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Abstract— One of the primary concerns in ensuring protected 

control of power system is the presence of low- frequency 

electromechanical oscillations typically in the range of 0.1-  

0.8 Hz. One way to ensure the safe and consistent operation 

is to damp these oscillations and enhance the dynamic 

stability of the network. The research in this work is to damp 

low-frequency oscillations. To ensure secure operations, 

power system planners have come to depend on FACTS 

devices to overcome several operational limitations in terms 

of thermal stability, voltage stability, and other limitations 

offered by transmission lines.  The objective of this work is 

to employ the complete abilities of FACTS devices to damp 

out low-frequency oscillations. The objective is proposed in 

form of control technique i.e., auxiliary self-tuning control 

strategy that can assist the PI controller to damp power 

oscillations. 

Keywords: PI Controller, Low Frequency Oscillations, Facts 

Controllers 

I. INTRODUCTION 

The main technological challenges of power systems, such as 

FACTS devices' effective power flow management 

capabilities and power system transient and steady-state 

stability, are also investigated. This chapter examines the 

research method in greater depth, as well as its applicability 

and significance in India. The layout of the thesis can be seen 

at the end of this chapter. 

II. POWER SYSTEM LIMITATIONS 

A complicated power system is made up of a network of 

many different components, ranging in complexity from a 

basic incandescent lamp to a complex alternator. The 

electrical grid is an important part of the infrastructure. 

Electricity systems must be stable and trustworthy in order to 

function properly. Both the existing condition and the 

measures that will be carried out in the future are referred to 

as "operation" and "planning." In order to provide a reliable 

and continuous power supply, it is critical to plan and operate 

properly.  

III. POWER SYSTEM STABILITY (PSS) 

Any energy infrastructure can be harmed or destroyed by 

low-frequency oscillations. Because of the significant 

positive damping, low-frequency oscillations are undetected. 

Only if some controllers interact in such a way that they 

activate modes that can be identified in various electrical 

properties can these oscillations be detected. For reliable 

operation, power systems require three types of stability: 

rotor-angle, frequency, and voltage stability. 

A. Rotor Angle Stability (RAS) 

"The system can maintain synchronization despite its 

vulnerability to interruption." The balance of electro-

magnetic torque generated by the generator's electrical output 

power and mechanical torque generated by the prime mover's 

mechanical input power determines the generator's rotor 

angle. 

 Synchronization happens when the generator's 

electromagnetic torque and the mechanical torque in the 

opposite direction are exactly equal. Oscillations in the 

generator's rotor angle will occur if instabilities in the system 

induce this equilibrium, synchronism. RAS is divided into 

two types: small disturbance angle stability and large 

disturbance angle stability.  
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B. Small-disturbance rotor-angle stability: 

"It refers to a system's ability to retain synchronism despite 

modest interruptions." Because non-linearity in the power 

system can be measured as linear when the disturbance is 

extremely small, this study is known as small-disturbance 

angle stability analysis. Activation and deactivation of small 

loads, tripping lines or generators, and so on [4]. 

 Oscillatory and non-oscillatory instability are the 

two types of instability. Non-oscillatory instability occurs 

when the generator-rotor angle increases due to a little 

disturbance, whereas oscillatory instability occurs when the 

rotor angle oscillates with increasing magnitude. 

C. Large-disturbance or transient angle stability 

"It is the ability of a system to retain synchronism in the face 

of massive disruptions." Changing big loads, overloading 

generators, and unexpectedly tripping massive loads are all 

examples. 

 Rotor angle fluctuations can occur when a power 

system is subjected to a lot of disturbance. The system cannot 

be addressed linearly because rotor angle variations are 

higher than in small-disturbance stability. The time domain 

of both small and big angle instability is 0.1 to 10s. As a 

result, it's considered a passing craze. 

D. Voltage stability 

When a system fails, it must be able to keep all of the 

network's buses at steady-state voltages. The size of the 

disturbance determines the categories of small disturbance 

voltage stability (SDVS) and large disturbance voltage 

stability (LDVS) (LDVS). Voltage stability, rather than 

angle, may be a long-term occurrence when a major system 

fails. When there is a minor disruption in the system, it is 

referred to as SVDS. Fast-acting equipment, such as power 

electronic drives, induction motors, and HVDC, create this 

phenomena, and the fluctuation lasts 10-20s, making it a 

transient occurrence. A tap change may be required if voltage 

divergence occurs as a result of line overloading.  

 Due to transformers, delayed load transfers, and 

other factors, the time taken varies from 1 minute to many 

minutes. The balance of actual power and load demand in the 

system determines angle stability, whereas the balance of 

reactive power production and load demand determines 

voltage stability. [3] and [4] are two examples. 

E. Frequency stability 

It refers to a system's capacity to maintain a steady frequency 

despite high load and production disturbances. It will be put 

to the test to see if it can rebalance load generation with low 

loss of load. Inconsistent frequency might cause a slew of 

issues. The frequency swings that lead to tripping of 

generator units or loads. During frequency trips, the process 

time and devices that are actuated will range from fraction of 

seconds to several minutes, Therefore frequency stability can 

be a short term or long-term phenomenon. 

F. Low frequency oscillations 

In power systems, electromechanical oscillations between 

linked synchronous generators are used. The stability of these 

oscillations is a critical issue that must be addressed if the 

system is to run safely. It's becoming increasingly difficult. 

IV. LITERATURE REVIEW 

The damping of LFO in multimachine, multi-UPFC power 

systems was investigated by S. Shojaeianet.al. An adaptive 

input output feedback linearization controlled technique was 

used to decrease oscillations.  

 Nassif et al. Using essential Eigen value analysis of 

a linearized power system model and simulation findings 

based on bifurcation theory, the author effectively contrasted 

the positions of SVC and STATCOM dampening such 

oscillations. 

 Y. Zhao et al. applied an updated model free 

adaptive control technique. The authors improved the MFAC 

control law and adaptive legislation for each of the 

subsystems. They investigated the impact of parameter sets 

on closed loop stability on a global scale. On a large-scale 

electrical system, the authors showed the utility of their 

proposed technique. 

 Hamzeh et al. studied the impact of POD. The 

researchers developed a unique control system to suppress 

these oscillations in a multi-source DC micro grid. To smooth 

the LFO of power sharing control devices, they used a virtual 

impedance loop with dynamic loop gain. The Map theory was 

also used to undertake a complete stability investigation by 

the authors. Their approach has been proved to be immune to 

the numerous uncertainties imposed by micro grid designs. 

 A. Yaghooti et al. suggested a reference model 

control-based technique for generating the coordinated PSS. 

Because it is independent of oscillation frequency, the 

suggested PSS model can damp both inter-area and intra-area 

oscillations. Different system stabilizers are always in contact 

with one another. Stabilizer stability has been demonstrated 

using frequency changes, operating points, and harmonics. 

 S. Zhang, F. L. Luo, and others are among the others. 

To increase the performance of a standard PSS, an updated 

simple adaptive control based on quadratic performance 

index was developed. The researchers were able to 

demonstrate that this stabilizer could achieve pinpoint 

accuracy. 

 A. M. Simoes et al. employed a non-smooth 

optimization method in the RCS Algorithm to construct a 

POD Controller. In the temporal domain, the recommended 

controller worked well with both controlled and measured 

outputs. The algorithm's suitability for dealing with large-

scale interconnecting networks was proved by the author. 

 Changaroon et.al. created a neuro identifier and 

neuro controller for a stabilized controller system based on an 

SVC using a functional link network model (FLL). To 

illustrate the controller's stability and efficacy in lowering 

LFO, the authors ran simulations under a variety of operating 

situations. 

 José Luis Domnguez-Garca et al. The impact of 

inherence and the role of wind power in improving PSS were 

investigated in this study. Wind turbine vibrations were also 

reduced by the researchers. 

A. Modelling Of Facts Devices Considered For Power 

Oscillations Damping 

In today's globe, power grids are separated into multiple 

regions; for example, India has five regional networks: 

eastern, western, southern, and so on. These locations are 

connected to the rest of the globe by transmission cables. 
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Transmission lines that connect two or more places are 

known as tie-lines. Single-area power systems have 

individual system components such as generators, speed 

governors, and other components; however, multi-area power 

systems require the tight connection of unique operational 

units situated in separate regions to build a cohesive group of 

all generators. These generators should respond in a 

synchronized manner to any changing load. A united area is 

referred to as a "control area." Every website is used for a 

specific purpose on a regular basis. 

V. MODELING OF SINGLE AREA SYSTEM 

A. Mathematical Modeling of Generator: 

 
Apply Laplace Transformation 

 

B. Mathematical Modeling of Load:  

 

Fig. 3.2: Mathematical modeling block diagram of load 

C. Mathematical Modeling for Governor: 

The output mechanical power exceeds the input mechanical 

power when the load suddenly increases. The kinetic energy 

of the turbine compensates for the load's lack of power. The 

governor instructs the prime mover to generate more water, 

steam, or gas to compensate for the reduced speed. 

 

 
Fig. 3.3: complete block single-area system 

 

D. MODELING OF 2- AREA SYSTEM 

A tie-line interconnection link connects two control areas in 

a two-area connected power system. 

 
 Figure 3.4 shows a two-region network, with each 

region supplying electricity to its own population and power 

traveling between them through tie-lines. 

 The two-area electricity network appears to be stable 

in parts, but the tie-line linking the two appears to be frayed. 

We can observe that each area has only one frequency when 

we look at it separately, showing that the network area is 

resilient and long-lasting. A multi-control area integrated 

power system is conceivable to build. 

E. Modelling of 2- Area Thermal Non- Reheat Power System 

Figure 3.5 shows a block diagram of a 2-area (thermal non-

reheat) system with integral controller. The transfer function 

of blocks 1 to 9 is used to build the state equations of this 

network. In the diagram, there are two control inputs labeled 

u1 and u2. A two-area system with two control zones 

connected by a tie-line (block 7) and its own dynamics is 

depicted in the model below. The system's control zones are 

processed in the same way. Because there is a thermal non-

reheat turbine in both control zones. 
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VI. DESIGN OF CONTROL TECHNIQUES AND ALGORITHMS 

The goal of this chapter is to show how the PI controller 

interacts with the TCSC, STATCOM, and UPFC on the test 

system. The goal of this study is to create an adaptive FACTS 

system that uses a self-tuning controller to reduce power 

fluctuations. An adaptive recursive least square identifier and 

a pole shift controller are used to create the design. The 

recursive least square identifier can adapt to unexpected 

system instabilities. It has a number of advantages in addition 

to the fact that it utilizes fewer processing resources. 

 It's ideal for real-time control due to its rapid 

response time. The autoregressive average model, according 

to some sources, reduces processing complexity even more. 

All of these features have resulted in effective control that 

does not require retuning, thanks to the RLS identifier's 

ability to track system conditions online. Another major 

benefit is the system's ability to respond automatically to 

changing system conditions. 

VII. PI CONTROL TECHNIQUE 

The firing angle of the SCRs is controlled by a PI controller. 

As a result, the impedance error on the transmission line is 

reduced, and power flow is improved. It also boosts 

performance in the steady state. Simulink/MATLAB is used 

to model the system, and PI protocol controllers are used. 

Both with and without defects, the system is put to the test. 

Proportional term 

 The result of the proportional term is proportionate 

to the current mistake. To adjust the proportional result, 

multiply it by K p, which is referred to as proportional 

gain[69] [70]. Pout Kpe is the correct name for this situation 

(t) For a given change in error, a large K p causes a significant 

swing in output. The system becomes unstable if K p is big. 

The output is modest with a small K p, resulting in a large 

input error and slowing down the system. Control action to 

respond to system disturbances may be insufficient if K p 

disturbances is too low. 

A. Integral term  

The integral is used to determine the accumulated offset in a 

PID controller, which is derived as the sum of instant 

mistakes over time. Before being delivered to the controller 

output, the acquired error is multiplied by the integral gain 

(Ki). The following formula is used to calculate the integral 

output: e(T) The integral term shortens the procedure and 

avoids the steady-state inaccuracies that a pure proportional 

controller can produce. Even if the integral term reacts to 

earlier errors, the current result has the potential to exceed the 

fixed point value. The settling time for a three-phase fault at 

bus 2 with no controller configuration is 1.68 seconds, 

according to the table, which is the longest of any fault 

scenario. A system with a PI damping controller has a settling 

time of 1.36 seconds, which is 19.04 percent faster than a 

system without one. The recommended UPFC+ST controller 

has a settling time of 1.15 seconds, which is 31.54 percent 

faster than the default controller setup. The UPFC+ST 

controller is 15.44 percent faster than the PI controller when 

it comes to settling time. The settling time of the PI controller 

is depicted in diagrams. 

B. No Controller Configuration Three Phase fault at 

Bus2 

Comparison in three stages Fault on Bus 2 (a) when no 

controller is present, (b) when a PI controller is present, and 

(c) when a UPFC+ST controller is present. 

 According to these presentations, the average 

reduction in settling time for all fault scenarios investigated 

is 14.47 percent when comparing no controller setup to the 

installation of a PI controller. The UPFC+ST controller 

reduces settling time by 26.71 percent on average. The 

average reduction in settling time when comparing the PI 

controller to the UPFC+ST controller is 14.29 percent. 
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VIII. SIMULATION RESULTS AND ANALYSIS 

A 4-cycle 1-phase and 3-phase ground to bus failure is 

simulated to further confirm the proposed controller's 

dampening effectiveness. Bus Number 8 is now looking into 

the ground-to-bus issue. The frequency detected and the 

damping ratio provided by PI must be examined in the 

suggested TCSC+ST controller. Table 6.10 summarizes the 

damping performance. 

Fault 

Damping with Non-

Controller 

Damping Using PI 

Controller 

Damping Using 

Proposed ST +TCSC 

Ferq.(Hz) 
Damping 

ratio% 
Ferq. (Hz) 

Damping 

ratio% 
Ferq.(Hz) 

Damping 

ratio% 

4Cycle3PhaseGroundtofault 

@Bus8 
0.46 3.2 0.54 8.13 0.56 18.32 

4Cycle1Phase 

Ground to fault @Bus 8 
0.44 5.8 0.57 10.02 0.58 14.15 

Table 6.1: Damping Performance of the Proposed Approach using TCSC for damping interarea oscillations for 14 bus system 

 The frequency measured at bus 8 when there is no 

damping controller and a 4 cycle 3 phase ground to bus fault 

occurs is 0.46 Hz. The frequency observed when damping is 

ensured with a PI controller is 0.54 Hz. The PI controller 

gives an 8.13 percent damping ratio. Similarly, the TCSC+ST 

controller has a frequency of 0.55Hz and a damping ratio of 

18.32 percent. Bus 8's 4 cycle 1-phase fault ground to bus 

fault is subjected to a similar study. The frequency is 0.44Hz 

when no dampening controller is present, and 0.57Hz when a 

PI controller is present. When it comes to PI controllers, there 

are a lot of options. 

 The delivered damping ratio is 10.02 percent. The 

damping ratio is derived using the TCSC+ST controller with 

a frequency of 0.58Hz and a damping ratio of 14.15 percent. 

When the damping ratio performance of the recommended 

controller is compared to that of the TCSC+ST controller 

with no controller configuration, the proposed controller 

clearly outperforms the other. In the case of a three-phase 

failure, the damping ratio is increased by 15.12 percent, 

whereas in the case of a single-phase failure, it is increased 

by 8.35 percent. The damping ratio with and without a 

controller, a PI controller, and the proposed ST+TCSC are 

shown in Figure 6.39. 

A. Damping ration for STATCOM+ST: 

To further confirm the proposed controller's damping 

effectiveness, a 4-cycle 1-phase and 3-phase ground to bus 

failure is simulated. The ground-to-bus issue is now being 

investigated by Bus Number 8. The measured frequency and 

the damping ratio provided by PI must be investigated further 

in the recommended STATCOM+ST controller. The 

damping performance is shown in Table 6.11. 

Fault 

Damping with NON-

Controller 
Damping Using PI Controller 

Damping Using proposed 

ST+STATCOM 

Ferq .(Hz) Damping ratio% Ferq. (Hz) Damping ratio% Ferq.(Hz) Damping ratio% 

4 Cycle 3 Phase 

Ground to fault@Bus 8 
0.46 3.2 0.54 8.13 0.56 17.62 

4 Cycle1 Phase Ground 

to fault @Bus8 
0.44 5.8 0.57 10.02 0.58 13.38 

Table.6.2: Damping Performance of the Proposed Approach using STATCOM for damping interarea oscillations for 14 bus 

system 

 The frequency measured at bus 8 is 0.46 Hz when 

there is no damping controller and a 4 cycle 3 phase ground 

to bus fault occurs. The frequency is 0.54 Hz when damping 

is done with a PI controller. The PI controller has an 8.13 

percent damping ratio. On the other hand, the 

STATCOM+ST controller records a frequency of 0.55Hz and 

a damping ratio of 17.62 percent. A similar inquiry is 

underway into Bus 8's four-cycle, one-phase ground-to-bus 

issue. When no dampening controller is present, the 

frequency is 0.44Hz, and when a PI controller is installed, the 

frequency is 0.57Hz. The damping ratio in the case of the PI 

controller is 10.02 percent. With a frequency of 0.58Hz and a 

damping ratio of 13.38 percent, the STATCOM+ST 

controller is also utilized to determine the damping ratio.  

B. Damping ration for UPFC+ST: 

To further confirm the proposed controller's damping 

effectiveness, a 4-cycle 1-phase and 3-phase ground to bus 

failure is simulated. The ground-to-bus issue is now being 

investigated by Bus Number 8. In the suggested UPFC+ST 

controller, the frequency detected and the damping ratio 

provided by PI must be investigated. The damping 

performance is shown in Table 6.3. 

Fault 

Damping with Non- 

Controller 

Damping Using PI 

Controller 

Damping Using proposed 

ST+UPFC 

Ferq. 

(Hz) 

Damping 

ratio% 

Ferq. 

(Hz) 

Damping 

ratio% 

Ferq. 

(Hz) 

Damping 

ratio% 

4 Cycle 3 Phase 

Ground to fault @Bus8 
0.46 3.2 0.54 8.13 0.56 21.8 

4 Cycle 1 Phase 

Ground to fault @Bus8 
0.44 5.8 0.57 10.02 0.58 15.20 

Table 6.3: Damping Performance of the Proposed Approach using UPFC for damping interarea oscillations for 14 bus system 
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 The frequency measured at bus 8 is 0.46 Hz when 

there is no damping controller and a 4 cycle 3 phase ground 

to bus fault occurs. The frequency is 0.54 Hz when damping 

is done with a PI controller. The PI controller has an 8.13 

percent damping ratio. Similarly, the UPFC+ST controller 

has a 0.56Hz frequency and a 21.8 percent damping ratio. A 

similar inquiry is underway into Bus 8's four-cycle, one-

phase ground-to-bus issue. The frequency is 0.44Hz when no 

damping controller is present, and 0.48Hz when one is 

present. 

 A frequency of 0.57Hz was used to identify the 

presence of a PI controller. In the case of the PI controller, the 

damping ratio is 10.02 percent. With a frequency of 0.58Hz 

and a damping ratio of 15.20 percent, the damping ratio is 

calculated using the UPFC+ST controller. When the 

recommended controller's damping ratio performance is 

compared to the UPFC+ST controller with no controller 

configuration, the proposed controller obviously outperforms 

the other. 

 
Fig 6.4 Comparison of damping ratio with no controller, PI controller and proposed ST+UPFC 

IX. CONCLUSION 

Without its energy grid, any country's infrastructure would be 

incomplete. Any power system planner's first and most 

important responsibility is to ensure that the system is 

operated in a safe, stable, and dependable manner. The entire 

power system is a dynamic utility that is continually adding 

new components, uncertainties, and problems. Regardless, no 

one can afford to jeopardize the Power System's stable and 

dependable operation. The global electrical grid, particularly 

in the Indian Subcontinent, is under peril. The energy 

infrastructure is being strained by increased load growth, 

deregulation, open access, and market concerns.    

X. FUTURE SCOPE OF THE WORK 

The proposed research brings up a variety of avenues for 

additional investigation in this area. The goal of the study is 

to use a mixture of self-tuning FACTS devices to improve 

overall damping performance. The following are some 

important factors to consider in order to expand this work: 

The work presented here was put to the test in a variety of 

failure scenarios. The same activity might be repeated under 

growing stress settings to imitate a real-world situation 

Artificial controllers including fuzzy, NN, and ANFIS 

controllers, as well as advanced and hybrid evolutionary 

algorithms, can be employed to test the research. 
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