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Abstract:
This study examines power system stability through the application of the improved sine cosine algorithm
(ISCA). To minimize the oscillation of the system, two damping controllers have been used, the first one is
power system stabilizer (PSS) and second one is static synchronous series compensator (SSSC). A single
machine infinite bus (SMIB) is implemented to analyze the stability performance. The various parameters of
PSS and SSSC have been tuned with the use of the ISCA approach, which improves the system performance.
The main aim of this work is to reduce the speed deviation of rotor. A comparative analysis has been carried
out with traditional sine cosine algorithm (SCA) on performance basis. The fitness value (ITAE) of SCA
and ISCA are found to be 0.0018573 and 0.0018518 respectively. The SMIB system is tested with different
loading such as nominal loading (NL), light loading (LL), heavy loading (HL) condition. To check the
robustness of the proposed system, various faults (LLLG fault, LLG fault, LL fault, LG fault) has been applied
to the system and results are compared with ISCA optimized controller.

Keywords: Fault analysis; Improved sine cosine algorithm; Power system stabilizer; Static synchronous series compensator; Single
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1. Introduction

Power system stability plays a vital role in the modern
power system network. Maintaining power system stabil-
ity using FACTS devices is significant because it ensures
the reliable operation of the grid, optimizes power transfer,
supports the integration of renewable energy, and prevents
large-scale blackouts. Providing for sustained electricity
demand without taking system stability into account is quite
difficult [1]. Rotor angle deviation gives low frequency
oscillation which causes instability in power system and it
causes a critical issues like blackout. So, there is a challenge
for researcher to improve the stability by reducing system
oscillation. The main function of the power system stabi-
lizer is to provide additional control signal to the excitation
system for minimization of both inertia and local area oscil-
lation [2]. However, it can be achieved by tuning its control
parameters. Phase compensation and integral square error
techniques are used in PSS for stabilized output. PSS gives
better performance in case of light loading and nominal

loading condition but in case of heavy loading condition its
performance is not up to the mark. The different parameters
of PSS are tuned with BAT search optimization algorithm
and results are analyzed with GA tuned PSS under different
operating circumstances [3]. UPFC, an advanced FACTS
device, was used to increase transient stability in a two-area
power system network [4].
The FACTS device provides a significant advantage in the
twentieth century by improving system stability, minimizing
loss, raising voltage profile, and providing reactive power
assistance [5]. FACTS devices also compensate the reactive
power in modern power system network [6]. The perfor-
mance of SSSC is validated for a multi-machine system [7].
H. F Wang implemented SSSC to SMIB and MMPS sys-
tem for reducing the oscillation of the system successfully
[8]. Paper [9] describes the management of parameters of
damping controllers using modified GA method. The PSS
and FACTS controllers were being designed and applied
to a sixteen-machine system, and the residue and partici-
pation factor techniques were used to select the controller
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placement [10]. The parameters of SSSC, which are intro-
duced to both SMIB and MMPS, [11] were tuned using
real-coded GA. While taking time delays into account, both
local and remote signals are compared. The performance
of the remote signal outperforms that of the local signal
when the delay is included in [12] using DE and a time
delay-based SSSC controller architecture. Newton Raph-
son load flow solution is used with TCSC to enhance the
overall system voltage [13] in an IEEE 30 bus test system.
Overall system cost was reduced with minimization of sys-
tem loss. GA based method is used in [14] and detailed
system analysis has been explained. Tabu search algorithm
[15] is used for controlling the parameters in multi machine
power system stabilizers. Subsynchronous resonance was
considered while evaluating how an SSSC affected a SMIB
under large loads, and the results demonstrated that the
SSSC maintained operating point stability [16]. In order
to reduce strong resonance in multi-machine systems, a
multimodal decomposition-based tuning mechanism and an
SSSC controller were explained [17]. To reduce oscillations
and improve stability, the PSS and SSSC controllers were
coordinated using the SOA technique. The better ability of
the recommended approach is eventually acknowledged af-
ter acquiring the outcomes of the proposed multi-objective
function and comparing them with those of other functions
in this system [18]. Improved sine cosine algorithm is used
to design both SSSC and PSS controllers to enhance the sys-
tem stability [19]. In order to optimize the PSS parameters,
a hybrid-modified GWO technique was applied to MMPS.
The stability criteria are also met by the application of the
eigenvalue analysis and damping factor [20]. A modified
grey wolf optimization algorithm is used to optimize the
parameters of PSS and SSSC [21]. To tackle the system
nonlinearities and improve performance, a fractional order
PID (FOPID) controller is also employed [22].
The primary objective of this research is to enhance the sta-

bility of power systems. In this study, the authors consider
a SMIB system incorporated with series controller FACTS
device known as SSSC. Advance optimization algorithm
(ISCA) is proposed for optimizing the different control pa-
rameters of SSSC and PSS. Different loading and faults
conditions are considered to validate the effectiveness of
the proposed ISCA algorithm. The structure of this paper
is explained as follows: • The structure of SMIB, PSS, and
SSSC is explained in section 1. • Section 2 defines the prob-
lem statement. • Section 3 explain the methodology (ISCA)
including its functional details. • Section 4 is concerned
with the results and discussion, in which several case stud-
ies are displayed with appropriate explanation. • Finally,
Section 5 concludes the work by presenting a summary of
the research.

1.1 Structure of SMIB

The single machine infinite bus (SMIB) powers an infinite
bus with the use of a transformer, a synchronous generator
along with two transmission lines [21]. Fig. 1 depicts the
SMIB system integrated with SSSC. VB represents the
infinite bus voltage, and terminal voltage is denoted by VA.
SSSC is connected between bus1 and bus2.

1.2 Structure of PSS

Power System Stabilizers (PSS) is mostly used in advanced
power systems network to amplify overall system stability
of the system efficiently. The main use of PSS is to adjust
the generator’s excitation system for providing additional
damping to the system [19]. To minimize the oscillation
the parameters of PSS must be optimally tuned. A two-
stage phase compensation techniques are generally used
to stabilize the signal. The PSS is structured as shown in
Fig. 2.

Figure 1. Structure of SMIB system.

Figure 2. Structure of PSS.
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1.3 Structure of SSSC
SSSC is a series flexible AC transmission (FACT) device
that allows controlled power transmission [10], [11], [23].
It regulates the amount of reactive and active power flowing
throughout the grid with the power lines. In compared to a
phase shift controller, SSSC offers superior control with no
reactive power consumptions. Reactive power is supplied by
a DC capacitor provided with the system. SSSC regulates
the voltage level and power flow of the transmission line.
The energy storage in SSSC is provided by the direct voltage
injection mode.

2. Problem formulation

The main focus of this work is to reduce the speed deviation
of the SMIB system under different fault conditions with
various loading using damping controllers. Integral time
absolute error (ITAE) is considered as the main objective
function of the work, which is presented by:

ITAE =
∫ ts

0
|∆ω|tdt (1)

where, ts denotes time required for simulation, and ∆ω

represent deviation in rotor speed.

The different constraints are defined as below:

Minimize ITAE (KP,T11,T21, textrmT31,T41,KS,T1,T2,T3,T4)
(2)

with subjected to

Kmin
P ≤ KP ≤ Kmax

P (3)

Kmin
S ≤ KS ≤ Kmax

S

Tmin
xP ≤ TxP ≤ Tmax

xP ; x = 1,2,3,4

Tmin
yP ≤ TyP ≤ Tmax

yP ; y = 1,2,3,4

where, Kmin
P and Kmax

P are the lower limits and upper limits
for PSS gain respectively. Similarly, Kmin

S and Kmax
S for

SSSC gain, TxPmin and TxPmax for PSS’s Time Constant,
and TySmin and TySmax for SSSC’s time constant.

3. Proposed methodology
The sine and cosine algorithm (SCA) serve as the basic
novel population-based meta-heuristic approach that has
been introduced to optimize the parameters of the proposed
controller [18]. The SCA has a slow convergence rate, is
trapped in local optima, and does not trade in exploration
and exploitation. The ISCA overcame the constraints men-
tioned above. Additionally, it contains fewer algorithmic

Figure 3. Structure of SSSC.

Figure 4. SMIB Simulink model with SSSC.

2345-3796[https://doi.org/10.57647/j.mjee.2025.1901.10]

https://doi.org/10.57647/j.mjee.2025.1901.10


4/10 MJEE19 2025 -192510 Sahoo et al.

parameters, which helps to improve robustness. The algo-
rithm begins with n search agents, or candidates for solu-
tions, given by each search agent. Every member of the
tth iteration’s search agent is a d-dimensional vector, repre-
senting a variable that is an independent component of the
problem. Using the equation, the solutions move outwards,
or towards the optimal solution, until the termination re-
quirements are met. Once the termination requirements are
met, the optimization problem is resolved utilising the best
required solution from the previous iterations as expressed
in Eq. 4.

X t+1
i =

{
X t

i + r1 × sin(r2)×|r3 ×Pt
i −X t

i |; i f ; r4 < 0.5,
X t

i + r1 × cos(r2)×|r3 ×Pt
i −X t

i |; i f ; r4 ≥ 0.5
(4)

where X t
i , Pt

i represents the i-th location of the present so-
lution and the final position in the present iteration. X t+1

i
is the i- th solution in next iteration and r1, r2, r3 and r4
are the random values of the proposed method. We can get
the three parameters r1, r2 and r3 by using Eq. 5, Eq. 6 and
Eq. 7, respectively.

r1 = a× (1− t
Tmax

) (5)

r2 = 2× pi× rand(0,1) (6)

r3 = 2× rand(0,1) (7)

where t is the number of iterations so far, and Tmax denotes
the maximum iteration, and rand (0,1) aids in locating a
random number that is produced from an evenly dispersed
range between 0 and 1. The proposed method is shown in
the flowchart in Fig. 5.

Figure 5. Flowchart for ISCA.
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4. Result and discussion

After design of SMIB system, the simulation has been car-
ried out using sim power system tool kit. The proposed
SMIB system contains a 3-phase synchronous generator
with rating 13.8/500 kv,2100MVA,60 HZ, step-up trans-
former incorporated with 300 km parallel transmission line
in which SSSC has been integrated. A 3 phase five cycles
fault has been implemented on the middle position of the
transmission line. The system performance is tested with 3
different loading cases. First, the system is operated without
controller where the oscillation is maximum. In the next
step different controllers such as PSS, SSSC, PSS & SSSC,
SCA tuned PSS & SSSC, ISCA tuned PSS & SSSC have
been applied respectively to the system. It is observed that
the system oscillation is gradually reducing step by step
with the proposed controller. To observe the robustness
of the system with the ISCA technique, different types of
faults have been tested with system. The disturbance of the
suggested system is minimized depending on the severity of
the fault (LLLG, LLG, LL, LG). The stability of the system
with different loading/fault conditions has been discussed
step by step in the following sections.

4.1 Nominal loading condition

Under nominal loading conditions, (Pe=0.8pu) is used to
validate the various controllers. The system is first run with-
out a controller, where the oscillation is highest; thereafter,
a power system stabilizer (PSS) is introduced, which re-
duces the oscillation significantly. The combination of PSS
& SSSC improves the system stability as compared to the
system consisting only PSS or only SSSC. ISCA tuned PSS
& SSSC controller significantly enhances the system stabil-
ity. Fig 6(i), 6(ii), 6(iii), 6(iv) shows the various response
which includes the speed deviation,power angle, tie line
power, injected voltage by SSSC respectively.

4.2 Light loading condition

The system’s performance has been evaluated under light
loading conditions (Pe=0.5 pu). The system stability cri-
teria is tested under various scenarios. From the Fig 7, it
is clearly observed that the stability of the SMIB system
is enhanced and ISCA tuned controllers gives optimum
stability performance as compared to the other cases. Fig
7(i), 7(ii), 7(iii), 7(iv) shows stability criteria for speed de-
viation, power angle, tie line power, SSSC injected voltage

Figure 6. (i) Speed Deviation, (ii) Power Angle, (iii) Nominal Power, (iv) Injected Voltage for Nominal loading.

Figure 7. (i) Speed Deviation, (ii) Power Angle, (iii) Nominal Power, (iv) Injected Voltage for Light loading.
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respectvely.

4.3 Heavy loading condition
In this case the system stability is validated by using
Pe=0.95. The oscillation of the system is studied when the
fault is utilized at the middle position of the power transmis-
sion line. The stability performance of different controllers
like PSS, SSSC, PSS & SSSC has been examined. The
ISCA optimized PSS & SSSC combination gives optimum
result. Various stability responses which include power an-
gle, speed deviation, injected voltage, tie line power are
displayed in Fig. 8(i) to 8(iv) respectively.

4.4 Fault analysis
A three-phase fault is introduced in the center of the power
transmission line, resulting in the occurrence of various
faults such as LLLG fault, LLG fault, LL fault, and LG fault,
as well as varied stability characteristics. ISCA optimization
technique is used and optimal parameters are obtained from
the objective function. Because ISCA optimization provides

optimal stability performance, the stability criteria of each
fault are compared to the ISCA tuned controller.

4.5 Fault analysis with nominal Loading condition

With this circumstance (Pe=0.8), we consider a three-phase,
five-cycle fault. Different faults such as LLLG fault, LLG
fault, LL fault and LG fault are applied during nominal
loading condition. The machine’s speed deviation response
has been thoroughly examined in relation to different fault
conditions. The system’s stability improves steadily as it
progresses from LLLG to LG fault. The proposed ISCA
technique is used to stabilize the system from its previous
state.
The different stability condition under nominal loading con-
dition is shown in figures 9(i), 9(ii), 9(iii), 9(iv) representing
speed deviation, power angle, tie line power, SSSC injected
voltage respectively.

Figure 8. (i) Speed Deviation, (ii) Power Angle, (iii) Nominal Power, (iv) Injected Voltage for Heavy loading.

Figure 9. (i) Speed Deviation, (ii) Power Angle, (iii) Nominal Power, (iv) Injected Voltage for fault analysis with Nominal Loading.
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4.6 Fault analysis with light loading condition
In this instance, the robustness of the controller is validated
by Pe = 0.5 pu under light loading condition. A three-phase,
5-cycle fault has been inflicted at t =1 second. The ma-
chine’s power angle, speed deviation, tie line power, and
injected voltage are thoroughly examined under different
fault scenarios. The proposed system’s overall stability has
been improved with ISCA-tuned PSS and SSSC. Fig. 10(i)
- 10(iv) represent the various parameters under light load-
ing condition. Three phase faults are used for comparison
purpose.

4.7 Fault analysis with heavy loading condition
Better results are obtained when the ISCA technique is
applied when heavy loading (Pe=0.95 pu) is considered.
The various stability results under heavy loading condi-

tions are displayed where 11(i) correspond to speed de-
viation, 11(ii)for power angle 11(iii) tie line power, and
11(iv) for injected voltage. The results by the optimally
tuned controller are compared with various fault conditions
starting from critical fault to less critical fault. It is clearly
seen from the following figures that the system stability is
significantly enhanced when the ISCA optimized controller
is used.
The algorithms are independently run 20 times with 20
search agents and 50 iterations. The mean and standard
deviation of the fitness values are given in the Table 1. The
optimized parameters of the controllers for SMIB system
have been given in Table 2.
The algorithm with better converge characteristics gives
optimum result than others. In Fig. 12, the convergence
characteristics of both ISCA and SCA are shown. From the

Figure 10. (i) Speed Deviation, (ii) Power Angle, (iii) Nominal Power, (iv) Injected Voltage for fault analysis with Light Loading.

Figure 11. (i) Speed Deviation, (ii) Power Angle, (iii) Nominal Power, (iv) Injected Voltage for fault analysis with Heavy Loading.
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Figure 12. Convergence characteristics curve for ISCA and SCA.

Table 1. Fitness values comparison for proposed technique.

Mean± std. Dev SCA Mean± std. Dev ISCA
Fitness value 0.001857327±3.57131E-05 0.0018518±5.49E-05

Table 2. Optimized parameters of different controllers.

Controller parameters Methods
SCA MSCA

KP 0.34414 33.806
T11 1.4208 0.18768

PSS T21 0.013074 0.01
T31 0.089861 0.44788
T41 0.2205 0.63951
KS 100 100
T1 0.028908 0.012837

SSSC T2 0.046214 0.016075
T3 0.0289 2
T4 0.014489 0.965

graph, it is clearly concluded that ISCA converges faster
than SCA.

5. Conclusion
In this work, ISCA based damping controllers are used for
improving overall stability of the system under various con-
ditions. The proposed algorithm (ISCA) is implemented to
analyze the speed deviation, power angle, tie-line power,
and injected voltage responses under various loading con-
ditions (such as nominal, light, and heavy). The responses
are compared with different combinations of damping con-
trollers. It is found that, the ISCA tuned PSS and SSSC
controller stabilize the system more efficiently as compared
to other controllers. Additionally, these responses are also
studied under different types of faults (such as LLLG, LLG,
LL, and LG). The different types of faults are compared
with the ISCA tuned LLLG fault. It is observed that the
proposed method reduces oscillation faster as compared to
other cases. Finally, the superiority of the proposed ISCA
over SCA is justified from the convergence curve. These
advantages make ISCA a powerful method for optimizing
complex systems and processes, particularly in fields like
power systems, engineering design, and resource manage-
ment. While the ISCA offers several advantages, it also
has limitations related to computational cost, parameter sen-
sitivity, scalability, and applicability to discrete problems.

Addressing these limitations through future work such as
adaptive mechanisms, hybridization, machine learning in-
tegration, multi-objective extensions, parallelization, and
theoretical analysis can significantly enhance the capabili-
ties and applicability of ISCA, making it a more robust and
versatile optimization tool.
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