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1. Introduction 

Reactive power problem plays an important role in secure and economic operations of power system. Numerous types 

of methods [1-6] have been utilized to solve the optimal reactive power problem. However, many scientific difficulties 

are found while solving problem due to an assortment of constraints. Evolutionary techniques [7-17] are applied to 

solve the reactive power problem. This paper proposes Moth Search Algorithm (MSA) and Intermingled algorithm (IA) 

to solve optimal reactive power problem. Angle between moth and the light source continue to be altering, however it 

frequently gets away from observation, because extraterrestrial objects are so far away.  When a moth is close to the 

light source it uses for navigation, but the change in angle will be evidently noticeable, even from a little distance. 

Obviously, it forms a spiral flight path that gets nearer and nearer to the light source. In the structure of Levy flights 
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moths are always flying around their own positions with smaller distance from the best one. At a defined distance from 

best moth, other moths are situated around and considering best moth to be the target. Then in this work Intermittent 

search strategy, Eagle strategy, Flower pollination algorithm has been combined (called as intermingled algorithm) to 

solve the optimal reactive power problem. The exploration & exploitation has been improved substantially. At first in 

the exploration stage Intermittent search strategy is utilized then Eagle strategy is combined; first stage it does the 

exploration & latter it will do exploitation, finally Flower pollination algorithm utilized to upgrade the process of the 

algorithm. Proposed Moth Search Algorithm (MSA) and Intermingled algorithm (IA) has been tested in standard IEEE 

14, 30, bus test systems and simulation results show the projected algorithms reduced the real power loss effectively.  

 

2. Problem Formulation  

Objective of the problem is to reduce the true power loss: 

 

F = PL = ∑   gkk∈Nbr (Vi
2 + Vj

2 − 2ViVjcosθij)                               (1) 

                                     

Voltage deviation given as follows: 

 

F = PL + ωv × Voltage Deviation                                                       (2) 

                     

Voltage deviation given by: 

 

Voltage Deviation        = ∑ |Vi − 1|Npq
i=1                                                (3) 

 

Constraint (Equality) 

 

                                       PG = PD + PL                                                        (4) 

 

Constraints (Inequality)  

 

                            Pgslack
min ≤ Pgslack ≤ Pgslack

max                                              (5) 

 

                           Qgi
min ≤ Qgi ≤ Qgi

max , i ∈ Ng                                           (6) 

 

                           Vi
min ≤ Vi ≤ Vi

max , i ∈ N                                                  (7) 

 

                          Ti
min ≤ Ti ≤ Ti

max , i ∈ NT                                                 (8)  

 

                            Qc
min ≤ Qc ≤ QC

max , i ∈ NC                                              (9) 
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3. Moth Search Algorithm  

Moths are associated in to the order Lepidoptera. Amongst the characteristics of moths, the phototaxis and Levy flights 

are main features [14]. When a moth is close to the light source it uses for navigation, but the change in angle will be 

evidently noticeable, even from a little distance. Obviously, it forms a spiral flight path that gets nearer and nearer to 

the light source. In the structure of Levy flights moths are always flying around their own positions with smaller distance 

from the best one. At a defined distance from best moth, other moths are situated around and considering best moth to 

be the target.  Levy flight is a rank of non-Gaussian random processes whose arbitrary walks are drawn from Levy stable 

distribution. This allocation is a simple power-law formula L(s) ~ |s|-1-βwhere 0 <ß < 2 is an index.  

 

𝐿(𝑠, 𝛾, 𝜇) = {
√

𝛾

2𝜋

0    𝑖𝑓 𝑠 ≤ 0  

𝑒𝑥𝑝 [−
𝛾

2(𝑠−𝜇)
]

1

(𝑠−𝜇)3 2⁄     𝑖𝑓 0  < 𝜇 < 𝑠 < ∞           (10) 

 

𝐹(𝑘) = 𝑒𝑥𝑝[−𝛼|𝑘|𝛽], 0 < 𝛽 ≤ 2,                                                                                      (11) 

 

𝑌𝑡+1 = 𝑌𝑡 + 𝛼 ⊕ 𝐿𝑒𝑣𝑦 (𝛽)                                                                                                  (12) 

 

𝑌𝑡+1 = 𝑌𝑡 + 𝑟𝑎𝑛𝑑𝑜𝑚 (𝑠𝑖𝑧𝑒(𝐷)) ⊕ 𝐿𝑒𝑣𝑦(𝛽)                                                                  (13) 

 

A non-trivial scheme of generating step size s samples are summarized as follows, 

𝑌𝑡+1 = 𝑌𝑡 + 𝑟𝑎𝑛𝑑𝑜𝑚 (𝑠𝑖𝑧𝑒(𝐷)) ⊕ 𝐿𝑒𝑣𝑦(𝛽)~0.01
𝑢

|𝑣|1 𝛽⁄ (𝑦𝑗
𝑡 − 𝑔𝑏)                        (14) 

 

Where u and v are drawn from normal distributions, that is 

𝑢~𝑁(0, 𝜎𝑢
2)   𝑣~𝑁(0, 𝜎𝑣

2)                                                                                                        (15)                                                      

 

𝜎𝑢 = {
Г(1+𝛽)𝑠𝑖𝑛(𝜋𝛽/2)

Г[(1+𝛽)/2]𝛽2(𝛽−1)/2
}

1
𝛽⁄

 , 𝜎𝑣 = 1                                                                                     (16) 

 

Moths positions are modernized by performing Levy flights, 

𝑦𝑖
𝑡+1 = 𝑦𝑖

𝑡 + 𝛼𝐿(𝑠)                                                                                                                      (17) 

 

In this work “𝛼" is scale factor and found by, 

𝛼 = 𝑆𝑚𝑎𝑥 𝑡2⁄                                                                                                                                    (18) 

 

Towards that source of light certain moths are will fly in line. This procedure can be defined as follows. For moth i , its 

flights can be formulated as, 

𝑦𝑖
𝑡+1 = 𝜆 × (𝑦𝑖

𝑡 + 𝜑 × (𝑦𝑏𝑒𝑠𝑡
𝑡 − 𝑦𝑖

𝑡))                                                                                           (19) 
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Towards the ending position that is beyond the light source some moths may fly, for this case, the ending position for 

moth i can be formulated as follows: 

𝑦𝑖
𝑡+1 = 𝜆 × (𝑦𝑖

𝑡 +
1

𝜑
× (𝑦𝑏𝑒𝑠𝑡

𝑡 − 𝑦𝑖
𝑡))                                                                                        (20) 

Start 

Step a: Initialization of parameters 

Step b: Evaluation of the fitness; each moth individual fitness value will be calculated with respect to its position. 

Step c: While t<MaxGen do; classify all the moth individuals by their fitness value. 

For i= 1 to NP/2 (for all moth individuals in Subpopulation 1) do 

By performing Levy flights Engender  𝑥𝑖
𝑡+1  

End for i 

For i= NP/2+1 to NP (for all moth individuals in Subpopulation 2) do 

If random > 0.5 then 

Engender 𝑦𝑖
𝑡+1 through 𝑦𝑖

𝑡+1 = 𝜆 × (𝑦𝑖
𝑡 + 𝜑 × (𝑦𝑏𝑒𝑠𝑡

𝑡 − 𝑦𝑖
𝑡)) 

Else 

Engender 𝑦𝑖
𝑡+1 through 𝑦𝑖

𝑡+1 = 𝜆 × (𝑦𝑖
𝑡 +

1

𝜑
× (𝑦𝑏𝑒𝑠𝑡

𝑡 − 𝑦𝑖
𝑡)) 

End if 

End for i 

Calculate the population as per the recently modernized positions 

t = t+1. 

Step d: end while 

Step e: Output the most excellent solution. 

End 

 

4. Intermingled Algorithm 

In this projected algorithm at first Intermittent search strategy [15,16] is utilized & it has been utilized in the exploration 

stage. 𝜏𝑎and 𝜏𝑅be the mean times used up in intensive detection stage and given as   

 

𝐷∇𝑟
2𝑡1 +

1

2𝜋𝜏𝑎
∫ [𝑡2(𝑟) − 𝑡1(𝑟)]

2𝜋

0
𝑑𝜃 + 1 = 0,                                                                           (21) 

 

𝑢 ∙ ∇𝑟𝑡2(𝑟) −
1

𝜏𝑅
[𝑟2(𝑟) − 𝑡1(𝑟)] + 1 = 0,                                                                                    (22) 

 

Balancing of two stages in the process can be done by, 

𝑟𝑜𝑝𝑡𝑖𝑚𝑎𝑙 =
𝜏𝑎

𝜏𝑅
2 ≈

𝐷

𝑎2

1

[2−
1

𝑖𝑛(𝑅 𝑎⁄ )
]
2                                                                                                            (23) 
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Then Eagle strategy [17] is combined and first stage it does the exploration & latter it will do exploitation. In this 

approach, mainly pe directly the exchange between local and global search. After that Flower pollination algorithm [18] 

combined in the process of the projected algorithm. 

 

 In this approach flower reliability can be characterized scientifically as 

𝑦𝑖
𝑡+1 = 𝑦𝑖

𝑡 + 𝛾𝐿(𝜆)(𝑦𝑖
𝑡 − 𝑔∗)                                                                                                    (24) 

Then draw L > 0 from a Levy distribution 

𝐿~
𝜆Г(𝜆𝑠𝑖𝑛(𝛱𝜆/2))

𝛱

1

𝑠1+𝜆  , (𝑠 ≫ 𝑠0 > 0)                                                                                        (25) 

 

Local pollination drafted as follows,  

𝑦𝑖
𝑡+1 = 𝑦𝑖

𝑡+∈ (𝑦𝑗
𝑡 − 𝑦𝑘

𝑡 )                                                                                                               (26) 

 

As Eagle Strategy is a two-stage strategy, for the large extent search stage is done through randomization via Levy 

flights. Balance of local search and global search is very significant, & it done through Eagle Strategy. The optimal ratio 

of exploitation and exploration is given by, 

 

τa τR
2 ≈ 1 8⁄⁄                                                                                                                                     (27) 

 

Initialization through arbitrary preliminary assumption  

While (stop criterion); Global exploration done in arbitrary mode 

Calculate the objective function; If pe<random, exchange to a local search 

Exhaustive local search will be done in the region of a competent solution  

If (a enhanced solution is found); Update the existing best 

End 

Modernize t = t + 1 

Locate the most excellent solution 𝑔∗in the preliminary population 

Describe a control probability p ∈[0, 1] ;Stopping criterion (fixed number of    generations/iterations) 

While (t <Maximum Generation) 

For i= 1 : n (all n flowers in the population) 

If random <p, 

Global pollination through 𝑦𝑖
𝑡+1 = 𝑦𝑖

𝑡 + 𝐿(𝑦𝑖
𝑡 − 𝑔∗) 

Else 

Local pollination through 𝑦𝑖
𝑡+1 = 𝑦𝑖

𝑡+∈ (𝑦𝑗
𝑡 − 𝑦𝑘

𝑡 )  

End if 

Calculate new-fangled solutions 

If new-fangled solutions are better, update them in the population 

End for 

Find the current best solution 𝑔∗ 
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End while 

Output - most excellent solution has been found 

 

5. Simulation Results 

At first in standard IEEE 14 bus system [19] the validity of the proposed Moth Search Algorithm (MSA) and Intermingled 

algorithm (IA) has been tested, Table 1 shows the constraints of control variables. Table 2 shows the limits of reactive 

power generators and comparison results are presented in Table 3.  

 

Table 1:  Constraints of Control Variables. 
 

System Variables Minimum (PU) Maximum (PU) 
IEEE 14 Bus Generator Voltage 0.95 1.1 

Transformer Tap 0.9 1.1 
VAR Source 0 0.20 

 

Table 2: Constrains of Reactive Power Generators 

System Variables Q Minimum (PU) Q Maximum (PU) 
IEEE 14 Bus 1 0 10 

2 -40 50 
3 0 40 

 6 -6 24 
 8 -6 24 

 

 
Table 3: Simulation Results of IEEE −14 System. 

 
Control 

variables 
Base case MPSO [20] PSO [20] EP [20] SARGA 

[20] 
MSA IA 

𝑉𝐺−1 1.060 1.100 1.100 NR* NR* 1.014 1.015 
𝑉𝐺−2 1.045 1.085 1.086 1.029 1.060 1.029 1.033 
𝑉𝐺−3 1.010 1.055 1.056 1.016 1.036 1.028 1.029 
𝑉𝐺−6 1.070 1.069 1.067 1.097 1.099 1.019 1.021 
𝑉𝐺−8 1.090 1.074 1.060 1.053 1.078 1.026 1.029 
𝑇𝑎𝑝 8 0.978 1.018 1.019 1.04 0.95 0.912 0.914 
𝑇𝑎𝑝 9 0.969 0.975 0.988 0.94 0.95 0.921 0.923 

𝑇𝑎𝑝 10 0.932 1.024 1.008 1.03 0.96 0.903 0.914 
𝑄𝐶−9 0.19 14.64 0.185 0.18 0.06 0.132 0.133 

𝑃𝐺 272.39 271.32 271.32 NR* NR* 271.86 271.92 
𝑄𝐺 (Mvar) 82.44 75.79 76.79 NR* NR* 75.73 75.78 
Reduction 
in PLoss 

(%) 

0 9.2 9.1 1.5 2.5 22.69 22.56 

Total PLoss 
(Mw) 

13.550 12.293 12.315 13.346 13.216 10.475 10.492 

NR* - Not reported. 
 

 

Then the proposed Moth Search Algorithm (MSA) and intermingled algorithm (IA) has been tested, in IEEE 30 Bus 

system. Table 4 shows the constraints of control variables, Table 5 shows the limits of reactive power generators and 

comparison results are presented in Table 6. 
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Table 4: Constraints of Control Variables. 

 

System  Variables  Minimum (PU) Maximum (PU) 
IEEE 30 Bus  Generator Voltage  0.95 1.1 

Transformer Tap 0.9 1.1 
VAR Source  0 0.20 

 

Table 5: Constrains of Reactive Power Generators. 
 

System  Variables  Q Minimum (PU) Q Maximum (PU) 
IEEE 30 Bus  1 0 10 

2 -40 50 
5 -40 40 

 8 -10 40 
 11 -6 24 
 13 -6 24 

 

Table 6: Simulation Results of IEEE −30 System. 

Control 
variables 

Base case MPSO [20] PSO [20] EP [20] SARGA 
[20] 

MSA IA 

𝑉𝐺−1 1.060 1.101 1.100 NR* NR* 1.029 1.033 
𝑉𝐺−2 1.045 1.086 1.072 1.097 1.094 1.023 1.031 
𝑉𝐺−5 1.010 1.047 1.038 1.049 1.053 1.017 1.019 
𝑉𝐺−8 1.010 1.057 1.048 1.033 1.059 1.021 1.030 

𝑉𝐺−12 1.082 1.048 1.058 1.092 1.099 1.018 1.019 
VG-13 1.071 1.068 1.080 1.091 1.099 1.024 1.020 
Tap11 0.978 0.983 0.987 1.01 0.99 0.927 0.921 
Tap12 0.969 1.023 1.015 1.03 1.03 0.929 0.933 
Tap15 0.932 1.020 1.020 1.07 0.98 0.926 0.927 
Tap36 0.968 0.988 1.012 0.99 0.96 0.928 0.929 
QC10 0.19 0.077 0.077 0.19 0.19 0.094 0.090 
QC24 0.043 0.119 0.128 0.04 0.04 0.105 0.103 

𝑃𝐺 (MW) 300.9 299.54 299.54 NR* NR* 297.82 297.89 
𝑄𝐺 (Mvar) 133.9 130.83 130.94 NR* NR* 131.49 131.51 
Reduction 
in PLoss 

(%) 

0 8.4 7.4 6.6 8.3 17.16 15.72 

Total PLoss 
(Mw) 

17.55 16.07 16.25 16.38 16.09 14.537 14.791 

 

6. Conclusion 

In this article Moth Search Algorithm (MSA) and intermingled algorithm (IA) successfully solved the optimal reactive 

power problem. IN MSA approach, when a moth is close to the light source it uses for navigation, but the change in angle 

will be evidently noticeable, even from a little distance. At a defined distance from best moth, other moths are situated 

around and considering best moth to be the target. In this article combination of Intermittent search strategy, Eagle 

strategy, Flower pollination algorithm has successfully solved the optimal reactive power problem.  Exploration and 

exploitation have been improved by the combination of the three techniques. Proposed Moth Search Algorithm (MSA) 

and intermingled algorithm (IA) has been tested in standard IEEE 14, 30 bus test systems and simulation results show 

the projected algorithms reduced the real power loss effectively. 
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