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ABSTRACT 

Remarkable increment in electricity supply has contributed to higher system stress and reactive 

power demand, which then results in voltage instability of power systems. One of the main 

reasons contributing to the voltage instability is insufficient amount of the reactive power 

support available in the system, due to the limitations in the output power produced by the 

generating units The lack of reactive power permits the failure of generator and transmission 

line which causes a system to collapse and leads to a higher impact on power system security 

and reliability. In this paper, an algorithm of Moth-Flame Optimization (MFO) was 

implemented to optimize the reactive power dispatch problems for voltage stability 

enhancement. Validation on the performance of the MFO-based reactive power dispatch 

optimization was performed on the IEEE 30 bus system, considering different voltage stability 

indices namely the Fast Voltage Stabilty Index (FVSI) and Lmn Index. It was found that the 

optimal setting of control variables based on the Lmn Index yields an improved performance of 

the test system as compared with the solutions obtained using the FVSI index. 
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I. INTRODUCTION 

 

 Reliability of power system networks is very crucial, as it supports the process of 

urbanization and modern economy growth that greatly rely on electricity supply. A power 

system must always be operated under stable condition, while satisfying various operational 

constraints. The system should also be of high reliability in the event of any possible 

contingency due to equipment non-functionality or natural disaster. However, significant 

increment in the load demand recently has caused the power system to operate near to the limits 

defined for its stable operation [1]. The growth in electricity demand without correlation to the 

capacity of generation and transmission may lead to the voltage instability in power system 

network. Furthermore, events such as unpredictable line breakdowns in overloaded system also 

often permits voltage instability that can result in voltage collapse.  

 

 The reactive power issue has been proven to be the reason of the New York blackout in 

1977 which is due to shortage of reactive power and a collapse of voltage at highest load [2]. 

These fact shows that reactive power planning and dispatching plays an undoubtedly important 

role in securing modern power systems. An optimum reactive power dispatch allows operators 

to control the voltage limits, reduce the actual power loss in transmission lines, increase electric 

power strength to withstand and overcome voltage collapse in an electrical power system during 

load variation [3]. 

 
         Previous researchers have proposed various computational techniques to find the most 

optimized solution for optimal reactive power dispatch. A newly developed Symbiotic Organism 

Search (SOS) algorithm is proposed by [4] to obtain the best solution for the reactive power 

dispatch problem. The optimization technique accomplished by varying parameters of reactive 

power constraint such as generator output voltage, transformer constrain and VAR 

compensator. However, this algorithm undergoes premature convergence, which will result in 

optimization into local optima, when applied to large scales problems. The optimal control 

actions to reduce voltage collapse in stressed power system is proposed by [5]. By using Ant 

Colony Optimization (ACO) algorithm, the operator of power system could ramp-up load 

voltage and generate reactive power based on each voltage generation. However, the algorithm 

has slower convergence speed as well as difficulty in the theoretical analysis and uncertain 

optimization. In [6], Hybrid Particle Swarm Optimization–Tabu Search algorithm (HPSO-Tabu) 

was suggested for obtaining optimal solutions to the reactive power dispatch problems. The 

hybrid method was implemented as control variables for voltage generation, tap transformer 

and shunt capacitor sizes that minimize active power loss at transmission and load bus voltage 

deviations. Meanwhile, Crow Search Algorithm (CSA) was proposed with the aim of finding the 

optimum solution for the reactive power dispatch, subjected to the optimal settings of the 

control variables [7]. According to the findings, the CSA-based reactive power dispatch method 

has produced ineffective solutions due to premature convergence.  This can badly impact the 
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overall accuracy and precision of the optimization solutions and may finally result in 

computational failure. 

 
    Poor regulation of reactive power flow causes the instability to the system, which also can 

be subjected to voltage fluctuations. According to Muhammad et al., reactive power is closely 

linked to the control of system voltage [8]. Therefore, ensuring the correct amount of reactive 

power supplied to the system loads is critical to achieving smooth operation of the power 

system and avoiding any unfavourable event of voltage collapse. This paper implements Moth-

Flame Optimization (MFO) method to find the optimal reactive power dispatch considering 

maintained system voltage within the allowable limits. 

 

2. Voltage Stability Indices for Voltage Stability Improvement 

The stability condition of voltage in power system network can be monitored by the 

indication of voltage stability indices [9]. The indices are used to identify the voltage collapse in 

the system based on the change of the parameters in scalar magnitudes. In this research, two 

types of stability indices are chosen to be integrated into the proposed algorithm to optimize 

the control variables of the electrical power transmission system.       Figure 1 illustrates a 

single line diagram of a two-bus system network to formulate the voltage stability indices based 

on the power transfer. 
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Figure 1. Single line diagram of two-bus system 

 

2.1. Fast Voltage Stability Index (FVSI) 

According to the model of power flow in a single line diagram as in Figure 1, Fast Voltage 

Stability Index (FVSI) is formulated considering the sending bus as the reference and current 

equation [10]. The mathematical equation of FVSI is shown in Eq. (1). The index value of FVSI 

which is the nearest to 1.0 determine the weakest line of the transmission system. 

 

 

(1) 
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 Where  and  represent the impedance and reactance of the transmission line respectively, 

 represents the reactive power at the receiving end and  represents the voltage at the sending 

end. 

 
2.2. Lmn Index 

The Lmn index is calculated using the power flow model in a single line diagram (see Figure 

1), which considers the line connection between two bus bars in an interconnected network 

[11].  The system is considered stable if the Lmn index does not exceed the value of 1.0. 

 (2) 

 

 Where  is the reactance of transmission line,  is the reactive power at the receiving end,  

is the voltage at the sending end,  is the angle of line impedance,  is the difference of phase 

angle between sending and receiving end voltage. 

 
3. Fitness Function for Reactive Power Dispatch Problem  

 In order to obtain the best solution for the reactive power dispatch problem, the 

formulation of the objective function is performed by minimizing both total power loss and 

line stability index as in Eq. (3) while satisfying the equal and unequal constraints. The 

weighted sum-based technique is used to represent the fitness equation; which combined the 

loss equation and total apparent power loss in the system.  

 
 

(3) 

 

 Where  and  are weightage factors,   is the total power loss in MVA computed using 

Newton Raphson method, and  is the maximum stability index values of all branches from 

either FVSI or Lmn index.  is substituted by Eq. (1) and Eq. (2) independently. 

 Theoretically, the equality constraint of the load flow is linearly dependent on the active and 

reactive power of the transmission system. The total output power of all generators must be 

equivalent to the power of total demand and transmission loss in the system as shown in Eq. 

(4) and Eq. (5) [12, 13]. 

       (4) 

      (5) 
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 Where  and   denote the real and reactive power generation respectively,  and  

denote the real and reactive power demand respectively,  and  denote the susceptance 

and conductance respectively between bus i and j. 

 The lower and upper limit of the output power and voltage of the generator are also 

considered as shown below: 

                                    (6) 

                               (7) 

                               (8) 

 

 Tap setting of the transformer must be specified based on lower and upper limits as shown 

below: 

                            (9) 

 

 Shunt compensation constraint should be along definite lower and upper limits as shown 

below: 

                                                                          (10) 

 

 Bus voltage should be kept within permissible limits at load busses as shown below: 

             (11) 

 

4. Moth-Flame Optimization for Reactive Power Dispatch Problem 

 Authors in [14] proposed the Moth-Flame Optimization (MFO) algorithm which proven to 

be competing with various well-known optimization techniques. MFO begins with randomly 

initialized moth positions in accordance to the solution space. The best flames are identified 

according to the sorted moth position based on the minimum fitness value.  In the following 

iteration, the position of the moths is updated based on the function of spiral motion towards 

the best individual position of moths according to the flame. The best current position of the 

flames is compared to the previous best flames for the new best flames. The best position of 

the moths and the best values of flames are iteratively updated until the termination criteria are 

satisfied. The set of moth position in a population is shown in Eq. (12). In each population, 

there are n number of individuals, which ultimately form the matrix size to be (nxd). The 

variable n represents the number of individuals and d denotes the decision variable number. 
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                                                  (12) 

 

The number of moths is n, and the number of variables is d. 

The fitness function value for the moth’s sort in an array as in Eq. (13). 

                                                                      (13) 

  

Where each part shows the fitness value of the respective position of the moth.  

The flames in this algorithm are the key components and this matrix is similar to moth matrix 

as shown in Eq. (14). 

                                                           (14) 

 

The fitness function value for the flame sort in an array as in Eq. (15). 

                                                                     (15) 

 

The MFO algorithm is inspired by the transverse orientation. Mathematical formulation of the 

behavior is done by updating the position of each moth, with respect to the flame as in Eq. 

(16). 

                                                                      (16) 

 

Where  indicates ith moth,  indiciates jth flame and  indicates spiral function as in Eq. (17). 

                                (17) 

 

Where Di is the ith moth distance for the jth flame, b is the logarithmic spiral shape constant, and 

 is a random number between the limit of -1 to 1. The distance is obtained using Eq. (18), 

                                                                      (18) 
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Where  is the ith moth,  is the jth flame, and  is the ith moth distance for jth flame. 

 

 MFO algorithm finds the most optimum solution by minimizing the fitness function of Eq. 

(3). For solving problems related to the reactive power dispatch, MFO is implemented by 

searching for optimal values of control variables to reduce the total power loss and to improve 

the stability index, subjected to the operational constraints. The employment of MFO 

algorithm to find the optimal setting values is shown in the flowchart of Error! Reference 

source not found..  

 
 Initially, a random set of candidate solution for the initial population is generated. The 

candidate solution or the moth position consists of five generator bus voltages , five 

reactive power  and four transformers’ tap position . Floating point numbers are used 

for the representation of the generator bus voltages, while the reactive power generation of 

capacitor bank and the transformer tap position are represented by integers. The tolerance 

values for generator bus voltage is ±5% and the transformer tap ranges of ±10% with a 

tapping step of size of 0.025 p.u. The transformer tap is represented by integer numbers for 

each stepping size as (1, 2, …, 9), while the values of the shunt capacitor are varied between 

the limit of 1 to 5 p.u. The number of populations is set to 20 and maximum iteration is 200. 

 
 After the decision variables are generated, the proposed algorithm uses the decision 

variables as the setting to run power flow algorithm by Newton Raphson and compute the 

stability index. The fitness value is calculated using the total power loss and maximum index 

values. Each individual’s fitness value is assessed to ensure that the constraints are met. Then, 

the decision variables are updated and the fitness value for the updated moth position again are 

evaluated. The updated moth position is sorted and combined with previous population and 

defined as best flames. The best values of flame with minimum fitness value is recorded as the 

best flame position with best flame score respectively for every iteration. The iteration process 

stopped when the solution of the decision variables is converged. This is normally 

characterized by the difference between the maximum fitness and minimum fitness to be less 

than 0.00001. Hence, the optimal setting found with minimum fitness value [15]. This is 

termed as the stopping criterion. 
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Generate a set of random initial 

solutions

Run power flow and compute line 

stability index of Eq. (1) or Eq. (2)

Evaluate objective function of Eq. (3)

Update moth position of Eq. (16)-(18)

Best flames = Sorted population

Combine current and previous best 

flames 

Get best flame position and score

Iteration ≤ Max  iteration?

Evaluate objective function of Eq. (3)

Iteration = 1?

End

Yes

Yes

No

No

 

Figure 2. The flowchart of MFO implementation to find the optimal setting of reactive power 

dispatch 

 

II. RESULTS AND DISCUSSION 

 
 The proposed MFO-based approach was applied to the IEEE 30-bus system for voltage 

stability improvement. The modeled test system comprises of 6 generating units, 24 load buses 

and 41 transmission lines. In order to enhance the stability of the system, three decision 

variables which are crucial to be optimized include the voltage magnitude, transformer tap 

setting and shunt capacitor bank. The setting for voltage magnitude was optimized at the 

generator bus of Bus 2, 5, 8, 11 and 13. The setting for the tap changing transformer was 

optimized at branches (6-9), (6-10), (4-12) and (28-27). However, the setting for shunt 

capacitor bank was optimized at the selected five weakest bus of the system.  
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 A stressed condition system was simulated to determine the five weakest bus of the system 

by considering 125% loaded condition for both active and reactive power at all buses. Table 1 

and 2 present the list of top ten weakest branch sorted according to the descending order of 

the FVSI and Lmn index. According to FVSI values in Table 1, the five weakest bus selected 

for reactive power injection are Bus 10, 15, 14, 27, and 16. As for Lmn in Table 2, the five 

weakest bus selected for reactive power injection are Bus 15, 14, 30, 27, and 18. 

 
Table 1 

Top ten weakest line based on FVSI for 125% load 

 

Rank Bus  

FVSI 1 From To 

2 6 10 0.4190 

3 14 15 0.3733 

4 12 14 0.2821 

5 28 27 0.2109 

6 12 16 0.2079 

7 27 30 0.2068 

8 29 30 0.1642 

9 25 27 0.1483 

10 15 18 0.1424 
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Table 2 

Top ten weakest line based on LMN index for 125% load 

 

Rank Bus LMN 

1 From To 

2 14 15 0.3739 

3 12 14 0.2881 

4 27 30 0.2194 

5 28 27 0.2128 

6 29 30 0.1682 

7 25 27 0.1467 

8 15 18 0.1443 

9 12 15 0.1348 

10 4 12 0.0768 

 

 After selecting the position of voltage magnitude, reactive power injection and transformer 

tap setting, the MFO algorithm was simulated to obtain the optimal setting of the three 

decision variables. The optimization of the setting for control variables must satisfy the 

constraint or limitation of the decision variables. The voltage magnitude was set to be between 

0.95 p.u. to 1.05 p.u., the reactive power injection was set to be between 0 p.u. to 5 p.u., and 

the transformer tap setting must be between 0.9 and 1.1. Table 3 and 4 show the optimal 

setting of the voltage magnitude obtained by the proposed algorithm using FVSI and Lmn 

index respectively.  Table 5 and 6 show the optimal transformer tap setting obtained by the 

proposed algorithm using FVSI and Lmn index respectively. Table 7 and 8 show the optimal 

reactive power injection obtained by the proposed algorithm using FVSI and Lmn index 

respectively. 
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Table 3 

The optimal setting of the voltage obtained by using FVSI 

 

PV 

Bus 

Initial 

Setting 

Optimal 

Setting 

2 1.0500 1.0493 

5 1.0400 1.0500 

8 1.0100 0.9848 

11 1.0500 1.0403 

13 1.0500 1.0296 

 

Table 4 

The optimal setting of the voltage obtained by using Lmn 

 

PV 

Bus 

Initial 

Setting 

Optimal 

Setting 

2 1.0500 1.0457 

5 1.0400 1.0500 

8 1.0100 1.0500 

11 1.0500 1.0362 

13 1.0500 1.0500 
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Table 5 

The optimal tap setting obtained by using FVSI 

 

Branch  Initial 

Setting 

Optimal 

Setting 

6-9 0.9780 1.0250 

6-10 0.9690 0.9500 

4-12 0.9320 0.9750 

28-27 0.9680 0.9000 

 

Table 6 

The optimal tap setting obtained by using Lmn 

 

Branch 
Initial 

Setting 

Optimal 

Setting 

6-9 0.9780 1.0250 

6-10 0.9690 0.9750 

4-12 0.9320 0.9750 

28-27 0.9680 0.9000 

 

Table 7 

The Optimal Reactive Power Dispatch Obtained by Using FVSI 

 

Weak 

Bus 

Initial 

Setting 

Optimal 

Setting 

10 0 4 

14 0 5 

15 0 5 

16 0 5 

27 0 5 
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 The voltage profile of all 30 buses was also observed to verify the optimal setting obtained 

by the proposed algorithm. Figure 13 shows the data of voltage magnitude for all 30 buses 

using initial and optimal setting. It is proven that the voltage magnitude of optimal setting by 

FVSI and Lmn index are within the limits and clustered closely to the true value of 1.0 p.u with 

standard deviation of 0.0205 and 0.0212 respectively as compared to initial setting with 

standard deviation of 0.0338. Hence, it shows that the optimal setting improves the overall 

voltage stability of the system. 

 

Figure 1. Voltage profile of the IEEE 30-bus with initial and optimal setting using FVSI and 

Lmn index 

  

 To analyze the system under disturbance, a contingency analysis was also conducted with 

125% overload. Two weakest branches with maximum index were selected for line outages. 

Note that only the maximum index out of all branches as well as the total MVA loss were 

considered for comparison purpose. Table 11 shows that the values of both maximum FVSI 

and total power loss are reduced when using the optimal setting obtained by the proposed 

algorithm. The improved results can be seen in Table 12, in which the maximum Lmn index 

and the total power loss are reduced when using the optimal setting obtained. These prove that 

the voltage stability of the system was also improved when the optimal setting for decision 

variables were applied for contingency state. Lastly, a comparison between FVSI and Lmn 

index in Table 11 and 12 respectively shows that the optimal setting obtained by the proposed 

algorithm using Lmn index achieved better stability index and lesser power loss for both line 

outages.  

 

 



 

 

Moth-Flame Optimization Algorithm Based Reactive Power Dispatch for Voltage 

Stability Improvement 

   
 

14 

 Emperor Journal of Life Science Research 

Emperor Journal of Commerce 

Emperor International Journal of Finance and 

Management Research 

Emperor International Journal of Finance and 

Management Research 

III. CONCLUSION 

 This paper has presented the study on Moth-Flame optimization algorithm based reactive 

power dispatch for voltage stability improvement. In this study, optimal tuning of decision 

variables was performed based on Moth-Flame optimization technique with the objective of 

reducing the total power loss and line stability index. Both fitness functions are integrated in a 

common equation involving the total power loss and line stability index. Two coefficients have 

also been introduced in this equation. FVSI and Lmn index were chosen as the stability indices 

to determine the most critical buses in the system for optimum reactive power injection. Both 

indices are in scalar values and ranging from 0 to unity. The proposed method successfully 

obtained the optimal setting of the voltage magnitude, transformer tap setting, and reactive 

power dispatch, which improves the system stability under normal and contingency states, 

according to the simulation on the IEEE 30-bus system. The proposed method's optimal 

control variable setting was also shown to improve the voltage profile and lower the voltage. A 

comparison between the FVSI and Lmn index shows that the proposed method using Lmn yields 

an improved performance of the test system with the optimal setting obtained.  
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