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ABSTRACT

The successful implementation of Flexible Alternating Current Transmission System (FACTS) devices
has resulted in a new control mechanism for power systems' safe and efficient functioning. A preventative
security-constrained power flow optimization approach incorporating Voltage Adjusting Rheostat (VAR)
control modes is proposed in this work to make full use and increase the economic efficiency and static
security of a power system. A Predictive Cross Difference Progression Optimization (PCDPO) approach
with VAR control is first introduced for power flow computation. The contributions of the static VAR
compensator (SVC), Thyristor-Controlled Series Compensator (TCSC), and Thyristor-Controlled
switching reactor (TCSR) in this coordinate control are compared, and the case the situation where no
FACTS devices are inactivity are illustrated. The optimization model is then built by selecting a minimum
system operation cost and a maximum static security margin as the goal while accounting for the impact
of three different VAR management strategies on power flow distribution after an N-1 contingency. The
Predictive Cross Difference Progression Optimization (PCDPO) algorithm, which is based on this model,
is used to optimize the power system operating parameters and VAR control technique simultaneously.
Finally, the proposed method is shown using a standard IEEE 30-bus system, demonstrating that it fully
uses the capability of static VAR control and significantly enhances the power system's economic
efficiency and static security. The proposed model was designed and implemented in the matalb2017a
program to examine power flow optimization.

KEYWORDS: optimal power flow, static VAR compensator, Predictive Cross Difference Progression
optimization, power system, matlab2017a.

1. INTRODUCTION

To allow rising electric power demand and exchanges, transmission lines in congested
areas are routinely built near or even beyond their points of confinement. As a result of
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the increased risks associated with fault lines, secure operation and reliable supply are
exposed. The installation of new electrical wires is frequently hard due to natural,
sparse, and other factors. FACTS' invention provides a considerable advantage in this
area. The increasing interest and demand for FACTS devices have resulted in a slew of
new products in the sector in recent years. All points are the best position, the
evaluation of FACTS in the changing power market, the development of a new device,
and the control approach.
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Figure: 1 Hybrid energy compensators

Figure 1 depicts a hybrid energy compensator. FACTS devices can impact power flows
and voltages to varying degrees depending on the type of invention. This study focuses
on the Static VAR Compensator (SVC), Thyristor-Controlled Series Compensator
(TCSC), and Thyristor-Controlled Switched Reactor (TCSR) (TCSR). The devices are
often classified into three groups: series, shunt, and both. The SVC is coupled with the
shunt-related device and has been used in various locations for a long time. In theory,
this variable shunt reactance infuses or absorbs responsive power to control the voltage
at a specified conveyance.

To regulate a line's dynamic power, the TCSC modulates the line reactance. This type
of element is used in a few places, but it is still in the early stages of development. The
fundamental concepts of a TCSR are the same as in a traditional system. A stage move
can adjust the transmission point by fusing a voltage in quadrature to the essential
transport voltage. Instead of the Predictive Cross Difference Progression Optimization,
a Thyristor-controlled version replaces the mechanical tap changer, allowing faster
control.

Appropriate models must be employed to capture the impacts of FACTS devices on
control streams and voltages to study the effects of FACTS devices in a consistent
state. Several models for SVC, TCSC, and TCPST have been proposed and linked in
various studies. FACTS devices have far-reaching consequences that aren't restricted
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to a specific form of transportation or line. The power flow in the surrounding lattice
changes when the voltage at a certain point or the power stream is modified. Common
effects may occur if one FACTS device is placed near another, thereby undermining the
benefits of individual devices. To define the components that will be employed to
minimize undesired behaviors, coordination is essential.

Moreover, measures in different parts of the network must be considered to such an
extent that it is stayed away from that removed lines end up over-burden or that
voltages at different transports are headed to unsatisfactory qualities. Both can be
accomplished by a Predictive Cross Difference Progression Optimization controller
because of Optimal Power Flow (OPF). The coming about target work incorporates a
few parts, for example, limiting dynamic power misfortunes, staying away from over-
burden lines and keeping transfer voltages inside a satisfactory range and near their
reference esteems. A particular kind of FACTS gadget can impact a specific parameter
in the matrix, which is identified with a specific piece of the goal work. For example, the
SVC infuses or assimilates receptive power, which is firmly coupled to the voltage.
TCSC and TCPST then again control dynamic power flow. The following objectives are
motivated into this work to enhance the power quality

Objectives:

» The major goal of this study is to devise a new technique for improving voltage
profile, increasing voltage stability, and reducing network loss using facts
devices.

» To identify precise locations, predict the appropriate FACTS device and
determine optimal parameters to ensure enhanced system performance through
a suitable optimization technique

» To Increase the loading capacity of transmission lines. To improve generation
productivity and controlling the transmission voltage.

» Optimal Location and Sizing of FACTS devices with the aid of Predictive Cross
Difference Progression optimization (PCDPO) method

2. LITERATURE SURVEY

This section discusses the literature survey based on power quality improvement using
different FACTS and optimization methods.

The work develops a multi-objective optimization methodology for finding the optimal
position of flexible ac transmission systems (FACTS) shunt-series controllers and
appropriate models of FACTS shunt-series controllers for multi-objective optimization.
The objective functions are the total fuel cost, power losses, and system load
capabilities with and without the minimum cost of FACTS installation [1]. The advanced
gadget is employed in various areas, including the transmission line's sending end,
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middle, and receiving end. The controller circuit's firing pulses are generated using the
PWM control technique [2]. Power flow in critical power lines with the lowest feasible
losses and transfer capacity. The optimization method can be utilized to control line
flows for optimal power transmission, particularly on busy lines and at the point of
joining renewable energy resources [3]-[4]. Adding partial decomposed active power
demand as a new variable and searching inside the active power generation variables
of the new decomposed chromosome is part of the OPF problem strategy [5].

The High-Frequency AC-based Microgrid [6] is a potential first step toward incorporating
renewable energy sources into a distributed generation system. Due to a dual correction
mechanism, the series converter acts as a sinusoidal current source, while the parallel
converter acts as a sinusoidal voltage source. A seamless shift from networked to
islanding operation modes, and vice versa, can be achieved without load voltage
transients [7]-[10].

The usage of Optimal Power Flow Control, in which the set qualities are resolved to the
point where a goal work is limited given the framework model, is a good option. Be that
as it may, because of the extensive size of the intensity system, usually troublesome for
various motivations to incorporate the whole framework into the optimization procedure
[11]. Presents a flexible approach based on practical reasoning rules from fuzzy logic
theory for governing a group of Static Compensator (STATCOM) by modifying the
reactive power injected or absorbed from the network[12]-[15]. The construction can
reduce input current ripple while also balancing the switch's current stress. In addition,
the bus voltage was lowered. The CLCL resonant circuit has a gentle switching
characteristic, and the main and secondary sides operate in zero voltage and zero
current modes [16]-[17].

At the same time, a stable output voltage and a quasi-constant bus voltage can be
achieved. Furthermore, by increasing bus voltage ripple and employing the Twin-Bus
architecture, short-lifetime electrolytic capacitors can be avoided, and overall LED driver
efficiency can be significantly improved [18]-[19]. High-frequency circuiting currents can
be reduced in their impact on the fundamental components of split-filter inductor
currents. In parallel-operated inverters with unipolar PWM, high-frequency circulating
currents are also present, but their effects on the critical elements of split-filter inductor
currents cannot be eliminated [20].

The transmission system has some drawbacks from the above analysis, like voltage
instability, Reactive power loss, and transmission loss. The proposed technique,
Predictive Cross Difference Progression optimization (PCDPO), produces the efficient
output that can be determined in the result, the operation and control modules are
described below work.
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3. MATERIALS AND METHOD

The optimal power flow (OPF) problem by reducing the actual power cost. The
Predictive Cross Difference Progression optimization (PCDPO) is seen as the most
efficient way to solve single-transform optimum power flow problems. PCDPO
performance has been tested on IEEE 30 bus systems as a function of the test object,
thereby reducing the actual cost of electricity. Static VAR compensator (SVC), Thyristor-
Controlled Series Compensator (TCSC), and Thyristor-Controlled Phase-Shifting
Transformer(TCPST) are the best shunt connected devices in the FACTS family. Bus
voltage can be controlled by injecting reactive power into the system. FACTS need
equipment that can take on an essential job for side management and, in this way,
control the transmission line congestion. The control stability of the bus model is shown
in Figure 2.

Generating Voltage »

System  [—| Measurement v W Tr ssion Line——)

[ Load

FACTS

Devices

I

Inverter

. ! — Grid Bus
\-‘ref@—s PCDPO — % |

Voltage

Figure: 2 Block diagram of the co-ordinate inverter control in the transmission
line

3.1 Power transmission line:

High power transmission is a long conductor power transmission line with an
extraordinary outline (bundles) to transmit mass measurement of output control to
another station according to different voltage conditions. The most important factor is by
varying the network's parameters and transmitting the reactive power, using high gain
controllers to control the transmission path. The operation of the transport structure is
controlled by different frequency estimation recurrence FACTS controllers from the
lowest to manage, and controls interconnect parameters. It includes placed load
current, phase margin, impedance, and shunt resistance where the ability to move is
exposed. These imperatives cannot be defeated in general, but at the same time, the
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stability of the required structure, without limiting the transmission limit, can be used by
mechanical means.

3.2 Voltage measurement in IEEE 30 BUS system

The Voltage measurement determines the difference in the electrostatic energy
between the two points. The voltage unit is referred to as the units in volts (SI) and is
defined as both ends between the source and IEEE 30 BUS system.

3.3 Models of FACTS Devices

The primary objective is to respond quickly to the current minor behavioral changes in
controlled FACTS equipment replaced by electronically controlled mechanical boundary
conditions. These devices can progressively control line impedance, line voltage,
dynamic power Flow, and responsive power. When capacity turns out to be monetarily
reasonable, they can also supply and retain active power, which should be possible
rapidly. The usage of FACTS gadgets requires innovation for improving the optimal
power flow in IEEE 30 bus system.

3.3.1 Static VAR Compensator (SVC)

A Static VAR Compensator (SVC) with a variable inductor controlled by a set capacitor
and firing angle is used as a shunt compensation device. The SVC's function is
changed by changing the firing angle of the Thyristors, which changes the impeller's
responsiveness to the voltage control. The SVC shunt behaves similarly to the variable
impact during operation. The typical impact model is used for the steady-state function.
The current/sensitivity and reactive power characteristics and the control voltage can be
modified in the active control SVC characteristics. The SVC connection on any bus is a
possible problem with the OPF, and the reactive power provided by the SVC is modeled
as:

Qsve = V72 * Ugye, —UZD < Ug,e < UZEE . (1)
Where,
(... = The reactive power injected at busi

Usy,c = effective susceptance of the SVC

UZ/¢ = minimum value of the effective susceptance

sve = max value of the effective susceptance of SVC
V? = bus voltage

This assumption may be valid as long as the SVC operates within their required
compensation range, although mistakes can be triggered if the SVC works near its
responsive cut points. SVC can have two models: inductive and capacitive to
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individually retain or accept power. The SVC is the shunt connected power flow
optimizer in the grid system. The SVC equivalent circuits appear in Figure 3 based on
the calculation of the grid flow system. The SVC produces the reactive power and
compensates the voltage fluctuations in bus system. It is infiltrated or retained at the
voltage. It takes the correct values which are the function of the power system
considered.

AC TRANSMISSION SYSTEM

EITxE

XT

sSVC

—

Figure: 3 SVC equivalent circuits.
3.3.2 Thyristor Controlled Series Compensator (TCSC):

A thyristor-controlled series capacitor (TCSC) is a capacitive reactor with a capacitor
bank in series that delivers a sequence of capacitive reactions that may be switched on
by a thyristor. The Thyristor-Controlled Series Compensator (TCSC) is a device that
reduces steady-state in a bus system that is connected in series. The TCSC influence
on the network can be seen, allowing it to be introduced into each transmission line that
can be adjusted and managed. This TCSC may have several inherent characteristics,
the capacitance (XC), induction (XL) are connected in transmission system. A simple
transmission line represented between the i and j buses with the distance measurement
of m.The iB,, is the before capacitance value and jB_, is the after capacitance added

the grid power system. A transmission line model with TCSC connected between Bus-i
and Bus-j is shown in Figure 4.
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Figure 4(a) Model of Transmission Line  Figure 4(b) Model of TCSC

A Thyristor-controlled reactor (TCR) is a set of co-ordinates used to connect thyristors in
series with an inductor. In TCSC, is coupled in parallel to a reference capacitor bypass
breaker for high voltage protection. A complete compensation system can be developed
by a number of modules.

3.3.3 Thyristor-Controlled Phase-Shifting Transformer (TCPST):

Thyristor-Controlled Phase-Shifting Transformer (TCPST) is a series-linked transformer
that is coupled to the bilateral thyristor circuit in Figure 5. A given value of the thyristor
valve phase reactive power is controlled, allowing it to be adjusted according to different
system conditions. Thyristor controlled transformer can be used to control the voltage
rise in optical transmission lines. The current in the TCPST varies almost to zero
(determined by the coupling voltage and the induction of the reactor), which differs from
the firing delay angle of the closed-loop control sequences in Figure 5 (b).

L

==}
[rm]

B

Figure: 5 (a) Single Line of transmission system
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Figure: 5 (b) Closed-Loop Model for TCPST

I TCPST — max = Vove TCPST... (2)
2mfL

Where,
V_.. = RMS value of line to line bus bar voltage.

EVC

TCPST = a total voltage variation in bus system.
2nfL = firing value of the inductance
TCPST = current flow through the thyristor

3.4 Mathematical Formulation of Multi-Objective Optimal Power Flow Problem

The operation's purpose is to find the optimal FACTS device size by reducing total
active power generation while balancing equality and inequality.

Objective function
The objective function is made to reduce by substituting the optimal active power cost.
F =min(ZZ, R PE +YP; +B,) ... (3)

Where,
F=objective Function
R, Y, B = Cost coefficients of a generator bus
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P, = active power generation at bus i

ng = Number of Generator buses

a, b, and ¢ = production cost coefficients of the SVC's based reactive power, which is

included as a control variable, and the SVC limitations are given as follows:

UDE = Ugpe < UZE ... (4)

Where,
Usyc effective susceptance of the SVC

UZ/¢ the minimum value of the effective susceptance

USe max value of the effective susceptance of SVC

Equality constraints

The following mathematical equations are discuss the function of equivalent with real

and reactive power.
Ef:lp = Ef:l 'P_D:' + P_L (5)

Gi

Q. = L0, +Q, .. (6)
Where i=1, 2, 3..... N and N = no. Of. Buses
P.; = bus i’s active power generation

P,.= bus i's active power demand
@Q.;= bus i's reactive power generation
@p;= bus i's reactive power demand
F, = active power losses

Q. = reactive power losses

N = number of buses

Inequality constraints:

Generator Range Controls: The lower and maximum operational limitations of each
generator represent the actual and reactive power of each generator, as shown below.
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Voltage limits:
vEm <y, < vEeE L (7)

Where i=1, 2, 3... N and N = no.of.buses
V; = Busvoltage

V™ = limit of low voltage at bus i

V™" = limit of high voltage at bus i
The Real Power generation limit:

PE'™ < B, < PE**... (8)

Where;

P.; = active power generation at bus i

min = minimum value active power generation at bus i

== maximum value active power generation at bus i

Reactive power limits:

QGi" = Qe = Qg™ (9)
Where;
@z = Reactive power generation at bus i
Q&= minimum value Reactive power generation at bus i
QF*= maximum value Reactive power generation at bus i
Minimization of power loss

The purpose is to reduce power loss (loss B) in the transmission line, as shown in the
equation below.

J1 = Powe = Iyt k[t VD)* + V7 — 26,V cos§,]... (10)
Where,

B ze= power loss

g, = conductance of branch k between buses i and j;

t,, = tap ration of transformer k;
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V, = voltage magnitude at bus i;

V ij 6= voltage angle difference between buses i and j.
Security Indices

The power structure that provides energy has the potential to offer clients with the
greatest quality power on a continual basis. When driving the power structure, it is vital
to maintain the required amount of safety margin. In this work, the safety record margin
is classified as follows.

Voltage Security Index (VSI)
The voltage Security Index depicts the level of power grid traffic safety.

2y... (11)

vsI= (TN, | v _V;;Ef
Where,
Vk = voltage magnitude at bus k

v*" = reference voltage magnitude at the bus k ref k V

Line Security Index (LSI)

The Line Security Index is the security level of the transmission line's security code.
This can be stated in the following manner:

LSI = ( i [nggx]:)... (12)

Where

5, = apparent power on the Kk line

SF%*= maximum potential on the k line.

The safety code contains the line flow-related LSI and bus voltage-related VSI. If the
LSl is low, then the number of lines with a higher load is reduced. If VSI is close to zero,
we can ensure that the power system is very stable.

Total Cost:

The system's costs are the initial phase of the multi-purpose process. As stated in the
equation below, this objective function is made up of three parts:

OF .yeee = OF, + OF, + OF;,... (13)

CoEtE
Where each part is calculated as follows:

OF = objective function cost

coEtE
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OF = objective function (12,3, ....n)
Total Power Losses:

By considering equal and unequal limitations, injecting reactive power is balancing the
voltage magnitude two parameters in the electrical system, reducing the loss in DS. To
calculate the actual power loss of the network,

n

Pl-:uss = ZRl |Ii.

i=1

(19

Therefore, the cost of power loss of the different phases can be obtained as follows:
DFl = Pln:ss X clnss X days ... (15:]

Where,
OF, = objective function
B_.. = power loss
Cjoee = cost of the power loss
Load ability:

In the power flow problem it" step, all active and reactive loads are increased to obtain
the system's maximum load capacity:

P =X xXPF, Q=X xQ,,... (16)
A= A,+(ix001)=12,..(17)
1

v

A;  Loadability (4) Amazx

Figure 6: Voltage load ability curve.
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This A; will increase until the voltage drops and the load flow calculation variation is
discovered. The maximum load capacity (A,,..), as indicated in Figure 6, is the most
recent permitted value. The following objective function is developed to minimise load

efficiency (raise it).
1
OF,, sasitics = ——.. (18
Loadadility A ( )
Where,
OF | 5 adadiliy = Objective function

(A ax)=maximum load ability

3.5 SELECTION OF COORDINATING CONTROL SIGNALS

To offer coordinated action, the controller employs all of the feedback signals accessible
under the regulatory laws. The goal of this integration is to use a Predictive Cross
Difference Progression optimization to assess the system's interactions. PCDPO is an
optimization method for signals with significant correlations. Only these signals will be
evaluated for deployment of the central coordination controller. As a result, the number
of signals that must be measured is reduced. As a result, the complexity of the central

controller is greatly decreased.

Generating
Station

Receving
/\L Station

@% meazuring Transmiz=ion|
Device Line |

) riring pulae
comparator to inverter

Inverter

Figure: 7 Control propagation of the Transmission system

Figure 7 illustrates the control distribution of the transmission system, incorporating a
Predictive Cross Difference Progression optimization (PCDPO) control-based inverter
that can provide artificial power to the FACTS devices to improve the transmission

power output of the transmission system.
u = uﬁ'c * dxn... (19}

X
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Where,

u,, = output veltage of the inverter
Uy, = input power of the inverter
d,,-the duty cycle of the inverter

3.5.1 PREDICTIVE CROSS DIFFERENCE PROGRESSION OPTIMIZATION STEPS

The PCDPO's general process for tackling the optimization problem is detailed as
follows:

Step 1: Read power system bus and line data for power flow calculations.

Step 2: Select all of the generator buses' real and reactive power generation, as well
as their size as SVC, as well as the control variables Np, the number of nests, the
maximum number of iterations, and the maximum Discovery error rate. Create a
population of host nests from scratch.

Step 3: To produce the ideal solution, obtain a considerable transformation control
method and evaluate its objective function.

F(x) = [pgi"“!Qgi)T - (20)
Where,
X is the input variables

p,; = active power flow
Q,:= Reactive power flow

T=max power generation

Step 4: In the method described, whether the upper or lower limit of solutions, the
best solution to fix the mechanism is PCDPO controller.

Step 5: Create new solutions to the various limitations of grid power FACTS devices
can control it.

Step 6: For the current iteration, get the best Gbest.
Xigt=Xg Vgt (21)

Where,
X1 =The modified position of the particle i.

XX = The current position of the particle i at iteration K.
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v:*1= The modified velocity of particle i,

Step 7: If the current iteration is no better than the prior iteration, get a new value of a
ranking rate using Ghest. Otherwise, keep the previous value.

Step 8: If Iter < Itermax, Iter= Iter+ 1 and return to Step 3. Otherwise, stop the
process.

w=w,___— [M] ... (22)

it8Tmay
where,

W = inertia weight factor

w,, .. = maximum value of the weighting factor
w,.. = maximum value of the weighting factor

Step 9: If the redundancy rule is satisfied, find the best solution in the search space.

This method can also be discontinued due to a lack of improvement in the best solution
over a certain number of generations. In this work, PCDPO is terminated after certain
maximum generations. The Flow chart of the PCDPO controller is shown in figure 8.

Fumn Load Flow

Calculate Feal and Reactive Power flow in all the branches for
the given Tast Syvstem

Determine the location for the placement of TCSC, TCPET and
SVC by calculating reactive powsr flow i lines

I

Dretermine the location for the placement of TCSC, TCPST and
SVC by calculatmg active power flow in linas

| Define Objactive Function |

1

‘ Genarata initial population ‘

¥
Evaluate objective function for each
population

FCDFPO to optimize the
Size of FACTE device

I=
Criterion

‘ Print best Solution ‘

Figure: 8 Flow Chart for the Proposed System
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4. SIMULATION RESULTS AND DISCUSSION

In this section discuss the simulation result and performance analysis of proposed
system. Here IEEE30 bus systems are considered to demonstrate the effectiveness of
the Predictive Cross Difference Progression optimization (PCDPO) in optimal power
flow with SVC, TCSC and TCPST. An OPF program using the PCDPO approach has
been written using SVC using MATLAB, which can classify various types of line voltage
levels, generation cost and efficiency of data, and line losses.

Case 1: Simulation Result Analysis

29 +—t
30 L =6 T'- 23 -J-'-

15 i# 1 |jj%
”ﬁuj# |1?_|9 _" \,_,#(—'
1 = 3 4 —gaf;‘r—l L sl
I v TS

Figure: 9 modeling of IEEE 30 bus systems

Figure 9 shows the operational model of the IEEE 30 bus system, which can be
performed on the proposed sophisticated PCDPO. For the power output of the 30 bus
system, the power generated by the six generators is propelled by bus with 1, 2, 5, 8,
11, and 13 of those generators produce the active power voltage of the system.
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Figure: 10 simulation gain of 30 bus system

The transmission lines in the standard IEEE 30-bus system are shown in Figure 10, with
six generators in buses 1, 2, 5, 8, 11, and 13 under the load tap changing transformer
branches. Buses 17, 20, and 24 all explore reactive power sources. System line data,
bus data, generator data, and control variables all have minimum and maximum limits.
Transformer transparent piping system that takes upper and lower buses by various
transformers. In this analysis, we performed 72 test runs to solve the OPF different
objective function problem.

Table 1. Comparison Result of Iterations Vs. GBSET for PCDPO Controller

S.no | Iterations | G Best

1 10/100 826.792536
2 20/100 826.698996
3 30/100 826.676944
4 40/100 826.669488
5 50/100 826.654144
6 60/100 826.569954
7 70/100 826.364964
8 80/100 826.329474
9 90/100 826.155364
10 100/100 826.135356
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In a 30 bus optimized power flow control system, Table 1 highlights the
comparison findings of the proposed system for iterations versus Gbest. The optimized
power flow with SVC provides the best results by implementing a Predictive Cross

Difference Progression optimization (PCDPO).

Table 2: Voltage Magnitudes between Various Buses Using PCDPO Controller

Bus (NO) |V (PU) Angle (Degree)
1 1.0600 -0.0000
2 1.0431 -5.3500
3 1.0207 -7.5300
4 1.0118 -9.2800
5 1.0100 -14.1700
6 1.0102 -11.0600
7 1.0024 -12.8600
8 1.0100 -11.8100
9 1.0509 -14.1700
10 1.0451 -15.7000
11 1.0820 -14.1100
12 1.0571 -14.9400
13 1.0710 -14.9400
14 1.0423 -15.8400
15 1.0377 -15.9300
16 1.0444 -15.5300
17 1.0399 -15.8600
18 1.0281 -16.5400
19 1.0256 -16.7200
20 1.0297 -16.5200
21 1.0327 -16.1400
22 1.0333 -16.1300
23 1.0272 -16.3200
24 1.0216 -16.4900
25 1.0173 -16.0600
26 0.9996 -16.4800
27 1.0232 -15.5400
28 1.0068 -11.6900
29 1.0033 -16.7700
30 0.9919 -17.6500

Table 2 demonstrates the relative end of voltage levels with different buses available
from the data set with a voltage angle.
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Volatge Magnitude Comparision Result
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Figure: 11 voltage magnitude of the bus system

Figure 11 shows the voltage measurement on each bus, a Predictive Cross Difference
Progression optimization (PCDPO) in the optimal power flow with SVC for low load
level and high load condition. Red and violet lines indicate voltage levels with the SVC
system. In these situations, the installation voltage level of SVCs is two p.u. Thus, a
better voltage profile is achieved.

Table 3: Performance Analysis of the FACTS Devices with PCDPO Control

Techniques

Control Variables | PCDPO With SVC PCDPO With TCSC | PCDPO With TCPST
PG1(MW) 200.58 195.65 183.95
PG2(MW) 37.56 35.61 33.326
PG3(MW) 30.65 29.62 28.43
PG4(MW) 20.36 18.34 16.41
PG5(MW) 15.26 14.32 13.24
VG1(pu) 1.893 1.658 1.583
VG2(pu) 1.562 1.365 1.264
VG3(pu) 1.321 1.125 1.125
VG4(pu) 1.154 1.154 1.109
VG5(pu) 1.156 1.132 1.132
T1(pu) 0.998 0.998 0.995
T2(pu) 0.956 0.948 0.942
T3(pu) 1.32 0.936 0.936

Table 3 shows the various FACTS device control, such as the SVC, TCSC and TCPST

with the proposed Predictive Cross Difference Progression optimization

technique.

(PCDPO)
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PCDPO Control Techniques based FACTS
Devices Analysis

0 .- B o -
PGI( PG PG3( PG4 PG VGI( VG VG VG VG Tlipu T2pu T3(pu
MW MW MWD MWD MW pu) pu) oped opu) o opad ) ) )
mPCOPOWith SVC  200.5837.56 30.65 20.36 1526 1.803 1.562 1321 1.134 1.156 0.993 0056 132

EPCOPOWith TCSC 195653561 2062 18.34 1432 1.638 1.363 1.123 1.154 1.132 0.998 0.548 0.936
=PCDPOWith TCPST 183.9333.32628.43 14.41 1324 1,583 1.264 1.125 1.109 1.132 0.995 0.042 0.936

s PCDPOWith SVC  wPCDPOWithTCSC  w PCDPOWIith TCPST

Figure 12: Performances of the PCDPO Control Techniques

Figure 12 shows the Performance analysis of the PCDPO Control Techniques based
on the different FACTS devices.

Table.4: Performance Analysis of Generation and Injected Voltage using PCDPO

Controller
Bus No | Voltage Load(Power) | Generation(Power) | Injected(Power)
magnitude | MW Mvar | Mw MVar Mvar
1-5 1.028 26.15 | 6.5 60.20 7.21 1.21
6-10 1.025 28.14 | 8.42 | 59.32 6.14 2.8
11 -15 1.04 5.50 2.48 | 59.05 5.208 2.5
16 - 20 1.031 5.38 |2.32 |60.30 7.32 0.68
21-25 1.016 10.01 | 1.9 60.12 7.15 1.56
26—-30 |1.012 1.2 1.01 | 60.01 7.05 1.82

The suggested PCDPO method was used to compare voltage levels, load, generation,
and injection in the IEEE 30 bus (see Table 4).
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PCDPO based
Generation and Injected Voltage data
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Figure 13: power generation chart for PCDPO controller

The suggested PCDPO method is used to compare voltage levels, load, generation,
and injection in the IEEE 30 bus (see Figure 13).
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Figure 14: Active Power losses

Figure 14 above depicts the overall active power losses. Power losses against different
iterations were measured in this study, which used 100 iterations and the suggested
PCDPO algorithm to manage power flow.

Table 5 Line Losses Analysis Using PCDPO algorithm

FACTS Devices | Line Losses (%)
SVvC 5.1
TCSC 4.2
TCPST 1.9
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Table 5 describes the Line Losses Analysis of the FACTS devices using the PCDPO
algorithm.

Line to Line Losses
6

31

4
Line Losses(%0) 3
2
1
0

1.9

SVC TCSC TCPST

B SVC mTCSC mTCPST

Figure 15: Performance Comparison of SVC, TCSC, TCPST

Figure 15 depicts the comparison by putting FACTS controllers in front of various
controllers for study. Losses on the lines have been decreased by 1.9%.

TABLE 6: Performance of OPF BASED ON PCDPO Algorithm

Parameters PCDPO
Efficiency (%) 91.56
Average Load Voltage (%) | 440
Power Losses (%) 4.4

Table 6 demonstrates the Performance analysis of Proposed IEEE 30 bus model-based
On PCDPO Algorithm

PERFORMANCE OF OPF BASED ON FACTS

= CONTROLLERS

5

z

=1

g 2

g n

: mmiam .

g

E Efficiency Avg.Load Voltage Power Losses
Parameters
BPCDPO

Figure 16: Performance of Reduced OPF (Optimal power flow) Using PCDPO

The findings shown in Figure 16 demonstrate the effectiveness of improving power
quality. The analysis clearly demonstrates that the PCDPO method outperforms other
conventional methods in terms of enhancing power quality to nominal levels and
lowering the ideal power flow system.
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Table 7 Performance analysis of the IEEE 30 Bus with Different parameters

Controller | Execution time (Sec) | Loss minimization (%) | Cost Minimization (%)
PCDPO 0.732 1.0310 0.36

Table 7 Performance analysis of the IEEE 30 Bus with Different parameters Execution
(sec), Loss Minimization (%), Fuel Minimization (%).

Performance of OPF for FACTS Controllers

1.2

1
0.3
0.6
0.4

0.2

0

PCDPO
= Execution time (Sec) 0.732
= Loss minimization(%) L.031
Fuel Cost Minimization(%) 0.36

Figure 17: Performance of FACTS Controllers

Figure 17 above shows the FACTS control operation with different parameters such as
loss reduction, power loss. From the simulation results, the Proposed PCDPO
Controller will provides better output.

Case II: Performance Analysis

Table: 8 Voltage magnitudes between various buses

S.no | Bus GA method | GA method CDP-CEA |CDP-CEA PCDPO | PCDPO
Number | (Voltage Pu) | Angle degree | (Voltage Pu) | (Angle degree) | V(PU) | Angle (Degree)

1 2 0.985 -18.146 1.043 -5.43 1.0600 | 0.0000

2 6 0.989 -18.110 1.012 -11.088 1.0431 |-5.3500

3 8 0.991 -17.532 1.010 -11.804 1.0207 | -7.5300

4 12 0.994 -16.853 1.058 -14.94 1.0118 |-9.2800

5 15 0.998 -15.105 1.038 -15.49 1.0100 |-14.1700

6 20 1.053 -14.763 1.029 -16.536 1.0102 | -11.0600

7 30 1.016 -9.31 0.995 -17.655 1.0024 | -12.8600

Table 8 describes the comparison result of voltage magnitude with various buses that
can be with a voltage angle received from the data system.
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Table 9 Comparison of FACTS devices with different control Algorithms

Control ‘%’;h \?Vﬁh ‘%’;h CDP - CEA | CDP — CEA g':E’: witn | PCDPO a‘i:t?lpo 'ﬁi?hpo
Variables | gt | With | With _Iwithsve | with Tese | SEEYN | with sve | W VR
PG1(MW) | 176.30 | 176.03 | 180.15 | 185.26 185.91 17512 186.10 18464 | 176.05
PG2(MW) | 31.253 | 32.22 | 32.105 | 34.183 33.43 32623 | 34215 3305 | 32.569
PG3(MW) | 28.105 | 27.01 | 27.88 | 20.763 28.42 2655 20,856 2614 | 26.45
PG4(MW) | 10179 | 11.03 | 12.54 | 11.536 12.71 15.832 11.056 1256 | 14.058
PG5(MW) | 12.56 | 13.01 | 13.96 | 13.103 1347 14.745 13.03 13.06 | 14.056
VGi(pu) [ 104 103 [102 | 101 1.03 1.00 1.01 1.03 1.04
VG2(pu) [ 102 101 [101 | 1.01 1.01 1.04 1.0 1.01 1.02
VG3(pu) [ 088 100 [101 | 1.02 0.97 1.023 1.02 1.00 0.99
VGA(pu) [ 102 006 | 095 |1.02 0.96 0.946 1.02 0.96 1.02
VGB(pu) | 0.88 101 102 | 1.02 1.01 0.945 1.02 1.01 0.99
Tiu) 088 100 |0987 |0.087 1.00 0.987 0.987 1.00 0.98
T2(pu) | 0.945 | 0.998 | 0965 | 0.949 0.042 0.943 0.949 0998 | 0945
T3(pu) | 105 |0088 |0923 | 101 0.982 0.923 1.01 008 0.956

The power generation and related grid power load are described in table 9 above. All
lines surrounding this line have SVC, TCSC, and TCPST, and losses are estimated
using the proposed PCDPO algorithm, which outperforms other prevalent methods.

COMPARATIVE ANALYSIS OF DIFFERENT
FACTS DEVICES

GA GA2 GA3
CDP — CEA With SVC === CDP — CEA With TCSC CDP — CEA With TCPST
—t— STCA STCA4 STCAS

200

150

100

50

S N I S N > > > S O
NS o AN s
< N

Figure 18: Performances of the FACTS Control devices with other technique

Figure 18 shows the Performances analysis of the differential Control Techniques
based on the different FACTS devices

Table 10: Performance Analysis of Generation and Injected Voltage using PCDPO

Controller
Bus No \r::?al(‘t:]?wgi]teude Load(Power) | Generation(Power) | Injected(Power)
MW Mvar | Mw MVar Mvar
1-5 1.028 26.15 | 6.5 60.20 7.21 1.21
6-10 1.025 28.14 | 8.42 |59.32 6.14 2.8
11-15 |1.04 550 |[2.48 |[59.05 5.208 2.5
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16-20 |1.031 538 [2.32 |60.30 7.32 0.68
21-25 |1.016 10.01 | 1.9 60.12 7.15 1.56
26—-30 | 1.012 1.2 1.01 [60.01 7.05 1.82

The suggested PCDPO method was used to compare voltage levels, load, generation,
and injection in the IEEE 30 bus (see Table 10).
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Figure 19. Comparative Analysis Based Generation and Injected Voltage
Data

Figure 19 demonstrates a comparison of voltage levels, load, generation, and injection
utilizing the proposed PCDPO algorithm in the IEEE 30 bus.

Table 11: Line Losses Analysis Using PCDPO and other algorithms

Control technique

Line Losses CDP-CEA

Line loss GA

Line Losses PCDPO

SVC

5.3

6.5

5.1

TCSC

4.5

5.1

4.2

TCPST

25

2.9

1.9

Table 11 describes the Line Losses Analysis of the FACTS devices using PCDPO,
CDP - CEA and GA technique.
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Figure 20 Performance Comparison of SVC, TCSC, and TCPST using various

strategies

Figure 20 describes the Line Losses Analysis of the FACTS devices using the GA
CDP&CE with PCDPO Controller. The loss is reduced by 1.9% with various parameters
taken. Figure 19 shows the results of the simulation and the comparison. The results
show that the FACTS-based controller outperforms traditional controllers such as the
GA and CDP techniques in terms of response overshoot.

Table

Table 12: Performance of OPF Based on various Algorithm

Parameters GA CDP&CEA PCDPO
Efficiency (%) 79 85 91.56
Average Load Voltage(V) | 410 440 440
Line Losses (%) 10 7.05 4.4

12 demonstrates the Performance analysis of OPF FACTS devices with a

different controller.

Performance Comparision Of OPF Based On Facts

Controllers
500 340 440
410
400
300 uGA
200 B CDP&CEA
PCDPO
01.56
100 7985
0 .
Efficiency(%) Avg Load Voltage(V) Line Losses(%)

Figure 21: Performance Comparison for OPF based FACTS Devices
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The FACTS Controller action is compared in Figure 21 with various parameters such as
Loss minimization, Power loss, Efficiency, Efficiency, and so on. The results show that
the PCDPO algorithm-based controller outperforms traditional controllers such as
CDP&CEA and GA in terms of response overshoot.

5. CONCLUSION

FACTS devices are an effective means of relieving congestion and enhancing system
security. However, if such devices are used in an uncoordinated manner, conflicting
scenarios may arise, putting the transmission grid's security at risk. As a result, this
work develops the Predictive Cross Difference Progression Optimization (PCDPO)
control based on optimal power flow. This technology aims to reduce active power
losses by 4.4% while also alleviating traffic congestion. Simulations with various
combinations of real devices were used to examine the objective function. Each gadget
was shown to have an impact on some aspect of the objective function. The SVCs are
in charge of voltage and active power losses, while the TCPST is in charge of the TCSC
and line loading. As a result, decoupling occurs, allowing direct usage of multiple reality
devices. Finally, simulations were provided that demonstrated improvements in control
acquired using Predictive Cross Difference Progression Optimization (PCDPO):
congestions were eliminated, voltage profiles were highly uniform, and active power
losses were minimized. Furthermore, it was shown that TCSC and TCPST produce
similar results when objectives are addressed at 91.56% efficiency.
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