
International Journal of Power Electronics and Drive System (IJPEDS) 

Vol. 16, No. 4, December 2025, pp. 2582~2591 

ISSN: 2088-8694, DOI: 10.11591/ijpeds.v16.i4.pp2582-2591      2582  

 

Journal homepage: http://ijpeds.iaescore.com 

Enhanced voltage stability in power distribution networks 

through optimal reconfiguration using hybrid metaheuristic 

algorithms 

 

 

Mohammed Zuhair Azeez1, Abbas Swayeh Atiyah1, Yaqdhan Mahmood Hussein1,2, 

Hatem Oday Hanoosh1 
1Department of Electronics and Communication Engineering, College of Engineering, Al-Muthanna University, Al-Muthanna, Iraq 

2Department of Electronics and Communication Engineering, College of Engineering, Al Ayen University, Nasiriyah, Iraq 

 

 

Article Info  ABSTRACT 

Article history: 

Received Sep 21, 2024 

Revised Aug 24, 2025 

Accepted Oct 2, 2025 

 

 An optimal network reconfiguration (ONR) is used in distribution power 

systems to improve voltage decreases within the permitted period and 

minimize real power losses. Consequently, attaining optimal reconfiguration 

in distribution systems is regarded as the primary objective of numerous 

researchers. Conventional heuristic techniques such as genetic algorithms 

(GA), ant colony optimization (ACO), and particle swarm optimization 

(PSO) can reduce active power losses and enhance network stability. These 

algorithms indicate a greater number of difficulties, including inadequate 

convergence characteristics, a reduction in power loss, and an increase in 

bus voltage. This research proposes effective optimization strategies 

utilizing the salp swarm algorithm (SSA) and whale optimization algorithm 

(WOA) to augment bus voltage, reduce distribution losses, and improve 

network dependability. The proposed algorithms are executed and evaluated 

on the IEEE 33-bus and 69-bus networks to determine the ideal network 

architecture. The efficacy of the examined methodologies is illustrated 

through MATLAB under steady-state conditions, showcasing benefits in the 

reduction of active power loss relative to current algorithms. The 

comparison indicates that the SSA algorithm exhibits superior performance 

in terms of power losses and bus voltage enhancement relative to the WOA 

method. due to its enhanced exploration and exploitation capabilities, which 

help avoid local optima and ensure a more effective search for optimal 

solutions. SSA's adaptive mechanism and cooperative behavior improve 

convergence speed and solution accuracy, making it more efficient for 

optimization in network reconfiguration. 
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1. INTRODUCTION 

A radial distribution system (RDS) consists of a network of radial feeders interconnected by various 

tie switches and tie lines [1]-[3]. Electric distribution utilities must endeavor to minimize power losses in the 

RDS. Two conventional effective strategies that can be utilized in the system are optimal reconfiguration and 

capacitor placement. Optimization techniques were employed in RDS to ascertain the optimal placement and 

https://creativecommons.org/licenses/by-sa/4.0/
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dimensions of diverse devices, including capacitors, reconfiguration, and flexible AC transmission systems 

(FACTS) [4]-[6]. In recent years, various heuristic optimizations have been introduced for optimal network 

reconfiguration (ONR) and optimal capacitor placement (OCP) in distribution networks [7], [8]. The 

allocation of ONR and OCPs in distribution networks offers several technical benefits, such as reduced 

power loss expenses, diminished energy losses, and enhanced power quality amongst voltage and current 

harmonics [9], [10]. Optimization algorithms, analytical, numerical, and meta-heuristic have been applied to 

OCP and ONR challenges [11]-[14]. For instance, [15] proposed a distribution network reconfiguration 

model to reduce power losses and enhance quality using the ant lion optimizer (ALO), tested on IEEE 33-bus 

systems. Similarly, [16] introduced a discrete enhanced grey wolf optimizer (DIGWO) for simultaneous 

ONR and OCP, minimizing energy losses and costs in 69-bus systems. 

The results of the proposed approach were compared to those of other contemporary algorithms. 

Faraby et al. [17] introduced a synthesis of optimization strategies for simultaneous distribution generation 

placement, optimal control problem, and optimal network reconfiguration to minimize losses and voltage 

drops while considering harmonic distortion from nonlinear loads. The proposed study is validated by the 

evaluation of the IEEE 33-bus test standard system across multiple MATLAB-based scenarios, thereafter 

corroborated by comparisons with the simulated annealing and firefly (SAF) algorithms. The findings 

indicate the efficacy of the PSO method in optimizing the objective function under specified limitations. 

Sultana and Roy [18] suggested a computationally efficient method utilizing the krill herd (KH) 

algorithm to identify optimal OCP and ONR placements aimed at minimizing actual power losses in 

distribution networks. Moreover, the concept of opposition-based learning (OBL) is integrated with the 

proposed KH technique to enhance the convergence speed outcomes. The standard KH and the novel 

oppositional KH (OKH) approaches are assessed on 33-bus and 69-bus systems to illustrate their efficacy and 

superiority. This illustrates the efficacy of the proposed methodology for addressing ONR concerns.  

Hussain et al. [19] introduced various optimization strategies to determine the allocation of the ONR and 

OCP by selecting the optimal open switches and positioning OCPs in both solo and dual RDS designs. The 

employed strategies were evaluated on two prevalent networks (IEEE 33-bus and IEEE 69-bus). 

Subsequently, a comparison of the proposed strategies was conducted, revealing that the modified 

biogeography-based optimization (MBBO) method is the most effective and rapid strategy for attaining 

optimal locations. Zhao et al. [20] offered two methodologies: individual ONR and ONR succeeded by OCP, 

which have been employed to identify the optimal algorithm that delivers superior performance. 

Consequently, three algorithmic procedures were employed to achieve the optimal design in both the 

individual and dual methodologies. Furthermore, two prevalent IEEE case studies (33-bus and 69-bus) were 

employed to assess the optimal performance of the proposed techniques. The real power losses and the 

voltage of the buses were computed using the direct backward forward sweep method (DBFSM). The results 

indicate that the suggested dual technique effectively identifies the optimal solution for significant loss 

reduction and enhancement of the voltage profile through the MBBO algorithm. This study implements SSA 

and WOA for ONR in RDS, using MATLAB to validate their performance on IEEE 33- and 69-bus 

networks. Results demonstrate superior power loss reduction and voltage improvement compared to 

conventional methods. 

 

 

2. METHOD 

2.1.  Minimizing real power losses with ONR 

The ONR technique minimizes real power losses while keeping voltages within safe limits, 

significantly improving RDS reliability. Compared to baseline scenarios, ONR reduces active power losses 

and boosts bus voltages. This study focuses on loss minimization as in (1), with the following objective 

function [20]: 

 

min 𝐹1 = 𝑀𝑖𝑛 𝑃𝑇,𝑙𝑜𝑠𝑠  =  min∑ 𝐼𝑖
2𝑁𝑏𝑟

𝑖=1 𝑅𝑖 (1) 

 

Where, F1: This represents the first objective function in an optimization problem. In this context, it is related 

to power loss minimization; PT,loss: This is the to power loss in the electrical distribution system, the goal is 

to minimize this quantity;  ∑ Ii
2 Nbr

i=1 Ri: This is a summation over all branches (or lines) in the network, where 

I index each branch: 

− Nbr is the total number of branches in the system. 

−  𝐼𝑖 is the current flowing through branch i. 

−  𝑅𝑖 is the resistance of branch i. 

−  𝐼𝑖
2𝑅𝑖  represents the power loss in branch i due to joule heating effect. 
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Where 𝑃𝑇,𝑙𝑜𝑠𝑠 represents the total losses of the active power in 𝑘𝑊, 𝑁𝑏𝑟  represents the no. of the branches, 𝐼𝑖  

represents the current flow in the branch 𝑖, and 𝑅𝑖 is the branch’s resistance. The second objective function is 

the voltage profile enhancement, where the voltage must be kept within safe limits. The voltage objective 

function is written as in (2) [21]. 

 

max 𝐹2 = 𝑉𝐶  𝑅 𝑒𝑣 + 𝐶𝑖  𝑅 𝑒𝑖 (2) 

 

Where, 𝑉𝑐 represents the bus voltage limits, 𝐶𝑖 is the limit of the branch current,  𝑅 𝑒𝑣 is the retribution factor 

of the bus voltage. This constant becomes zero when the voltage of the bus is within permissible limits,  𝑅 𝑒𝑖 

is the retribution factor of the current branch, where if the branch of the current does not above the 

restrictions, it equals zero. 

 

2.2.  Constraints 

The constraints that substantiate the superior performance of the RDS are categorized into 

technological and operational limitations. The subsequent parameters delineate the technical constraints for 

bus voltage and branch current as in (3) and (4) [21]. 

 

𝑉𝑚𝑖𝑛 ≤ |𝑉𝑐| ≤ 𝑉𝑚𝑎𝑥 (3) 

 
|𝐼𝑖| ≤ 𝐼𝑖,𝑚𝑎𝑥 (4) 

 

Where 𝑉𝑐 represents the voltage’s magnitude for the bus 𝐼, 𝑉𝑚𝑎𝑥 and 𝑉𝑚𝑖𝑛 are the maximum and minimum 

voltages, respectively, where the allowable values of these voltages of 𝑉𝑚𝑎𝑥 = 1.05 𝑝. 𝑢 and 𝑉𝑚𝑖𝑛 =
0.95 𝑝. 𝑢 and the maximum current is given by 𝐼𝑖,𝑚𝑎𝑥  for the branch 𝑖. Furthermore, each branch current must 

not beyond its maximum value, and the supply of the power system must be inspected. In addition, the entire 

size of the capacitors 𝑄𝐶𝑇  should be designed within the limits of less than the reactive power of the load for 

the RDS system, 𝑄𝑙𝑜𝑎𝑑  as shown in (5). 

 

𝑄𝐶𝑇 ≤ 𝑄𝑙𝑜𝑎𝑑  (5) 

 

On the other hand, the operational constraints can be represented by radial constraints, and the power balance 

constraint by calculating the bus’s determinant for the incidence matrix [A] as confirmed in [20], [21]. Also, 

the power balance constraint can be written as follows: where P_sp is the supplied power, and P_dem is total 

power of the load as shown in (6). 

 

𝑃𝑠𝑝 = 𝑃𝑑𝑒𝑚 + 𝑃𝑇,𝑙𝑜𝑠𝑠 (6) 

 

 

3. NETWORK RECONFIGURATION USING OPTIMIZATION ALGORITHMS 

3.1.  Whale optimization algorithm (WOA) optimization 

The WOA is a heuristic methodology that emulates the hunting tactics of humpback whales [22]. 

This algorithm offers advantages such as the avoidance of local optima and rapid convergence [22], [23]. 

Initially, the search agents are dispatched to locate the optimal prey during the exploration phase, after which 

their placements are adjusted to align with the nearest superior search agent to the optimum. Consequently, 

the exploration phase might be articulated as in (7)-(10) [23]. 
 

𝐷⃗⃗ = |𝐶 𝑥 ∗(𝑡) − 𝑥 (𝑡)| (7) 
 

𝑥 (𝑡 + 1) = 𝑥 ∗(𝑡) − 𝐴 . 𝐷⃗⃗  (8) 
 

𝐴 = 2𝑎  . 𝑟 − 𝑎  (9) 

 

𝐶 = 2𝑟  (10) 

 

The key parameters include: 𝑥 ∗(𝑡) (best agent location), A⊕C (coefficient vectors), t (current 

iteration), 𝑥 ∗(𝑡) (position vector), 𝑎  (linear decrease 2→0), and 𝑟  (random vector [0,1]). as in (11) and (12). 

The exploitation phase uses bubble-net foraging via two mechanisms, as shown in Figure 1: shrinking 

encircling and spiral updating. 
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𝑥 (𝑡 + 1) = 𝑥 ∗(𝑡) − 𝐴 . 𝐷⃗⃗  (11) 

 

𝑥 (𝑡 + 1) = 𝐷′⃗⃗⃗⃗  𝑒𝑏𝑙 cos(2𝜋𝑙) + 𝑥 ∗(𝑡) (12) 

 

The above item can be defined: 𝐷′⃗⃗⃗⃗  denotes the spacing between both the search agent and the prey, 𝐷′⃗⃗⃗⃗ =
|𝑥 ∗(𝑡) − 𝑥 (𝑡)|, 𝑏 is a constant generally equal to (1), and 𝑙 is the random number in [0,1]. 

A bubble-net feed, whales dive deep below schools of fish and use bubbles blown from their 

blowholes to stun and trap fish closer to the surface. One whale generally leads the effort, followed by the 

rest of the group. The leader will usually be responsible for blowing the bubbles, and the other members will 

surround the fish, following them to the surface by swimming in spiral patterns to keep the fish trapped . 

Humpback whales are known as “gulpers”, which means they feed by leaving their mouths open, swallowing 

everything in their path before closing their mouths, pushing water out through their baleen plates, and 

swallowing the critters (usually fish and small crustaceans) they caught. During bubble net feeding, the whales 

swimming toward the surface will have their mouths open and gulp fish from the school they have corralled . 

Two mathematical models have been proposed to mimic the whale performance while attacking 

their prays: The shrinking encircling mechanism and Spiral updating position. To update the whales’ position 

around the best solution in the search space, the shrinking encircling mechanism mimics this process. To 

model the shrinking, encircling, and spiral swimming behaviors, a probability of 50% is assumed to select 

between these two behaviors throughout the course of optimization. Each whale selects the operation to be 

performed randomly based on its location with respect to the optimal solution so far. 
 
 

 
 

Figure 1. A bubble net search strategy: (a) humpback whales' bubble-net eating, (b) mechanism of the 

shrinking encircling, and (c) updating of the spiral location 
 
 

3.2.  Salp swarm algorithm for enhanced mobility and foraging 

The SSA method was created based on the navigation and feeding behavior of salps in water, as 

illustrated in Figure 2. However, salps were studied for their swarming behavior in deep seas, resulting in 

what is referred to as the salp chain. The primary impetus for salp chain activity is to enhance mobility 

through rapid synchronized movements and foraging, as in (13). The subsequent equation is proposed to 

revise the leader's position [23]. 

 

𝑋𝑑
1 = {

𝐹𝑑 + 𝐶1((𝑢𝑏𝑑 − 𝑙𝑏𝑑)𝐶1 + 𝑙𝑏𝑑), 𝐶3 ≥ 0

𝐹𝑑 − 𝐶1((𝑢𝑏𝑑 − 𝑙𝑏𝑑)𝐶2 + 𝑙𝑏𝑑), 𝐶3 < 0
 (13) 

 

The parameters of (13) are defined as follows: 𝑋𝑑
1 denotes the initial location of the salp in the 𝑑𝑡ℎ 

dimension, Fd represents the food source's location, 𝑢𝑏𝑑 + 𝑙𝑏𝑑 are the upper and lower bounds of the 𝑑𝑡ℎ 
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dimension, and C2 and C3 [0,1] are the random coefficients. Moreover, the constant 𝐶1 is written  

using (14) [24]-[26]. 

 

𝐶1 = 2 × 𝑒−(
𝑙

𝐿
)
2

 (14) 

 

Where 𝐿 denotes all iterations of the algorithm, and 𝑙 denotes the current iteration of the algorithm. The 

follower's location can be given as (15). 

 

𝑋𝑑
𝑛 =

1

2
 (𝑋𝑑

𝑛 + 𝑋𝑑
𝑛−1) (15) 

 

Where 𝑛 ≥ 2 , 𝑋𝑑
𝑛 is the location of 𝑛𝑡ℎ follower salp. 

 

 

 
 

Figure 2. Structure of the salp swarm optimization: (a) signal leader salp and (b) slap followers 
 

 

3.3.  Assumptions made in the study 

Assumptions made in the study: i) Stable network conditions: The study assumes a steady-state 

power system without sudden changes in load or generation; ii) Ideal parameter selection: The parameters 

used for SSA and WOA are assumed to be optimal without considering real-time tuning; iii) Accurate power 

system model: The system model used in the study is considered ideal, without accounting for external 

disturbances or measurement inaccuracies; and iv) Fair comparison environment: Both algorithms are tested 

under identical conditions, assuming that environmental factors do not favor one over the other. 

 

3.4.  Justification for selecting WOA and SSA 

The study employs WOA and SSA due to their proven success in complex power system 

optimization. WOA mimics humpback whales' bubble-net hunting, balancing exploration and exploitation. 

SSA replicates salp chain behavior, maintaining stable optimization through dynamic exploration-

exploitation balance. Both algorithms outperform classical and metaheuristic methods in accuracy and speed, 

excelling in nonlinear, multimodal, and constrained power distribution problems. Their fast convergence, low 

computational demand, and independence from initial values or derivatives make them robust for real-time 

and large-scale applications, ideal for the proposed framework. 
 

 

4. RESULTS AND DISCUSSION 

In the RDSN, the load flow (LF) analysis needs to be performed in the optimization process to 

obtain the losses and voltage deviation of the DS. The backward-forward (BF) technique replaced the 

Newton Raphson, Gauss Seidel or any other traditional LF schemes that evolved in the literature to realize 

the objective function proposed as the BF technique dominates previous techniques. The comparison of 

WOA and SSA was programmed in MATLAB 2021a to check the effectiveness of both the WOA and SSA 

algorithm. The proposed code implementations for both algorithms are executed on a portable computer using 

a Core i7-10750H CPU at 2.60 GHz with 16 GB of RAM. The WOA and SSA optimization techniques were 

implemented on the IEEE 33 and 69 bus distribution systems to validate the efficacy of these algorithms. 
 

4.1.  WOA and SSA algorithm application 

Figure 3 illustrates the single line diagram of the IEEE 33 bus distribution system utilized in this 

context. The distribution system operates at 12.66 kV and 100 MVA, whereas the load values are 3715 kW 

and 2300 kVAR, as depicted in [27]. Furthermore, in the WOA algorithm, the quantity of search agents 

ranges from 10 to 20, with a maximum of 100 iterations. The SSA algorithm employs a population size of 
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ten, a maximum of 100 iterations, and five tie switches. Additionally, for both algorithms, the open tie 

switches are [28]-[32]. 

Figure 4 illustrates the voltage profile utilizing WOA optimization prior to ONR (baseline scenario) 

and subsequent to the implementation of ONR on the IEEE 33-bus test network. The bus voltage was 

enhanced via the WOA, achieving a value of 0.938 p.u. Conversely, the optimal solution for ONR was 

achieved using the proposed SSA optimization, resulting in a significant voltage enhancement with a bus 

voltage of 0.95 p.u., as illustrated in Figure 5. 

Table 1 compares the proposed SSA and WOA with MPSO, ACO, FA, and GSA under identical 

conditions, evaluating bus voltages, power losses, and tie-switch sequences. Results show SSA outperforms 

others, reducing active power losses from 202.68 kW to 132.43 kW while improving voltage profiles—

achieved solely through network reconfiguration, without additional devices. 
 

4.2.  Optimal network reconfiguration in IEEE 69-bus system 

This section employs the WOA and SSA algorithms to determine the best ONR for the IEEE 69 bus 

system illustrated in Figure 6. The RDS parameters investigated in this study are 100 MVA and 12.66 kV.  

Figure 7 illustrates the voltage profile outcomes utilizing WOA optimization prior to the incorporation of the 

ONR and subsequent to the selection of the ONR within the IEEE 69 network. The figure illustrates that the 

voltage of the buses was augmented utilizing the ONR, resulting in a voltage value of 0.9476 p.u. and a 

reduction in active power losses to an acceptable level of 104.396 KW. The voltage profile utilizing the SSA 

technique is depicted in Figure 8. The SSA optimization demonstrates superior bus voltage enhancement 

compared to the WOA, with the minimum voltage value obtained in this technique being 0.988 p.u. 
 

 

 
 

Figure 3. Block diagram of IEEE 33-bus RDS system 
 
 

  
 

Figure 4. Bus voltage with bus number for the IEEE 33 

bus network using WOA optimization 

 

Figure 5. IEEE 33 bus voltage profile using SSA 

optimization 
 
 

Table 1. Comparison and results of the IEEE 33-bus system-based reconfiguration technique 
Optimization Tie switch number Total power loss Maximum voltage (𝑝. 𝑢) Voltage minimum (𝑝. 𝑢) 

Base case [33, 34, 35, 36, 37] 202.6771 1 0.91306 

BPSO [27] [7, 10, 28, 14, 32] 140.5 1 0.941 

GSA [28] [7,14, 28, 9, 32] 134.6 1 0.96 
FA [29] [7, 14, 9, 32, 28] 139.98 1 0.9413 

ACO [30] [7, 9, 13, 14, 32] 139.5 1 0.943 

Proposed WOA [28, 14, 33, 32, 9] 139.56 1 0.938 
Proposed SSA [28, 11, 32, 14, 7] 132.43 1 0.95 
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Table 2 presents the simulation outcomes of the proposed algorithms alongside comparative 

findings with other published algorithms, focusing on the number of tie switches, actual power losses, 

maximum voltage, and minimum voltage. According to the table, the suggested SSA algorithm provides 

optimal solutions for both the voltage profile and network losses following the ONR. 
 

 

 
 

Figure 6. IEEE 69 bus network single-line diagram 
 
 

  
 

Figure 7. Bus voltage with bus numbers of the IEEE 

69 bus system using WOA optimization 

 

Figure 8. IEEE 69-bus network voltage profile using 

SSA optimization 
 

 

Table 2. Comparison and results of IEEE 69-bus system-based reconfiguration technique 
Optimization type Tie switch number Power loss (KW) Maximum voltage (p.u) Minimum voltage (p.u) 

Base case [33, 34, 35, 36] 224.9606 1 0.90901 
BTLBO [31] [12, 60,15,6,10] 154.326 1 0.98856 
GWO [32] [58,12,61,69,70] 99.82 1 0.945 
WOA [22] [12,13,55,61,69] 99.94 1 0.909 
Proposed WOA [62, 18, 54, 12, 69] 104.396 1 0.9476 
Proposed SSA [7, 60, 16, 10, 12] 95.8 1 0.988 

 

 

5. CONCLUSION 

This study seeks to mitigate the losses in the RDS and enhance the bus voltage of the network 

through optimal network reconfiguration (ONR) employing two heuristic methods: slime swarm optimization 

(SSA) and whale optimization algorithm (WOA). The mathematical formulations of the objective functions 

for the suggested two algorithms are initially presented, followed by an analysis of the processes of the WOA 

and SSA to identify the optimal solution through reconfiguration. The MATLAB environment is utilized to 

implement the algorithms for the IEEE 33 and 69 bus networks. The archived findings demonstrated that the 

proposed SSA algorithm is the most effective approach for minimizing losses and improving bus voltages in 

comparison to other contemporary methods. Additionally, the minimum bus voltage prior to the ONR was 

0.91306 p.u. (base case), which rose to 0.95 following the ONR for 33 bus systems utilizing the SSA 

technique. The minimum voltage in the 69-bus network was 0.90901 p.u. prior to determining the ONR, and 

this voltage increased to 0.988 p.u. The actual power losses were reduced from 202.6771 KW in the base 

scenario to 132.43 KW in the IEEE 33 bus system, and from 224.9606 KW to 95.8 KW in the 69-bus system. 
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The results demonstrate that reconfiguration considerably reduces power losses in the RDS and enhances the 

voltage profile when employing the SSA optimization technique. 

Despite their strengths, WOA and SSA have limitations: i) High computational complexity in large-

scale systems wastes resources; ii) SSA’s strong exploitation risks local optima, while WOA suffers from 

slow convergence; iii) Performance is highly parameter-dependent, reducing effectiveness if poorly tuned; 

iv) Scalability declines with system size, hindering practical use; v) Real-world complexities (e.g., time-

varying loads, uncertainties) are overlooked, limiting applicability. Addressing these issues could enhance 

their reliability for power system optimization. 
 

 

FUNDING INFORMATION  

The authors declare that no funds, grants, or other support were received during the preparation of 

this manuscript. 
 

 

AUTHOR CONTRIBUTIONS STATEMENT 

This journal uses the Contributor Roles Taxonomy (CRediT) to recognize individual author 

contributions, reduce authorship disputes, and facilitate collaboration. 

 

Name of Author C M So Va Fo I R D O E Vi Su P Fu 

Mohammed Zuhair 

Azeez 

✓ ✓ ✓ ✓ ✓  ✓ ✓ ✓  ✓ ✓   

Abbas Swayeh Atiyah  ✓ ✓  ✓ ✓ ✓  ✓  ✓    

Yaqdhan Mahmood 

Hussein 

✓ ✓  ✓  ✓  ✓  ✓     

Hatem Oday Hanoosh     ✓  ✓  ✓      

 

C :  Conceptualization 

M :  Methodology 

So :  Software 

Va :  Validation 

Fo :  Formal analysis 

I :  Investigation 

R :  Resources 

D : Data Curation 

O : Writing - Original Draft 

E : Writing - Review & Editing 

Vi :  Visualization 

Su :  Supervision 

P :  Project administration 

Fu :  Funding acquisition 

 
 

 

CONFLICT OF INTEREST STATEMENT 

Authors state no conflict of interest. 
 

 

DATA AVAILABILITY 

The data availability is not applicable to this paper as no new data were created or analyzed in this study. 
 

 

REFERENCES 
[1] M. A. Heidari, “Optimal network reconfiguration in distribution system for loss reduction and voltage-profile improvement using 

hybrid algorithm of PSO and ACO,” CIRED - Open Access Proceedings Journal, vol. 2017, no. 1, pp. 2458–2461, 2017, doi: 
10.1049/oap-cired.2017.1007. 

[2] K. Muthukumar and S. Jayalalitha, “Integrated approach of network reconfiguration with distributed generation and shunt 

capacitors placement for power loss minimization in radial distribution networks,” Applied Soft Computing Journal, vol. 52, pp. 
1262–1284, 2017, doi: 10.1016/j.asoc.2016.07.031. 

[3] M. A. Muhammad, H. Mokhlis, K. Naidu, A. Amin, J. F. Franco, and M. Othman, “Distribution network planning enhancement 

via network reconfiguration and DG integration using dataset approach and water cycle algorithm,” Journal of Modern Power 
Systems and Clean Energy, vol. 8, no. 1, pp. 86–93, 2020, doi: 10.35833/MPCE.2018.000503. 

[4] O. Badran, S. Mekhilef, H. Mokhlis, and W. Dahalan, “Optimal reconfiguration of distribution system connected with distributed 

generations: A review of different methodologies,” Renewable and Sustainable Energy Reviews, vol. 73, pp. 854–867, 2017, doi: 
10.1016/j.rser.2017.02.010. 

[5] B. Wu, C. Qian, W. Ni, and S. Fan, “Hybrid harmony search and artificial bee colony algorithm for global optimization problems,” 

Computers and Mathematics with Applications, vol. 64, no. 8, pp. 2621–2634, 2012, doi: 10.1016/j.camwa.2012.06.026. 
[6] D. Esmaeili, K. Zare, B. Mohammadi-Ivatloo, and S. Nojavan, “Simultaneous optimal network reconfiguration, DG and 

fixed/switched capacitor banks placement in distribution systems using dedicated genetic algorithm,” Majlesi Journal of 

Electrical Engineering, vol. 9, no. 4, p. 31, 2015. 
[7] D. Das, “Optimal placement of capacitors in radial distribution system using a fuzzy-GA method,” International Journal of 

Electrical Power and Energy Systems, vol. 30, no. 6–7, pp. 361–367, 2008, doi: 10.1016/j.ijepes.2007.08.004. 

[8] K. Prakash and M. Sydulu, “Particle swarm optimization based capacitor placement on radial distribution systems,” in 2007 IEEE 
Power Engineering Society General Meeting, PES, 2007, pp. 1–5. doi: 10.1109/PES.2007.386149. 



                ISSN: 2088-8694 

Int J Pow Elec & Dri Syst, Vol. 16, No. 4, December 2025: 2582-2591 

2590 

[9] K. Muthukumar and S. Jayalalitha, “Optimal placement and sizing of distributed generators and shunt capacitors for power loss 

minimization in radial distribution networks using hybrid heuristic search optimization technique,” International Journal of 
Electrical Power and Energy Systems, vol. 78, pp. 299–319, 2016, doi: 10.1016/j.ijepes.2015.11.019. 

[10] Y.-C. Huang, H. T. Yang, and C. L. Huang, “Solving the capacitor placement problem in a radial distribution system using tabu 

search approach,” IEEE Transactions on Power Systems, vol. 11, no. 4, pp. 1868–1873, 1996, doi: 10.1109/59.544656. 
[11] A. Shaheen, A. Elsayed, A. Ginidi, R. El-Sehiemy, and E. Elattar, “Reconfiguration of electrical distribution network-based DG 

and capacitors allocations using artificial ecosystem optimizer: Practical case study,” Alexandria Engineering Journal, vol. 61, 

no. 8, pp. 6105–6118, 2022, doi: 10.1016/j.aej.2021.11.035. 
[12] A. N. Hussain, W. K. Shakir Al-Jubori, and H. F. Kadom, “Hybrid design of optimal capacitor placement and reconfiguration for 

performance improvement in a radial distribution system,” Journal of Engineering (United Kingdom), vol. 2019, 2019, doi: 

10.1155/2019/1696347. 
[13] M. Maqsood, S. A. Lashari, M. A. Saare, S. A. Sari, Y. M. Hussein, and H. O. Hatem, “Minimization response time task scheduling 

algorithm,” IOP Conference Series: Materials Science and Engineering, vol. 705, no. 1, 2019, doi: 10.1088/1757-899X/705/1/012008. 

[14] J. M. Home-Ortiz, R. Vargas, L. H. Macedo, and R. Romero, “Joint reconfiguration of feeders and allocation of capacitor banks in 
radial distribution systems considering voltage-dependent models,” International Journal of Electrical Power and Energy 

Systems, vol. 107, pp. 298–310, 2019, doi: 10.1016/j.ijepes.2018.11.035. 

[15] M. J. H. Moghaddam, A. Kalam, J. Shi, S. A. Nowdeh, F. H. Gandoman, and A. Ahmadi, “A new model for reconfiguration and 
distributed generation allocation in distribution network considering power quality indices and network losses,” IEEE Systems 

Journal, vol. 14, no. 3, pp. 3530–3538, 2020, doi: 10.1109/JSYST.2019.2963036. 

[16] P. S. Prasad and M. Sushama, “Distribution network reconfiguration and capacitor allocation in distribution system using discrete 
improved grey wolf optimization,” Lecture Notes in Electrical Engineering, pp. 602–617, 2022, doi: 10.1007/978-981-19-1677-9_54. 

[17] M. D. Faraby, O. Penangsang, R. S. Wibowo, and A. Sonita, “Improved performance network reconfiguration in coordinated 

planning in radial distribution system considering harmonic distortion,” International Review on Modelling and Simulations, vol. 
14, no. 2, pp. 146–157, 2021, doi: 10.15866/iremos.v14i2.20472. 

[18] S. Sultana and P. K. Roy, “Oppositional krill herd algorithm for optimal location of capacitor with reconfiguration in radial 
distribution system,” International Journal of Electrical Power and Energy Systems, vol. 74, pp. 78–90, 2016, doi: 

10.1016/j.ijepes.2015.07.008. 

[19] A. N. Hussain, W. K. Shakir Al-Jubori, and H. F. Kadom, “Hybrid design of optimal capacitor placement and reconfiguration for 
performance improvement in a radial distribution system,” Journal of Engineering (United Kingdom), vol. 2019, 2019, doi: 

10.1155/2019/1696347. 

[20] X. Zhao, Y. Yao, and L. Yan, “Learning algorithm for multimodal optimization,” Computers and Mathematics with Applications, 
vol. 57, no. 11–12, pp. 2016–2021, 2009, doi: 10.1016/j.camwa.2008.10.008. 

[21] M. Sedighizadeh, M. Dakhem, M. Sarvi, and H. H. Kordkheili, “Optimal reconfiguration and capacitor placement for power loss 

reduction of distribution system using improved binary particle swarm optimization,” International Journal of Energy and 
Environmental Engineering, vol. 5, no. 1, pp. 1–11, 2014, doi: 10.1007/s40095-014-0073-9. 

[22] L. dos S. Coelho and C. A. Sierakowski, “A software tool for teaching of particle swarm optimization fundamentals,” Advances in 

Engineering Software, vol. 39, no. 11, pp. 877–887, 2008, doi: 10.1016/j.advengsoft.2008.01.005. 
[23] Y. Qiu, J. Zhou, M. Khandelwal, H. Yang, P. Yang, and C. Li, “Performance evaluation of hybrid WOA-XGBoost, GWO-

XGBoost and BO-XGBoost models to predict blast-induced ground vibration,” Engineering with Computers, vol. 38, pp. 4145–

4162, 2022, doi: 10.1007/s00366-021-01393-9. 
[24] S. Mirjalili, A. H. Gandomi, S. Z. Mirjalili, S. Saremi, H. Faris, and S. M. Mirjalili, “Salp swarm algorithm: A bio-inspired 

optimizer for engineering design problems,” Advances in Engineering Software, vol. 114, pp. 163–191, 2017, doi: 

10.1016/j.advengsoft.2017.07.002. 
[25] A. A. El-Fergany and A. Y. Abdelaziz, “Artificial bee colony algorithm to allocate fixed and switched static shunt capacitors in 

radial distribution networks,” Electric Power Components and Systems, vol. 42, no. 5, pp. 427–438, 2014, doi: 

10.1080/15325008.2013.856965. 
[26] T. T. Nguyen, A. V. Truong, and T. A. Phung, “A novel method based on adaptive cuckoo search for optimal network 

reconfiguration and distributed generation allocation in distribution network,” International Journal of Electrical Power and 

Energy Systems, vol. 78, pp. 801–815, 2016, doi: 10.1016/j.ijepes.2015.12.030. 
[27] W. M. Dahalan and H. Mokhlis, “Network reconfiguration for loss reduction with distributed generations using PSO,” PECon 

2012 - 2012 IEEE International Conference on Power and Energy, pp. 823–828, 2012, doi: 10.1109/PECon.2012.6450331. 

[28] Y. M. Shuaib, M. S. Kalavathi, and C. C. Asir Rajan, “Optimal reconfiguration in radial distribution system using gravitational 
search algorithm,” Electric Power Components and Systems, vol. 42, no. 7, pp. 703–715, May 2014, doi: 

10.1080/15325008.2014.890971. 

[29] A. Onlam, D. Yodphet, R. Chatthaworn, C. Surawanitkun, A. Siritaratiwat, and P. Khunkitti, “Power loss minimization and 
voltage stability improvement in electrical distribution system via network reconfiguration and distributed generation placement 

using novel adaptive shuffled frogs leaping algorithm,” Energies, vol. 12, no. 3, p. 553, 2019, doi: 10.3390/en12030553. 

[30] A. Y. Abdelaziz, R. A. Osama, and S. M. Elkhodary, “Distribution systems reconfiguration using ant colony optimization and 
harmony search algorithms,” Electric Power Components and Systems, vol. 41, no. 5, pp. 537–554, 2013, doi: 

10.1080/15325008.2012.755232. 

[31] S. Naveen, K. Sathish Kumar, and K. Rajalakshmi, “Distribution system reconfiguration for loss minimization using modified 
bacterial foraging optimization algorithm,” International Journal of Electrical Power and Energy Systems, vol. 69, pp. 90–97, 

2015, doi: 10.1016/j.ijepes.2014.12.090. 

[32] A. Mohamed Imran and M. Kowsalya, “A new power system reconfiguration scheme for power loss minimization and voltage 
profile enhancement using Fireworks Algorithm,” International Journal of Electrical Power & Energy Systems, vol. 62, pp. 312–

322, Nov. 2014, doi: 10.1016/j.ijepes.2014.04.034. 

 

 

  



Int J Pow Elec & Dri Syst  ISSN: 2088-8694  

 

Enhanced voltage stability in power distribution networks through … (Mohammed Zuhair Azeez) 

2591 

BIOGRAPHIES OF AUTHORS 

 

 

Mohammed Zuhair Azeez     is a lecturer in the Electronics and Communication 

Department at Al-Muthanna University, Iraq. He received his B.Sc. in Mechatronic 

Engineering from the University of Baghdad in 2007 and his M.Sc. in Mechatronic 

Engineering from the University of Baghdad in 2015, where his thesis focused on Internet-

based control of a multi-purpose robot. He has been with Al-Muthanna University since 2015 

and is currently pursuing a Ph.D. in Control Engineering. He has taught courses including 

Electrical Circuits (theory and lab), Mathematics (elementary and advanced), and 

Programming. His research interests span adaptive control, smart energy systems, deep 

reinforcement learning for control, robotics, and clean energy. An active IEEE member, he 

routinely employs MATLAB and LabVIEW in teaching and research. His current work aims 

to bridge intelligent control with practical mechatronic and renewable-energy applications, 

enhancing robustness and real-world performance in industrial electronics and microgrid 

contexts. He is also interested in collaboration on applied projects that connect academia with 

local industry and society, with an emphasis on sustainability and technology transfer. He can 

be contacted at email: mohammad.zuhair@mu.edu.iq. 

  

 

Abbas Swayeh Atiyah     is a lecturer in the Department of Electronics and 

Communications Engineering at Al-Muthanna University, Iraq. He received his B.Sc. degree 

in Electrical Engineering from the University of Baghdad, Iraq, in 2003 and his M.Sc. degree 

in Electrical Power Engineering from South Russia State Technical University, Russia, in 

2014. He has been a faculty member at Al-Muthanna University since 2014 and is currently 

pursuing his Ph.D. in electrical power engineering. His research interests encompass a broad 

spectrum of power systems, including power electronics, renewable energy integration, 

artificial intelligence applications in power engineering, intelligent control systems, and 

industrial electronics. His work focuses on developing innovative solutions to enhance the 

efficiency, stability, and intelligence of modern electrical power systems. He can be contacted 

at email: abbasswayeh22@mu.edu.iq. 

  

 

Yaqdhan Mahmood Hussein     was born in Samawah, Iraq, in 1991. He received the 

B.S. in computer techniques engineering in 2014-2015 from Islamic University College in Najaf 

City, and M.S. degrees in electronic engineering (telecommunication system) from Universiti 

Teknikal Malaysia Melaka (UTeM), Malaysia, in 2018. He currently studies for a Ph.D. degree 

in electronic engineering at University Technology Malaysia (UTM) in Johor Bahru city. His 

research focuses on the design of advanced antennas for next-generation communication 

systems, particularly Millimeter-Wave and Base Station Antennas using Substrate Integrated 

Waveguide (SIW) technology. His Ph.D. at UTM is centered on developing high-performance 

antenna systems for 5G and beyond. He has extensive expertise in Millimeter-Wave (mmWave) 

antennas, base station antennas, and the integration of substrate integrated waveguide (SIW) 

technology with Butler matrices for beamforming applications. A key and innovative aspect of 

his current work involves the application of machine learning (ML) and artificial intelligence 

(AI) to automate and enhance the antenna design process, predict performance, and solve 

complex electromagnetic problems. His research contributions are documented in several peer-

reviewed international journals. Notable publications include a study on a dual-band MIMO 

antenna for mmWave applications and the design of a compact Butler matrix for 5G networks. 

He can be contacted at email: yaqthanm79@gmail.com. 

  

 

Hatem Oday Hanoosh     was born in Samawah, Iraq, in 1991. He received the 

B.S. degree in Computer Techniques Engineering from the Islamic University College, Najaf, 

in 2014; the M.Eng. degree in Electronic Engineering (Telecommunication Systems) from 

Universiti Teknikal Malaysia Melaka (UTeM), Malaysia, in 2018; and the Ph.D. degree in 

Communications with a focus on millimeter-wave Nolen-matrix waveguides from Universiti 

Teknologi Malaysia (UTM), Johor Bahru, in 2023. He is currently a Professor with the 

Department of Electronics and Communications Engineering, Al-Muthanna University, Iraq. 

His research interests span applied electromagnetics and antenna engineering, including the 

analysis, design, and optimization of dielectric resonator antennas (DRAs), waveguide and slot 

antennas, reflect array antennas, and Nolen-matrix-based structures for millimeter-wave 

applications. His work targets high-efficiency, wide-band, and beam-controllable radiators 

suitable for next-generation wireless systems. In addition to his research, he teaches and 

supervises projects in RF/microwave circuits and antenna design, with an emphasis on 

practical prototyping and measurement. He is actively engaged in academic service and 

collaboration, aiming to translate rigorous electromagnetic design into robust, real-world 

wireless solutions. He can be contacted at email: hatem.altaee1990@gmail.com. 
 

https://orcid.org/0000-0002-1058-4121
https://scholar.google.com/citations?user=XOZEAqsAAAAJ&hl=en
https://www.webofscience.com/wos/author/record/AFD-8771-2022
https://orcid.org/0000-0003-2459-6809
https://scholar.google.com/citations?hl=en&user=oemf10cAAAAJ
https://www.scopus.com/authid/detail.uri?authorId=57208401620
https://orcid.org/0000-0001-7153-4120
https://scholar.google.com/citations?user=Li6rUEAAAAAJ&hl=en
https://www.scopus.com/authid/detail.uri?authorId=57215776256
https://www.webofscience.com/wos/author/record/3817484
https://orcid.org/0000-0002-8331-5694
https://scholar.google.com/citations?hl=ar&user=_uIJS_8AAAAJ&view_op=list_works&citft=1&email_for_op=hatem.altaee1990%40gmail.com&gmla=AJsN-F58aZLwtIEZWS-xDuz6X6f0xv0aiNthGhxEeblpgdC34bDMXrP6xUtKHccXDT7s_ochdp-Gw-Ume6t5NE0AjuIFBw09q6dCo25GB8aUwG29dFzB9Re9CFZp5NTJVm7yl8gyrH2qkuVl-h8JbcJtHpCnThhLa211sT1-SXua6inE7J0HR0gVQADnQ-tNQ-3t9sBRu0pS3pCuwrO1pdcBV1hR7Bs5Q4pmD3FqnKFINl6L3H9FHe7gPP-QxmEQayZXIS4_JlMz6jiE6hqpN_lWHMw4RYDkbkI9EIvD1ourzYhTQZ02Vuc
https://www.scopus.com/authid/detail.uri?authorId=57218835358

