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SIMULTANEOUS NETWORK RECONFIGURATION AND PMU PLACEMENT
IN THE RADIAL DISTRIBUTION SYSTEM

S. GANESH1, V. VENGATESAN, JS. RICHARD JIMREEVES, AND B. RAMASUBRAMANIAN

ABSTRACT. In this paper, new method was developed to locate minimum quan-
tity of Phasor Measurement Unit (PMU) and to find optimal configuration in the
distribution system. The proposed technology considers that the PMU place-
ment is recognized simultaneously with the network reconfiguration in the ra-
dial distribution system for loss reduction and voltage profile improvement.
The problem of PMU placement prepared in this paper is solved through the
Multi-Objective Based Emperor penguin optimizer (MOEPO). The 33-bus, 69-
bus radial distribution system is considered for PMU installation with different
distribution network reconfiguration. The tests results proved that proposed
MOEPO can generate high superiority solutions with significant loss diminu-
tion and voltage profile enhancement.

1. INTRODUCTION

The Electrical Distribution System (EDS) consists mainly of the opening and
closing of switches to transform the EDS topology under the normal condition
or the fault in the distribution network [1]. This network reconfiguration topol-
ogy transformation is done through the distribution network radiality method.
Under normal conditions, the key plan of the network reconfiguration topology
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transformation is to diminish the power losses in the EDS. The network recon-
figuration process can be finding out by three different types of techniques:
mathematical programming, heuristics, and meta-heuristics.

However, the meta-heuristic techniques are favored to solve the difficult ob-
jective functions like consistency and voltage sags indexes due to its elasticity
and easy performances. Some of the meta-heuristic algorithms such as har-
mony search algorithm, artificial bee colony, and ant colony optimization and
are projected for network reconfiguration with the objective of system power
loss and voltage profile. Conflicting from transmission systems, distribution sys-
tems typically have a meshed topology but work radially to enhance the system
efficiency and confirm the power deliver under normal and faulty conditions
[2]. Observably, with the placement of distributed generation [3], capacitor
[4], and D-STATCOM [5], distribution systems are facing more repeated config-
uration changes under fault conditions [6]. For that reason, the placement of
PMU techniques for distribution systems should assurance the observability of
the whole system under various network configurations [7]. Nowadays, Pha-
sor Measurement Unit (PMU) plays a vital role in power system observability,
state estimation, wide-area control, and protection in power systems due to
its immense advantages. PMU is the most recent highly developed metering
device which can give real-time voltage and current synchronization measure-
ments with high accurateness [8]. Most of the above literature separately solved
the difficulty of network reconfiguration and PMU installation. Hence the main
contributions and novelty of this work are:

- Simultaneous solution of PMU placement and network reconfiguration
for power loss diminution and voltage profile enhancement.

- Multi-Objective Based Emperor penguin optimizer (MOEPO) formula-
tion to concurrently minimize power loss diminution and voltage profile
enhancement.

2. PROBLEM FORMULATION

The typical problem formulation of proposed methodology is defined as solv-
ing the problem of network reconfiguration and placement of PMUs problem to
decrease the power loss and develop the voltage profile. The objective function
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of the proposed problem can be denoted as:

F (x) = Min

(
PT,loss + P PMU

T,loss

PT,loss

)
+Max

(
n∑n

i=1 Vi(x)

)
Subjected to the subsequent constraint,

(1) The installation of PMU are evaluated from the following expressions,

PMU =

{
1; PMU is allocated to bth bus
0; otherwise

(2) Radial constraint,

Det(A) = 1(or)− 1(radial network)

(3) Voltage constraint,

Vmin ≤| Vi |≤ Vmax

(4) Current constraint,

|Ii,i+1| ≤ |Ii,i+1,max|

3. EMPEROR PENGUIN OPTIMIZER (EPO)

Emperor penguin optimizer (EPO) is proposed by Dhiman in the year of
2018. EPO is mimicking by the clustering movement of emperor penguins in
the Antarctic. In that proposed algorithm, the temperature value around the
cluster is determined, and the method has vector-based equations, even as we
determined the each penguin’s body temperature and penguin’s body heat ra-
diation and then because of space and prettiness each penguin executes the
spiral-like progress [9].

All penguins are spread all the way through the environment [10]. First, the
location of each penguin and its cost are determined. Then penguins cost are
compared with each other. Penguins are constantly moving near a penguin that
has a minimum cost of the combination. The cost of the penguin is calculated
by the heat intensity and space. Once attraction is finished, a new solution is
calculated and updated. All new solutions are arranged and the best solution
is elected. For this method, have some rules as projected in flowchart is shown
Fig. 1.
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FIGURE 1. Flowchart for EPO algorithm

4. RESULT AND DISCUSSION

The proposed MOEPO algorithm for network reconfiguration and PMU place-
ment for loss reduction and voltage improvement has been tested in the IEEE
33, 69 bus systems. The load and line data for 33, 69 bus system were obtained
from Ref. [5].

The parameters settings of the MOEPO used in the tests with the 33, 69 bus
systems are: population size = 100; Temperature profile T’ = [1,800]; Parame-
ters
−→
A=[-1,1], M=2, f=[2,2], l = [2.5,2.5]; maximum number of generations

= 1000; and search agents=100. The performance of the proposed algorithm
for network reconfiguration and PMU placement has been tested through five
different cases as follows:
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FIGURE 2. Real power flow for 33-bus system

Case 1: Without network reconfiguration and PMU placement.

Case 2: only network reconfiguration of distribution system.

Case 3: only Placement of PMU.

Case 4: PMU placement after reconfiguration network.

Case 5: Simultaneous network reconfiguration and PMU placement.

For 33-bus system, the real and reactive power flow at each branch is shown in
Fig. 2 and 3. It is experimental that real and reactive power flow in each branch
is reduced in Case 2, 3, 4 and 5 by using the proposed MOEPO approach. From
these figures, it is observed that a bus can be relieved from the overloading and
made to deliver reliable power supply to the loads.

Table 1 summarizes results of application of the proposed MOEPO for all the
five cases of the 33 and 69-bus test system. The total real power demands of
33 and 69 bus systems were 3715 kW and 3802.1 kW respectively. The total
reactive power demands of 33 and 69 bus systems were 2300 kVAr and 2694.5
kVAr respectively.

For 33-bus network results from Table 1, it is observed that the base case loss
of 202 kW is reduced to 30.9 kW, 48.6 kW, 54 kW and 62.2 kW with respect
to the cases II–V using MOEPO algorithm. Moreover, the proposed MOEPO
approach gives a considerable enhancement of minimum bus voltage profile
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TABLE 1. Performance of the 33-Bus System

System Parameters Case 1 Case 2 Case 3 Case 4 Case 5

33-bus

Tie lines
33, 34,
35, 36,
37

7, 14, 9,
33, 28

33, 34,
35, 36,
37

7, 33, 9,
21, 28

7, 33, 9,
22, 28

Total No.
of PMUs

- - 7 10 11

PMU Bus
No.

- -
3, 4, 8,
11, 15,
26, 31

2, 4, 8,
10, 12,
17, 24,
25, 29,
31

3, 5, 8,
10, 12,
7, 16,
19, 20,
25, 29

PT,Loss(kW) 202 139.5 103.7 92.9 76.3
%Loss Re-
duced

- 30.9 48.6 54 62.2

Vmin (p.u)
& Bus No.

0.9131
(18)

0.9229
(31)

0.9431
(18)

0.9543
(32)

0.9629
(31)

66-bus

Tie lines
69, 70,
71, 72,
73

69, 70,
11, 53,
61

69, 70,
71, 72,
73

69, 71,
12, 58,
61

69, 70,
14, 54,
61

Total No.
of PMUs

- - 14 17 21

PMU Bus
No.

- -

2, 4, 7,
9, 62,
63, 16,
19, 22,
24, 27,
33, 48,
53

2, 5, 11,
19, 62, 65,
22, 28, 29,
32, 38, 41,
49, 53, 55,
59, 60

3, 4, 9, 17,
62, 65, 23,
27, 29, 34,
39, 41, 49,
54, 55, 59,
60, 63, 64,
66, 69

PT,Loss(kW) 225 102.5 96.3 88.7 79.2
%Loss Re-
duced

- 54.4 57.2 60.5 64.8

Vmin (p.u)
& Bus No.

0.9092
(65)

0.9287
(66)

0.9411
(65)

0.9532
(61)

0.9677
(69)
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FIGURE 3. Reactive power flow for 33-bus system

with case V as compared with other cases. For 69-bus system results from Table
1, it is noticed that the base case loss of 225 kW is reduced to 54.4 kW, 57.2 kW,
60.5 kW and 64.8 kW with respect to the cases II–V using MOEPO algorithm.
It is noticed that case V gives better loss reduction with enhanced bus voltage
profile as compared with all other cases. While the power flow path is optimized
in case V by optimal PMU placement and network reconfiguration for better
power loss drop is attained.

Real power losses of each branch for all five cases of 33 and 69-bus network
are represented in Fig. 4 and Fig. 5. Best loss reduction was justifiably achieved
with 11 PMUs and 21 PMUs for 33, 69-bus networks respectively. Furthermore,
case 5 results to be a better choice than other cases in the context of loss reduc-
tion.

5. CONCLUSION

This paper achieved an optimization topology for simultaneous network re-
configuration and PMU installation in a radial distribution network. The pro-
posed objectives have been attained using a multi-objective formulation that
minimizes the power losses and maximizes the voltage profile. This multi-
objective formulation was solved using a meta-heuristic technique based on
the MOEPO. The results achieved with the 33, 69-bus system demonstrate that
the effective MOEPO technique was attained with a smaller amount power loss
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FIGURE 4. Real power loss of 33-bus system

FIGURE 5. Real power loss of 69-bus system

and a minimum number of PMUs for simultaneous network reconfiguration and
PMU placement. The simulation results of the developed MOEPO confirm that
this technology is able to give better results for small as well as large-scale dis-
tributed systems.
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