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Abstract: In modern power systems, the problem of stability plays an important role in the electrical system. We have improved
the dynamic stability of the power system by simultaneously controlling all depreciation based PSS controller and SVC with the
PSO-GSA hybrid algorithm. HPSO-GSA is applied to find optimal driver configurations. The Optimization of Optimization
Particle Swarm (PSO) is motivated by the social flocks of birds, and the gravity Search algorithm (GSA) is based on the
intersection of gravity and mass. Single-machine infinite bus system (SMIB). The base depreciation controllers of PSS and SVC
are equipped with different fault conditions such as three-phase fault, single phase-to-ground fault, double phase-to-ground
fault, phase-to-phase fault phase and different load under nominal conditions, light loads and heavy loads. Finally, it is detected
that the optimized HPSOGSA parameters provide superior perfomance and reduce the establishment time of the power system.
Different simulation results can be obtained under various disturbances and operating conditions.

Keywords: Static Synchronous Compensator; PowerSystem Stabilizers; HybridPSO-GSA Algorithm; Single Machine Infinite-
Bus

I.  INTRODUCTION
The FACTS device is an electronic device that is an effective and useful tool to improve the stability of the power system and
dampen oscillation between zones. FACTS devices are very expensive and additional controllers can be designed for each device to
increase the attenuation of the particular electromechanical oscillation mode. The FACTS team plays a key role in improving the
dynamic stability of the electrical system and improving the oscillation between zones.
In addition to adjusting the real and reactive power of the transmission line, the FACTS device can also adjust the voltage at the
connected points[15]. These play an important role in controlling the flow of reactive power in electrical networks, resulting in
voltage fluctuations and stability [1].
A stable SVC compensator is a set of powerful tools to provide fast reactive power of a high voltage transmission network. The
SVC AC transmission system is part of a family of flexible devices. A certain SVC is a combination of controlled reactors and has a
bypass capacitor in parallel. The purpose of SVC is to maintain the received voltage by changing the normal reactive power of the
transmission system and changing the firing angle of the receiver. Currently, the demand for electricity is constantly increasing, and
the transmission capacity of the transmission line increases, so the oscillation of the power angle is essential to the attenuated power
supply system. This can be achieved with the help of an effective driver. If the adjustment between the controllers is appropriate, a
more powerful system can be made and the lack of an adequate adjustment can affect the stability of the system [8]. The static
change compensator (SVC) is a generator or static absorber in derivation. It is used to improve the AC system voltage and the
reactive power condition.
PSO (Particle Swarm Optimization) is a powerful method of probabilistic customization based on the movements and intelligence of
birds. In PSO, real particles are called particles and the potential solution jumps into the problem space. PSO technology conducts
research using a group of particles for individuals. Each particle represents a candidate solution for a continuous problem. In the
PSO system, the particles change the flight conditions in the multidimensional search space until a relatively invariable condition is
encountered or the counting threshold is not exceeded[17].GSA (Gravity Search Algorithm) is a new technology for optimizing the
experience developed by ES Rashdi. The GSA technology is inspired by Newton's theory. Each particle in the universe is directly
proportional to the mass of the product and attracts all the particles with a power of the opposite relation to the distance between
them. GSA can be considered as a group of agents whose amount is proportional to the value of the personalizationfunction.At that
moment, all the pieces were attracted by the gravity that separated them. The mass of the agent is heavier than the attraction
between them. Therefore, a heavy mass, probably close to the optimum value of the entire planet, will attract other masses in
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proportion to this distance. This article shows that the hybrid algorithm has a better ability to evade local optimums with a faster
convergence than with the PSO and GSA standards[18].

Il. SYSTEM MODEL
A. Overview of SVC and its Control System
Trf. Tr. line

NN

Generator

Fig 1Functional block diagram model of SVC

Fig.1 shows an infinite bus system on a single machine with SVC. The system consists of a plant that includes the synchronous
generator, the double line transmission line, the transformer and the infinite bus. The transmission line is compensated by the
FACTS device in the middle of the line. The power system is naturally non-linear and a wide range of transient conditions that arise
from low frequency low voltages and power swing. It is difficult to control the oscillation. V1 represents the voltage across the
generator, Vg represents the infinite bus voltage and T / F represents the transformer. SVC is a static bypass generator whose output
exchanges the capacity system or inductive (current) reactive power to control specific variables in the power system.

Ill. THE PROPOSED APPROACH
A. Structures of SVC based damping controllers and PSS
Fig. 2 shows the SVC-based damper controller when designing an additional SVC driver, a delay compensator (Leag-lag) is used
and the controller must include a gain block, a wash block and a controller. The wash block provides a high pass filtering, which
allows signals associated with the signal of the input signal and the phase compensator to provide inputs that provide a phase delay.
The output signal is supplied to the internal controller SVC[8].
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Fig. 2Structure of SVC based controller

The structure of power system stabilizer consists of two-stage compensation blocks, gain block, washout block. The grid
compensation module (T1P, T2P, T3P, and T4P with time variables) provides enough phase change to compensate for phase shift
between the input and output signals.
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Fig.3Structure of power system stabilizer

B. Problem formulation

SVC delay (lead-lag) structure parameters such as Ty, Tas, Tas, Tas and PSS lead-lag structure parameters such as Tip, Top, Tap, Tap
are optimized by HPSOGSA technology. In this study, the integration error (ITAE) of the speed difference is converted into the
objective function J

Objective function for single machine infinite bus system is
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IV. THEHYBRID PSOGSA ALGORITHM
Within the case of the hybridization method, algorithms may be hybridized. Hybrid in the upper or decrease level by way of
homogeneous or heterogeneous relays or convolution techniques. Hybrid PSO and GSA use heterogeneous low-stage co-
precipitated hybrids. Hybrid is heterogeneous because it combines the capabilities of the 2 algorithms. Since it does no longer use
each algorithm in order, it's miles scalable in not unusual. In other phrases, they work in parallel. It’s far heterogeneous due to the
fact there are distinct algorithms that integrate to obtain the very last result. PSOGSA offers the concept of combining social
questioning talents in PSO with the nearby search competencies of GSA. The mixture of those algorithms ends in the subsequent
outcomes: in the case of the hybridization technique, two algorithms can be hybridized. They hybridize on the top or lower level
using homogeneous or heterogeneous relays or co-evolution techniques. We hybridize PSO and GSA use low degree heterogeneous
co-brought about hybrids. Hybrid is heterogeneous as it combines the features of each algorithm. As it does not use the two
algorithms, so as, it is joint evolutionary. In different phrases, they run in parallel. Its miles heterogeneous due to the fact there are
extraordinary algorithms that integrate to reap the very last end result. PSOGSA offers the idea of combining the social questioning
abilities in PSO with the neighborhood seek competencies of GSA. The mixture of these algorithms results in the following
consequences:
In the case of the hybridization method, two algorithms can be hybridized. Hybrid in the upper or lower level by homogeneous or
heterogeneous relays or convolution methods.Hibridan PSO and GSA use heterogeneous low-level co-induced hybrids. Hybrid is
heterogeneous because it combines the functions of the two algorithms. Since it does not use both algorithms in order, it is scalable
in common. In other words, they work in parallel. It is heterogeneous because there are two different algorithms that combine to
obtain the final result. PSOGSA offers the idea of combining social thinking skills in PSO with the local search capabilities of GSA.
The combination of these two algorithms leads to the following results: In the case of the hybridization method, two algorithms can
be hybridized. They hybridize at the upper or lower level using homogeneous or heterogeneous relays or co-evolution methods. We
hybridize PSO and GSA use low level heterogeneous co-induced hybrids. Hybrid is heterogeneous as it combines the functions of
both algorithms. Because it does not use the two algorithms in order, it is joint evolutionary. In other words, they run in parallel. It is
heterogeneous because there are two different algorithms that combine to obtain the final result. PSOGSA offers the idea of
combining the social thinking capabilities in PSO with the local search capabilities of GSA[18]. The combination of these two
algorithms results in the following results:
Vit+1)=wx V(t) + C{ xrand % ac;(t) + cjxrand x (gbest — X;(t))(2)

The PSOGSA step.

Generate initial Evaluate the Update the G

i > fitness for all > and eBest for
population .
agents the population
F 3
No
Calculate M,
Meeting and Update velocity forces and
criterion? and position accelerations for
all agents

Return the best
solution

Fig.4: Steps of PSOGSA[18]
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In PSOGSA, the answer function (aptitude) is taken under consideration during the replace system. Sellers close to the correct way
to attempt to appeal to different agents to search the quest space. If all dealers method an amazing answer, the agent actions very
slowly. In this situation, they are very beneficial to develop the high-quality of the arena. PSOGSA uses memory to register the best
answer determined to date, so that you can get right of entry to it at any time. Each agent can have a look at the great answer to this
point and be sensitive to it. You could stability the worldwide seek and local seek functions with the aid of adjusting ¢, and ¢,

V. RESULT AND DISCUSSIONS
The simpower device toolboxes are used for evaluation and expand the electricity gadget model. That is a totally beneficial tool for
modeling and simulation. This tool carries the powerlib library. Several blocks are to be had within the library, including generators,
exclusive styles of machines, power electronic converter, excitation system, different drives, transformers, transmission lines etc.

A. SMIB system with PSS

Fig. 5 suggests the MATLAB version of a SMIB system with SVC controller. The device comprises of a producing unit of 2100
MVA, 13.8 KV, 60 HZ. This generator is offering an endless bus thru a step-up transformer of 21 MVA 13.8/500 KV. A 3-section
breaker is hooked up close to bus B1 prior to a 3-phase load of 250 MW so that the effect of small disturbance may be demonstrated
via momentarily disconnecting the load of 250 MW with the help of this breaker. The SVC is attached close to bus2 and the score is
500 KV, £100MVAR. The double circuit transmission line length is 300 km between bus-2 and bus3. The generator is so introduced
with a hydraulic turbine & the governor (HTG) and excitation device. For applying various faults a block is attached between the
bus b2 and bus b3 on the transmission line.

Bus-2 Bus-3

Bus-1

Trf. Tr. line /
G o Z

Generator

Lo

T I
Load Vave

X

Fig. 5 Single-machine infinite-bus powgr system with SVC [18]
Table 1 : HPSOGSA optimized SVC controller parameters for SMIB System

HPSOGSA Optimized SVC Controller Parameters
S.N. System
Ks TlS TZS TSS T4S
1. SMIB system 20 .035 0.12 .03 0.22
Table 2: HPSOGSA optimized for PSS System
HPSOGSA Optimized PSS Controller Parameters
S.N. System
K Ty T2 Ts Tap
1. PSS System 40 0.01 0.0125 2 3

This cycle of optimization is repeated many times and best solution is given in tablel and table2.The characteristic response of the

objective utility is shown in Fig. 6.
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Fig.6 Convergence of fitness role in PSOGSA system
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B. Simulation result for SMIB(PSS+SVC) power system
The effects of the evolved simulation fashions beneath diverse contingencies are provided and mentioned below. The evolved model
is simulated without PSS and SVC controller and with PSS and SVC controller (tuned by HPSOGSA). The responses with and
without controller are accessed for reading the effectiveness and toughness of the SVC damping controller and its overall
performance over a massive range of operating conditions for extraordinary faults. The simulation analysis has been conceded out
for SMIB system. SMIB machine the conduct of the HPSOGSA tuned SVC controller is examined under one-of-a-kind running
situations viz. nominal loading, light loading & heavy loading and we reap various graphs as a power angle deviation, speed
deviation, line power deviation, reference voltage deviation, stabilizing signal deviation by means of applying distinct stability and
unbalance fault.

1) Case-1: Normal loading, 3-phase fault disturbanceThe effectiveness of HPSOGSA optimized SVC controller for damping the
oscillation and stability enhancement is first accessed at nominal loading condition (Pe = 0.85pu, 80 = 51.510) under three
phase faults. A 3-phase, 3 cycle fault is created in the middle of one transmission line linking bus2 and bus3 shown in fig. 5 at
time t=1 second the fault line is tripped in order to clear the fault and is automatically reclosed after 3 cycles. The response,
without control (without PSS and SVC controller) is shown with blue line and respond to control (with SVC and PSS controller
tuned HPSOGSA) is shown with a red line is superior response. The original system condition is regained after fault clearance.

The response of the system under this fault is shown in fig. 6 to fig.10.

Speed Deviation in SMIB with 3-Phase fault disturbance
x10° at nominal loading @ 1sec

05p-

Speed Deviation (pu)
o

A \}

| — Without PSS & SVC Controller
= \\ith PSS & SVC Controller(Tunned By HPSOGSA)
2 : T I z I
0 1 2 3 4 5 6 7

Time (Sec)
Fig. 6.: Speed Deviation in SMIB System with 3-phase fault disturbance at Nominal Loading
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Power Angle Deviation in SMIB with 3-Phase fault disturbance
at nominal loading @ 1sec
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Fig. 7Power Angle Deviation in SMIB System with 3-phase Fault disturbance at Nominal Loading

Line Power deviation in SMIB with 3-Phase fault disturbance
at nominal loading @ 1sec
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Fig. 8Line Power Deviation in SMIB System with 3-phase Fault disturbance at Nominal Loading

SVC Controller Reference Voltage deviation in SMIB with 3-Phase fault disturbanc
at nominal loading @ 1sec
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Fig.9SVC controller Reference Voltage Deviation in SMIB System with 3-phase fault disturbance at Nominal Loading
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PSS Stabilizing Signal deviation in SMIB with 3-Phase fault disturbance
at nominal loading @ 1sec
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Fig.10: PSS Stabilizing Signal Deviation in SMIB System with 3-phase Fault diturance at Nominal Loading

2) Case-2: Light loading, 3-phase fault disturbance: The effectiveness of the HPSOGSA optimized SVC controller for damping
the oscillation and stability enhancement is accessed at light loading condition (Pe = 0.5 pu, 60 = 29.330) under different faults
and small disturbances.In this situation, the strength of the controller is verified by loading the generator to light loading
situation. The response of the system under this fault is shown in fig 11 to fig 13. shows the speed deviation and power angle
deviation at three phase fault the system response under this contingency is highly oscillatory in the lack of SVC and PSS
controller, but though SVC and PSS controller tuned by HPSOGSA gives better performance and improves the system stability
by damping out the oscillations and enabling the system to settle down quickly after a 3-phase fault

Speed Deviation in SMIB with 3-Phase fault disturbance

x10™ at light loading @ 1sec
! T :
6
4 .
5 / \
S 2 o\ :
3 \
: \ A=
a] : N\ o~
0 : ]
<3
(7] f i
’ / / '\ T
4 1 —
= Without PSS & SVC Controller
= With PSS & SVC Controller(Tunned By HPSOGSA)
8 T 1 y T T
0 1 2 3 4 5 6 7

Time (Sec)
Fig. 11Speed Deviation in SMIB System with 3-phase fault disturbances at Light Loading
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Power Angle Deviation in SMIB with 3-Phase fault disturbance
at light loading @ 1sec
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Fig. 12 : Power Angle Deviation in SMIB System with 3-phase Faultdisturbance at Light Loading
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Fig. 13 : Line Power Deviation in SMIB System with 3-phase Fault disturbance at Light Loading

3) Case-3: Heavy Loading, 3-phase fault disturbance: The effectiveness of HPSOGSA optimized SVC controller for damping the
oscillation and stability enhancement is in heavy loading condition (Pe = 1.0 pu, 60 = 60.730) under different faults and small
disturbances. In this situation, the strength of the planned controller is verified by set the loading of the generator to heavy
loading conditions under small interruption. From fig. 14 to 16 shows the system response under this contingency is highly
oscillatory in the lack of SVC and PSS controller, but though SVC and PSS controller tuned by HPSOGSA gives better
performance and improves the system stability by damping out the oscillations and enabling the system to settle down quickly
after a 3-phase fault. Since oscillations are damped out and the speed deviation becomes zero

Speed Deviation in SMIB with 3-Phase fault disturbance
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Fig. 14: Speed Deviation in SMIB System with 3-phase fault disturbance at Heavy Loading
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Power Angle Deviation in SMIB with 3-Phase fault disturbance at heavy loading @ 1se
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Fig. 15 : Power Angle Deviation in SMIB System with 3-phase disturbances at Heavy Loading
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Fig. 16 : Line Power Deviation in SMIB System with 3-phase Fault disturbance at Heavy Loading

VI. CONCLUSIONS
This paper, optimized values of PSS and SVC controller are evaluated using theHybrid PSOGSA algorithm. For examining the
robustness of this controller, simulation is analyzed on SMIB system. The Simulation outcome shows the effectivity of the
SVCoptimized controller. Finally the speed deviation and power angle deviation, line power deviation, terminal voltage deviation
are carried out in single machine infinite bus (SMIB) system under different operating condition and shows superior response and
settle down quickly when apply PSS and SVC damping controller (tuned by HPSOGSA)
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