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Abstract 
Normally, the power system observation is carried out for the optimal PMUs placement with 
minimum use of unit in the region of the Smart power grid system. By advanced tool, the process 
of protection and management of the power system is considered with the measurement of 
time-synchronized of the voltage and current. In order to have an efficient placement solution for 
the issue, a novel method is needed with the optimal approach. For complete power network ob-
servability of PMU optimal placement a new method is implemented. However, the process of 
placement and connection of the buses is considered at various places with the same cost of in-
stallation. GA based Enhanced Harmony and Binary Search Algorithm (GA-EHBSA) is proposed and 
utilized with the improvement to have least PMU placement and better optimization approach for 
finding the optimal location. To evaluate the optimal placement of PMUs the proposed approach is 
implemented in the standard test systems of IEEE 14-bus, IEEE 24-bus, IEEE 30-bus, IEEE 39-bus 
and IEEE 57-bus. The simulation results are evaluated and compared with existing algorithm to 
show the efficient process of optimal PMUs placement with better optimization, minimum cost and 
redundancy than the existing. 
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1. Introduction 
Synchronized phasor measurement is a primary technology that can upgrade the monitoring and measurement 
of critical aspects of the Electric Power System, real time monitoring, control and system state estimation. 
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Synchronized measurements of real-time branch currents and bus voltages are provided by PMU. In 1980s 
PMUs were introduced and established it as an ultimate data acquisition technology, which is applied in wide 
area measurement systems with many applications that are currently under development. PMUs access synchro-
nized measurements. These measurements are enabled using global positioning system (GPS) with better accu-
racy than one microsecond. By sampling the voltage and the current waveforms simultaneously, Synchronicity 
among PMUs is achieved.  

At the same time a common synchronizing signal from the Global Positioning System (GPS) is used to attain 
synchronicity. To improve the performance of monitoring, control system in various fields phasors from differ-
ent buses of a power system is obtained with the same time-space. Power system monitoring, operation and 
management require system state variables estimation; it is generally obtained by state estimation. The main re-
sponsibility of the state estimation is obtaining complete and reliable data. This is needed for multiple programs 
in controlling the power network. Already, supervisory control and data acquisition (SCADA) system and net-
work of remote terminal units (RTUs) provided state estimators to process measurements which include power 
flows, injections and bus voltage magnitudes.  

The main issue of the SCADA system is difficult in measuring from far distance. Real time power control 
network requires a real-time wide area monitoring, protection, and control (WAMPAC) system which utilize 
synchronized measurement technology (SMT). WAMPAC system is enabled by PMUs to contribute real-time 
measurements of bus voltage and branch current phasors. When the PMUs are installed on all buses, the power 
system can be completely examined, but this is non-economical because the PMU is a high cost instrument. To 
reduce the cost the PMU is installed in proper buses. So that the optimal number of PMU is needed to be ac-
cessed to obtain an entire observable power in the network desires an appropriate optimization technique which 
has been widely managed by a number of researchers in recent years [1]. 

An exact methodology is required to regulate the optimal placements of PMUs in a power system network. A 
protective action in a power system is included in PMU in addition to its ability to measure voltage and current 
phasor. The aim of the present paper is curtailed to find out the optimal location of PMUs in power system in-
itially and then the usage of PMUs is estimated for state estimation.  

A power system is determined as completely observable only when all the states are uniquely resolved. The 
intention of the present work is finding the minimum number of PMUs to make the system allegorically ob-
servable and also to determine the optimal locations of these PMUs. Still now, there is going on a great research 
to find the minimum number of PMUs and their optimal locations.  

A bisecting search method is achieved to asset the minimum number of PMUs to generate the system com-
pletely observable. In bisecting search, to choose the placement set randomly simulated annealing method is 
employed. To obtain optimal PMU locations, the author uses a simulated annealing technique in their graph- 

theoretic procedure. In search process, there is a possibility for a placement set to make the system observable 
and can be overlooked. The optimal PMU locations can be estimated using genetic algorithm. The minimum 

number of PMUs can be determined by using integer programming. However, this method has a problem of being 
trapped in local minima. The main disadvantage is that, from the beginning, the method may conclude to have only 
one single solution, while there is a chance of existing more than one solution. Integer programming cannot handle 

multiple objectives, such as reducing the PMUs and increasing the measurement redundancy. 
In this paper, a new approach is proposed to obtain optimal placement of minimum PMUs. To determine the 

optimal location of the PMUs heuristic search method is engaged. The eventual target lies in finding the mini-
mum number of PMUs and their corresponding locations. The proposed algorithms are developed in MATLAB. 
The rest of the paper organised in a section wise. In section the related work survey is carried out with the tech-
niques for optimal placement of PMUs. In Section 3, the proposed technique is explained with the implementa-
tion and the performance analysis of the proposed approach is presented in Section 4. Finally, the conclusion of 
the proposed searching approach is presented in Section 5.  

2. Related Work 
In this section, the literature survey of the optimal PMUs placement and related searching algorithms are dis-
cussed. In recent power system the process of control, protection and the operation is considered and provides 
the real time phasor of current branch and the bus voltage synchronized measurements [1].  

Real time Monitor provides reliable and secure power system operation. By Predictable Supervisory Control 
and Data Acquisition/Energy Management System (SCADA/EMS), the data are illustrated with the time interval 
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of 2 - 10 sec. It is obtained by Predictable Supervisory Control and Data Acquisition/Energy Management Sys-
tem (SCADA/EMS). Using PMU, the Synchronized Phasor Measurement (SPM) based Wide Area Monitoring 
System (WAMS) illuminates in the network at various locations. The Global Positioning System (GPS) satel-
lites are recycled to coordinate them and develop the strategy for efficient optimal location and placement [2].  

Generally, Phasor measurement units (PMUs) are reflected as a controlling tool and used to optimize the loca-
tions of the PMU. It is observed and resolved the issues by binary integer linear programming (BILP). The mea-
surement of flow and injected power impacts is accommodated by this approach and also it removes the loss of 
PMU in the allocation of optimal PMU by the decision strategy. The methodology of Integer Programming is used 
to have observability and minimum cost for installation. Also, it is processed instead of Phasor Measurement Unit 
(PMU). In zero injection, the PMUs are minimized and it is not properly handled the neighboring buses [3] [4]. 

The Genetic Algorithm (GA) based approach makes reliable placement in smart grid with the combine of two 
inconsistent objectives. It provides maximum reliability and minimum placement of PMU. It is employed for 
large scale system bus issues and it develops the issues of multi-objective as a nonlinear optimization problem 
[5]. The boost DC-DC convertor topology having the exclusive ability of terminating the ripple input during the 
random reselection of duty cycle [6]. The linear algorithm is employed for complete observability of system by 
identifying the least number of phasor measurement units (PMUs) [7]. The complete system synchronized snap 
shot required for the diagnosis of fault and state emission. For OPP problematic, the nonlinear programming and 
a sequential quadratic programming method are formulated using binary integer programming (BIP) model. 
Based on NLP the feasibility is investigated for obtaining optimal solution. The System Observability Redun-
dancy Index is measured for ranking the multiple solutions [8]. 

In the network of power system the PMU deployment takes place with the dynamic process of operating con-
ditions for monitoring. The estimated issue is converted from non- linear iterative state to linear non iterative 
state. In a huge power network the installation of PMU is a difficult task to schedule in a single stage [9]. To 
overcome this problem the installation is carried out in multiple stages because it has infinite capacity of chan-
nels. Phasor Measurement Units (PMUs) are the major essentials in confident process of managing and observa-
tion of the power network. The observability of the power grid system for placing PMU with minimum cost is 
required. It covers a maximum area of network with limited resources, but it doesn’t reach the full observability. 
The problem codified as an integer linear programming (ILP) model and it is solved for optimality [10]. 

The leading difficult problematic is the process of system logic operation and design. The logical system is 
optimized by the economic factors. The heuristic techniques using the network logic system are developed and 
knapsack problem is associated with enormous number of logistic issues. The harmony search based algorithm 
is involved to solve the issues and it is a programming language of fourth-generation. Also, it improved the 
bandwidth correction method with the possible control or convergence modification of the algorithm [11]. 

The wide area measurement system (WAMS) is based on synchronized PMUs for a hybrid smart AC/DC 
power networks in a grid-connected PV-power plants. The main objective is to increase the system reliability by 
the major dependency on WAMS. It acts as a distributed intelligence agent in the network of power with the ca-
pability improvement of protection, monitoring and control. In real time the bus data measurement is easily ma-
naged and validated in the applications smart grid [12]. 

In the placement of PMU various cases are represented and zero injection buses are carried out to reduce the 
needed of PMU. By single failure of PMU makes the reliability of the system with improved. In order to resolve 
the failure instead of single PMU each bus is considered with two PMUs at least. By using WLS and LAV, the 
system estimation and the bus system phase angles and voltages are related the PMU with and without. After es-
timation, it is clear that the LAV is well than WLS and it minimize the errors when including PMU. For the 
analysis of voltage stability the data are used and processed by using two indices-FVSI and LQP. The possibility 
study for random selection of lines with a stressful situation is carried out under various condition of operating 
for obtaining ideas [13]. 

The graph theory and mathematical programming are processed to overcome the issues and also Heuristic 
method is implemented with the approach. The ideal placement of Phasor Measurement Unit of the system is 
considered to have full observation and less PMUs. The location finding is processed by using Heuristic Search 
method. It is used to resolve the issues of connectivity of system network and heuristics process [14]. 

3. Proposed Work 
In this section, GA based Enhanced Harmony and Binary Search Algorithm (GA-EHBSA) is proposed and 
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implemented to have a least PMU placement and optimal location by using enhanced optimization approach. 
The observability of the power system is processed by numerical and topological wise. To employ topological 
observability the numerical process is carried out from the estimation of matrix.  

The topological process is utilized for the optimal solution by using the rules. The instructions consist be-
tween buses; first, the direct measurement of voltage and current by ensuring buses with the installation of PMU. 
Second, estimation of phasor voltage and current is carried out at different end of the line and the third rule is 
the measurement of voltage and current is estimated at both ends of the line via pseudo or direct measurement. 
The incident branches of current and the voltage is measured by the preparation of PMU in the buses. As per the 
rules, the buses are interconnected with each other and considered the nearest branch details in matrix form to 
know the connectivity of the buses. In the information of topology power system, the system observability is 
utilized and formatted in a connectivity matrix (M). 
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The binary state vector elements are presented as below and formulated the objective functions of placement 
for optimal PMU by applying proposed approach. 
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1, if the equipedbus of PMU is 
0, otherwise

i
X i 
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The searching process of optimal location is processed by using Enhanced Harmony and Binary Search Algo-
rithm based on GA. Here, GA is a technique of generating the vector within the limit of interval to obtain global 
solution. The initial process is GA is continuing after the function of generating power and the estimation of 
transmission loss. The vector element generates the outcomes of real power as per the limitation of minimum 
and maximum range. The relative fitness function is obtained by evaluating the cost value of fitness.  

The best vector is chosen based on the cost function and the value is minimum when compare to other values. 
The minimum cost vector is taken as parent for power generating. The function of crossover and mutation is 
carried out by the non-uniform arithmetic process. Only least value of mutation outcomes and it is processed 
randomly to form chromosomes. The best solution is obtained in the generation by searching process. It will re-
peat the process of generation until it reaches the maximum process and criteria.  

In the proposed approach, the searching algorithm is based on the function of genetic algorithm. The search-
ing approach is the Harmony and Binary Search Algorithm. It is a meta-heuristic process to solve the issues of 
optimization. In order to obtain better harmony the proposed approach is implemented and also solution for 
economic load dispatch. The objective function of the optimization is represented by the upper and lower bound 
of decision variable. It is evaluated based on the function given in Equations ((4) and (5)) respectively. 

Minimization f(x) 
Subject to i ix X∈ , 1, 2, ,i N=   

i i iLX X UX< <                                     (3) 
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The location variables of the decision set (H) are initialized randomly with the generated vectors.  
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 According to the fitness function the worst and best case of harmony is defined and the worst case is replaced 
and ignored form the function. As per the limitation process the function is repeated and it will terminate once it 
reaches the optimal solution else it begin from the probability function. For utilization of proposed searching 
process is carried out with the binary strategy. The strategies are included in the parameters of harmony for the 
random selection of vectors. As per bit selection strategy, the vector is decided form the harmony in a random 
process when the elements selected. Here, it consists for each bit of the Harmony. 

if rand1 Memory rate

else
bj

bjNH
R

x <= 


                            (7) 

if rand2 0.
l e

0 5
s1 e

R
<

= 


                                 (8) 

According to individual strategy of selecting the process is carried out within the group of harmony and the 
random function is same. Here, the random integer is considered between 0 and 1 and the selection process be-
tween 1 to size.  
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{ } &  harmony memory size 1 to b h s∈  
In the proposed algorithm, the functions are changed with the condition for the improvement of procedure 

process and efficient access. Here, the creation is performed randomly as per the function given below. 
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The proposed approach procedure is given below: 
1) Begin with the placement of PMU in bus and estimate the limitation of upper and lower bound. 
2) Read the Data and solve the OPF using GA 
3) Population - initialization 
4) Evaluate the beginning stage 
5) Check the condition of maximum generation. If condition satisfied proceed with the searching approach.  
6) Else if not satisfied then select the strategy of individuals 
7) Evaluate the non-uniform architecture function of crossover and mutations and applied to the population. As 

per the mutation function the estimation is carried out. 
8) Evaluate the new individuals and continue with the maximum generation condition checking. 
9) The outcomes is obtained and updated in memory. 
10) The GA outcome is considered as a starting point to solve OPF issues by applying HBSA approach. 
11) Create harmony initial memory 
12) Create harmony vector by considering random selection with the memory consideration and adjustment of 

pitch. 
13) Get results and Update the harmony memory 
14) Check the criteria of termination, if not satisfied go to step 10. 
15) Else move to system observation checking as per the condition.  
16) Obtain the optimal solution and evaluate the extreme redundancy index (ISORI). 
17) Attain absolute solution. 

The unnecessary process is avoided in the optimal solution in order to have a reduction of execution time. In  
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Algorithm: Proposed Enhanced Hybrid Algorithm. 

1) Initial population IP obtained from P 1,2, ,SN=  . 
2) Fixed Cycle is equal to zero. 
3) Evaluating the lower bound limit as (k + 2)/3 and the upper bound as n/3 using domination set. 
4) Read the data and apply the proposed approach for optimal solution 
5) Apply proposed model of GA based EHBSA as per procedure. 
6) Given a sorted sequence, compare the value in the array at position n/2 with a key k. 
• If A[n/2] > k, compare k with lower half midpoint  
• If A[n/2] < k, compare k with upper half midpoint 
• If A[n/2] = k, return n/2 (index position in k). 
7) If the combinations cover the entire power network, the system is observable else not observable 
8) Finding minimum optimal number of PMU. 
9) The optimal consequences determined by ISORI(Improved System Observability of Redundancy Index) as 

1

n

ii
δβ

=
=∑                                               (13) 

where, 1i iδ ≤ Ψ +  
10) Manage thepresent best solution. 
11) If the power network is totally detected or Cycle = Maximum Cycle number, 

Thenterminate 
Else go to step 5 and set Cycle = Cycle + 1. 

 
the proposed algorithm the Improved System Observability Redundancy Index is functional for substantial se-
lection procedure of efficient solution and to have efficient system monitoring. It is performed with the IEEE 
standard bus system bound function. In the connectivity matrix A, the bus interconnectivity is presented.  

4. Simulation Results 
In this section, the simulation results of the GA based Enhanced Harmony and Binary Search Algorithm 
(GA-EHBSA) is obtained and analyzed the performances to show better efficiency than the existing. By using 
proposed GA-EHBSA, the significant development of PMUs in the smart grid system is achieved and achieved 
the results by simulating the proposed algorithm in MATLAB/SIMULINK platform in the IEEE bus system. 
The location finding of PMUs, minimum execution time, better reliability and less cost are obtained from the 
simulation outcomes.  

The connectivity matrix of A for the IEEE 14 bus system is given below. Figure 1 shows the comparison of 
various algorithms between cost and bus system. Table 1 shows the placement cost and the optimal redundancy 
index of the proposed system and existing systems. Better optimal solution with efficient reliable process is ob-
tained by the proposed approach. The optimal placement of PMU for the IEEE bus system is shown in Table 2. 
Table 3 illustrates the outcomes of minimum PMU location finding performances for various algorithms. 

1 1 0 0 1 0 0 0 0 0 0 0 0 0
1 1 1 1 1 0 0 0 0 0 0 0 0 0
0 1 1 1 0 0 0 0 0 0 0 0 0 0
0 1 1 1 1 0 1 0 1 0 0 0 0 0
1 1 0 1 1 1 0 0 0 0 0 0 0 0
0 0 0 0 1 1 0 0 0 0 1 1 1 0
0 0 0 1 0 0 1 1 1 0 0 0 0 0
0 0 0 0 0 0 1 1 0 0 0 0 0 0
0 0 0 1 0 0 1 0 1 1 0 0 0 1
0 0 0 0 0 0 0 0 1 1 1 0 0 0
0 0 0 0 0 1 0 0 0 1 1 0 0 0
0 0 0 0 0 1 0 0 0 0 0 1 1 0
0 0 0 0 0 1 0 0 0 0 0 1 1 1
0 0 0 0 0 0 0 0 1 0 0 0 1 1

A
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Figure 1. Cost vs bus system for various algorithms. 

 
Table 1. Optimal PMU placement cost and redundancy for the IEEE test systems. 

Bus system Cost Redundancy 

IEEE 14-bus 4.9 24 

IEEE 24-bus 7.1 27 

IEEE 30-bus 12 58 

IEEE 39-bus 15.8 66 

IEEE 57-bus 22.4 71 

 
Table 2. Optimal PMU placement for the IEEE test systems. 

Bus system PMUs location Number of PMUs 

IEEE 14-bus 2, 7, 10, 13 4 

IEEE 24-bus 2, 3, 8, 10, 16, 21, 23 7 

IEEE 30-bus 1, 6, 7, 10, 11, 12, 18, 26, 29 9 

IEEE 39-bus 2, 6, 9, 12, 14, 17, 22, 23, 29, 32, 33 34, 37 13 

IEEE 57-bus 1, 4, 9, 15, 20, 24, 25, 28, 29, 32, 36, 38, 41, 46, 50, 53, 57 17 

 
Table 3. Comparisons of various algorithms for IEEE bus system cost. 

Algorithm 14th-Bus 24th-Bus 30th-Bus 39th-Bus 57th-Bus 

binary particle swarm optimization 5.5 9.6 13.9 17.2 24 

Binary integer linear programming 5.3 9 13.5 16.9 23.6 

biogeography based optimization 5.2 8.4 12.9 16.4 23.4 

Adaptive clonal algorithm 5.2 8 12.5 16 22.9 

Proposed 4.9 7.1 12 15.8 22.4 

 
The simulation analysis of the weight array for the standard IEEE bus system of 14, 24, 30, 39 and 57 is 

shown in Figures 2-6 respectively. As well as, the performances of the time requirement for the iteration in the 
standard IEEE bus systems (14, 24, 30, 39 and 57) are shown in Figures 7-11 correspondingly. 
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Figure 2. Analysis of weight array in IEEE 14 bus system. 

 

 
Figure 3. Analysis of weight array in IEEE 24 bus system. 

 

 
Figure 4. Analysis of weight array in IEEE 30 bus system. 
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Figure 5. Analysis of weight array in IEEE 39 bus system. 

 

 
Figure 6. Analysis of weight array in IEEE 57 bus system. 

 

 
Figure 7. Simulation results of time for IEEE 14 bus system. 
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Figure 8. Simulation results of time for IEEE 24 bus system. 

 

 
Figure 9. Simulation results of time for IEEE 30 bus system. 

 

 
Figure 10. Simulation results of time for IEEE 39 bus system. 
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Figure 11. Simulation results of Time for IEEE 57 bus system. 

5. Conclusion 
In this paper, GA based Enhanced Harmony and Binary Search Algorithm (GA-EHBSA) is proposed for 
efficient optimal placement of PMU and searching process. This paper introduces the approach as an 
optimization tool of meta-heuristic process for the placement issue solution. By this the system observability is 
carried out efficiently and has reliable process. The process of PMUs installation cost for various buses is 
illustrated based on the connected channels to the bus. The proposed approach was applied to IEEE 14, 24, 30, 
39 and 57 bus standard test systems. The simulated outcomes conclude the efficiency of the proposed approach 
in finding location, less cost for PMUs installations and efficient access of complete observable of the power 
system. 
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