remote voltage control bus is chosen with optimal DG and size
placement using a genetic algorithm is considered as a conventional approach to evaluate the proposed
network reconﬁguration algorithm.
3 Conventional Approach
In the network reconﬁguration in the remote voltage control bus is proposed using a Modiﬁed Cyclic
Reconﬁguration (MCR) approach. Here, the PQV bus is controlled by the P-bus, which is selected using
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a sensitivity analysis approach. Then, the DG’s are placed in the selected buses with the help of a genetic
algorithm. Once the DG’s are placed in the corresponding positions, the network reconﬁgures its switch
position using MCR technique. In this, the following shortcomings are observed.
 A basic reconﬁguration strategy is proposed, with only one branch being processed at a time.
 It focuses primarily on DG placement and size.
To address this, a modiﬁed satin bower bird optimization technique is suggested in this paper to
reconﬁgure the remote voltage control bus network.
4 Proposed Approach
The network reconﬁguration for the remote-controlled voltage bus is presented in order to reduce
network power loss. The modiﬁed satin bower bird algorithm is utilized to achieve this reconﬁguration,
using power loss minimization as the objective function. The following steps must be completed before
the network reconﬁguration procedure may begin.





Convert PQ bus into PQV bus using P as remote-control.
Find the minimal power loss in the network.
Optimal place and size for distributed generators in PQV bus network
Reconﬁgure the network using a proposed algorithm to minimize power loss.

4.1 Remote Control Voltage Bus
Generally the P and Q bus only will be available in the bus data. But in the remote voltage control bus,
both the PQ and voltage magnitude will be present in the bus. Due to this there will be a change in the
bus data and it can be achieved with the help of the Jacobian matrix. Here, the P bus will act as the
control bus with its reactive power and PQV bus will act as the remote voltage bus to be controlled.
Since, there is no role of Q bus in controlling; it will act as a state variable.
Fig. 1 shows an example for the PQV bus. Generally the bus 1 will be a slack bus. In this conﬁguration,
the bus 4 has minimum loss and it will act as a remote voltage bus. Then, bus 2 will act as a control bus and it
is represented in mathematical form in Eqs. (1) and (2).

Figure 1: An example for PQV bus

DV ¼ ½DV2 DV3 

(1)

DQ ¼ ½DQ3 DQ4 

(2)

Using the above equations, the bus and line data will be modiﬁed. After the modiﬁed voltages and
reactive power, the load ﬂow analysis using the Newton-Raphson method for the magnitude and angles is
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given in equation for (3).


@P2 @P2 @P2 @P2 @P2 @P3 @P3 @P3 @P3 @P3 @P4 @P4 @P4 @P4
½DP2 DP3 DP4 DQ3 DQ4  ¼
@d2 @d3 @d4 @V2 @V3 @d2 @d3 @d4 @V2 @V3 @d2 @d3 @d4 @V2

@P4 @Q3 @Q3 @Q3 @Q3 @Q3 @Q4 @Q4 @Q4 @Q4 @Q4
@V3 @d2 @d3 @d4 @V2 @V3 @d2 @d3 @d4 @V2 @V3

½Dd2 Dd3 Dd4 DV2 DV3 

(3)

After obtaining the magnitude and angles, the reactive power (QC2) required by bus 2 is adjusted to
maintain the voltage proﬁle in bus 4 is given in Eq. (4).
Q2 ¼ QC2  QL2

(4)

where Q2 - Bus 2 net reactive power
QC2 - Bus 2 Shunt capacitor reactive power.
QL2 - Bus 2 load reactive power
From Eq. (4), the shunt capacitor reactive power can be obtained as follows.
QC2 ¼ Q2 þ QL2

(5)

The above equation is the required power by the control bus 2 for maintain the voltage proﬁle in bus 4.
4.2 Control and Remote Voltage Bus Selection
In this research, the proposed modiﬁed satin bowerbird algorithm for network reconﬁguration is tested
on the two IEEE bus systems 33 and 69. The line diagram of the two bus systems is shown in Fig. 2. Both the
systems have a base power of 12.66 kV. But the P and Q power values are as follows: 3715 kW 2300 kVAr
and 3791.89 kW, 2696.1 kVAr for IEEE 33 and 69 bus respectively.

Figure 2: Radial distribution bus
This paper’s objective is to improve the voltage proﬁle and achieve the minimum power loss through
remote voltage control bus. For this, the control bus should be properly selected. Requirements for
Control (P) and Remote voltage (PQV) bus selection
4.2.1 Remote Voltage Bus Selection
After the modiﬁcations of the voltage magnitude and angles in the bus data, the load ﬂow analysis is
performed. Based on that, the bus with minimum voltage will be selected as the remote voltage bus. The
bus which is lateral to the remote voltage bus will act as a control bus.
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4.2.2 Control Bus Selection
The control bus should be properly selected because it not only regulates the voltage in the remote
voltage bus and it also reduces the overall network loss. To achieve this, it injects the reactive power
through the control bus. The control bus selection in the 33 and 69 bus systems is given below.
After the modiﬁcation process and load ﬂow analysis, the minimum voltage is obtained at 18 bus for
33 network systems and the minimum voltage is 0.93 p.u. Therefore, the bus 18 is considered as the
remote voltage pus and the bus in the lateral branch with minimum loss is considered as the control bus.
After the modiﬁcation process and load ﬂow analysis, the minimum voltage is obtained at 65 bus for
69 network systems and the minimum voltage is 0.90 p.u. Therefore, bus 18 is considered as the remote
voltage pus and the bus in the lateral branch with minimum loss is considered as the control bus.
Tab. 1 shows the lateral bus power loss in 33 network systems and it is observed that the minimum loss is
obtained at bus 6.
Table 1: P-bus selection for IEEE 33 bus
Control Shunt capacitor reactive power at
bus
control bus (vAR)

Power loss
(kW)

2
3
4
5
6
7
8
9

1727.1
322.0614
233.6219
194.3646
154.44
159.3741
162.9015
168.8629

54719.86
8487.39
5181.78
3668.45
1753.53
1215.36
1090.45
822.19

Tab. 2 shows the lateral bus power loss in 69 network systems and it is observed that the minimum loss is
obtained at bus 61.
Table 2: P-bus selection for IEEE 69 bus
Control
bus

Shunt capacitor reactive power at
control bus (vAR)

Power
loss (kW)

58
59
60
61
62
63

1669.28
1568.80
1465.04
1280.96
1255.28
1219.06

166.34
161.87
157.41
152.09
153.03
154.42

After the control bus selection, the reactive power that is required to maintain the voltage at the remote
voltage bus is determined by Eq. (5) and its values are tabulated in Tab. 3.
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Table 3: Shunt capacitor voltage for P-buses
Bus system Control bus Remote voltage bus Voltage (p.u.) Injected reactive power (kVAr)
33
69

6
61

18
65

0.93
0.93

1754
1281

4.3 Distributed Generator Placement Using Sensitivity Analysis
After the control bus selection, the distributed generator needs to be placed to provide the required power
to the network without affecting the radiality. Here, the distributed generators are placed using a sensitivity
analysis approach. Initially, the power factor is considered as 1.0 for placing the Distributed generators. Then,
the size is determined through the optimization algorithm. The DG should be placed only if it satisfy the
following conditions.
 Higher voltages should be used on buses with higher load values.
 The network’s real power losses are reduced.
Based on the above conditions, the Eq. (6) is constructed for analysis of the sensitivity index.
Sk ¼

XNB

ðKVAÞi :Vik þ
i¼2

k
Ploss  Ploss
Ploss

(6)

After placing the unity power factor DG,
Vik - the voltage present in the ith bus.
Ploss - the network power loss without DG placement.
k
Ploss
- the network power loss after DG placement.

Once the sensitivity index for each bus is calculated with unity power factor and the sensitivity index is
ordered using the Eq. (7).
Sopt ¼ ðSk Þ for k ¼ 2; 3 . . . NB

(7)

The bus satisﬁes the above equation and the conditions considered for the distributed generator
placement. Each time of processing, each bus will utilize 30% of the power.
The buses are sorted based on the sensitivity index Eq. (7) and also it’s utilized for selecting the DG
placement and optimization algorithm for size. The DG size may vary and the reactive power should be
constant.
4.3.1 Non-Sequential Approach
Here, the buses for DG placement are directly determined from the Eq. (7). That is, it takes the ﬁrst three
buses as the place for the distributed generators placement. Based on that, Tab. 4 gives the buses for both the
systems.
Table 4: DG placement
IEEE-33

IEEE-69

29,30,11

62,63,61
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4.3.2 Sequential Approach
Here, only the top node from Eq. (7) for the ﬁrst DG placement. After that the process repeated the
procedure for another two placements. Tab. 5 gives the Bus places for the two systems.
Table 5: Bus selection for DG placement
33 bus

69 bus

29,15,25

62,16,50

4.4 DG Size Selections
The sizes of the DGs are optimised using Genetic Algorithm once the buses have been chosen (GA). GA
is an optimization technique based on natural selection mechanics and natural genetics GA has grown in
popularity over the last two decades as a tool for handling a wide range of optimization and machine
learning challenges. In GA, the term “ﬁtness” refers to the goal function that should be maximised.


m
(8)
fitness1 ¼ max
ploss i
where i = 1, 2,…, Npop,
‘m’ is a positive value.
‘ploss’ is total power loss after DG placed.
From the genetic algorithm, the DG value for the bus system using both the approaches is given in
Tabs. 6 and 7
Table 6: DG size for IEEE 33
Non-sequential approach (kW)

Sequential approach (kW)

523.38 (29)
618.37 (30)
970.49 (11)

1618 (29)
652 (15)
773 (25)

Table 7: DG size for IEEE 69
Non-sequential approach (kW)

Sequential approach (kW)

156.3 (62)
265.7 (63)
1401.5 (61)

1800
526 (16)
718 (50)

4.5 Network Reconﬁguration Using Modiﬁed Satin Bower Bird Algorithm
By redesigning the Distributed Generations Network (DGN), the satin bowerbird optimises to minimise
network power loss. The following objective function was employed in this paper to accomplish this.
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(9)

The satin bowerbird algorithm was used to reduce the above Eq. (9) by performing the steps below.
4.5.1 Parameter Initialization
The ﬁrst step is deﬁning the problem, iterations, initial solution, updating step size and its boundary. It is
the basic step for all the optimization processes to deﬁne the problem. The tie switch positions are then given
to reconﬁgure the network to be more efﬁcient. This information is used in the second step, which is the
conﬁguration of the tie switch position.
4.5.2 Bower Evaluation
All of the bowers are reviewed after the ﬁrst iteration to determine their usefulness in achieving the best
solution. The analysis is based on a male bower attracting a female bower. As a result, male bowers
exclusively evaluate this procedure, which is referred to as male bower probability (MBP). It is calculated
using Eqs. (10) and (11).
SBOi
MBPi ¼ P50
n¼1 fitness2

1
SBOi ¼
; SBOðxi Þ  01 þ jSBOðxi Þj; SBOðxi Þ , 0
1 þ SBOðxi Þ

(10)
(11)

4.5.3 Bower Evaluation
After analysing the likelihood of bower, all bower are exposed to determining the best solution to the
problem in 9.
4.5.4 New Solutions
Bower’s position must be updated on a frequent basis in order to identify better solutions, but this must
be done within reason. The roulette wheel and MBP attractions are employed as major factors to limit and
update position. The placements of bowers are calculated using the formulas (12) and (13).



NPjk þ NPelite;k
n
o
o
NPik ¼ NPik þ MBPAk
(12)
 NPik
2
MBPAk ¼

0:94
1 þ MBPj

(13)

4.5.5 Bower Reduction
Bowers with lower MBPA (attractiveness) are removed to give other bowers a better chance and to speed
up procedures. Formulas (14) to (16) are used to calculate it.
r ¼ z  ðminimal  maximalÞ

(14)

NPikn  SðNPiko ; r2

(15)

SðNPikold ; r2 Þ ¼ NPiko þ ðr  S ð0; 1ÞÞ

(16)

z is the percentage difference between the least and maximal power loss in an optimized Distributed
generation network.
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4.5.6 Termination
The preceding processes, from bower evaluation through bower reduction, are repeated until the
reconﬁgured optimised distributed generation’s network reaches its ﬁnal iteration or achieves the
minimum power loss.
5 Implementation and Discussion
In this research, the proposed modiﬁed satin bowerbird algorithm for network reconﬁguration is tested
on the two IEEE bus systems 33 and 69 using MATLAB R2021b version. The line diagram of the two bus
systems is shown in Fig. 2 Both the systems have a base power of 12.66 kV. But the P and Q power values are
as follows: 3715 kW 2300 kVAr and 3791.89 kW, 2696.1 kVAr for IEEE 33 and 69 bus respectively.
5.1 IEEE 33
For the ﬁrst example, Tab. 8 illustrates the load ﬂow outcome of a 33 bus distribution network. In the
presence of the PQ bus, the power loss in the network is 202.68 kW and 0.9131 is the voltage to be
maintained at bus 18.
Table 8: Base case results
Parameter

Values

Load power (P)
Power load (Q)
Power loss (P)
Power loss (Q)
Minimum voltage at bus 18
Maximum voltage at bus 1
Opened branches
Closed branches

3715 kW
2300 kVAr
202.68 kW
135.14 kVAr
0.9131 p.u
1.00 p.u
8–21,9–15,12–22,18–33 25–29
Basecase model

After the introduction of the remote voltage control bus process, the power loss (P) is minimized to
154.44 kW. It is achieved by modifying the basecase 33 system by considering bus 6 as P bus by
injecting the power of 1753.52 kVAr and Bus 18 as PQV bus and the voltage to be maintained is shown
in Tab. 9.
Table 9: P-PQV bus results
Parameter

Values

Control bus (P)
Remote voltage bus (PQV)
Q power injected in Bus 6
Voltage at PQV
Minimum voltage in bus 18
Maximum voltage in bus 1
Power loss (P)

6
18
1753.52 kVAR
0.93 p.u
0.9131 p.u
1.00 p.u
154.44 kW
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5.1.1 Non-Sequential Approach
The DGs are then assigned to 33 bus distribution networks, which include control (P) and remote voltage
(PQV) buses. According to the non-sequential method and genetic algorithm, the DGs should be placed at
three relevant sites (bus 29, 30, 11) to reduce real power losses. The reconﬁguration of the network takes
place using the proposed modiﬁed satin bower bird algorithm given in Tab. 10
Table 10: Reconﬁguration power ﬂow analysis
Parameter

Values

Real power loss
154.44 kW
Real Power loss
30.81 kW
% power loss reduction
80.50
Remote voltage control bus voltage maintained (p.u) 0.93 p.u
Minimum voltage at bus 25
0.9824 p.u
Maximum voltage at bus 1
1.00 p.u
Tie switches (B.R)
33 34 35 36 37
Tie switches (A.R)
2 16 22 33 34

After the reconﬁguration process, the power loss in the PQV remote voltage control bus is reduced by
80.50%. It also improved the voltage proﬁle at bus 25. It was achieved with the help of optimal DG
placement using genetic algorithm and the proposed modiﬁed satin bowerbird algorithm.
5.1.2 Sequential Approach
The DGs are then assigned to 33 bus distribution networks, which include control and remote voltage
buses. According to the sequential method and genetic algorithm, the DGs should be placed at three relevant
sites (bus 29, 25, 15) to reduce real power losses. The reconﬁguration of the network takes place using the
proposed modiﬁed satin bower bird algorithm given in Tab. 11
Table 11: Sequential approach real power loss evaluation
Parameter

Values

Real power loss
Real power loss
Real power loss (MSBO)
% power loss reduction
Remote voltage control bus voltage maintained
Minimum voltage at bus 22
Maximum voltage at bus 1

154.44 kW
118.15 kW
29.26 kW
81.05
0.93 p.u
0.9832 p.u
1.00 p.u
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After the reconﬁguration process, the power loss in the PQV remote voltage control bus is reduced by
81.05%. It also improved the voltage proﬁle at bus 22. It was achieved with the help of optimal DG
placement using genetic algorithm and the proposed modiﬁed satin bowerbird algorithm.
According to the results of the aforementioned analysis, the proposed reconﬁguration performed well in
both DG installation approaches. However, as compared to the non-sequential strategy, it effectively reduced
the power loss in sequential strategy.
5.2 IEEE 69
For the second example, Tab. 12 illustrates the load ﬂow outcome of a 69 bus distribution network.
When only PQ buses are considered, the real power loss in this network is 224.95 kW. The network's
minimum voltage is 0.90911 p.u., which is found at Bus 65.
Table 12: Base case results
Parameter

Values

Load power (P)
Power load (Q)
Power loss (P)
Power loss (Q)
Minimum voltage at bus 65
Maximum voltage at bus 1
Opened branches
Closed branches

3791.89 kW
2964.1 kVAR
224.95 kW
102.14 kVAR
0.9091 p.u
1.00 p.u
11–43 13–21 15–46 50–59 27–62
Base case

After the introduction of the remote voltage control bus process, the power loss (P) is minimized to
152.09 kW. It is achieved by modifying the basecase 33 system by considering bus 61 as P bus by
injecting the power of 1280.966 kVAr and Bus 65 as PQV bus and the voltage to be maintained is shown
in Tab. 13.
Table 13: P-PQV bus results
Parameter

Values

Control bus (P)
Remote voltage bus (PQV)
Q power injected in Bus 61
Voltage at PQV
Minimum voltage in bus 65
Maximum voltage in bus 1
Power loss (P)

61
65
1280.96 kVAR
0.93 p.u
0.93 p.u
1.00 p.u
152.09 kW
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5.2.1 Non-Sequential Approach
The DGs are then assigned to 69 bus distribution networks, which include P and PQV buses. According
to the non-sequential method and genetic algorithm, the DGs should be placed at three relevant sites (bus 62,
63 61) to reduce real power losses. The reconﬁguration of the network takes place using the proposed
modiﬁed satin bower bird algorithm given in Tab. 14.
Table 14: Reconﬁguration power ﬂow analysis
Parameter

Values

Real power loss
Real power loss
% power loss reduction
PQV voltage maintained
Minimum voltage at 62
Maximum voltage at 1

152.09 kW
10.48 kW
93.11
0.93 p.u
0.98 p.u
1.00 p.u

After the reconﬁguration process, the power loss in the PQV remote voltage control bus is reduced by
93.11%. It also improved the voltage proﬁle at bus 65. It was achieved with the help of optimal DG
placement using genetic algorithm and the proposed modiﬁed satin bowerbird algorithm.
5.2.2 Sequential Approach.
The DGs are then assigned to 69 bus distribution networks, which include P and PQV buses. According
to the sequential method and genetic algorithm, the DGs should be placed at three relevant sites (bus 62,
16 and 50) to reduce real power losses. The reconﬁguration of the network takes place using the
proposed modiﬁed satin bower bird algorithm given in Tab. 15
Table 15: Sequential approach results
Parameter

Values

Base real power loss
Real power loss (P-PQV bus only)
Real power loss
% power loss reduction

152.09 kW
74.19 kW
8.02 kW
94.73

After the reconﬁguration process, the power loss in the PQV remote voltage control bus is reduced by
94.73%. It also improved the voltage proﬁle at bus 65. It was achieved with the help of optimal DG
placement using genetic algorithm and the proposed modiﬁed satin bowerbird algorithm.
According to the results of the aforementioned analysis, the proposed reconﬁguration performed well in
both DG installation approaches. However, as compared to the non-sequential strategy, it effectively reduced
the power loss in sequential strategy.
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5.3 Comparison of Reconﬁguration Mechanism
Tab. 16 compares the power loss reduction in sequential method for both bus systems based on
conventional and proposed reconﬁguration mechanisms modiﬁed circular and modiﬁed satin bower bird
optimization.
Table 16: Power loss reduction comparison
Parameter

Power loss (MCO) (kW)

% Ploss

Ploss MSBO (kW)

% Ploss

IEEE 33
IEEE 69

36.10
9.30

76.66
93.89

30.80
8.02

80.05
94.73

In comparison to the existing modiﬁed circular mechanism, the proposed reconﬁguration technique,
namely modiﬁed satin bower bird algorithm, achieved improved power loss for both systems, as shown
in Tab. 16.
As a result, for the remote voltage control bus, the proposed network reconﬁguration technique is the
best.
6 Conclusion
In this paper, the voltage proﬁle in the IEEE 33 and 69 bus system is improved and power loss reduction
is performed with the help of remote voltage control bus and network reconﬁguration approach. For this, the
genetic algorithm with sequential approach is utilized for the distributed generator placement and its injection
power is determined. Then, the network is reconﬁgured with the help of a modiﬁed satin bowerbird
algorithm. The proposed modiﬁed satin bowerbird algorithm is best as compared to the existing system as
follows:
 It reduced the power loss effectively as compared to the basecase and modiﬁed circular conﬁguration.
 It processes all the branches at the same time and also checks the radial condition.
 The processing time is minimum as it processes multiple branches at a same time as compared to the
modiﬁed circular conﬁguration.
7 Future Work
In the future, a single optimization approach might be used to optimise voltage proﬁle by performing
both DG placement and network reconﬁguration.
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