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ABSTRACT: The increasing penetration of nonlinear industrial loads significantly intensifies harmonic distortion 

in power systems, resulting in degraded power quality, increased power losses, and overheating in electrical 

equipment, as well as non-compliance with IEEE 519 standards. This study proposes a Jellyfish Search Algorithm 

(JSA)-based optimization framework for parameter tuning of C-Type passive filters in a medium-voltage industrial 

distribution system. The novelty of this work lies in the integration of a metaheuristic optimization approach with 

multi-harmonic constrained filter design to enhance attenuation performance beyond conventional analytical 

methods. Initial harmonic assessment reveals severe distortion levels, with total harmonic distortion (THD) 

reaching 23.55%, 18.67%, and 24.72% across phases L1–L3. A baseline analytical design employing dual C-Type 

filters tuned to the 3rd and 5th harmonics reduces THD to approximately 3.2%, meeting standard limits but still 

dominated by low-order harmonic components. To address this limitation, JSA is applied to optimally determine 

filter parameters by minimizing THD while preserving impedance characteristics at targeted harmonic 

frequencies. The optimized configuration further reduces THD to 1.99%, 1.66%, and 1.63% for phases L1–L3, 

respectively, without introducing adverse resonance effects within the studied frequency range. Convergence 

analysis indicates stable optimization behavior with a well-balanced exploration–exploitation mechanism. These 

results demonstrate that the proposed JSA-based approach provides a systematic and effective strategy for 

enhancing harmonic mitigation performance and advancing passive filter design in industrial power systems. 
 
KEYWORDS: Jellyfish Search Algorithm, C-Type Passive Filter, Harmonic Mitigation, Total Harmonic Distortion, Individual Harmonic 

Distortion, Industry 

 

 

I. INTRODUCTION 

The increasing penetration of nonlinear loads, 

power electronic converters, renewable energy systems, 

and electric vehicle (EV) charging infrastructures has 

significantly intensified harmonic distortion in modern 

power networks. Elevated harmonic levels deteriorate 

power quality, accelerate equipment aging, increase 

thermal losses, and may trigger malfunction in sensitive 

industrial systems. Recent studies have highlighted 

harmonic mitigation as a critical challenge in distributed 

and hybrid energy environments, particularly in 

renewable-integrated and EV-dominated grids [1], [2], 

[3]. Although active power filters provide dynamic 

compensation capability, their implementation is often 

associated with higher cost, complex control strategies, 

and maintenance requirements. Consequently, passive 

filtering solutions remain attractive due to their 

simplicity, robustness, and cost-effectiveness [4], [5], 

[2]. 

Among passive filter topologies, the C-Type 

passive filter has received growing attention because of 

its ability to suppress low-order harmonics while 

maintaining low fundamental frequency losses 

compared to conventional single-tuned and high-pass 

filters. Its structural configuration allows improved 

reactive power compensation and reduced damping 

losses, making it suitable for industrial and 

transportation applications [6]. Several studies have 

investigated the performance of C-Type filters and their 

hybrid configurations for harmonic mitigation in 

industrial systems [7], [8]. However, the harmonic 

suppression capability of C-Type filters is highly 

sensitive to parameter selection, including resistance, 

inductance, and capacitance values. Inaccurate tuning 

may lead to parallel or series resonance phenomena, 

insufficient harmonic attenuation, and undesirable 

reactive power injection. 

To overcome parameter tuning challenges, 

metaheuristic optimization techniques have been 

increasingly adopted in passive filter design. Particle 

Swarm Optimization (PSO) has been utilized for 

optimal sizing of single-tuned filters in industrial 

systems [9], while Whale Optimization Algorithm 

(WOA) and Genetic Algorithms (GA) have 

demonstrated improved placement and sizing strategies 

for harmonic mitigation [10], [11]. Grey Wolf 

Optimization (GWO) and its adaptive variants have also 

shown promising convergence characteristics in power 

system applications [5], [12], [13]. More recently, data-

driven and machine learning approaches have been 
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explored to evaluate passive filter performance under 

variable operating conditions [14], [15]. Despite these 

advancements, many optimization methods still 

encounter limitations such as premature convergence, 

insufficient balance between exploration and 

exploitation phases, or reduced robustness when applied 

to multi-harmonic industrial environments. 

The Jellyfish Search Algorithm (JSA), a bio-

inspired metaheuristic derived from the collective 

foraging behavior of jellyfish influenced by ocean 

currents, has recently attracted significant attention due 

to its adaptive time-control mechanism and superior 

global exploration capability [16], [17]. Advanced 

variants incorporating orthogonal learning strategies 

have further enhanced convergence accuracy and 

population diversity preservation [18]. JSA has 

demonstrated competitive performance in diverse 

engineering optimization problems, including energy 

forecasting and parameter tuning applications [19], and 

has shown promising potential in passive filter sizing 

tasks [20], [21], [22]. Despite these advantages, 

existing applications of JSA remain largely confined to 

simplified optimization scenarios and do not 

adequately capture the complex interactions of multi-

harmonic impedance characteristics and resonance 

constraints inherent in practical power systems. In 

particular, the application of JSA to the optimal design 

of C-Type passive filters has not been systematically 

explored, especially for simultaneous multi-harmonic 

optimization problems. This limitation reveals a critical 

research gap in developing a robust and physically 

consistent optimization framework for real-world 

harmonic mitigation. 

In particular, the harmonic impedance 

characteristics of C-Type filters across multiple 

frequency orders have not been systematically 

integrated into a robust JSA-based optimization 

framework. Accordingly, this study proposes a Jellyfish 

Search Algorithm-driven optimization model for 

determining the optimal R, L, and C parameters of a C-

Type passive filter aimed at minimizing total harmonic 

distortion (THD) while ensuring stable harmonic 

attenuation and preventing undesirable resonance 

phenomena. By coupling detailed harmonic impedance 

modeling with an adaptive JSA optimization strategy 

tailored for multi-harmonic industrial environments, 

this work advances the current state of the art in 

intelligent passive filter design for modern power 

systems. The main contribution of this study lies in the 

development of an integrated multi-harmonic 

optimization framework that simultaneously considers 

impedance characteristics, resonance constraints, and 

adaptive parameter tuning, resulting in improved 

suppression of dominant harmonics and enhanced 

robustness compared to conventional and existing 

metaheuristic-based approaches.  

 

II. METHODS  

A. RESEARCH METHODOLOGY 

Fig 1. illustrates the overall optimization 

framework for determining the optimal parameters of 

the C-Type passive filter using the Jellyfish Search 

Algorithm (JSA). The procedure begins with the input 

of system specifications, including fundamental 

frequency, harmonic orders to be mitigated, reactive 

power requirements, and network parameters. Based on 

these specifications, preliminary analytical relations of 

the C-Type filter are derived to establish feasible ranges 

for 𝑅, 𝐿, 𝐶1, and 𝐶2. These pre-calculated constraints 

ensure that the candidate solutions generated during the 

optimization process remain physically meaningful and 

electrically realizable. 

Subsequently, an initial population of jellyfish is 

generated, where each individual represents a 

candidate solution. The fitness of each candidate is then 

evaluated based on the defined objective function, 

typically formulated to minimize total harmonic 

distortion (THD), impedance deviation at the tuned 

frequency, or power loss. The global best solution is 

identified, and the iterative process begins. At each 

iteration, a time control function 𝑐(𝑡)governs the 

transition between exploration and exploitation phases. 

If 𝑟𝑎𝑛𝑑 < 𝑐(𝑡), the jellyfish performs passive motion 

(ocean current movement); otherwise, active motion 

(movement within swarm) is executed. Boundary 

checking is applied to maintain feasibility within 

predefined parameter limits. 

After position updating, the new fitness values are 

computed. If a candidate solution improves its previous 

fitness, the position is updated; otherwise, the previous 

solution is retained. The global best is then revised 

accordingly. This process repeats until the maximum 

number of iterations is reached. The final global best 

solution represents the optimal parameter configuration 

of the C-Type filter, referred to as the jellyfish bloom 

state. This structured procedure ensures a balanced 

exploration–exploitation mechanism while maintaining 

electrical design constraints throughout the 

optimization process.  
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Fig 1. Flowchart of the Proposed Jellyfish Search Algorithm (JSA). 

 

B. MEASURED CURRENT HARMONIC CHARACTERISTICS 

Tbl 1. summarizes the measured current harmonic 

distortion obtained using a Power Quality Analyzer 

(PQA) at the 380 V secondary side of an 800 kVA 

distribution transformer operating at 50 Hz. The 

harmonic assessment is conducted in accordance with 

the limits specified in IEEE 519-2022 for low-voltage 

systems (≤ 1 kV). The results indicate that the 3rd 

harmonic (150 Hz) is the most dominant component in 

all phases, reaching 20.9% (L1), 16.3% (L2), and 

22.0% (L3), significantly exceeding the 5% allowable 

limit. In three-phase four-wire systems, elevated triplen 

harmonics are particularly critical because they 

accumulate in the neutral conductor, potentially 

leading to excessive neutral current, overheating, and 

increased transformer losses. 

Tbl 1. Measured Current Harmonic Distortion 

Order 

Freq.  IEEE L1  L2  L3 

Status 
(Hz) 

519 

Limit 

(%) 

  (%)   

3 150 7 20.9 16.3 22.0 Exceeds 

5 250 7 10.1 8.4 10.6 Exceeds 

7 350 7 2.8 2.5 2.9 Within 

9 450 7 2.8 2.5 2.5 Within 

11 550 3.5 0 0 0 Within 

THD — 8 23.55 18.67 24.72 Exceeds 

The 5th harmonic (250 Hz) also surpasses the 

permissible threshold across all phases, with 

magnitudes of 10.1%, 8.4%, and 10.6% for L1, L2, and 

L3, respectively. Such distortion levels are typically 

associated with nonlinear loads, including rectifiers, 

variable speed drives (VSDs), and other power 

electronic converters connected to the secondary 

network. Although the 7th and 9th components remain 

within the 5% limit and the 11th component is 

negligible, the Total Harmonic Distortion (THD) 

values—23.55% (L1), 18.67% (L2), and 24.72% 

(L3)—substantially exceed the 8% standard 

requirement, indicating non-compliance with IEEE 

519-2022. 

Fig 2. shows three-phase current waveforms that 

deviate from ideal sinusoidal shapes, indicating 

distortion due to dominant low-order harmonics, 

mainly the 3rd and 5th components. Although the 120° 

phase displacement is still maintained, the distortion 

level varies between phases, suggesting unequal 

harmonic loading in the system. In industry, the 3rd 

harmonic is mainly generated by single-phase 

nonlinear loads such as switched-mode power supplies 

and lighting systems, where triplen harmonics 

accumulate in the neutral conductor. The 5th harmonic, 

produced by three-phase devices such as VSDs  and 

rectifiers, generates negative-sequence currents that 

increase losses and heating in rotating machines. 

Fig 3. presents the harmonic spectrum up to the 

11th order, where the 3rd harmonic is the most 

dominant, followed by the 5th, while higher-order 

components are relatively small. This confirms the 

waveform distortion observed in Fig 2. and shows that 

low-order harmonics are the main source of distortion. 

The unequal harmonic magnitudes between phases 

indicate the presence of nonlinear and partially 

unbalanced loads at the transformer secondary. The 

increase in 3rd and 5th harmonic levels reflects typical 

industrial load characteristics dominated by single-

phase nonlinear devices and three-phase converters, 

highlighting the need for targeted mitigation at these 

orders. 
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Fig 2. Measured Three-Phase Distorted Current Waveform 

 

Fig 3. Current Harmonic Measurement Results 

 

C. C-TYPE PASSIVE FILTER DESIGN 

The design of a C-Type passive filter is primarily 

intended to mitigate low-order harmonic distortion—

particularly the 3rd or 5th harmonic—while 

simultaneously providing reactive power 

compensation to improve the system power factor. 

Unlike a conventional single-tuned filter, the C-Type 

configuration incorporates an auxiliary capacitor 

branch to minimize fundamental frequency losses and 

reduce damping resistor power dissipation. The 

following formulation outlines the systematic design 

procedure [23], [24]. 

The first step is the determination of the required 

reactive power compensation [7], [25]. The reactive 

power supplied by the filter, 𝑄𝑓, is calculated based on 

the desired power factor improvement using: 

𝑄𝑓 = 𝑃 (𝑡𝑎𝑛𝜑1 − 𝑡𝑎𝑛𝜑2) (1) 

where 𝑃represents the active power of the load, 

tan𝜑1corresponds to the initial power factor condition, 

and tan𝜑2denotes the target condition after correction. 

This expression quantifies the reactive power that must 

be injected by the filter to achieve the specified 

displacement power factor. 

Once 𝑄𝑓 is determined, the main capacitor 𝐶1is 

calculated to supply the required reactive power at the 

fundamental frequency. The capacitance value is 

obtained from: 

𝐶1 =
𝑄𝑓

𝜔1𝑉𝑠
2 

(2) 

where 𝜔1 = 2𝜋  is the fundamental angular 

frequency and 𝑉𝑠 is the RMS system voltage. The 

capacitor 𝐶1 provides the required reactive power at the 

fundamental frequency and defines the primary 

capacitive behavior of the filter at 50 Hz. 

However, unlike a conventional single-tuned 

filter, the C-Type configuration incorporates an 

auxiliary capacitor 𝐶2, calculated as: 

𝐶2 = (ℎ0
2 − 1)𝐶1 (3) 

This additional branch ensures that, at the 

fundamental frequency, the inductive and capacitive 

reactances cancel each other, thereby minimizing 

fundamental current flow through the damping resistor. 

As a result, power losses at 50 Hz are significantly 

reduced compared to a single-tuned configuration. The 

inductor value 𝐿 is derived to satisfy the tuning 

condition at the selected harmonic frequency. One 

formulation is: 

𝐿 =
𝑉𝑠
2

(ℎ0
2 − 1)𝜔1𝑄𝑓

 
(4) 

The damping resistor 𝑅 controls the filter quality 

factor 𝑄𝑓𝑖𝑙𝑡𝑒𝑟 and prevents excessive resonance 

amplification. It is expressed as: 

R =
QFilter𝑉𝑠

2

h0𝑄𝑓
 

(5) 

where 𝑄𝑓𝑖𝑙𝑡𝑒𝑟  typically ranges from 5 to 100 

depending on the desired bandwidth and damping 

characteristics. Lower values provide stronger damping 

but increase losses, whereas higher values yield sharper 

tuning with narrower bandwidth. 

Fig 4. illustrates the configuration and operational 

principle of the proposed C-Type filter connected in 

shunt at the load bus on the secondary side of the 

transformer. The filter is designed to mitigate dominant 

harmonic currents generated by nonlinear loads while 

simultaneously providing reactive power 

compensation. Structurally, it consists of a main 

capacitor 𝐶1connected in series with a parallel branch 

composed of an inductor 𝐿, an auxiliary capacitor 𝐶2, 

and a damping resistor 𝑅. The tuning condition is 

achieved when the series resonance between 𝐿and 

𝐶2 occurs at the targeted harmonic frequency, thereby 

creating a low-impedance path that effectively diverts 

harmonic currents away from the grid. At the 

fundamental frequency, the impedance of the 𝐿–

http://creativecommons.org/licenses/by-nc-sa/4.0/
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𝐶2 branch becomes significantly high, which bypasses 

the damping resistor and minimizes active power losses 

compared to conventional single-tuned filters. The 

main capacitor 𝐶1supplies the required reactive power 

to support the system voltage, while the resistor 

𝑅 provides adequate damping to suppress resonance 

amplification and improve filtering stability. This 

configuration ensures an optimal balance between 

harmonic attenuation performance, reactive power 

compensation, and loss reduction in power systems 

with nonlinear loads. 

AC

GRID

TRANSFORMER

C-TYPE

FILTER

LOAD

 

Fig 4. Design of C-Type Filter 

 

D. OPTIMIZATION DESIGN WITH JSA 

Jellyfish Search Algorithm (JSA) is a population-

based metaheuristic optimization technique inspired by 

the natural movement of jellyfish in the ocean 

ecosystem [16]. As illustrated in Fig 5., the algorithm 

models three main behavioral mechanisms: ocean 

current movement, swarm interaction, and passive 

motion. The ocean current represents the global 

environmental force that guides jellyfish toward 

nutrient-rich regions, which in optimization 

corresponds to movement toward promising global 

solutions [26]. Swarm behavior represents interaction 

among individuals, allowing information exchange 

between candidate solutions [27]. Passive motion 

models random drifting within a local region, which 

enhances solution diversity [28]. A time control 

mechanism regulates the transition between these 

movement strategies to balance global exploration and 

local exploitation throughout the optimization process 

[17], [29]. In this study, the JSA is employed to 

minimize the Total Harmonic Distortion (THD) of the 

system in accordance with the IEEE 519 by optimizing 

the C-Type filter parameters at the 3rd and 5th 

harmonic orders. 

The Jellyfish Search Algorithm (JSA) is 

employed in this study to optimize the parameters of 

dual C-Type harmonic filters tuned at the 3rd and 5th 

harmonic frequencies. Each jellyfish represents a 

candidate solution defined by an eight-dimensional 

decision vector as:  

 = [𝐶1,3, 𝐿3, 𝐶2,3, 𝑅3, 𝐶1,5, 𝐿5, 𝐶2,5, 𝑅5]  (6) 

 

 

Fig 5. Mechanism of Jellyfish Search Algorithm (JSA) 

where each variable corresponds directly to the 

physical components of the filters. This formulation 

ensures that the optimization process is fully consistent 

with the implemented MATLAB model. The initial 

population of jellyfish is randomly generated within 

predefined lower and upper bounds using a uniform 

distribution: 

 𝑖
0 =  𝑚𝑖𝑛 + 𝑟𝑎𝑛𝑑. ( 𝑚𝑎𝑥 −  𝑚𝑖𝑛) (7) 

Where  = 1,2,… , 𝑁, and N=40  is the population 

size. The lower and upper bounds of each variable are 

explicitly defined based on practical design 

considerations of C-Type filters to ensure physically 

realizable component values. These limits prevent 

unrealistic capacitance, inductance, and resistance 

values while maintaining feasible resonance tuning at 

the target harmonic frequencies. 

To control the balance between global exploration and 

local exploitation, a time-varying control parameter is 

defined as: 

𝑐 = (1 −
 𝑡 𝑟

 𝑡 𝑟𝑚𝑎𝑥
) (2𝑟𝑎𝑛𝑑 () − 1) 

(8) 

where 𝑡 is the current iteration and T=1000 is the 

maximum number of iterations. The inclusion of the 

absolute operator ensures a non-negative control 

parameter, which improves convergence stability and 

prevents oscillatory behavior during the later stages of 

optimization.  

The position of each jellyfish is updated using two 

probabilistic movement strategies. The first is the 

ocean current movement, which directs the solution 

toward the global best position: 

 𝑖
𝑘+1 =  𝑖

𝑘 + 0.8𝑟( 𝐵𝑒𝑠𝑡 − 𝑐 𝑖
𝑘) (9) 

where  𝑏𝑒𝑠𝑡is the best solution obtained so far and 

0.8 is the movement coefficient used in this 

implementation. Otherwise, a randomly selected 

jellyfish 𝑗is used to update the position as: 

http://creativecommons.org/licenses/by-nc-sa/4.0/
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 𝑖
𝑘+1 =  𝑖

𝑘 + 0.8. 𝑟𝑎𝑛𝑑(). ( 𝑗
𝑘 −  𝑖

𝑘) (10) 

where 𝑗 is a randomly selected jellyfish. The 

coefficient 0.8 is introduced as a step-size scaling 

factor to regulate movement amplitude. This value is 

selected empirically to balance convergence speed and 

stability, particularly for sensitive electrical parameters 

such as inductance and capacitance. Passive motion is 

implicitly incorporated through the stochastic nature of 

the update equations, where random coefficients 

introduce local perturbations that enhance exploration. 

Active motion is represented by directed movements 

toward better solutions, either globally through  𝑏𝑒𝑠𝑡  
or locally via swarm interaction, ensuring continuous 

improvement in solution quality. 

To ensure feasibility, a boundary clipping 

mechanism is applied after each update to enforce the 

predefined lower and upper limits of the search space: 
 𝑖
𝑡+1 = max ( 𝑖

𝑡+1,  min ) (11) 

 𝑖
𝑡+1 = min ( 𝑖

𝑡+1,  max ) (12) 

This approach guarantees that all candidate 

solutions remain within physically acceptable limits 

without introducing additional penalty parameters. 

A greedy selection mechanism is adopted, where 

a new solution replaces the current one only if it yields 

a better fitness value. The global best solution is 

updated iteratively as: 

 𝐵𝑒𝑠𝑡 = 𝑎𝑟𝑔 𝑚 𝑛 ( 𝑖) (13) 

The algorithm is executed for 1000 iterations, 

ensuring sufficient convergence of the solution. 

Through iterative evaluation, adaptive position 

updating, and constraint enforcement, the JSA 

converges toward an optimal set of filter parameters 

that satisfies harmonic mitigation requirements, 

reactive power compensation, and damping constraints 

in a computationally efficient manner. 

 

III. RESULTS AND DISCUSSION  

The modeled system represents a medium-voltage 

industrial distribution network supplied from the utility 

grid through step-down transformers connected to the 

main panel. The transformer, rated in the 800 kVA 

class, feeds multiple three-phase feeders supplying 

production loads. A monitoring unit is integrated to 

measure RMS voltage, current, and total harmonic 

distortion (THD), enabling comprehensive evaluation 

of power quality within the facility. The analysis 

emphasizes harmonic propagation along the main bus 

due to nonlinear industrial loads. 

To mitigate harmonic distortion, two C-Type 

passive filters tuned to the 3rd and 5th harmonic orders 

are installed at the main busbar. These filters are 

designed to provide reactive power compensation 

while reducing harmonic impedance at the targeted 

frequencies. The nonlinear loads, primarily Variable 

Speed Drives (VSDs), inject harmonic currents into the 

system, and their impact is assessed through detailed 

harmonic spectrum analysis to verify compliance with 

IEEE 519 power quality limits (see Fig 6.). 

 

Fig 6. Industrial Harmonic Simulation Model 

A. CONVENTIONAL C-TYPE FILTER DESIGN & 

SIMULATION 

The C-Type passive filter parameters presented in 

Tbl 2. were obtained using conventional analytical 

formulations based on harmonic tuning principles. The 

design procedure involved determining the required 

reactive power compensation and tuning frequency for 

the targeted harmonic orders, namely the 3rd (150 Hz) 

and 5th (250 Hz). The calculated capacitance, 

inductance, and damping resistance values were 

adjusted per phase (L1–L3) to accommodate phase-

dependent harmonic variations. For the 3rd-order filter, 

the inductance values range from 0.070 mH to 0.087 

mH, while the damping resistance varies between 

2.955 Ω and 4.562 Ω. The secondary capacitor 𝐶2  

maintained within the range of 11.640–14.420 mF to 

ensure effective attenuation at 150 Hz. In contrast, the 

5th-order filter requires smaller inductance values 

(approximately 0.023–0.029 mH) and significantly 

lower damping resistance. This reduction reflects the 

higher tuning frequency and corresponding impedance 

characteristics at 250 Hz. Moreover, the increase in 𝐶2 

to 34.920–43.250 mF indicates a higher reactive 

component necessary to properly shape the frequency 

response at the targeted harmonic. 

Tbl 2. C-Type Filter Parameters Calculated by Conventional Method 

Phase Order C₁(mF) C₂(mF) L(mH) R(Ω) 

L1 3rd 1.802 14.420 0.070 2.955 

L2 3rd 1.455 11.640 0.087 4.562 

L3 3rd 1.655 13.240 0.076 3.990 

L1 5th 1.802 43.250 0.023 0.301 

L2 5th 1.455 34.920 0.029 0.719 

L3 5th 1.655 39.720 0.025 0.551 
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Following parameter calculation, the filter models 

were implemented in the MATLAB/Simulink 

environment and integrated into a three-phase power 

system supplying nonlinear loads. The harmonic 

spectrum was evaluated using Fast Fourier Transform 

(FFT) analysis to determine the Individual Harmonic 

Distortion (IHDi) and Total Harmonic Distortion 

(THD). The results are summarized in Tbl 3. and 

illustrated in Fig 7. As observed in Tbl 3. the 

conventional C-Type filter effectively attenuates the 

dominant harmonic components, with the 3rd-order 

distortion reduced to the range of 3.09–3.31%, 

significantly below the allowable limits defined by 

IEEE 519. Similarly, the 5th harmonic is suppressed to 

below 0.65%, while higher-order components (7th, 9th, 

and 11th) are reduced to negligible levels. This 

indicates that the filter provides low impedance paths 

at the targeted harmonic frequencies, thereby diverting 

harmonic currents away from the main system. The 

resulting THD values of 3.25%, 3.16%, and 3.36% for 

phases L1, L2, and L3, respectively, further confirm 

that the system operates well within the prescribed 

limit. However, it is evident that the 3rd harmonic 

remains the dominant component across all phases. 

This suggests that although the analytical design 

method ensures compliance, the tuning condition does 

not fully align with the actual harmonic characteristics 

of the system.  

Tbl 3. Simulated IHDi Results Using the Conventional Filter Design 

Order 

Freq.  
IEEE 

519 
L1  L2  L3 

Status 

(Hz) 
Limit 

(%) 
  (%)   

3 150 7 3.20 3.09 3.31 Within 

5 250 7 0.60 0.64 0.62 Within 

7 350 7 0.07 0.07 0.07 Within 

9 450 7 0.01 0.01 0.01 Within 

11 550 3.5 0 0 0 Within 

THD — 8 3.25 3.16 3.36 Within 

 

 

Fig 7. IHDi Spectrum by Conventional Methods 

Nevertheless, although the system satisfies the 

standard requirements, the 3rd harmonic remains the 

dominant distortion component across all phases. This 

indicates that while the analytical method ensures 

acceptable performance, the parameter set may not 

represent a globally optimal solution. Therefore, 

further refinement using metaheuristic optimization 

(JSA) is proposed to enhance harmonic suppression 

and improve overall system performance. 

 
B. JSA-BASED C-TYPE FILTER DESIGN & SIMULATION 

Fig 8. illustrates the convergence characteristics 

of the Jellyfish Search Algorithm (JSA) for each phase 

(L1, L2, and L3) over 1000 iterations. The fitness 

trajectories exhibit a rapid initial decrease followed by 

gradual stabilization, indicating efficient global 

exploration in the early stages and effective local 

exploitation as the algorithm approaches convergence. 

The absence of oscillatory divergence or premature 

stagnation suggests that the search dynamics are well-

balanced, ensuring numerical stability and consistent 

convergence behavior. 

From a physical perspective, the convergence 

behavior reflects the algorithm’s capability to 

iteratively adjust the C-Type filter parameters—

capacitance, inductance, and damping resistance—

toward an optimal impedance profile at the targeted 

harmonic frequencies. During the early iterations, large 

fitness reductions indicate that the algorithm rapidly 

identifies parameter regions that significantly reduce 

harmonic distortion by improving impedance matching 

at dominant harmonic components. As the iteration 

progresses, the refinement phase fine-tunes the 

parameter values, leading to more precise harmonic 

attenuation without overcompensation. 

For phase L1, the significant fitness reduction 

observed between iterations 50 and 400 indicates that 

the algorithm quickly locates a near-optimal parameter 

region, followed by minor adjustments that enhance 

solution accuracy. In phase L2, the delayed but sharp 

decrease around iteration 100 suggests a broader initial 

exploration, allowing the algorithm to avoid local 

minima before converging steadily toward an optimal 

solution. Similarly, phase L3 exhibits a stepwise 

convergence pattern, reflecting gradual improvements 

in parameter coordination, particularly in balancing 

reactive components and damping effects. These 

convergence patterns demonstrate that JSA effectively 

optimizes the interaction among filter components, 

ensuring that the resulting parameter set not only 

minimizes harmonic distortion but also maintains 

stable system behavior. Consequently, the algorithm is 

capable of identifying a well-coordinated combination 

of C-Type filter parameters that improves harmonic 

http://creativecommons.org/licenses/by-nc-sa/4.0/
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mitigation performance while avoiding suboptimal 

tuning conditions typically associated with 

conventional design methods. These convergence 

patterns demonstrate that JSA effectively optimizes the 

interaction among filter components, ensuring that the 

resulting parameter set not only minimizes harmonic 

distortion but also maintains stable system behavior. 

 

(a) 

 

(b) 

 

(c) 

Fig 8. Iteration Test Results on Phases L1, L2, and L3 

Tbl 4. presents the optimized design parameters of 

the C-Type passive filter for the 3rd and 5th harmonic 

orders in each phase. For the 3rd harmonic (150 Hz), 

the optimized capacitance C₁ ranges from 2.513 to 

2.929 mF, while C₂ varies between 16.812 and 25.235 

mF. The inductance L remains relatively small (0.055–

0.138 mH), ensuring accurate resonance tuning at the 

targeted harmonic frequency. The damping resistance 

R lies between 3.354 and 4.590 Ω, providing sufficient 

attenuation while controlling the quality factor to 

prevent excessive resonance amplification. 

For the 5th harmonic (250 Hz), a substantial 

increase in C₂ (39.101–50.497 mF) is observed, 

accompanied by significantly lower damping 

resistance values (0.504–0.751 Ω). This configuration 

is consistent with the inherent characteristics of the C-

Type filter topology, where the damping branch 

minimizes fundamental-frequency losses while 

effectively suppressing higher-order harmonics. The 

variation of parameters across phases indicates that 

JSA adaptively adjusts the filter components according 

to phase-specific load characteristics, leading to 

individually optimized solutions rather than uniform 

parameter allocation. 

Tbl 4. C-Type Filter Component Values Optimized by JSA 

Phase Order C₁ (mF) C₂ (mF) L (mH) R (Ω) 

L1 3rd 2.929 25.235 0.055 3.354 

L2 3rd 2.690 16.812 0.138 4.590 

L3 3rd 2.513 18.702 0.108 4.224 

L1 5th 2.062 50.497 0.052 0.504 

L2 5th 1.490 39.101 0.154 0.751 

L3 5th 2.567 46.871 0.106 0.555 

Tbl 5. and Fig 9. present the Individual Harmonic 

Distortion (IHDi) spectrum after applying the 

optimized filter parameters obtained through JSA. For 

the 3rd harmonic (150 Hz), IHDi values are reduced to 

1.96% (L1), 1.66% (L2), and 1.62% (L3), all 

significantly below the IEEE limit of 7%. At the 5th 

harmonic (250 Hz), IHDi decreases further to 0.32%, 

0.13%, and 0.18% for L1, L2, and L3, respectively. The 

7th and 9th harmonics exhibit negligible distortion 

levels below 0.06%, while the 11th harmonic 

component is effectively eliminated (0%). These 

results demonstrate strong attenuation performance 

across both targeted and non-targeted harmonic orders.  

The Total Harmonic Distortion (THD) values are 

1.99% (L1), 1.66% (L2), and 1.63% (L3), all well 

below the IEEE 519 limit of 8%. Although the 

harmonic spectrum remains dominated by the 3rd 

harmonic component, its magnitude is significantly 

reduced compared to the conventional design. This 

improvement is attributed to the optimized tuning of 

the filter parameters, which minimizes the equivalent 

impedance at dominant harmonic frequencies. The 
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coordinated adjustment of inductance and capacitance 

shifts the resonance condition closer to the actual 

harmonic spectrum, thereby enhancing harmonic 

current absorption. In addition, the increased 

capacitance (particularly 𝐶2) contributes to shaping the 

frequency response and provides a broader attenuation 

bandwidth. The absence of harmonic amplification at 

non-targeted frequencies (7th–11th orders) indicates 

that no significant parallel resonance is excited, 

suggesting that no additional impedance peaks are 

introduced into the system. The damping resistance 

further reduces the quality factor, preventing sharp 

resonance behavior and mitigating instability risks. 

Compared to the conventional approach, the JSA-based 

optimization achieves a more accurate alignment 

between filter tuning and the system’s harmonic profile 

through its global–local search mechanism. As a result, 

the optimized design not only satisfies IEEE 519 

requirements but also provides improved robustness 

and more consistent harmonic mitigation performance. 

Tbl 5. Simulated IHDi Results After JSA-Based Optimization 

Order 

Freq.  
IEEE 

519  
L1  L2  L3 

Status 

(Hz) 
Limit 

(%) 
  (%)   

3 150 7 1.96 1.66 1.62 Within 

5 250 7 0.32 0.13 0.18 Within 

7 350 7 0.03 0.05 0.02 Within 

9 450 7 0.02 0.06 0.03 Within 

11 550 3.5 0 0 0 Within 

THD — 8 1.99 1.66 1.63 Within 

 

 

Fig 9. IHDi Spectrum Optimized by JSA 

 

C. COMPARATIVE PERFORMANCE ANALYSIS OF 

HARMONIC MITIGATION 

Based on Fig 10., the three-dimensional 

cylindrical visualization presents a comparative 

analysis of Total Harmonic Distortion (THD) across 

three phases (L1, L2, and L3) under four conditions: 

the IEEE standard limit, measured values, conventional 

calculation results, and optimization using the Jellyfish 

Search Algorithm (JSA). The IEEE limit is uniformly 

set at 8% for all phases and serves as the regulatory 

benchmark. The measured THD values significantly 

exceed this threshold, reaching 23.55% in L1, 18.67% 

in L2, and 24.72% in L3, as indicated by the tallest 

cylinders with dominant red–orange gradients, 

reflecting severe harmonic distortion and poor power 

quality. The implementation of the conventional 

method substantially improves system performance, 

lowering THD to 3.25%, 3.16%, and 3.36% for L1, L2, 

and L3, respectively, thereby achieving compliance 

with the IEEE standard. A more pronounced 

improvement is observed with the JSA-based 

optimization, which yields THD values of 1.99% (L1), 

1.66% (L2), and 1.63% (L3). These results are 

represented by the shortest cylinders with deep blue 

coloration, indicating superior harmonic mitigation 

capability. Overall, the 3D visualization demonstrates 

that while the conventional approach effectively 

ensures regulatory compliance, the JSA-based 

optimization provides more optimal and consistent 

harmonic mitigation performance across all phases, 

aligning with the objective of advanced passive filter 

design for enhanced power quality. 

 

Fig 10. 3D THD Performance Comparison 

 

IV. CONCLUSION 

The design and evaluation of the C-Type passive 

filter demonstrate that harmonic mitigation in medium-

voltage industrial distribution systems can be 

significantly improved through parameter 

optimization. While the conventional analytical 

method is capable of reducing Total Harmonic 

Distortion (THD) to comply with the IEEE 519, it does 

not fully account for system-specific harmonic 

characteristics, resulting in suboptimal suppression of 

dominant components such as the 3rd harmonic. In 

contrast, the Jellyfish Search Algorithm (JSA) provides 

an adaptive optimization framework that enables more 

accurate tuning of filter parameters according to the 

actual system conditions. This leads to more effective 

harmonic attenuation, improved consistency across 
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phases, and enhanced overall power quality. The 

obtained results indicate that no significant harmonic 

amplification is observed at non-targeted frequencies, 

suggesting stable filter operation within the studied 

conditions. Therefore, the proposed JSA-based C-Type 

filter design offers a robust and practical approach for 

harmonic mitigation, with strong potential for 

application in industrial power systems requiring 

reliable and optimized power quality performance. 
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