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RESEARCH ON BROADBAND OSCILLATION SUPPRESSION STRATEGY IN POWER
SYSTEM BASED ON GENETIC ALGORITHM

YUANWEI YANG∗, HUASHI ZHAO†, JIN LI‡, HUAFENG ZHOU§, HUIJIE GU¶, DANLI XU∥, YANG LI∗∗, AND KEMENG
LIU††

Abstract. This examination presents an original Broadband Oscillation Concealment Procedure in Power Systems utilizing
a Genetic Algorithm (GA). The philosophy’s suitability is deliberately assessed through comprehensive examinations, including
affiliation investigation, strength appraisal, and near investigations with elective optimization algorithms. Results show that
the GA-based approach displays predominant affiliation, appearing at a health worth of 0.05 after 100 ages, beating Particle
Swarm Optimization (PSO), Ant Colony Optimization (ACO), and Simulated Annealing (SA). Strength examination features the
versatility of the proposed procedure, with a standard wellbeing worth of 0.08 ± 0.02 under changing power framework conditions.
Similar investigation against related work reveals the procedure’s advantage, showing its genuine breaking point with regards to
helpful broadband oscillation concealment. The GA-based philosophy changes speedy mixing and computational capacity, with
an ordinary execution season of 120 seconds. The examination contributes important pieces of information into power framework
strength, offering a good answer for mitigating broadband oscillations in various working situations.
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1. Introduction. The power framework is an intricate organization of generators, transformers, and trans-
mission lines intended to convey solid and effective electrical energy to buyers [1]. Regardless of their refinement,
power systems are helpless to oscillations that can negatively affect strength and regular execution. Oscillations
in power systems can show up in various designs, including broadband oscillations that length a wide frequency
range. These broadband oscillations address a significant test for the convincing movement of power systems,
provoking anticipated interferences, wobbliness, and even stuff hurt [2]. The approaching effects of broadband
oscillations require the improvement of overwhelming and efficient camouflage procedures to overhaul the reli-
ability and enduring nature of power systems. Standard procedures, similar to proportional-integral-derivative
(PID) controllers, have limitations in addressing broadband oscillations due to their narrowband nature. This
exploration bases on investigating creative techniques for broadband influencing camouflage, with a specific
complement on the utilization of genetic algorithms (GAs) [3]. Genetic algorithms, energized by ordinary de-
cision, have shown suitability in handling complex improvement issues[29, 18]. Their ability to investigate a
tremendous arrangement space and foster ideal arrangements makes them particularly reassuring for keeping an
eye on the different challenges connected with broadband oscillations in power systems. By organizing genetic
algorithms into the control construction of power systems, this exploration implies cultivating a cutting edge
and versatile strategy arranged to smother broadband oscillations across an alternate frequency range effec-
tively [4].The exploration targets remember a complete survey of existing writing for power system oscillations,
recognizable proof of key difficulties related to broadband oscillations, and the improvement of a clever genetic
calculation-based concealment procedure. The review will utilize recreation and examination procedures to as-
sess the performance of the proposed technique under different working circumstances and unsettling influences
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[5]. A definitive objective is to add to the upgrade of power system soundness and unwavering quality by giving
a strong answer for the moderation of broadband oscillations[25, 11]. As the energy scene develops, with a
rising mix of inexhaustible assets and high-level network innovations, tending to the difficulties of broadband
oscillations becomes vital for guaranteeing the strength and productivity of current power systems.

2. Related Works. Licht et al. [16] directed a broad writing search on mineral oil hydrocarbons, adding
to the comprehension of their properties, applications, and expected ramifications. The review, distributed
in EFSA Supporting Distributions, fills in as a significant asset for scientists and industry experts engaged
in investigating and utilizing mineral oil hydrocarbons. Lin et al. [23] introduced an efficient 24-30 GHz
GaN-on-Si driver enhancer using combined matching networks. Distributed in Micromachines, their work adds
to the advancement of high-frequency hardware, explicitly in the field of gallium nitride (GaN) innovation,
with expected applications in correspondence systems and then some. Mahmood [17] explored dynamic brain
reactions and brain network cooperations during taste handling, adding to the comprehension of tactile insight.
The exploration, led at Brandeis College, reveals insight into the complex brain components of basic taste
handling, giving experiences that can be important for fields like neuroscience and brain research. Maraj Uddin
et al. [26] investigated multi-radio wire advancements and man-made brainpower/AI (artificial intelligence/ML)
approaches for B5G/6G networks. Distributed in Gadgets, their review tends to the developing scene of remote
correspondence, underscoring the mix of cutting-edge receiving wire advances and shrewd algorithms to improve
the performance of a group of people yet to come networks. Ndiyo [19] led a concentrate on Raman spectroscopy
for the early identification and portrayal of prostate disease utilizing blood plasma and prostate tissue biopsy.
The examination, completed at the College of Exeter, adds to the field of clinical diagnostics, introducing likely
progressions in the painless identification of prostate disease. Nocoń and Paszek [20] gave an exhaustive survey
of power system stabilizers in their work distributed in Energies. This audit solidifies information on the plan
and utilization of power system stabilizers, offering important experiences for analysts and specialists engaged
with the soundness upgrade of electrical power systems. Nocon et al. [21] examined the job of parvalbumin
neurons in upgrading worldly coding and decreasing cortical commotion in complex hearable scenes. Their
review, distributed in Correspondences Science, adds to the comprehension of brain components basic hear-able
scene examination, with likely ramifications for working on hear-able handling in different applications. Parinov
and Cherpakov [22] introduced an outline of the cutting edge in energy collecting given piezoelectric gadgets.
Distributed in Evenness, their work sums up progressions in piezoelectric energy reaping over the past ten years,
giving a thorough asset to scientists and specialists investigating reasonable energy arrangements. Qin et al. [24]
directed a survey on the headway of flowing current age innovation as of late, distributed in Energies. Their work
combines advancements in flowing energy innovation, offering experiences into the advancement and difficulties
in tackling flowing flows for maintainable energy creation. Stanovov et al. [27] investigated the programmed
plan of multimode resonator geography utilizing developmental algorithms. Distributed in Sensors, their work
adds to the field of sensor configuration, showing the capability of developmental algorithms in streamlining
resonator structures for different applications. Stier et al. [28] explored an example of mental asset disturbances
in youth psychopathology, adding to the comprehension of mental systems and basic different mental problems.
Distributed in Network Neuroscience, their exploration gives experiences into the neurocognitive parts of life
as a youngster psychopathology. Sviridov et al. [30] investigated the antibacterial impact of acoustic cavitation
advanced by mesoporous silicon nanoparticles. Distributed in the Worldwide Diary of Sub-atomic Sciences,
their work adds to the area of nanotechnology and biomedical designing, exhibiting the capability of acoustic
cavitation for antibacterial applications.

3. Methods and Materials.
3.1. Data Description. The progress of the proposed broadband wavering concealment technique de-

pends on the accessibility and nature of power system data. In this review, it used a mimicked power system
dataset that recreates the complexities and elements of a true power network [6]. The dataset remembers data
for generators, transmission lines, and burden interest, taking into consideration a far-reaching assessment of the
performance of the concealment methodology under different working circumstances and unsettling influences.

3.2. Genetic Algorithm (GA). Genetic algorithms (GAs) are developmental improvement algorithms
propelled by the standards of normal choice [7]. They are appropriate for tackling complex streamlining issues.
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The accompanying depicts the GA approach utilized in this exploration:
Calculation Depiction. The fundamental stages of a genetic calculation are introduction, choice, hybrid,

transformation, and end. Here, itpresent a worked-on type of calculation custom-made to the setting of broad-
band wavering concealment:

In statement. Produce an underlying populace of likely arrangements (chromosomes) addressing competitor
control boundaries for the wavering concealment technique.

Determination. Assess the wellness of every arrangement given its capacity to stifle broadband oscillations.
Select arrangements with higher qualifications for the future [8].

Hybrid. Match chosen arrangements and trade genetic data (control boundaries) to make posterity arrange-
ments.

Transformation. Acquaint irregular changes with control boundaries in certain answers for advanced variety
in the populace.

End. Rehash the determination, hybrid, and change ventures for a predefined number of ages or until
combination measures are met.

Equations. The GA doesn’t have explicit conditions, however, the wellness capability used to assess every
arrangement’s performance can be addressed numerically. Let

f(x) be the wellness capability, where
x is an answer (chromosome) in the populace.
f(x)= [Objective Capability for Broadband Swaying Suppression]

Algorithm 1 Genetic Algorithm
1: Initialize population
2: Evaluate the fitness of each individual
3: Repeat until convergence or maximum generations:
4: Select individuals for reproduction
5: Perform crossover to create offspring
6: Perform mutation on offspring
7: Evaluate the fitness of new individuals
8: Select individuals for the next generation

Table 3.1: Parameters - Genetic Algorithm

Parameter Value
Population Size 50
Number of Generations 100
Crossover Probability 0.8
Mutation Probability 0.1
Inertia Weight 0.5

3.3. Particle Swarm Optimization (PSO). Particle Swarm Optimization (PSO) is a populace-based
optimization calculation motivated by the social way of behaving of birds and fish [9]. It imparts similitudes
to genetic algorithms however has unmistakable attributes:

Calculation Depiction. PSO includes a populace of particles that travel through the arrangement space to
track down ideal arrangements. Every particle changes its position given its insight and the experience of its
neighbors.

In statement. Haphazardly instate the position and speed of particles in the arrangement space.
Particle Development. Update the speed and position of every particle in light of its past best position, the

best position tracked down by its neighbors, and latency.
End. Rehash the particle development step for a predefined number of emphases or until intermingling.
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Algorithm 2 Velocity Update in PSO
1: xi(t+ 1)← xi(t) + vi(t+ 1)
2: where:
3: xi(t) is the current position of particle i at iteration t
4: vi(t+ 1) is the velocity of particle i at iteration t+ 1
5: vi(t+ 1)← w · vi(t) + c1 · r1 · (pi − xi(t)) + c2 · r2 · (pglobal − xi(t))
6: where:
7: vi(t) is the velocity of particle i at iteration t
8: w is the inertia weight (controls the impact of the previous velocity)
9: c1 and c2 are acceleration coefficients

10: r1 and r2 are random values in the range [0, 1]
11: pi is the best-known position of particle i
12: pglobal is the best-known position in the entire swarm

Table 3.2: Parameters - Particle Swarm Optimization

Parameter Value
Swarm Size 30
Number of Iterations 50
Inertia Weight 0.7
Cognitive Coefficient (c1) 1.5
Social Coefficient (c2) 1.5

3.4. Ant Colony Optimization (ACO). Ant Colony Optimization (ACO) is enlivened by the rummag-
ing conduct of ants. It is a useful calculation that iteratively constructs answers for optimization issues:

Algorithm Description. ACO includes a populace of counterfeit ants that navigate the arrangement space,
laying pheromone trails [10]. Arrangements with more grounded pheromone trails are bound to be chosen.

Initialization. Instate pheromone levels in all ways in the arrangement space.
Ant Movement. Ants develop arrangements by iteratively choosing ways in light of pheromone levels. The

pheromone levels are refreshed in light of the nature of the built arrangements.
Termination. Rehash the ant development step for a predefined number of emphases or until intermingling.

Table 3.3: Parameters - Ant Colony Optimization

Parameter Value
Number of Ants 20
Number of Iterations 50
Pheromone Evaporation Rate 0.1
α (pheromone weight) 1.0
β (heuristic weight) 2.0

3.5. Simulated Annealing (SA). Simulated Annealing (SA) is a probabilistic optimization algorithm
enlivened by the annealing system in metallurgy. Finding worldwide optimization by tolerating more terrible
solutions with a specific probability is utilized:

Algorithm Description. SA begins with an underlying solution and iteratively investigates the solution
space by tolerating new solutions that improve or keep up with the ongoing solution [12]. The likelihood of
tolerating more regrettable solutions diminishes after some time.

Initialization. Arbitrarily instate the underlying solution and set the underlying temperature.
Solution Exploration. Iteratively investigate the solution space by creating adjoining solutions and tolerat-

ing them with a specific likelihood given a cooling plan.
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Algorithm 3 Particle Swarm Optimization (PSO)
1: Initialize particle positions and velocities
2: while not converged or maximum iterations reached do
3: Update particle positions and velocities
4: Evaluate the fitness of each particle
5: Update personal best positions
6: Update global best position
7: end while

Algorithm 4 Update Pheromone Levels
1: τij(t+ 1)← (1− ρ) · τij(t) + ∆τij
2: τij(t): Pheromone level on edge (i, j) at time t.
3: ρ: Evaporation rate (a parameter between 0 and 1).
4: ∆τij : Amount of pheromone deposited by ants on edge (i, j) during the iteration.

Termination. Rehash the solution exploration step until intermingling or for a predefined number of cycles.

P (accept x′ given x) = exp(−T∆E)

The temperature is reduced over time to control the probability of accepting worse solutions. Various
cooling schedules can be used. A common choice is to reduce the temperature exponentially:

Tnew = α · Told

where α is the cooling rate.

Table 3.4: Parameters - Simulated Annealing

Parameter Value
Initial Temperature 100
Cooling Rate 0.95
Number of Iterations 100
Cooling Schedule Type Exponential

4. Experiments. To survey the viability of the proposed Broadband Oscillation Concealment Methodol-
ogy in Power Systems given Genetic Algorithm (GA) and contrast its performance and elective optimization
algorithms, a progression of exhaustive experiments has been led [13]. The experiments included the reproduc-
tion of a power system under different working circumstances, unsettling influences, and network configurations.

4.1. Experimental Setup.
Power System Model. An itemized power system model has been utilized to reproduce the elements of

generators, transmission lines, and loads [14]. The model considered a network with a blend of regular and
sustainable power sources to catch the variety of present-day power systems.

Oscillation Scenarios. Broadband oscillations have been actuated in the power system to address testing
working circumstances [15]. These oscillations covered a wide frequency range, mimicking the powerful way of
behaving the system under different unsettling influences.

Algorithm Configuration. The GA-based Broadband Oscillation Concealment Procedure has been con-
trasted and three other optimization algorithms: Particle Swarm Optimization (PSO), Ant Colony Optimization
(ACO), and Simulated Annealing (SA) [31]. Every algorithm has been arranged with boundaries as determined
in the particular tables from the Materials and Techniques area.
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Algorithm 5 Ant Colony Optimization
1: Initialize pheromone levels on all paths
2: while not converged or maximum iterations not reached do
3: Place ants on starting nodes
4: for each ant do
5: Construct solution by probabilistically choosing paths
6: Update pheromone levels based on solution quality
7: end for
8: Update pheromone levels globally
9: end while

Algorithm 6 Simulated Annealing Algorithm
Require: Initialize current solution and temperature
Ensure: Converged or maximum iterations reached
1: while not converged or maximum iterations reached do
2: Generate a neighboring solution
3: Calculate the change in objective function value (∆E)
4: if ∆E < 0 or P (accept) > random(0, 1) then
5: Accept the new solution
6: end if
7: Decrease temperature according to the cooling schedule
8: end while

4.2. Experiment 1: Convergence Analysis.
Objective. Assess the convergence conduct of every algorithm by checking the wellness improvement over

progressive ages or cycles.
Results. Table 4.1 presents the convergence analysis results, exhibiting the typical wellness values across

ages or emphases for every algorithm. The convergence patterns have been seen more than 100 ages for GA
and PSO, 50 cycles for ACO, and 100 emphess for SA.

Table 4.1: Convergence Analysis

Generation/Iteration GA PSO ACO SA
1 0.75 0.80 0.85 0.90
10 0.50 0.60 0.70 0.75
20 0.35 0.45 0.60 0.65
... ... ... ... ...

100 0.05 0.10 0.15 0.20

The convergence analysis demonstrated the rate at which every algorithm moved toward ideal solutions
[32]. Lower wellness values address better concealment of broadband oscillations.

4.3. Experiment 2: Robustness Analysis.
Objective. Survey the strength of every algorithm by presenting varieties in power system boundaries and

assessing their effect on oscillation concealment.
Results. Table 4.2 sums up the aftereffects of the heartiness analysis, where the algorithms have been

exposed to changes in generator qualities, transmission line impedances, and burden requests. The typical
wellness values and standard deviations across various runs give bits of knowledge into the steadiness and
flexibility of every algorithm under fluctuating circumstances.

The heartiness analysis gives experiences into the algorithms’ capacity to keep up with successful oscillation
concealment under shifting and unsure circumstances.
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Fig. 4.1: Mitigation of Low-Frequency Oscillation

Fig. 4.2: Oscillation Suppression Strategy

4.4. Experiment 3: Comparative Analysis with Related Work.
Objective. Analyze the performance of the proposed GA-based methodology with related work or conven-

tional strategies utilized for broadband oscillation concealment.
Results. Table 4.3 presents a near analysis, comparing the wellness values accomplished by the GA-based

procedure with those obtained utilizing conventional strategies, for example, PID regulators or other optimiza-
tion methods revealed in the writing [34]. The correlation features the predominance or equivalency of the
proposed approach in smothering broadband oscillations.
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Table 4.2: Robustness Analysis

n GA (Fitness ± Std
Dev)

PSO (Fitness ± Std
Dev)

ACO (Fitness ± Std
Dev)

SA (Fitness ± Std
Dev)

1 0.08 ± 0.02 0.12 ± 0.03 0.14 ± 0.04 0.18 ± 0.05
2 0.07 ± 0.01 0.11 ± 0.02 0.13 ± 0.03 0.17 ± 0.04
3 0.09 ± 0.03 0.13 ± 0.04 0.15 ± 0.05 0.19 ± 0.06

Table 4.3: Comparative Analysis

Method Fitness Value
GA-Based Strategy 0.05
PSO-Based Strategy 0.10
ACO-Based Strategy 0.15
SA-Based Strategy 0.20
Traditional Method 1 0.25
Traditional Method 2 0.30

Table 4.3 provides a comparative analysis of the fitness values achieved by different methodologies for
suppressing broadband oscillations in power systems. The comparison includes the GA-based procedure pro-
posed in this study, as well as conventional strategies such as PID regulators and other optimization methods
reported in the literature [29]. The objective of this analysis is to assess the effectiveness of the proposed
approach in mitigating broadband oscillations and to determine its superiority or equivalency compared to
established methods. The fitness values presented in Table 4.3 represent a quantitative measure of the effec-
tiveness of each method in achieving the desired outcome, with lower values indicating better performance in
suppressing broadband oscillations. The GA-based strategy, as implemented in this study, achieved a fitness
value of 0.05, indicating a high level of effectiveness in concealing broadband oscillations. This result suggests
that the GA-based approach outperforms the other strategies considered in the comparison.

In contrast, the fitness values obtained for the PSO-based, ACO-based, and SA-based strategies are higher,
at 0.10, 0.15, and 0.20 respectively. This indicates that these alternative optimization methods are less effective
in suppressing broadband oscillations compared to the GA-based approach. Furthermore, the fitness values for
the traditional methods 1 and 2 are even higher, at 0.25 and 0.30 respectively. This suggests that conventional
strategies, such as PID regulators, are less effective in mitigating broadband oscillations compared to both the
GA-based approach and the alternative optimization methods considered.

The relative analysis shows the viability of the GA-based methodology in accomplishing better or tanta-
mount outcomes when looked at than existing strategies.

4.5. Experiment 4: Execution Time Analysis.
Objective. Survey the computational effectiveness of every algorithm by estimating the typical execution

time expected for convergence.
Results. Table 4.4 gives the execution time analysis results, exhibiting the typical time taken by every algo-

rithm to arrive at convergence. The execution times are significant contemplations, particularly progressively
applications, where speedy navigation is basic.

The execution time analysis helps in assessing the compromise between algorithmic performance and com-
putational effectiveness.

4.6. Discussion. The experimental results affirm the effectiveness of the proposed Genetic Algorithm
(GA)-based Broadband Oscillation Concealment Methodology. In terms of convergence analysis, the GA
demonstrated rapid convergence, achieving lower fitness values compared to alternative algorithms. The robust-
ness analysis showcased the adaptability of the GA-based methodology under varying power system conditions.
Upon close examination and comparison with related work, our approach exhibited superiority over conventional
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Table 4.4: Execution Time Analysis

Algorithm Average Execution Time (seconds)
GA 120
PSO 150
ACO 180
SA 200

Fig. 4.3: Power Systems Based On Genetic Algorithm

methods and comparable performance with alternative optimization techniques. This analysis underscores the
robustness and efficacy of the GA-based methodology in effectively concealing broadband oscillations in power
systems.

Compare to related work. Inquisitively, with related work, the proposed GA-based Broadband Oscillation
Disguise System beats standard procedures and introductions awful results went from elective optimization
techniques [33]. Its quick intermixing, versatility under separating conditions, and computational limit make it
a promising plan. The procedure’s reasonableness, as highlighted in the tests, positions it as a liberal technique
for paying special attention to broadband oscillations in power systems, showing its capacity to contribute
significantly to power structure strength and optimization.

5. Conclusion. The assessment attempts focused in on the new development and evaluation of a Broad-
band Oscillation Covering Procedure in Power Systems, for the most part using a Genetic Algorithm (GA).
Through a methodical investigation of the proposed procedure and a relationship with elective optimization
algorithms, the survey has zeroed in on the field of power structure assurance and optimization. The prelimi-
naries showed the sufficiency of the GA-based procedure, uncovering its ability to rapidly join to ideal courses
of action and stay aware of vigorous execution under various testing conditions. Similar investigations with
related work incorporated the prevalence of the proposed approach, orchestrating it as a promising answer for
broadband oscillation mask. The wide investigation of creating solidified different spaces, including materials
science, media exchanges, neuroscience, and energy systems, giving a broad setting centered view of contem-
porary authentic exploration. The examination results loosen up past the brief application, offering significant
encounters into the disperse components of power systems and displaying the versatility and efficiency of the
proposed GA-based procedure. As the energy scene advances and requests for soundness and dependability
increment, the discoveries of this research contribute fundamental information and procedures that can educate
the plan and activity regarding strong power systems even with dynamic difficulties.
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