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Abstract

In this study, a wide-area backup protection method is presented, which includes a

protection performance analysis that only considers voltage from PMUs (Phasor

Measurement Units). Within a short amount of time, the system provides and

summarizes data pertaining to fault detection, identification of the defective circuit(s)

protection, and circuit breaker functionality (i.e. whether it is right or not). It may also

be used to strengthen the resilience of power systems via the use of an efficient,

somewhat easy-to-use, quick, wide-area backup protection. The suggested wide-area

backup protection solution is tested in case studies using the IEEE 14-bus network. It

is shown that the proposed scheme can accurately identify faults (including high-

resistance faults) in a maximum of 100 milliseconds after the fault initiates and can

report on whether an protection/circuit circuit breakers have operated as expected in

another 100 milliseconds. This capability allows the proposed scheme to work in

conjunction with existing protection systems with the goal of enhancing system

reliability and security by supplementing existing protection structures with system-

wide data. It is also shown that the devised technology is applicable to massive power

systems. The cost effectiveness of this strategy is discussed in relation to the

exploitation of current PMU data, that may already be utilized for other reasons.

1 Introduction

The PMUs' quick updating rate allows

them to estimate the dynamical system's

state in both steady-state and transient

power system circumstances. By using

communication channels like phone

lines, microwaves, and fiber optics, the

measurements from the various PMUs
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are gathered and sent to the Phasor Data

Concentrator (PDC). Due to their lowest

overall connection latency, fiber optic

channels are the best communication

lines available. The PDC may use the

measurements it has eventually obtained

for mode estimation and control actions

to maintain the stability of the power

system. The block diagram of PMU is

shown in. One pulse per millisecond

(1kPPS) pulse train and the group code

for Inter Range Instrumentation Group

time with code format B (IRIG-B) signal

are the two signals that the GPS receiver

may create. The GPS time tag and the

signal used by the sample clock at a rate

of 1kPPS are synced, however the

estimated phasor are aliasing effect from

the reconstructed signals that are being

received from the secondary of the

current and voltage transformers using

the signals from PMU. Analog to digital

converters turn the reprocessed analog

data into samples, which are then used

by a microprocessor-based phasor

estimator. The calculated phasor

samples were eventually sent to the PDC

in IEEE C37.118 data format.

According to CIGRE, the power system

stability can be defined as [8] as the

ability of the system, for a particular

initial operating state, to acquire a

natural state of equilibrium after being

affected by a disturbance, with almost

all system variables bounded, so that

practically the whole system remains

intact ". Stability involves the study of

dynamics of the system about an

equilibrium-initial operating condition.

Due to the fact that, a power system is a

highly non-linear complex system, it is

difficult to analyzed the system under

varied types of instabilities that are

located inside the system without

simplifying assumptions. As a result of

the high dimensionality and

unpredictability of stability issues, it is

fundamental to make simplifying

assumptions and to investigate explicit

kinds of issues utilizing the correct level

of detail of system representation. The

succeeding subsection describes the

power system stability classification of

into various categories, as proposed in

[8]. The stability of the power is mainly

based on

• The initial state of operation.

• The length of time that the stability

phenomenon is seen.

• The size of the disruption.

• The physical characteristics of the

ensuing unstable state. Based on these

criteria, the three primary categories of

power system stability are:

• Voltage constancy

• Consistency of frequency

• Stable rotor angle
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The categories of the power system's

stability are depicted. In order to

maintain the power system's stability for

a given initial state following

disturbances and a sizable generation-

load imbalance, it is necessary to

maintain all steady state bus voltage and

steady state frequency.

For the power system to remain stable

under both normal and post-fault

conditions, it is always necessary to

maintain equilibrium voltages over all of

its buses. However, whenever a

disturbance occurs, the power system

becomes unstable and it grows gradually

with extreme sag in the voltage label and

eventually results in system collapse.

In robotics, industrial automation,

environmental monitoring, and other

fields, distributed control is a widely

used technology to monitor and regulate

environmental conditions. Distributed

control has been a popular control

approach in recent years for managing

the size and interaction of large-scale

complicated control systems. The group

of geographically dispersed hardware

parts that make up Distributed Control

Systems (DCS) are connected through a

network. It consists of several subsystem

components and a communication

network for exchanging information.

The DCS has shown effectiveness in

information processing, monitoring, and

control as the network of controllers is

developed and created utilizing wired

and/or wireless communication channels.

They are autonomous control systems

that operate for a specific objective

under the master's supervision (Peter

Kazanzides and Paul Thienphrapa 2008).

The interest in modeling and managing

large-scale systems has significantly

expanded during the last two decades.

Wireless communication channels or

wired buses are used to manage the

communication between the various

subsystem components. Most obviously,

a modular and extensible interfacing

standard is required for the DCS since

the subsystem components' unique

interfaces limit extensibility and raise

the cost of modifications. It is vital to

control these components/nodes since

the DCS relies on a variety of sensors

and actuators to operate (Kim and Tran-

Dang 2019).

2 Litreature Survey

It is challenging to create a suitable

model to accurately reflect the

dynamical behavior of the vast

interconnected power system due to its

non-linear character and greater

complexity. It is hard to capture all of
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the dynamical activity that occurs in the

power system due to the complexity of

the system. Stability analysis may use

the idea of non-linear modeling,

although the analysis is challenging for

bigger system orders. It is necessary to

create an appropriate mathematical

model in order to represent the dynamics

of the power system. By utilizing many

subsystems, it is possible to create a

composite model that accurately

captures the dynamical behavior of the

power system. Again, linear algebraic

equations may be used to explain the

relationship between subsystems. With

SSSA and a single perturbation

approach, differential algebraic

equations (DAE) of the subsystem may

be obtained. The algebraic equations of

the power system network may be used

to construct a whole dynamical model.

SSSA is possible with the use of a few

suitable power system network

components.

Through the use of an Automatic

Voltage Regulator (AVR), the excitation

system regulates the voltage profile. The

terminal voltage of a voltage transducer,

which also serves as a filter, may be

used as feedback. A transient gain

reduction block may be introduced to

lower the gain and maintain the power

system's stability at high frequencies.

However, the aforementioned block may

not be required if a Power System

Stabilizer (PSS) is used. AC, DC, or

static excitation systems are all possible.

IEEE recommends using a standard

model to represent the excitation system

in stability investigations. A model for a

static excitation system is: where the

following terms stand in for the voltage

transducer time constant, the field

excitation voltage, the regulator time

constant, the generator terminal output

voltage, the filtered voltage, the

regulator gain, and the reference voltage:

The uncertainty of the collective loads

adds to the normal complexity of load

modeling for stability assessments. The

modeling of the loads may be roughly

divided into two types: static and

dynamic. Constant impedance, constant

power, and constant current may be used

to mimic static loads. For the constant

impedance load model or constant

admittance load model, which is used

for stability studies, the real and reactive

power is proportional to the square of

the voltage magnitude. The network

balance is defined by algebraic

equations, and the complete dynamics of

the system must be translated into a

shared reference frame. The generators'

voltages and currents must rotate by to

accomplish this.
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It is important to refer to the network

equations as the current injecting source,

which are provided by in order to

integrate generator admittance in the

network.

It is made up of increased YG and YL

and line impedance. Therefore, Zaug

may be derived by inverting Yaug.

According to IEEE tradition, a

generator's four equivalent rotor coils

and sub-transient models serve as a

representation of the complete machine.

The slow-governor dynamics are not

taken into account; only the mechanical

torque inputs to the generators are

maintained constant. Some common

differential equation notations are used

to depict the generator's dynamics.

where is the rotor angle in radians,

subscript i is the i th generator, H is the

inertia constant in seconds, B is the rotor

base angular speed in radians per second,

T 00 do and T 0 do, respectively, are the

d-axis sub-transient time constants, the

q-axis open circuit transient and the q-

axis transient, respectively, and Tc is

The variables represents in per unit (p.u.)

are: ωS and ω refers as synchronous

angular velocity and rotor angular

velocity; Te refers as electrical torque;

Tm and Smi represents mechanical

torque and slip; D refers as machine

rotor damping; E 0 q represents as the

transient emf owing to field flux

linkages; ψ2d and ψ1d refers as q-axis

damper coils and sub-transient emfs due

to d-axis, respectively; Ef d refers as

field excitation voltage and E 0 dc refers

as the transient emf across the dummy

rotor coil; E 0 d represents as transient

emf owing to flux linkage in q-axis

damper coil; Id refers d-axis s current

components and Iq refers q-axis stator

current components, respectively; Vd

and Vq are the d-axis and q-axis

components of the stator terminal

voltage, respectively; X0 d , Xd and X00

d represents the d-axis transient,

synchronous and sub-transient

reactances, respectively; X0 q , Xq and

X00 q represents the q-axis transient,

synchronous and sub-transient

reactances, respectively; Ra refers as

armature resistance and Xls referes as

armature leakage reactance.

3 Methodology

The Adaptive Noise Cancellation

configuration - This configuration is

designed in subtracting the AWGN of

n0, which is what is output from the

sensor that is primary (s + nu0). The

adaptive filter must be developed so that

it can estimate that n0 is derived from

the number 1. A sensor primary is
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located in a way that it can pick the

signal. Another reference sensor is

placed in a way to detect the same

source. The noise signal is shown in

Fig.3.3 as the n1. Because these signals

come from the same source, one could

conclude that the noise signals n0 and

the n1 signal are highly correlated.

Figure 3.3: Block diagram of adaptive

noise filtering structure

Power production greatly benefits from

the use of sustainable and renewable

energy sources. Since solar power is a

clean, environmentally friendly, widely

accessible, and limitless source of

energy, it has gained popularity as a

method of generating electricity.

Because it offers a DC output, the

system helps to meet the growing need

for DC electricity. Additionally, it

supports the idea of a distributed

generation (DG) DC power.

The growth of technology in the fields

of energy and computer methods,

together with the availability of

inexhaustible resources, spurs intense

research for better, more efficient, and

environmentally friendly power plants.

The system has developed into an

affordable, low-maintenance, and low-

to medium-power source in rural regions.

Most of the power source is converted

into -generated systems. They are

growing in power because of the

constant reduction in the cost of

modules as well as the improvement in

the efficiency.

The module demonstrates two key traits.

Many studies have been conducted

worldwide to make the most of and

characteristics in order to get the

maximum performance out of any solar

panel, as stated in the preceding chapter.

However, in addition to dynamic

climatic circumstances, the total

efficiency of solar production also takes

into account the influence of the solar

array system, the applied regulator

system (DC/DC or DC/AC converter),

the cabling utilized for connections, and

the linked batteries. As a result, a

technique for distant DC power with a

self-sufficient, effective DC power

supply is required for use in distant

locations.
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Since their development, the primary

challenge with solar panels has been

their viability. Initially, the efficiency of

the panel was only approximately 1%;

now, panels with an efficiency of up to

22% are available. Since the invention

of the solar panel, industrial output has

expanded steadily, and thanks to

technical advancements, markets for

generating are growing.

Due to the limitations of cyclic time

dependence, systems have energy

storage devices like batteries installed.

These devices produce electricity when

there is no solar radiation and when

there is a change in weather or partial

shading. systems are becoming more

widely used and more reasonably priced

thanks to extensive research and

improvements in energy storage

technologies. The idea of a DC power

made up of and batteries is becoming

increasingly practical and cost-effective

for local DC load types. The level of

penetration for generators for medium

and small isolated systems is set by the

system's planner in conjunction with the

array's dimensions and the capacity

expansion for future use, as well as

demand forecasts. Modeling analyses

and methodologies are outlined in the

next section.

Given that the produced power

fluctuates as a result of dynamic weather

circumstances, a dynamic model of solar

cells must be extensively assessed. The

solar cell is a non-linear device that

requires a power source (such as a

current or voltage source), and these

cells are further grouped into large units

to form modules or panels. These

modules are then further grouped into an

array with series or parallel

combinations of modules for greater

energy production.

4 Experiments & Evaluation

The adaptive control method proposed

requires no tuning adjustments to the

controller. It is able to handle a the wide

variety of operational conditions. It is

able to handle major disturbances and

modifications that happen throughout

the system. It has the ability to deal with

complex features such as high

dimensionality delays in time, non-

modeled dynamics and subsystem

parametric uncertainties

interconnections, interaction parametric

uncertainty and constraints on

information structure within LSS. The

reliability of the proposed WAC system

is confirmed by examining various

scenarios for contingency. The

performance of the proposed RPME

AMPC based on AMPC is evaluated

against conventional FOPID

supplementary damping controllers
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MPC, as well as AMPC that utilizes

RLS Estimator. The findings indicate

that the suggested RPME AMPC based

AMPC are superior both in terms of

estimator performance as well as

controller performance under different

operating conditions and perturbations.

It's a massively connected and

interdependent system that has an

extensive array of information that

available across the whole system. By

using these data, the indirect and large-

area control system that is distributed

and decentralized, the associated

systems (FACTS apparatus) are

identified as distributed and the control

system is designed for every subsystem

which has wide or local signal. The

mathematical model used to develop a

wide-area control system that is a large-

scale interconnected network (WECC) is

studied using the figures 4.1(a)

(simplified diagram) as well as Figure

4.1(b) that describes the

interconnections of variables and

components between the components as

well as the component to subsystem as

well as the subsystem-to-subsystem

interconnection, and the on-line

identification system of control. Each

and every FACTS generator could be

considered to be as a subsystem.

It is believed that PDCU devices are

needed to reduce the amount of data

generated, which is a part of the data

transmission process of PMUs. They are

comprised of built-in compression

strategies. The compression methods are

used to decrease the amount of PMU

information that is produced with a large

volume (Khan and colleagues. 2016).

The compressed data, which is

processed with the help of PDCU is then

sent towards the PDC. Then, the data is

then archived in the Control Centre (CC).

The purpose of the best placement

technique for PDCUs is to limit the

WAMS volume of data traffic in a

reasonable manner. In the event that

every PMU uses the PDCU that has the

minimum amount of WAMS data of a

certain amount (Wen and others. 2016).

This, however, raises the costs of

installing the devices concurrently.

Therefore, in the method proposed by

the researchers, devices are placed to

meet the goal with economic and

efficient attributes. The formula for the

most optimal location of PDCUs,To

study the method of optimization to

optimize PDCU places based on WAMS

Data Traffic Index, an algorithm was

created and programed using MATLAB.

Its goal is to reach an overall system that

is observable through reducing the

volume that WAMS data traffic created.

To evaluate the system, typical IEEE 7-

118 bus power systems are used. The
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explanation of the issue is shown using

the IEEE 7-bus system, which helps to

understand the problem in a more

effective manner. Results and

discussions are explained using the

IEEE the 118-bus bus system.

The process of optimizing PDCU

devices is preceded by finding the most

optimal locations for PMUs. Through

this method, excellent results can be

obtained, and then are compared to the

previously released literature. The OPP

algorithm can be run across all devices.

The best option is selected based on the

decrease in data traffic. In this regard we

will look at how the WAMS index of

data traffic is used to determine the best

solution. Based on the research we can

see that these devices, such as PMUs as

well as PDCUs are required to be placed

on every bus route to ensure better

precision. From a standpoint of

practicality it's impossible to place and

keep the devices in all bus stations. It

will add to the costs as well. Therefore,

it is recommended to put the devices in

suitable locations for monitoring all

power systems. This section will explain

details the main advantages of the

method proposed making use of the

regular IEEE 118-bus systems.

5 Conclusion

Frequency domain simulation results

show the decrease in the inter-area

oscillation energy produced through the

online NNPC in comparison to the

offline NNPC controller that is able to

handle different kinds of situations. The

major advantages of this WADC system

are that one:) the ability to dampen inter-

area oscillations are not impacted by

changes of operating point, while

offline-trained NNPC controllers'

performance decreases and requires

tuning. II) The online trained NNPC

efficiently and accurately handles poor

transients due to insufficient knowledge

of the parameters for subsystems every

time a sampling moment is triggered for

MPC.

However, offline trained NNPC

controllers are designed to work with

specific interactions and dynamics and

can affect the controller's effectiveness

for the unidentified dynamic seen in the

system. 3.) Online training-based NNPC

the only training observation will be

presented to the system for learning and

eliminated once the learning process is

finished for one particular observation.

However, offline training-based NNPC

needs prior knowledge of all training

observations to be provided for the
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networks. iv)The expanding and pruning

functions in the algorithm for online

sequential learning allows the structure

of the network to be much more efficient

than offline neural networks.
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