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Abstract. For the optimal replacement of phasor measuring units (PMUs) in the 

presence of conventional measurements, the integrated linear programming (ILP) 

and genetic algorithms are proposed. In fact, the power system remains fully 

measurable for the lines and measuring instruments during all conceivable single 

contingencies. In doing so, a process of equations entirely utilizes the capability of 

circuit equations related to standard measurements and PMUs, and the system 

topology, to attain the minimum possible amount of required PMUs. 

 

Keywords:Phasor Measurement Unit, Integer Linear Programming, Genetic Algorithms, 

Smart Grid 

 

1 Introduction  

Until recently, there is no common time reference to find measurements in distant                   
locations of a large power grid. The PMU is, more importantly, a GPS synchronized device 
which makes it more reliable than RTU because of a time tag attached with its                         
measurement. The RTU measurements are prone to have time skew between them due to 
communication delays apart from the general noise inherent in the measurements 
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(Abido2002). Phasor measuring units (PMUs) are instruments that calculate power sys-
tem voltage and current synchrophasors with precision in the order of 1 microsec-
ond.PMUs are the most appropriate instruments for output of Wide Area Monitoring Sys-
tem (WAMS). Operators may however intend to integrate PMUs with existing conven-
tional measurements to increase the executive ability of the power system monitor-
ing.Manyresearchers had suggested that a system of linear equations may be generated by 
zero injection equations. Using combination methodology, the equations for zero injec-
tion are considered since equations system. From Figure 1 it's observed that for checking 
of the 4 bus systems, only 2 PMUs are sufficient. Here PMUs are positioned at 2 buses, 
which allow the entire observability of the 4 buses. All of a lot and DGs are linked to the 
power grid through smart meters. 

 
 

Figure 1 Typical 4 bus smart grid 

 

2. Related works 

Phadke (1993)[1] Discussed the synchronized phasor measurement in power system. The 
value of measurements of phasor and phase angle between remote points of a device was 
recognized. There have been many attempts to synchronize the phasor measurements. 
One of the applications of phasor measurement is performed for monitoring and secure 
operation.  

Baldwin et al. (1993) [2] implemented minimum phasor calculation of the power system 
observability. The system observability is assessed through numerical and topological. 
The PMU placement issue had addressed in a few literatures. The issue was initially re-
leased in this work. 

BeiXu& Ali Abur (2004) [3] explained the analysis about the observability and phasor 
measurement placement of system. The research also creates a linear estimator based on 
PMU measurements and focuses on the device output and the issue of bad data processing. 
Simulations are used to detect and identify PMU failures. 

Nuqui&Phadke (2005) [4]provides the concept level of unobservability. The results of the 
tests show that the PMUs are located and that the gap between overlooked and unserved 
buses is not too big. To address the problem of restricted PMU placement the simulated 
recycling technique is used. 

Milosevic &Begovic (2003)[5]addressed an optimal phasor measuring device putting 
non-dominated genetically sorted algorithm that addresses the issue by means of two 
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competing goals, such as PMU number minimization and redundancy calculation maxi-
mization. 

Chen &Abur (2006)[6] presented the minimization of strategically located PMUs the 
eliminate measurement critically in the entire system. The placement problem is then 
taken into account standard measurements as candidates for placement. Problems may 
be used where a necessary degree of local redundancy is needed to decide the optimal lo-
cations. This makes the creation of systems that are vulnerable to measurement errors 
and bad data at various levels. 

Gou (2008)[7] presented the optimal placement of PMUs by integer linear programming 
considering and without considering zero injections. The problem is modeled as the linear 
problem and solved by integer linear programming. 

Penget al. (2006)[8] presented Tabu search algorithm for optimal PMU placement . The 
merits of a phasor measurement unit have to give synchronize with a real system and 
share the parameter of the system and different to the traditional SCADA measurement 
devices. Computationally the OPP problem is nonlinear, non continuous and multimodal 
having a non convex, non smooth. The observability conditions that have to be met for se-
lecting the placement sets are discussed. 

PathirikkarGopakumaret al. (2013)[9]provides the Novel Multi Stage Simulated Anneal-
ing for optimum Placement of PMU along with Conventional Measurements. A phasor 
measurement unit used to achieve the observability and redundancy in the power grid 
network. Indian grid network is used as test systems in this work. 

Jamuna&Swarup (2011) [10] presented the optimal location for protection restricted state 
estimates in measurements by PMU&SCADA has been addressed. In power system the 
utilization of supervisory control data acquisition and synchronized method for monitor 
and control the system. In normal operation the genetic algorithm is used for optimal 
placement of measurement unit using integer programming method. The Jacobian matrix 
is used to decrease the PMU and to get the desired condition. The heuristic method has 
utilized with and without contingency for reducing the placement of PMU.   

Ali Enshaeet al. (2012) [11] implemented a new approach for optimum PMU placement 
using linear binary integer programming to ensure complete power system observability 
as well as maximum measuring reliability in the max-imaging framework. In addition, in 
the case of the single PMU failure or single interruption, the issue of the optimum loca-
tion of these units is investigated. The proposed wording also considers a realistic cap for 
the maximum number of PMU channels. In all the investigations, the result of zero injec-
tion buses in the energy system was considered. The effectiveness of the suggested meth-
od was evidenced in conditions that are different. 

Chakrabarti&Kyriakides (2008) [12] provides the number of re-compulsory PMUs to 
make full network measurable for both regular and outage transmission line or PMUs de-
creases the integer-quadratic-optimization problem and maximizes the reliability meas-
urements of all system buses.  

Seyed Mahdi Mazhariet al. (2013) [13]introduces the positioning approach in the electric 
transmission networks of multi-objective phasor measurement units (PMUs). The early 
PMU formulations to simultaneously specify the minimum number of PMUs and the 
maximum reliability of measurement. In addition, a new observability evaluation ap-
proach, including line interruptions and PMU losses, is introduced under containment. In 
the presence of traditional non-synchronous measurements, the general feature for the 
allocation of PMUs is also added. With the Cellular Learning Automatics (CLA), new local 
CLA rules are being implemented to improve the optimization process. The optimization 
problem is solved.  
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3. Proposed Work: 

Here is presented an Integer linear programming (ILP) structure for optimum positioning 
of phasr measuring units (PMUs). The power system for lines and measuring devices rem
ains fully measurable during all single contingencies.The method is applied on several 
IEEE test systems already fitted with conventional measurements. In the presence of tra-
ditional measurements, the contrast between the results obtained from the work shows its 
uniqueness in modeling robust PMU placement problem (OPP) [14].Assume the PMU in-
stalled at bus i measure that bus's voltage phasor directly. If this PMU also calculates cur-
rent line phasor, an equation shall be obtained as follows: 

 

𝑔(𝑉𝑖,𝑉𝑗)  =   
𝐷𝑖,𝑗

𝐵𝑖,𝑗
𝑉𝑖  +   (𝐶𝑖,𝑗 − 

𝐴𝑖,𝑗𝐷𝑖,𝑗

𝐵𝑖,𝑗
) 𝑉𝑗 =  𝐼𝑖,𝑗                                                         (1) 

 

Based on Kirchoffs Current Law the following equation is constructed  

𝑔(𝑉1,… ..,𝑉𝑁)   =    ∑ 𝑌𝑘,𝑖𝑉𝑖  =   
𝑆𝑘

∗

𝑉𝑘
∗  𝑖∈𝐵                    (2) 

 

Additionally, th entry of the matrix for network admission.Direct meas-
urements is measurement obtained from PMU, indirect measurements are calculated 
measurements. Both can be used to reduce the number of PMU. 

OPP is characterized as finding the minimum number of required PMUs in order to make 
the network completely observable by their proper positioning. The more the number of 
buses that can be detected by standard calculation equations and zero injections, the few-
er the number of buses that must be observed using PMUs. Therefore, it is necessary and 
sufficient for a rigorous OPP to deploy the entire potential of the network equations. 

 

3.1 OPPconsidering limitation of measurement channels 

Constraint included to limit number of Channels is 
MAX

jji

Bi

ji CCa 


,,                (3) 

Consequently, the constraint of observability per bus is as follows: 




=

Bj

jii af , jiC , + ji

Mj

ji ya ,,


+ ji

Mj

ji ra ,,


Bi  (4)      

      
    

 

 

4. Results and discussions 

In this work, all the cases were carried out for optimal placement of PMUusing the evolu-
tionary algorithm. For simulations MATLAB 12 in Intel i5 processor 2.5 GHz and 6 GB 
RAM has been used.  

The final conclusion is  technique reduces the computational time of the cases and per-
mits a computationally efficient algorithm to be developed. To verify our proposed ap-
proach, all the simulations are carried out using the test system data such as IEEE 57, 
IEEE118system. 

 

 



ICMECE 2020
IOP Conf. Series: Materials Science and Engineering 993 (2020) 012070

IOP Publishing
doi:10.1088/1757-899X/993/1/012070

5

 

 

 

4.1 test systems 

To verify our proposed approach the test system data used are IEEE57, IEEE118, shown 
in Figure 2 

 

a)IEEE 57 BUS DIAGRAM 

 

 
Fig2 IEEE 57 bus system 

 

Descriptions: 

The IEEE 57 bus system has 7 generating units,42 load lines and 76 branches. 

 

4.1 algorithm result 

a)Branch and Bound Technique (57 Bus System) 

Table 1 gives number of PMU computation time and fitness value of 57 bus system using 
branch and bound technique including zero injection bus. 

 

Table 1 Branch and Bound Technique (57 Bus System) 

 

Fitness value No. of PMU Elapsed time 

222                  32 1.54 sec 

   

 

b)  Genetic Algorithm (57 Bus System) 
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Table 2 gives number of PMU computation time and fitness value of 57 bus system using 
Genetic Algorithm including zero injection bus. 

 

Table 2 Genetic Algorithm (57 Bus System) 

Fitness value No. of PMU Elapsed time 

91                 26 5.61 sec 

   

b) IEEE 118 BUS SYSTEM 

 

 
Fig 3 IEEE 118 bus system 

Descriptions: 

Figure 3IEEE 118 bus system has 186 branches,91 load sides,54 thermal units. 

 

By comparing the two algorithms we understand that the fitness value is reduced from 
222 to 91 and the number of PMUs in the genetic algorithm is reduced from 32 to 26 but 
the time needed for iteration is increased from 1.54 sec 5.61sec. 

 

c) Branch and Bound Technique (118 Bus System) 

Table 3 gives number of PMU computation time and fitness technique of 118 bus system 
using branch and bound technique including zero injection bus. 
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Table 3 Branch and Bound technique (118 Bus System) 

Fitness value No. of PMU Elapsed time 

380                 64 2.83 sec 

   

 

 

d) Genetic Algorithm (118 Bus System) 

Table 4 gives number of PMU computation time and fitness value of 118 bus system using 
Genetic Algorithem including zero injection bus. 

 

Table 4 Genetic Algorithm (118 Bus System) 

Fitness value No. of PMU Elapsed time 

304                 50 8.98 sec 

   

 

By comparing both algorithms we understand that the fitness value is reduced from 380 
to 304 and that the number of PMUs in genetic algorithm is reduced from 64 to 50 but 
the elapsed time is increased from 2.83sec to 8.98sec. 

 

4.2 Fitness Generation 

a) Fitness- Generation (57 Bus System) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4Fitness – Generation (57 Bus System) 

 

The figure 4 shows the Fitness-Generation graph for a 57 bus system. The Genetic Algo-
rithm gives the best fitness value as 91. The next figure shows the Genetic Algorithm stop 
criteria. 
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b) Fitness-Generation (118 Bus System) 

Figure 5 Fitness-Generation (118 Bus System) 

 

The figure 5 shows the Fitness-Generation graph for a 118 bus system. As of 304, the Ge-
netic Algorithm gives the best fitness value. The next figure shows the Genetic Algorithm 
stop criteria. 

 

5. Conclusion 

PMU is one of the most essential measurement products in the future of energy systems. 
The difference comes from the unique power of its in supplying synchronized phasor 
measurement of currents and also voltages from extensively dispersed locations in an 
electrical energy grid.The optimum number of PMU for different test systems obtained 
for normal operation, including ZIB and contingency is simulated. The results obtained 
were compared with and without redundancy. The comparison of the result with previous 
studies shows the number of PMUs are reduced in the proposedmethod.Comparing con-
verging trend using single objective algorithms of Branch and bound and GA, GA to be 
one of the best hunt strategies down expansive, complex, and misty inquiry space. Addi-
tionally, the algorithm time is less compared with past studies. 
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