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Abstract- The procedure of PMU-based checking improves 

the nature of the brilliant framework. At the same time, the 

usage of PMU expands the elements of clamor change which 

further swells the vulnerability in commotion based 

dispersion. This paper shows a technique to decrease the 

measure of vulnerability in clamor by utilizing a direct 

quadratic estimation strategy (LQE), typically known as 

Kalman channel alongside Taylor extension arrangement 

however this procedure is tedious and is defenseless against 
countless mistakes at the hour of testing. The primary 

explanation for this methodology is the high multifaceted 

nature of the framework which makes it extremely difficult to 

infer the procedure. The proposed examinations receive a 

procedure to chip away at covariance prior based estimation 

utilizing Bayesian strategy together with the estimation of 

dynamic polynomial earlier by utilizing Particle Swarm 

Optimization (PSO). The exploratory assessment analyzes the 

results got from the essential Kalman channel, PSO upgraded 

Kalman channel out and Kalman channel Covariance 

Bayesian strategy. At last, the impacts got from the 
investigation features reality that the PSO enhanced Kalman 

get out to be more powerful than the Kalman channel out with 

Covariance Bayesian methodology 

Keywords: PSO,PMU,taylor series 

 

                                     I. INTRODUCTION 

The basic idea that lies behind smart grid technology has 

reached an effective centre stage: an advanced evolution of 

technologies that helps in making the system availability 

smarter, more effective and efficient possible power grid 

system. The objectives of such technologies, mainly aims to 
locate critical challenges faced by electric grid systems on 

current basis, which branch largely from its process of 

infrastructural aging and uses the case model that is generally 

involved over several years. In the past decade performance of 

power grid, the field of instrumentation over the grid quickly 

reaches to a life cycle limit, which negatively affects the global 

system-based efficiency and grid reliability. 

With the use of such case models created to support the 

requirements of heavy light bulbs and machinery alone, the 

conventional grid-based devices are not at all prepared to meet 

the modern trends of energy demands, increases in energy 

distributed sources or transforming the standards and 

requirements of grid. Finally, as a result, there is no support for 

such trendy modern upgrades and advancements like electric 

vehicles or fluorescent lights, computers, etc. This is because 

the operation of grid is generally based on closed hardware, is 

vendor-defined and the software platforms makes it effectively 

challenging to adapt as grid standards and requirements. 

Thus, a re-evaluation of current grid architectures is required 
where basic automation devices are brought to a higher level of 

intelligence to enable distributed data acquisition and 

decentralized decision-making. A new generation of intelligent 

electronic devices (IEDs) is rapidly being deployed throughout 

the power system. These devices are equipped with advanced 

technologies that make two-way digital communication 

possible where each device on the network is equipped with 

sensing capabilities to gather important data for wide 

situational awareness of the grid. Utilizing computer-based 

remote control and automation, these devices can be efficiently 

controlled and adjusted at the node level as changes and 
disturbances on the grid occur. Additionally, these IEDs not 

only communicate with SCADA systems, but among each 

other, enabling distributed intelligence to be applied to achieve 

faster self-healing methodologies and fault 

location/identification. 

At the heart of these advanced devices for the smart grid lies 

the powerful technology of the FPGA. Once seen as a 

technology only available to engineers with a deep 

understanding of digital hardware design, the dramatic 

advancements in the capabilities and levels of integration of this 

technology are changing the rules of IED development for 
smart grid applications [11] [12] [29]. 

At the highest level, FPGAs are reprogrammable silicon chips 

that offer the same flexibility of software running on a 

processor-based system. However, due to their truly parallel 

nature, FPGAs are not limited by the number of processor cores 

available. Additionally, they do not use operating systems and 

minimize reliability concerns with true parallel execution and 

deterministic hardware dedicated to every task. Each 

independent processing task is assigned to a dedicated section 

of the chip and can function autonomously without any 

influence from other logic blocks. As a result, the performance 
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of one part of the application is unaffected when additional 

processing is added. 

 
Figure.1.6 FPGA circuit [91] 

FPGAs exceed the computing power of computer processors 

and digital signal processors (DSPs) by breaking the paradigm 

of sequential execution and accomplishing more per clock 

cycle. With the ability to control inputs and outputs (I/O) at the 

hardware level, FPGAs provide faster response times and 

specialized functionality to closely match application 

requirements. 
Furthermore, FPGA technology powers the embedded 

instrumentation and control systems for the latest generation of 

IEDs on the smart grid, yielding additional flexibility and 

reliability, which enables convergence of multiple functional 

devices into a single unit, lowering the cost of smart grid 

systems as a whole. As FPGAs are incorporated into virtual 

instrumentation platforms, this represents a fundamental shift 

from traditional hardware-centric instrumentation systems to 

software-centric systems that explore computing power, 

productivity, display, and connectivity capabilities of popular 

desktop computers and workstations. Virtual instrumentation 
platforms that utilize FPGA technology, such as National 

Instruments Compact RIO hardware, are able to incorporate 

future modifications to keep pace with power grid requirements 

that are continuously changing [27] [91]. Thus, as IEDs for the 

smart grid mature, functional enhancements can be made 

through the use of open software and modular hardware without 

the need to modify the board layout or replace the entire 

device.  

4. Two-way communication technologies 
Using the technologies of smart grid that helps in improving the 

communications between power providers and their customers 

that represents a significant key to have electricity-based 

distribution systems running more reliably and efficiently. 

There has always been a rising trend within the industry of 

utility that is focussed or centred on improving the basic 

knowledge of the companies for gaining an improved grid 
infrastructure along with their rising billing efforts. The number 

of consumers that seek the service of energy is increasing day 

by day, but the infrastructures supporting both the transmission 

and distribution of such power are not quickly expanding. 

However, most of the utilities highlights improving 

communication and control along the grid technology, they can 

distribute their power more efficiently, and in doing such 

practices, the demands of the customer are fulfilled. 

1. Advanced Metering Infrastructure or AMI usage: Most 

of the companies have eventually started the using the 

capabilities of AMI and smart meters in order to build the 

knowledge over the smart grid technology. The Smart meters 

contain large number of capabilities that provide help both to 

the service provider and the customer. For example, they can 
easily send and receive the signals on the basis of consumed on-

site power, such as the office or home, and it may communicate 

the power back to the place of utility. Such type of 

communications can assure reliable form of electricity [30] 

[40]. The energy service provider can also use the above 

information to have better knowledge and understanding of 

electrical loads flowing through their provided infrastructures. 

In performing this, they can more impressively and accurately 

account for large number of times when the demand is high, 

and may even mitigate the power blackout possibility. 

2. CIS software and advanced billing: The process of billing 

and satisfaction of the customer could easily attract the 

market scenario. Such type of systems can smoothly allow the 

utilities to design more models of dynamic pricing for their 
users, which in reward help in power conservation at certain 

times of the peak demand. 

Specifically, the consumers are charged in a format on the basis 

of static meter-to-cash format, however, such type of systems 

could allow the billing operation to become more focused 

towards the users on the basis of Navigant Research Report 

Study. Such a technology could help a much better integration 

of new resources of power that enters the grid, involving 

renewable energy and natural gas. As a result, CIS software and 

billing services are generally expected to rise from $2.5 billion 

(2013) to $5.5 billion (2020), in accordance to the figures from 

an institutional firm. The improvements in technology of smart 
grid enters the network country’s electricity of the 

network with power service and greater frequency could 

become more reliable for both the consumers and providers. 

3. Energy storage and Power electronics: This include High 
Voltage DC i.e. HVDC, Flexible AC Transmission Systems i.e. 

FACTS in order to enable long integration of renewable energy 

sources and distance transport along with other devices of 

FACTS like Unified Power Flow Controllers (UPFC) and 

series capacitors. Since the electricity was first invented some 

hundred years ago, it has been people's necessity for living. 

According to economical business constrain of electrical 

energy, the electricity must be utilized immediately after 

generation. However, with smart concept of grid technology, 
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the distributed form of generation becomes more encouraging, 

while the material for energy storage has been considered as 

more feasible. Presently, the distributed ESS i.e. Energy 

Storage Systems have become very impressive. Table.1.1 

represents a service of energy storage system for an electrical 

power grid in all the levels of power system i.e. generation, 
transmission, distribution and the end users. Generally, there 

are three parameters required to take account in the designing 

process of ESS. Such type of size range occurs from kW to 

MW, target duration of discharge i.e. from seconds to hours and 

the operation cycles i.e. cycles/year. The ESS application can 

be divided into two of the major requirements for a large 

capacity of duration and sufficient rating of power (higher 

kWh), whereas the application of power needs high capacity of 

power capacity with short duration of discharge i.e. higher kW. 

From the Table.1.1 given below, some of them are usually 

considered as the ancillary type of services. Based on the study 

of U.S Federal Energy Regulatory Commission (FERC) 
ancillary/alternative services are "those type of services are 

generally required to support the electric power transmission 

from the seller (provider) to the purchaser (customer) provided 

the accountability of transmitting utilities and control areas 

within that area of control in order to maintain the fair operating 

conditions and interconnected transmission system reliability." 

Fig.1.7 represents a block diagram covering the significant 

components of PEBES i.e. power electronics-based energy 

storage. The circuits of Power electronics play a significant role 

in regulation of raw energy from distinct devices of energy 

storage and grid interfacing operation. Very fast response and 
high efficiency of power circuits of electronics makes it very 

impressive and attractive in an environment of smart grid.                                    

                  Table.1.1 Energy Storage System Services  
 Energy Application Power Application 

Generation & 

Transmission 

 Energy Time-

Shift 

 Process of 

Transmission 

 Congestion 

Relief 

 Deferral for 

Transmission 

Upgrade  

 Electric Supply 

Capacity 

 

 Damping Power 

Oscillation  

 Voltage Support 

 Supplementary 

Reserve 

 Black Start 

 

Distribution  Reliability of 

power 

 Intermittent type 

of Mitigation 

 Distribution 

Upgrade Deferral 

 Quality of Power 

 Voltage Support 

End Users  Interruption 

Backup 

 Energy Time-

Shift 

 

 Power Quality 

 Management of 

Demand Charge  

The devices of energy storage, for instance, are flywheel, 

mechanical generators, battery, fuel cell, generally driven by 

the prime mover, etc. 

 
Figure.1.7 Power electronics-based energy systems. [22] 

Communications 
Within the environment of Smart Grid, real-time and reliable 

information is a complex aspect to assure a reliable power 

delivery from the unit of generation to the unit of end user. 

Henceforth, intelligent control and monitoring, enabled by 

communication technologies and modern information, 

represents a critical need or requirement to assure efficient and 

effective management and operation of the system [10] [20] 
Assuming that the utility contains an extensive backhaul-

network in that place, so there is an additional need for 

Advanced Metering Infrastructure communications will further 

involve facilities of online communication provision among the 

network based on utility backhaul and the smart meters. 

Usually two communicational structures are needed to get the 

informational flows within a system of Smart-Energy Grid: 

 From electrical appliances and sensors and to the 

smart energy meters; and 

 Between the data centre utility and the smart meters. 

Many of the distinct type of networking technologies and 
communications, using two basic mediums of communication 

i.e. wired and the wireless are usually available for the support 

of distinct applications of the Smart Grid. These involve 

conventional phone lines of twisted-copper (ADSL and DSL), 

WiMAX, microwave, fibre optic cable (OPGW etc.), power 

line carrier, cable lines, cellular (GPRS and GSM) satellite, and 

the service of broadband over line power along with the short-

range technology in-homes like ZigBee and WiFi. The 

applications of Smart Grid like Home Area Networks (HAN), 

Wide Area Situational Awareness (WASA), enhanced version 

of SCADA systems, distributed form of generation control and 

monitoring, pricing systems and demand response, and the 
systems of charging for the (PEVs) plug-in electric vehicle 

systems that can supported by the mentioned above-

technologies of tele-communications. From the statements it is 

confirmed that, regardless of networking technologies 

employed, the wireless communications plays a significant part 

in the Smart Energy Grid communicational deployment and it 

will further needs an additional important spectrum of radio-

based frequency [31]. Hence, for accommodation of spectrum 
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needs for the environment of Energy based Smart Grid, it will 

definitely be cautious for system utility to involve system 

regulator for exploring certain possible forms of substitutes; 

this may involve an additional process of spectrum leasing, or 

it may even form the option for the purpose of inspection in 

order to perform spectrum sharing process with other type of 
users. Moreover, prior to such compromises occurring in the 

system, it will be prudent for the utilities of the system to 

conduct several surveys, in partnership with effective service 

provider of telecommunication, to perfectly observe the 

spectrum retirements process and also it obtains an impressive 

insight in regard to specific uses, for example e.g. fixed and/or 

mobile access. 

Table.1.2 Technologies of Smart Grid Communication 
Technolo

gies 

Rate 

of 

Data 

Spectr

um 

Covera

ge 

Applicati

ons 

Limitatio

ns 

GSM Up to 

14.4 

Kb/s 

900-

1800 

Mhz 

1-10 

km 

Demand-

based 

Response, 

AMI, 

HAN 

Low Rate 

of Data  

GPRS Up to 

170 

Kb/s 

900-

1800 

Mhz 

1-10 

km 

Demand 

Response, 

HAN, 

AMI 

Low Data 

Rate 

3G 384Kb

/s-2 

Mb/s 

1.92-

1.98 

Ghz 

2.11-

2.17 

Ghz 

1-10 

km 

Demand 

Response, 

HAN, 

AMI 

Expensiv

e 

Spectrum 

WiMax Up to 

75 

Mb/s 

2.5 

Ghz, 

3.5 

Ghz, 

5.8 Ghz 

10-50 

km 

(LOS) 

1-5 km 

(NLOS

) 

Demand 

Response, 

HAN, 

AMI 

Not 

Widespre

ad 

PLC 2-3 

Mb/s 

1-30 

Mhz 

1-3 km Fraud 

Detection, 

AMI 

Harsh 

Noisy 

Environm

ent 

Zig Bee 250 

Kb/s 

2.4 Ghz 

868-

915 

Mhz 

30-50 

m 

HAN, 

AMI 

Low Data 

Range, 

Limited 

Range 

 

1.3 Wide Area Monitoring 

In the present typical scenario, the concept of wide area 

monitoring systems popularly known as WAMS, the 

measurements in a synchronized manner are generally gained 

from phasor measurement units and each and every form of 
data is usually sent through the network communication, 

concentrated and received at a control and decision supporting 

system known as PDC i.e. phasor data concentrators that helps 

in determining accurate corrective, protective, and preventive 

measures. The decisions that helps in determining the system 

support will help the operators at the controlling centers in 

order to take intelligent and smart controlling actions of the 

operator. Such active actions are further converted into the 

signal-based feedback sent through the network of 

communication in order to exploit the protection and 

controllability of the power resources in a planned framework 
of power system. PDC and PMU are thus considered as the 

backbones WAMS architecture. PMU represents a logical or 

function device providing angle and magnitude-based synchro 

phasor, frequency of the system and changed rate of frequency-

based measurements on the basis of collected data the data 

collected from more than one primary sensor such as potential 

(PTs) and current (CTs) transformers. PMUs may provide an 

optional information like evaluated reactive (MVAr) and real 

(MW) powers, Boolean status words, and sampled 

measurements [1] [13] [33]. PDC, a logical or function device, 

generally operate as a communicational node in network where 

data of the synchro-phasor from a finite number of PDC and/or 
PMUs s is gathered, aggregated, aligned by time, and usually 

sent out as an individual  type of  stream to the high applications 

of PDC level and/or PDC level. The concept of PDC has to 

implement real-time control applications and wide-area 

protection on optional basis [3] [6]. 

With rising number of installed phase measurement units in the 

wide area systems requires an active and effective architectural 

data management and collection grew necessarily significant 

for an efficient (active) and effective employment of PMUs 

provided data.  

Definition and Classification WAMS Architecture  

The architecture of WAMS is generally classified as 

Distributed, Centralized, and Decentralized architecture [5]. 

The factors distinguishing among such type of dataflow or 

information between data acquisition location, the decision 

selective location and the place where the action are based on 

certain decisions performed. The section below deeply 

describes distinct types of wide area monitoring systems i.e. 

WAMS architecture  

A. Centralized Architecture of WAMS: In an architecture of 

WAMS (centralized), the data analysis PMU-based data 

acquisition, and performance of therapeutic activity is generally 

performed at the central type of location. Figure 1.8 encloses 
the architecture of WAMS (centralized). The phase monitoring 

units (PMUs) from certain operating substations forwards the 

phasor data to the PDSC Central part where concentration of 

data and the time alignment of all the received PMUs activity 

of the data takes place. The data concentrated is generally used 

for the process of visualization and analytics. The corrective 

actions derived from such type of analysis is forwarded to the 

primary devices. 

II. RELATED WORK 
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B.K. Saha Roy, et al [19] presented an optimal placement three 

stage method of PMU placement using the information based 

on network connectivity. This method primarily considers the 

placement of PMU in each and every network bus system. Both 

the algorithm based Stage I and II iteratively helps to determine 

(i) less significant locations of the bus from where the PMUs 
were removed and (ii) strategically significant locations of the 

bus, where PMUs were mainly retained. In Stage III, it further 

helps in minimizing the PMU number using the operation of 

pruning. After Stage III, the set of obtained PMUs represents 

an optimized set of PMU based locations for the observability 

of the network. The method proposed was further enhanced and 

extended for assurance of complete set of observability under 

individual cases of PMU outage. 

Sadegh Azizi, et al [20] presented a novel method of EILPM 

i.e. equivalent integer linear programming method for the 

placement of PMU based on exhaustive search method. The 

implemented form of state estimation on the basis of such a 
placement was completely of linear form. Therefore, it 

eliminates the drawbacks of traditional SCADA state 

estimation. In addition, the constraints for preservation of 

observability following an individual line outages or PMU can 

easily be implemented under the framework of EILPM. 
 

A. Ahmadi, et al [21] presented a BPSO i.e. binary particle 

swarm optimization based approach for optimal placement of 

PMUs with the help of using a mixed set of measurement. The 

problem of optimal placement of PMU was formed for 

minimizing the number of phasor measurement unit installation 
subjected to full observability of the network and further to 

maximize the redundancy measurement at the buses of power 

system. The proposed method efficiency was verified by the 

results of simulation of IEEE 118 bus, 57-bus, 30-bus, 14-bus, 

systems. For the process of verifying the proposed method, the 

results were compared with of the reported new methods that 

provide a novel solution for obtaining the redundancy of 

measurement system with least number of PMUs. 

N. M. Manousakis, et al [22] provided a broad literature based 

review on the problem of OPP along with its possible 

methodological solutions. In this field, a large number of 

material has been published, so the most ideal and classical 
papers were reviewed. The techniques proposed can be divided 

into three of the major categories: heuristic, metaheuristic, and 

conventional. The reviewing literature further presented will be 

useful for the analysts for discovery purpose as well as for 

applying new approaches for solving the issues related to 

optimal phasor. 

William Yuill., et al [23] outlined the benefits of integration of 

Phasor Measurement Unit (PMU) in respect of energy-based 

power network. It mainly reviewed the past optimal techniques 

of placement covering deterministic and metaheuristic 

algorithms. Three of the best working algorithms were selected 

in respect of minimum desired number of phasor measurements 

units for achieving full observability of the system. It further 

concludes that the process of Integer Linear Programming is 

considered as the most usable mathematical form for designing 
the network of power system. 

M. Hurtgen, et al [24] proposed to minimize the PMU-based 

size configuration while allowing full observability of the 

network. The method initially proposed suggested a PMU 

distribution that makes the network to be observable. The ILS 

i.e. iterated local search is metaheuristic was then used for 

minimizing the PMU size configuration required to observe the 

network of system. The algorithm was tested on IEEE testing 

networks with 118, 57, and 14, nodes and it further compared 

to obtained results in earlier publications. 

Saikat Chakrabarti, et al [25] presented a method for using 

the synchronized kind of measurements for the process of 
complete power system observability. The PMU placement that 

utilizes the measurements of time-synchronized measurements 

of current and voltage phasors, was studied in this framework. 

An approach named integer quadratic programming was 

mainly used for minimizing the needed PMUs in total number, 

and to further maximize the redundancy-based measurement at 

the buses of power system. 

P.S. SreenivasaReddy, et al [26] aimed to provide an 

extensive survey on optimized placement of phasor 

measurement unit (PMU) for the rising development of power 

system. The process includes the use of distinct type of 
algorithms for optimum placement of PMU and it deeply 

explained the methods adopted for the proposed work. 

 

B. Mohammadi-Ivatloo, et al [27] presented an algorithm 

based on optimized PMU-based placement for the achieving 

the observability of power system and it also increased the 

performance of secondary voltage control scheme. The optimal 

placement problem (OPP) is formulated such that to minimize 

the number of PMU installations subject to full network 

observability and monitoring pilot buses of the system to 

improve secondary voltage control performance. The BB i.e. 

branch and bound method of optimization was adopted for 
solving the problem of OPP that was suitable for the problems 

with Boolean and integers variables. 

Chunhua Peng, et al [28] was optimized as the placement of 

PMU for full power network observation and the minimized 

number of PMUs. It usually provides a speedy and a general 

method of analysing the topology of power network 

observation on the basis of properties of phase measurement 

unit and structural information based on the topology of the 

https://www.sciencedirect.com/science/article/pii/S0142061510000372#!


IJRECE VOL. 7 ISSUE 4 OCT.-DEC 2019   ISSN: 2393-9028 (PRINT) | ISSN: 2348-2281 (ONLINE) 

INTERNATIONAL JOURNAL OF RESEARCH IN ELECTRONICS AND COMPUTER ENGINEERING 

 A UNIT OF I2OR  29 | P a g e  

 

power network, and resolution of the object function by 

improved version of binary PSO algorithm that was further 

combined with a mechanism on the basis of information based 

on immune system information. 

Madhavi Kavaiya, et al [29] presented a methodology based 

on integer based linear programming for optimal PMU 
placement in a known network for achieving the full network 

observability. Firstly, a complete conventional observability of 

the given network was mainly designed and then the bus 

constraints based on zero were added in previously designed 

formulation. The results obtained from modified and 

conventional formulation were compared further. However, 

minimized problem of PMU placement may contain multiple 

network solutions, so in order to decide the best solution, two 

of the indices were proposed, SORI and BOI, where SORI is 

System Observability Redundancy Index and BOI is Bus 

Observability Index. Results over IEEE 14, 9 bus were 

presented. 

M. Hajian, et al [30] proposed a new methodology for the 

optimized placement of phasor measurement units (PMUs). A 

modified form of discrete particle swarm algorithm binary 

version was mainly used as a tool for optimization in order to 

find the minimum number of desired PMUs for achieving the 

overall observability of the system. By development of a newly 

designed rule that was based on the analysis process of zero-

injection buses, an improved assessment of observability was 

implemented on the basis of topological analysis. The 

simulation analysis was done over various IEEE based testing 

systems, indicating that the methodology proposed can 
compete successfully with the already existing methods. 

 T. L. Baldwin, et al [31] concerned the extension spanning 

tree’ concept in respect of measurement of spanning subgraph 

with a pseudo or an actual type of measurement mainly 

assigned to each of the tree branches. For acceleration of the 

adopted procedure, an initial placement of PMU was provided 

that builds a subgraph on the basis of spanning measurement in 

accordance to a method of depth-first search. From the results 

based on simulation on various testing systems, it was usually 

appeared that only one fourth to one third of system was needed 

to get provided with the percentage of PM for making the 

system to be observable. 

 

 

2.3 Inferences Drawn Out of the Literature Review 

The study and analysis based on the literature survey have been 

done and there are some of the methodologies and inferences 

are drawn out of the literature review part. Some of the findings 

from the literature surveys are discussed below. 

1. Helder RO Rocha, et al, Journal of Electrical Power & 

Energy Systems, (2019): Presented a new approach for 

designing the WAMS i.e. Wide Area Measurement Systems. 

Here, a simple optimized placement of PMU algorithm on the 

basis of metaheuristic form of Variable Neighbourhood Search 

was mainly approved that has been never used on prior basis in 
relation to the problems of PMU placement 

2. Zeina Al Rammal, et al, Conference on Renewable 

Energies for Developing Countries (REDEC), (2018): 

Discussed the optimal phasor measurement placement (OPP) 
for reverse-based detection of power flow. A comprehensive 

review of literature and a comparison among a large range of 

already existing algorithms of optimization was done for the 

purpose of research work analysis. 

Inference: Based on the analysis of literature, all the methods 

of PMU placement mainly satisfy the adopted criterion. But, 

the speed based on convergence differs from the speed of 

general algorithm as an algorithm usually converges faster to 

optimized solution than the other while requiring more time of 

processing time on overall basis. Thus, in the literature section, 

the convergence speed and simplicity of algorithms gets 

subtracted from their research description. 

3. Xingzheng Zhu, et al, Transactions on Smart Grid, IEEE, 

(2018): Proposed the problem based on OLLP i.e. optimal 

PMU-communication link placement that investigated the 

placement of communication links (CLs) and PMUs for full 

power system observability. 

Inference: On comparing various cases in terms of analysis 

based on with and without communicational links (CLs), the 

experts have mainly found the presence of already existing 

forms of CLs that may result in the PMUs relocation and 

distinct paths of transmission for PMU-based data. Finally, the 

experts have found a very small change on CLs or PMUs prices 
which influences the optimal results in a significant way that 

proves the optimal PMU-communication link placement 

(OPLP) importance in terms of saving cost. 

4. V.Vijaya Rama Raju, et al, PECI) (PECI), (2016): 
Proposed a methodology on OPP i.e. optimal PMU placement 

problem. It was articulated as a BILP (binary integer linear 

programming) using BAA (Balas additive algorithm). The 

installation of PMU will be further decided using binary 

decision-based variables i.e. 0, 1 for full observability of 

network while minimizing the number of installations of PMU. 

Inference: The problem of PMU placement that was usually 

considered as a problem of a zero- one problem of linear 
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programming (LP) was ended with distinct multiple solutions, 

not with a specific kind of solution. 

5. Jyoti Paudel, et al, Power and Energy Engineering, 

(2015): Presented a methodology to find the strategic type of 

locations for additional installation of Phasor Measurement 

Units (PMUs) while seeing the existing PMU based 

measurement system resiliency. 

Inference: To strictly analyse the critical form of PMUs, the 

experts have considered only a single PMU-based set per 

system.  

6. M. Hurtgen, et al, Journal of electrical power & energy 

systems, (2010): Proposed to minimize the PMU-based size 

configuration while allowing full observability of the network. 

The method initially proposed suggested a PMU distribution 

that makes the network to be observable. 

Inference: The use of PMUs can highly improve the process of 

state estimation. However, for this estimation, the number of 

PMUs must be placed in an appropriate form in the topology of 

the network. So, the problem of placing the PMUs optimally 

for full system-based observability has been considered. 

III. THE PROPOSED METHOD 

3.1 Proposed Methodology 

The utilities of electric energy are becoming more anxious 

about the voltage distortion and harmonics of power system. 

This rising concern occurs due to rise in power electronic 
devices application occurring in all the operation like inverters 

and rectifiers that are used in motor drives. This process results 

in increased injection in power system harmonics occurring in 

the system. Repeatedly, due to increasing application of 

system-based series and shunt and capacitors, the static var 

controllers (SVCs) are located at strategic locations for the 

correction of power factor. For the conditions of resonant type, 

there are wide chances of rising potential that magnifies the 

already existing levels of harmonic. The components of power 

system regularly inject harmonics that is of time varying nature 

giving rise to harmonic currents and voltages (non-stationary) 

in case of distribution system. All the functions on the basis of 
real time are of non-linear nature and systems can be presented 

as discrete time-based system to a large accuracy extent with 

the use of tiny steps of time. Currently, the main issue is to 

provide state estimation of discrete-time controlling process 

and such type of processes is usually conveyed using stochastic 

linear equation. This kind of estimation can be accurately and 

easily done with the help of Kalman Filter (KF). In general, if 

the measurement and processing systems are of non-linear 

nature then the EKF and UKF are implemented. A Kalman 

Filter, which linearizes the present form of covariance and 

mean using any form of linearized function, is known to be 

extended KF (EKF). In this part the measurement functions and 

the partial form of derivatives are used in order to evaluate 

estimates in presence of non-linearized functions. 

The performance of algorithms, both the EKF as well as the 

UKF in general depends over the measurement of data quality. 
For instance, the nature and the content of noise in both 

availability and measurement-based data likewise irregularity 

in measurement and the rate of updating the measurement data. 

Nishiya et.al. (1982) studied and presented [80] an algorithm 

based on KF for estimation of dynamic state in order to estimate 

bus angles and voltages that usually cares bad data anomalies, 

change in topology of the network as well as the variation of 

sudden form in various states of the network. Estimation on the 

basis of real time using the method of robust extended Kalman 

Filter (REKF), which performs better than the EKF, is generally 

proposed for power system-based estimation of harmonic states 

[61]. With less amount of measurements number than the EKF, 
the robust EKF (REKF) has better capability of estimation 

under the condition of bad data with the use of IEEE 14 bus 

system [60]. In case of system-based on WSCC 3- generator 9-

bus test and single machine infinite Bus (SMIB), the analysis 

of EKF on the basis of estimator under the operating condition 

of three-phase to ground fault and sudden change of load is 

generally analyzed with peculiar conditions of measurement. 

The use of improved version of EKF with Euler method based 

on second order and the usage of extended Kalman Filter with 

prediction of multi-step is usually offered. The performance-

based analysis in case of parametric error, composite error, and   
topological error has been established with update 

measurement of 0.04 s interval along with the use of 16-

machine 68-bus system as referenced in [20]. Furthermore, [20] 

indicates a possible way of analyzing the EKF performance in 

case of non-availability of the measurement data. Kamwa and 

Ghahremani have proposed an algorithm EKF with unknown 

inputs (EKF-UI) in order to estimate the unknown type of 

inputs and the dynamic states for system based on SMIB [41]. 

For distinct type of measurement, UKF is presented which 

performs well as compared to EKF and WLS (Weighted Least 

Squares), for three of the distinct test standard of the system. 

https://www.sciencedirect.com/science/article/pii/S0142061510000372#!
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Figure.4.2 EKF and UKF for Single machine system 

 

 

Figure.4.3 EKF and UKF for Multi machine system 

and transient operating conditions. For the case of SMIB and 

WSCC (Western System Coordinating Council) system, UKF 

is proven to perform better estimation process than the 

estimator EKF for data measurement having distinct noise-

based content with update intervals of measured data. Anil 

Pahwa et al (2012) presented [38] the EKF performance that is 

considered in terms of error with missed form of measurements 

represented as communication-based packet drops. 

 
                                 IV. RESULT ANALYSIS 

4.1 Result Analysis 

 

Figure 7: Proposed Approach Voltage profile 

 

Figure 8: Comparison between Kalman and Kalman PSO ON 

Noise Reduction 
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Figure 9: Comparison between Kalman noise reduction 

Prediction 

 

Figure 13: Comparison between BER and Number of PMUs in 

Different Approaches 

Figure 13 analyse the noise reduction with Kalman and Kalman 

PSO. In graph green color is noise and red line Kalman filter 
value and blue line Kalman with PSO but Kalman with PSO 

improve the accuracy of noise. 

                                      IV CONCLUSION 

 

The phasor measurement method plays an important role in 

Phasor Measurement Unit (PMU) assumes a noteworthy job in 

savvy framework innovation, where it adds to quantify the 

synchro phasors in this way making it significant to powerfully 

screen various kinds of transient procedures happening in a 

framework. Essentially, contrasts the mainstream Kalman 

channel procedure and a novel technique for Kalman channel 

Covariance Bayesian learning. A Taylor extension of Kalman 
channel was utilized which decreases the non-linearity by 

utilizing molecule swarm advancement method and the 

measurements based covariance which has improved the mean 

square mistake and the commotion of the framework. Be that 

as it may, in this paper proposed work is done on PMU-

parameter estimation by utilizing an all-encompassing variant 

of Kalman channel alongside the streamlining strategies. The 

proposed calculation of Kalman channel utilized in the process 

helps in anticipating the conditions of commotion and 

covariance. Further, the improvement of the produced yield is 

finished utilizing a smart PSO system. The principle rationale 
behind the goal is to lessen the non-linearity and to stick point 

the idle highlights that decrease the non-linearity of the 

framework 
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