Nigerian Journal of Engineering Science and Technology Research, Vol. 10, No. 1, 2024(167-184)

OPTIMAL TUNING OF POWER SYSTEM STABILIZER USING
OPTIMAL FORAGING ALGORITHM

Ibrahim, M.B.", Jiya, J.D., Gana, M.A., Mustapha, I. and Jafaru, U.

Department of Electrical and Electronics Engineering, University of Maiduguri, Borno State, Nigeria

*Corresponding email: bello057 @yahoo.com

ABSTRACT

The stability and efficient operation of power systems are of paramount importance to ensure reliable
electricity supply and system security to consumers. One of the critical aspects of power system stability is
the proper tuning of Power System Stabilizers (PSSs), damping out oscillations and maintaining the
system's equilibrium plays a critical role in the stability of the system. Traditional tuning methods for PSSs
often rely on trial-and-error approaches, making them time-consuming and suboptimal. To address these
challenges, this research proposes the application of the Optimal Foraging Algorithm (OFA) to optimize
the tuning of PSS parameters in a multi-machine power system. The Optimal Foraging Algorithm is
inspired by the foraging behavior of animals seeking to maximize their energy intake while minimizing
effort. The objective is to find the optimal set of PSS parameters that enhance the overall stability and
performance of the power system. The research involves the development of a multi-machine power system
model which is the Nigeria 10-bus 330kV power system network operating on 50Hz, with six (6) generators
and four (4) transmission stations. The OFA was applied to tune the PSS parameters Kb, T1, T2, Ts and
T,, after the system was subjected to a 1 second disturbance. Simulation results demonstrated the
effectiveness of the OFA-based tuning approach in minimizing overshoot and reduced settling time. The
graphical mean deviation obtained gave the OFA a minimal value of 0.14pu, 0.092pu, 0.011pu & 0.212pu
for the Power, Voltage, Angle and PSS Voltage stabilities respectively as compared to the other methods.
The utilization of the Optimal Foraging Algorithm for PSS tuning represents a promising step towards
enhancing the stability and reliability of multi-machine power systems in the modern electrical grid. It is
recommended that further development of the model by adding more parts of the grid and different types
of disturbances, and testing it in a real power system.

Keywords: Power System Stabilizer (PSS), Optimal Foraging Algorithm (OFA), Multi-machine power
system

1 INTRODUCTION

he operation of the power system at constant operating condition and running every generator at

constant speed is difficult to the operating engineers in view of some abrupt events of different

kinds that cause disturbances in the system. A few unsafe impacts might be actuated because of
these unsettling influences. Consequently, keeping up the stability of the power system under such working
conditions has become a provoking assignment [1]. Likewise, power systems normally display
electromechanical oscillations as a result of disturbances caused by short-circuits and variations in
operations. These frequency oscillations should be damped to a desired point; otherwise, the developing
sufficiency of these oscillations will cause instability in the system [2]. Power system stability is a crucial
aspect of maintaining the reliable and secure operation of electric power networks. In Nigeria, a developing
nation with a rapidly growing demand for electricity, the 330kV network plays a pivotal role in transmitting
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power across the country. However, the network faces challenges related to voltage instability, frequency
fluctuations, and transient stability issues. These challenges can lead to disruptions in power supply,
affecting industries, businesses, and daily life. The most well-known method of defeating such is to utilize
Power System Stabilizers (PSS) which will help in damping the oscillations. The fundamental function of
a PSS is to add damping to generator rotor oscillations by controlling its excitation utilizing auxiliary
stabilizing signal [3]. Conventional power system stabilizers (CPSS) are utilized to damp oscillations in
view of their adaptability, simple execution and ease. These CPSSs are the fixed parameter controllers,
planned over nominal operating point to get desired performance, also expected, over a wide scope of
working conditions and varying system conditions. The CPSSs constitutes a gain amplifier block, lead-lag
network and washout block. These CPSSs are restricted in performance in light of the fact that these may
lose effective damping for a wide scope of operating conditions inside a power system [4]. [5] The authors
developed a systematic approach to design a fuzzy logic-based power system stabilizer, resulting in
effective damping for single-machine infinite-bus and multi-machine power systems. [6] The authors
propose a promising approach for power system stabilization, which combines adaptive uncertainty
estimation, chattering reduction, and theoretical stability guarantees, outperforming conventional
stabilizers in damping oscillations. The study by [7] showcased the use of bio-inspired algorithms for power
system control, using a Bat Algorithm inspired by bat behavior in food searching. This method significantly
improved stability and allowed generators to reach steady state quickly, reducing overshoot oscillations.
[8] proposed a method for tuning Power System Stabilizer (PSS) settings using a genetic algorithm (GA)
to address low-frequency oscillations in power systems. The method improved power system stability by
mitigating low-frequency oscillations. [9] propose a PID controller optimized by a World Cup-inspired
algorithm, which outperforms traditional methods in stabilizing power systems. The backtracking search
algorithm (BSA) is used to optimize a lead-lag controller-based Power System Stabilizer (PSS) for single-
machine infinite-bus networks. [10] The authors propose a PID controller optimized by a World Cup-
inspired algorithm, which outperforms traditional methods in stabilizing power systems. The backtracking
search algorithm (BSA) is used to optimize a lead-lag controller-based Power System Stabilizer (PSS) for
single-machine infinite-bus networks. The authors propose a method for tuning Power System Stabilizer
using deep neural networks and sliding mode control, addressing unwanted signals and improving
performance through simulations [11]. This research explores the effectiveness of Optimal Foraging
Algorithm (OFA) over existing algorithms for optimizing power system stabilizers (PSS) parameters,
focusing on efficiency, convergence speed, and robustness.

2 METHODOLOGY
2.1 Power System Stabilizer Model

The three blocks that make up the PSS as seen in Figure 1 are the stabilizer Gain block, which
determines the amount of damping. The second is the Washout block, which functions as a high-pass filter
and has a time constant that allows the signal associated with rotor speed oscillations to pass through
unchanged but prevents steady state changes from changing the terminal voltages. The final one is the phase
compensation block, which compensates for the phase slack between the generator's electrical output and
the AVR input by providing the optimal phase-lead trademark. The PSS's electrical torque presentation is
meant to correspond with changes in the rotor speed. This is achieved by applying an additional stabilizing
signal, Vs, to the generator's AVR. Essentially, this regulator consists of a static gain Ksrag that may be
tuned to obtain the optimal damping for modes that are temperamental or have insufficient damping. Low
frequencies (0.8 to 2 Hz) are filtered by the time constant Tw, which fills in as a washout block with a range
of 1 to 20 seconds. The input signal is lead-lag by the temporal constants T1, T2, Ts, and T4 as described in
two sections. [12].
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Figure 1. Power System Stabilizer
The Conventional PSS is considered in this research, therefore the transfer function of the is given

by;
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Fori=1, 2, 3, ..., m, where m is the total number of PSS in the system. Ksragi is the stabilizer gain; Tw is
the signal washout time constant, T, T2, Ts, and T4 are the phase compensation time constants.

2.2 The Nigeria Power System

The Nigeria Electric Power Systems history can be followed as far back as 1898, when a generating
plant was introduced in Lagos. The main power interconnection was a 132kV connection developed in 1962
that went across Lagos and Ibadan. 1968, was the year the first National grid structure arose with the
development of the kainji hydro station which provided power through a 330kV. At first, two separate
bodies- “Nigeria Dams Authority (NDA)” which is tasked to run the 330kV, and “Electricity Corporation
of Nigeria (ECN)” is the main agencies responsible for the running the 132kV. The central control for the
330kV Network was facilitated from kainji power supply control room, while the 132kV Network was
controlled by load dispatcher situated at ljora Power Supply Lagos. In 1972, the two above mentioned
bodies were merged to form a single power utility which was known to be the National Electric Power
Authority (NEPA), which is a body saddled with the responsibility of regulation and coordination of the
whole rapidly developing 132kV and 330kV National grid. These developing networks can cause humerous
aggravations which induce power system collapse and blackouts [13]. Kainji, Jebba and Shiroro are hydro-
generating plants located at the northern region of the Nigerian power systems, while Egbin, Afam and
Sapele are the fossil-fueled steam and gas plants which are scattered in the southern region of Nigeria. The
frequency of the power system is 50 Hertz and it’s expected that the plants are to feed a single grid network.
Subsequently, in accordance with IEEE standard definition, the Nigerian power system works as a single
control area, with a National Control Centre at Osogbo. Figure 2 depicts the Simulink model of the 10-Bus
Nigerian network, six (6) generating stations, transmission lines and four (4) load centers with the slack bus
(reference generator) located at Egbin Generating station which is the system under study.

169



Nigerian Journal of Engineering Science and Technology Research, Vol. 10, No. 1, 2024(167-184)

® ©
~ ~
B > Bus4 Bus5s

Olorunsogo ihovbor NIPF Bus@

lejawest TS

Bus2 H
Sus1 %
OCksaro TS
i n.
Bus7
DeitaG .S
e

Figure 2. Nigerian 330kV, 10-bus system single-line diagram (Simulink)
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2.3 The Optimal Foraging Algorithm theory

In the natural world, foraging is essential to an organism's life, and different species have different
strategies for gathering food. Several optimization methods, such as the Bacterial Foraging Optimization
Algorithm and the Ant Colony Optimization Algorithm, were developed in order to mimic the foraging
behaviour of a few specific organisms. It was discovered that natural selection continuously enhances an
animal's capacity for foraging in order to provide it greater endurance and conceptual flexibility. Based on
optimal foraging theory (OFT), the model known as the Optimal Foraging Algorithm (OFA) was
developed. [11]. To shed light on animal asset utilization and dietary examples, ecologists and zoologists
developed the first Optimal Foraging Theory. Many studies have attempted to explain and predict some
aspect of how animals forage; these studies put into words the ideas that would form the basis of Optimal
Foraging Theory. According to the Optimal Foraging Theory, natural selection favours people whose
foraging behavior is as energy-productive as is reasonably expected. At the end of the day, animals will in
general benefit from the prey that augments their net energy consumption per unit of foraging time. For a
foraging animal, three inquiries should be replied during foraging. What are they? Where would the animal
search for food? When would the animal move its regions of foraging? What kind of nourishment would
the animal select? Thus, in Social Ecology, the theory of optimal foraging is primarily applied to the
following categories: first, the selection by an animal of the kinds of food to consume (optimal diet); second,
the selection of the type of patch to tend to (optimal patch choice); third, the ideal duration of time spent at
different patches; and fourth, the ideal patterns and rates of movement. Foraging patches are the little areas
with a great distance between them where a forager gathers prey. Figure 3 illustrates the planning between
the OFA.
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Figure 3. Optimal Foraging Theory (OFT) and Optimal Foraging Algorithm (OFA) [11]
3 MATERIALS AND METHOD

The PSS and the system under study were covered in this chapter, which concentrated on the
technique. Additionally, OFA was used to optimize the PSS's parameters, with the GA and PSO validating
the outcomes. The MATLAB/SIMULINK program was used for the design and simulations.

3.1 Optimal Foraging Algorithm

When searching for a variety of foods, animals must always take three things into account. Where
to search for food. When will the hunting place be changed. What sort of food will be picked. Animal
foraging strategies are considered in light of the aforementioned concerns. To increase the net energy
obtained throughout the foraging process is the primary goal of individual animal foraging. [11] Proposed
an ideal foraging algorithm as indicated by the guideline of expanding net energy to search the problem
optimal solutions. Every individual in OFA picks the foraging territory as per a specific rule. In the wake
of arriving at another foraging territory, the individual first analyses if the food in this space is significant.
In the event that the food in the space is important, more individuals will be pulled in to it, along these lines
expanding the likelihood of the algorithm to get the ideal arrangements. The numerical depiction of the
OFA is summed up as follows; Assume there are N foraging individuals in a foraging group. In a d-
dimensional constraint space R, every individual can be expressed as and the objective function is set as
follows:

F(X)=min,_ f(x),R={x"<x <x’,i=123,...,d}
Where X, X~

[
optimization issue of F(X) is identical to the base optimization issue of —F (X). Randomly generate N
individuals to constitute population depended on Equation 3.

X;; = X; +rand(0,)x (x’ —x")

)

are the lower limit and upper limit values respectively, the most extreme

@)
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Assume that there are titerations in total right now, and t + 1 iterations after that. The ideal members
of the current population feed according to Equation 4, whereas the remaining members feed according to
Equation 5.

t+1 t t t t t
in = in —kx r.1ji X (in - Xworst) +kx r2ji x (in - Xworst) (4)

t+1 t t t t t
in = in - k X r-lji X (Xrandom - in) + k X r2ji X (Xrandom - in) (5)
Where, K=t /'[max , T =Number of current iterations, t,_ . -Maximum number of iterations,

X:andom -Individual which is selected randomly within the population, X\t,vorst =Worst individual of the

population, I} I,; - random numbers distributed between [0,1]. Judge whether the individual updates

i and
its present area. OFA utilizes the exact prey determination model created by Krebs et al. [13] to make
judgments. In OFA, the areas acquired after t searches are viewed as unrewarding prey areas, and the
relating fitness esteems can be viewed as unbeneficial prey energy F;. The areas acquired after searches
can be viewed as beneficial prey areas, and the relating fitness esteems can be viewed as productive prey

t+1

energy

lambdaxFE™  F]

e
1+lambda=(t+1) ¢

(6)

Where, lambda is a random number between [0; 1]. When Eq. 5 is satisfied, the foraging space of
the current individual is updated. Otherwise, the individual will maintain the foraging region at time t.

Update the fitness value Fbest of the optimal individuals in the population. The flow chart for the OFA is
given in Figure 4.
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Figure 4. Flow chart of OFA
3.2 Objective Function

In this research, the objective function is being formulated in respect of the damping ratio and
damping factor to minimize the overshoot and settling time in other to have a robust damping of oscillations
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for the system under study. The formulation of the objective function is to efficiently move the Eigen-
values from the unstable region to the complex s-plane stable region. The control variables selected for the
optimization are Ksrag, T1, T2, Tz and T4, which are the PSS parameters and are going to be initialized by
their minimum and maximum values as follows: Kstas, min < Ksrag < Kstas, max, T1, min < T < Ty, max,
T2, min < T2 < Ty, max, Tz, min < T3 < T3, max, T4, min < T4 < T4, max. There are two objective functions
that are defined and will be combined to form a single objective function that will efficiently place the
lightly damped and the unstable Eigen-values of the system into the desired locations in the s-plane. The
first objective function is expressed as:

minJ, ZZ(UO o))’ (7

j=loj=0y

Where Np— total number of loading conditions, o, - Real part of the i" Eigen-value, o, - Constant
value of expected damping factor.

v
min J, =3 3 (£, -<)°

el 25 (8)
Where, &, - Damping ratio of the ith Eigen-value, £, - Constant value of the expected damping

ratio. Finally, a weighing factor C, with a given value 10 is introduced to offset the weights of Ja and Jp,
the objective function can be given as:

‘Jl = ‘]a +CJb (9)
ZZ(% o))’ +CZZ(§O &) (10)
j=loy20y =1,

3.3 Simulation

The power system under study was modelled in Simulink and all the parameters of the network
were set based on Table 1 and Table 2 the OFA script has been written in the Matlab m-files. Also, the code
for the PSO and GA to tune the parameters of the selected generator sand also, an m-file code was written
for the objective function. The system was simulated in a steady state for 1sec after which a three-phase
fault was injected between bus 6 and bus 10 on the transmission line. The scope blocks were then used to
display graphic output results, also in order to get the plot response, it was necessary to use the “to
workspace” block which sends the output to the workspace for plotting the response.

Table 1. 330kV Nigeria 10-Bus Generating Capacity [14, 15]

Bus No. Station Available (MW)
1 Okearo Transmission Station (T.S) 396.8
2 Ikeja west Transmission Station (T.S) 566.9
3 Olorunsogo Generation station (G.S) 168
4 Omotosho Generation station (G.S) 304
5 Ihovbor NIPP Generation station (G.S) 451
6 Benin Transmission Station (T.S) 340.1
7 Delta Generation station (G.S) 281
8 Sapele Generation station (G.S) 451
9 Aladja Transmission Station (T.S) 283.4
10 Egbin Generation station (G.S) 900
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Table 2. 330kV Nigeria 10-Bus Transmission data [14, 15]

Transmission line bus from

S/No. bus 10 bus Transmission Voltage (kV) Distance (km)
1 1-2 330 32
2 1-10 330 62
3 2-3 330 30
4 2-4 330 200
5 4-6 330 120
6 5-6 330 30
7 6-7 330 107
8 6-8 330 50
9 6-10 330 218
10 7-9 330 32
11 8-9 330 63
12 10-2 330 62

The complete test model of the 10-bus 330kV Nigerian network is shown in Figure 5. Figure 6
shows the interconnection of the areas for the system where the transmission lines, bus bars and the
generators. To compare the output results obtained from the scopes, an m-file was written for the
comparison of the four sets of tests which is for the OFA, PSO, GA and try & error methods, the code plot
and compares the overall performance of each method.

Performance Optimization of PSS for Interarea Oscillations in NIPP 10-Bus
Nigerian Power System OFA, PSO, GA

I;]|0FA, |L]|Pso, |[_]lGA“ [[_J'Try&Error~
i “
| |
E [ ]
[ 1 [l [l | .
[ [ i ) 4
| [ | i <
L 0T o
<< L LLg 00000 | i .
P 28R 2208 < q < < <o << < < <<
56,66 0 0 aaodaaf [5660600 00, 0 600
2¢ 8388 Q0.8 36 L o R 8 B0-5
kP R B S S I % i L S e
n".v: ;\ o i o ! o
AT OFf *'<i PSq 1 GA | tinei | TysErmor

PSS model

Figure 5. Simulink model of 10-bus Nigeria system

174



Nigerian Journal of Engineering Science and Technology Research, Vol. 10, No. 1, 2024(167-184)

Figure 6. Simulink model of the Nigerian 10-Bus system
4 RESULTS AND DISCUSSION

This chapter presents the simulations and discussions on the implementation of the OFA on the
Nigerian 330kV network as modelled in chapter three which was carried out in the Matlab/Simulink
environment. The study work presents the results for the comparison of the optimized PSS parameters with
that of GA, PSO and try & error methods.

41 Simulation Results

Simulations were carried out using the computer model of the system under study as shown in
Figure 6 with parameters specified in Tables 1 and 2 for the OFA, PSO, GA and the try and error methods.
The evaluation of the system to determine the performance of each of the optimization techniques was done
by injecting a three-phase fault between bus 6 and bus 10 on the transmission line for t = 1 sec as shown in
Figure 7. In each of the proposed techniques the system response and performance were evaluated based
on Voltage stability, Power stability, Angle stability and PSS signal stability.

Ready Sample based | T=2.000

Figure 7. System response before and after disturbance
4.1.1  Power stability

After the injection of three phase disturbance between bus 6 and bus 10 for 1 second into the system,
the performance of the OFA, PSO, GA and trial & error method were investigated and graphical results
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provided in Figures 8a, 8b, 8c and 8d. Summary of performance of OFA, GA, PSO and try and error for
the Power deviation is presented in Table 3 acquired using the ‘data tip’ in Simulink.
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Figure 8d. Power Deviation for Delta G.S

From Figures 8a, 8b, 8c, 8d and Table 3 as presented, OFA suppresses power deviations most
effectively, followed by PSO, GA, and Try & Error. This suggests OFA's superior ability to maintain power
stability. OFA converges to a stable power level faster than PSOPSS, GAPSS, and Trial & Error, and settles
to within a 0.5 pu deviation band within 3 seconds, while others take longer. The OFA exhibits minimal
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overshoot, suggesting a smoother and more controlled response and maintains the lowest residual power
deviation, indicating long-term stability.

Table 3. Power Stability Performance of OFA, GA, PSO and Trial & error

SIN Generator Algorithm Overshoot Settling time (sec)
OFA 0.18 2.7
1 Olorunsogo  GA 0.28 3.1
GS. PSO 0.76 3.4
Trial & Error -0.2 >5
OFA 1.11 19
GA 1.12 2.3
2 lhovbor NIPP PSO 28 5
Trial & Error 1.25 >5
OFA 0.26 1.6
GA 0.27 2
3 Sapele G.S. PSO 0.8 1.9
Trial & Error 0.7 >5
OFA 0.19 1.9
GA 0.27 3.1
4 DeltaGS. pgq 0.68 33
Trial & Error 0.65 >5

4.1.2 Voltage Stability

The performance of the OFA, PSO, GA and trial & error method were also investigated when the
system is subjected to three-phase fault injected between bus 6 and 10 of the transmission line for the system
under study, graphical results provided in Figures 9a, 9b, 9¢ and 9d. Also, summary of performance of
OFA, GA, PSO and try and error for the Power deviation is presented in Table 4 acquired using the ‘data
tip” in Simulink.
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Figure 9a. Voltage Stability for Olorunsogo G.S
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Figure 9b. VVoltage Stability for Ihovbor NIPP

177



Nigerian Journal of Engineering Science and Technology Research, Vol. 10, No. 1, 2024(167-184)

Sapele G. S.
é 18T Try&Emor
5 OFA |
= 1 I PSO =
= GA
@
0
& 05
=
[=]
> U 1 1 1 1 1 1 1 1 |
0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5
Time (s)
Figure 9c. Voltage Stability for Sapele G.S
Delta G. S.
= 1.5
=2 Try&Error
= — OFA -
= 1 [ — PSO —
= I—
2 — GA
)
(o]
© 0.5
=
[=]
> 0 1 1 1 1 1 1 1 1 1 ]
0 0.5 1 1.5 2 25 3 3.5 4 4.5 5
Time (s)

Figure 9d. Voltage Stability for Delta G.S

The OFA demonstrates the most effective suppression of voltage deviations from results displayed
by figures 9a, 9b, 9c and 9d. This suggests its superior ability to maintain voltage stability. The OFA also
converges to a stable voltage level in less than 2 seconds, faster than the other algorithms and settles to
within a 1 pu deviation band within 3 seconds, while PSO, GA, and Trial & Error take longer. OFA exhibits
the least amount of overshoot in the voltage deviation, indicating a smoother and more controlled response
and it maintains the lowest residual voltage deviation after stabilization, suggesting better long-term voltage

stability.

Table 4. Voltage Stability Performance of OFA, GA, PSO and Trial & error

Sin Generator Algorithm Overshoot  Settling time (sec)

OFA 1.13 1.75

1 Olorunsogo G.  GA 1.17 2.65
S. PSO 1.46 1.98

Trial & Error 1.47 1.98

OFA 1.12 1.67

GA 1.13 2.23

2 lhovbor NIPP PSO 177 183
Trial & Error 1.79 1.84

OFA 1.25 1.62

GA 1.45 1.7

8 Sapele G. 5. peg 1.62 18
Trial & Error 1.61 15

OFA 1.14 1.55

GA 1.16 2.4

4 DeltaG. S, pgg 1.54 1.66
Trial & Error 1.56 1.58

4.1.3 Angle Stability

Results obtained for the performance of the OFA, PSO, GA and try & error method were also
investigated following the injection of a three-phase fault between bus 6 and 10 of the transmission line for
the system under study, graphical results provided in Figures 10a, 10b, 10c and 10d, Table 5 provides the
summary of performance acquired using the ‘data tip’ in Simulink.
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Figure 10d. Angle deviation for Delta G.S

The OFA simulation result demonstrates the most rapid and significant suppression of angle
deviation following a disturbance as presented in Figures 10a, 10b, 10c and 10d. This suggests its potential
for achieving superior angle stability compared to the other methods. PSO and GA also achieve
stabilization, but with slower convergence and slightly higher residual deviations. Trial & Error results in
the slowest stabilization and largest residual deviation. When compared on convergence Speed, the OFA
outperforms PSO, GA, and Trial & Error in terms of how quickly it brings the angle deviation under control,
it also appears to reach a steady state with minimal oscillations more quickly than the other methods. The
OFA exhibited the least amount of overshoot in the angle deviation, indicating a smoother and more
controlled response and also maintains the lowest residual angle deviation, suggesting better long-term

stability.
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Table 5. Angle Stability Performance of OFA, GA, PSO and Trial & error

S/n Generator Algorithm Overshoot Settling time (sec)
OFA -3.2 2.3
1 Olorunsogo G.  GA -2.7 2.6
S. PSO 2.8 4.2
Trial & Error -2.1 2.6
OFA -0.2 25
2 lhovbor NIPP~ GA 11.3 3
PSO 9.9 31
Trial & Error 7.3 4
OFA 1.4 2.7
3 Sapele G.S.  GA 10.1 3
PSO 7.1 3
Trial & Error 10.6 4
OFA 3.3 2.6
taG. S GA 9.1 29
4 Delta G. 5. pso 76 3.2
Trial & Error 11.6 4

4.1.4 PSS Signal

The PSS voltage regulation and response time for the OFA, GA, PSO and Try and Error were
investigated and results provided in Figure 11a, 11b, 11c and 11d. The system was injected with a three-
phase fault between bus-6 and bus10 for a duration of 1 second. Table 6 provides the summary of

performance of each method on PSS signal.
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Figure 11a. PSS voltage stability for Olorunsogo G.S
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Figure 11b. PSS voltage stability for Ihovbor NIPP
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The blue curve representing OFA stays consistently closer to the 0-volt line compared to the other
methods, indicating its superior ability to regulate voltage fluctuations and uphold stability. OFA
outperforms other methods throughout the time frame, where it consistently maintains a voltage level
within a tight range of approximately 0.05 pu, whereas PSO and GA exhibit wider deviations.

Table 6. PSS signal Performance of OFA, GA, PSO and Trial and error

Sin Generator Algorithm Overshoot Settling time (sec)

OFA 0.11 5.6

1 Olorunsogo G. GA 0.13 6.3
S. PSO 0.14 6.6

Trial & Error 0.15 7.5

OFA 0.12 5.8

2 Ihovbor NIPP Sg\o 812 22
Trial & Error 0.16 75

OFA 0.12 5.9

GA 0.14 6.4

3 Sapele G. S, pgq 0.15 6.4
Trial & Error 0.18 7.5

OFA 0.14 5.7

GA 0.14 59

4 DeltaG.S.  pso 0.15 6.3
Trial & Error 0.16 7.5

Table 7 provides the optimized parameters of each generator PSS after simulation was carried out.
Figure 12 and Table 8 presents the mean deviation in graphical and tabular form for each of the performance
criterion used, using the ‘data tip’ it can be clearly seen in the graph that the OFA performed satisfactorily
as compared to the other methods.
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Table 7. Optimized PSS Parameters

Generator Algorithm K T1 T2 Ts T4
OFAPSS 38.12 0.082 0.586 0.025 0.867
O'Or“r‘ssogo G Gapss 47 0.059 0.27 0.016 0.987
' PSOPSS 20.61 0.074 0.36 0.031 0.431
OFAPSS 38.21 0.082 0.548 0.029 0.871
lhovbor NIPP GAPSS 44.2 0.014 0.347 0.011 0.545
PSOPSS 17.92 0.076 0.487 0.069 0.247
OFAPSS 44.88 0.072 0.746 0.031 0.229
Sapele G. S GAPSS a7 0.059 0.27 0.016 0.987
PSOPSS 17.75 0.074 0.36 0.031 0.431
OFAPSS 38.12 0.082 0.586 0.025 0.867
Delta G. S GAPSS 195 0.033 0.634 0.024 0.542
PSOPSS 23.4 0.019 0.126 0.059 0.201
T T T T T X 0.252791 T
g ﬁgzzmw __ o =gr;iErmr
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Figure 12. Performance Mean Deviation
Table 8. Performance Mean Deviation
Performance index Algorithm Mean deviation (pu)
OFA 0.14
. GA 0.144
Power Stability PSO 0.151
Trial & Error 0.192
OFA 0.092
. GA 0.131
Voltage Stability PSO 0.127
Trial & Error 0.155
OFA 0.011
. GA 0.012
Angle Stability PSO 0.032
Trial & Error 0.026
OFA 0.212
PSS Voltage GA 0.253
PSO 0.227
Trial & Error 0.277
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5 CONCLUSIONS

The research work presented a new approach in tuning of power system stabilizer parameters to
minimize the effects of system oscillations using the Optimal Foraging Algorithm (OFA) and
implemented on the Nigeria 330kV 10-bus system. To test the effectiveness and performance of the
system after a three-phase fault was applied for 1 sec between bus 6 and bus 10, scopes are used to
display the outputs of each method used as to compare the performance. The Nigeria 330kV 10-bus
system was successfully developed in the Simulink environment. An Optimal Foraging Algorithm (OFA)
Power System stabilizer (PSS) was applied to the developed Simulink model. The OFA-PSS effectively
improved the dynamic stability of the system by damping power system oscillations and enhancing
transient stability margins. The performance of the OFA-PSS was compared with other optimization-
based PSS models: Genetic Algorithm based PSS (GA-PSS), Particle Swarm Optimization based PSS
(PSO-PSS) and Trial & Error method. The OFA-PSS exhibited faster settling times of less than 3 seconds
and lower overshoot compared to GA-PSS, PSO-PSS and Try and Error, indicating superior performance
in damping power system oscillations. Overall, the study demonstrates the effectiveness of the OFA-PSS
in enhancing the dynamic stability of the Nigeria 330kV 10-Bus system. It also highlights the potential
advantages of the OFA algorithm over other optimization methods in terms of both performance and
computational efficiency.
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