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ABSTRACT-This paper presented an application for hybrid technique 

for solving optimal power flow problem that occur in power system. The 

proposed hybrid technique is the combination of artificial bee colony 

algorithm and particle swarm optimization. The hybrid techniques are 

used to solving optimal power flow (OPF) in power systems with 

different objective function such as Fuel cost minimization, piecewise 

quadratic cost function and quadratic cost function with valve point 

effects. The proposed hybrid technique is implemented in IEEE 30-bus 

system are presented to show the validity and effectiveness of the 

method.   

 Keywords: Optimal Power Flow (OPF), Hybrid technique, Artificial 

Bee Colony algorithm (ABC), Particle swarm optimization (PSO). 

I.INTRODUCTION 
Optimal power flow (OPF) has a significant importance in 

planning and operation of power system. It was introduced first 

time in 1968   by   Dommel and Tinney [1] OPF problem solution 

aims to optimize an objective function though optimal adjustment 

of the power system control variables, while at the same time 

satisfying various systems operating such as power flow equations 

and inequality constraints [2].In general formulation, the OPF is a 

nonlinear optimization problem with both continuous and discrete 

control variables. The objective function of the fuel cost is one the 

most applicable objective function, which has been used .Equality 

constraints include equations of power flow and inequality 

constraints include the equipment operation constrains and 

security constraints of the system OPF [3] is a nonlinear 

programming problem that determines the optimal output of 

generators; bus voltage and transformer tap setting in power 

system with an objective to minimize the total fuel cost. Many 

conventional techniques such as Gradient method [4], Linear 

programming [5], nonlinear programming [6-7], quadratic 

programming [8], newton based and interior point method [9-11] 

have also been employed to OPF problem. But these methods 

cannot find a global optimal solution in OPF problems which have 

nonlinear constraints and objective functions. Thus to overcome 

this problem, wide kind of the intelligent method has been used 

optimal power flow problem. 

Intelligent search techniques such as Genetic algorithm [12], 

differential evolution algorithm [13], tabu search [14], particle 

swarm optimization [15], ant colony optimization [16], and 

Gravitational search algorithm [17], Artificial bee colony 

algorithm [18].They have been successfully applied to 

optimization problems in which global solutions are more 

preferred than local ones. 

The artificial bee colony (ABC) algorithm is one of the recently 

proposed intelligent algorithms, first developed by karaboga in 

2005, inspired by the foraging behavior of honey bees [19]. ABC 

algorithm is simple in concept, easy to implement, and has less 

control parameters it has been widely used in many optimization 

algorithm application and successfully applied to some practical 

problems such as unconstrained numerical optimization [20] 

,constrained numerical optimization[21],and made a series of 

better experimental results.  

Recently for improving the performance of ABC algorithm have 

been developed. The proposed an ABC algorithm by using Chaotic 

map as efficient alternatives to generate pseudorandom sequence 

[22]. In order to improve exploitation ability developed by 

applying the best solution of the previous iteration in search 

equation at the onlooker stage [23].A review of ABC can refer to 

[24]. 

Particle swarm optimization (PSO) is a proposed population based 

stochastic optimization algorithm which was inspired by the social 

behavior of flock of birds [25].PSO was designed and developed 

by Eberhart and Kennedy [26].PSO has comparable search 

performance for many optimization problems with faster and 

stable convergence rate [27]. In PSO tries to find the optimal 

solution to the problem by moving the particles the fitness of the 

new solution [28].The Global best particle of the population ids 

determined to the fitness values. It required only few parameters to 

be tuned and hence is attractive an implementation view point. 

Indeed, this new hybrid algorithm has been used to solve the OPF 

problem. A hybrid artificial bee colony algorithm based on particle 

swarm optimization search for global optimization. In this paper 

proposes a hybrid ABC and PSO algorithm to solve the OPF 

problem. This algorithm from the abilities of both ABC and PSO 

algorithm. 

 

2. PROBLEM FORMULATION 
The OPF problem can be described as an optimization 

(minimization) process with nonlinear objective function with 

nonlinear constraints. In general, the OPF problem can be 

mathematically formulated as follows 

Minimize 𝐹(𝑥)                                                       (1) 

Subject to  𝑔(𝑥) = 0                                              (2) 

      ℎ(𝑥) ≤ 0                                             (3) 

Where F is the objective function to be optimized, g is the 

equality constraints representing nonlinear power flow equations, 
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and h is the system operating constraints. Also u is the vector of 

independent control variables. 

OBJECTIVE FUNCTION 

Minimization of total fuel cost: 

The OPF problem to minimize the total fuel cost of all generating 

unit which is represented as a quadratic function of its power 

output and it is formulated as follows:  

𝐹(𝑥) = ∑ (𝑎𝑖 + 𝑏𝑖𝑃𝐺𝑖 + 𝑐𝑖𝑃𝐺𝑖
2 )𝑁𝐺

𝑖−1                           (4) 

Where 𝑁𝐺is the number of generation buses including the slack 

bus, and 𝑃𝐺𝑖  is the generator active power at bus I and 𝑎𝑖 , 𝑏𝑖 , 𝑐𝑖  

are the fuel cost coefficients of the 𝑖𝑡ℎ generating unit. 

Where the active and reactive power injection at bus 𝑖 are defined 

in the following equation: 

𝑃𝑖(𝑉, 𝜃) = ∑ 𝑉𝑖𝑉𝑗(𝐺𝑖𝑗 cos 𝜃𝑖𝑗 + 𝐵𝑖𝑗 sin 𝜃𝑖𝑗)
𝑁𝐵
𝑗=1        (5) 

𝑄𝑖(𝑉, 𝜃) = ∑ 𝑉𝑖𝑉𝑗(𝐺𝑖𝑗 sin 𝜃𝑖𝑗 + 𝐵𝑖𝑗 cos 𝜃𝑖𝑗)
𝑁𝐵
𝑗=1        (6) 

Piece-wise quadratic fuel cost function: 

In power system operation conditions various fuel sources like 

coal, natural gas, and oil are applied to thermal generating units. 

The fuel cost functions of these units may be dissevered as piece 

wise cost functions for different types []. Thus the fuel cost 

function should be expressed as: 

𝐹𝑖(𝑃𝐺𝑖) = ∑ (𝑎𝑖 + 𝑏𝑖
𝑁𝐺
𝑖=1 𝑃𝐺𝑖 + 𝑐𝑖𝑃𝐺𝑖

2                    (7) 

Where𝑎𝑖,𝑏𝑖, and  𝑐𝑖 are cost coefficients of the 𝑖𝑡ℎ generating using 

the fuel type. 

Quadratic cost function with valve point effect: 

The valve point effect is taken into consideration by adding a sine 

component to quadratic cost function [16]. Typically, the fuel cost 

function of generating unit with valve point is represented as 

follows  

𝐹 = 𝑎𝑖𝑃𝐺𝑖
2 + 𝑏𝑖𝑃𝐺𝑖 + 𝑐𝑖 + |𝑑𝑖sin (𝑒𝑖(𝑃𝐺𝑖

𝑚𝑖𝑛 − 𝑃𝐺𝑖))|(8)  

Where 𝑑𝑖 and 𝑒𝑖 are the cost coefficient of the unit with valve point 

effect. 
The inequality constraints of the OPF problem reflect the limits on 

physical devices in power system. The inequality constraints are 

upper bus voltage limits at generations and load buses, lower bus 

voltages limits at load buses, reactive power limits at generation 

buses, maximum active power limits corresponding to lower limits 

at some generators, maximum line loading limits, and limits on tap 

settings. The inequality constraints of the problem include as 

following: 

Generation constraint:  

Generator voltages, real power outputs and reactive power outputs 

are restricted by their upper and lower limits as follows: 

 

𝑷𝑮𝒊
𝒎𝒊𝒏 ≤ 𝑷𝑮𝒊 ≤ 𝑷𝑮𝒊

𝒎𝒂𝒙                                                (9) 

 

𝑸𝑮𝒊
𝒎𝒊𝒏 ≤ 𝑸𝑮𝒊 ≤ 𝑸𝑮𝒊

𝒎𝒂𝒙                                              (10) 

 

𝑽𝑮𝒊
𝒎𝒊𝒏 ≤ 𝑽𝑮𝒊 ≤ 𝑽𝑮𝒊

𝒎𝒂𝒙                                               (11) 

 

VGi
min, VGi

max: Minimum and maximum generator voltage of ith  

generating unit. 

 

QGi
min, QGi

max: Minimum and maximum generator voltage of ith 

generating unit. 

 

𝐏𝐆𝐢
𝐦𝐢𝐧, 𝐏𝐆𝐢

𝐦𝐚𝐱  : Minimum and maximum generator voltage of ith 

generating unit. 

Transformer taps constraint: 

 Transformer tap setting are restricted by their upper and lower 

limits as follows 

 

𝑻𝒊
𝒎𝒊𝒏 ≤ 𝑻𝒊 ≤ 𝑻𝒊

𝒎𝒂𝒙                                                 (12) 

 

 

Shunt VAR constraints:  

Shunt VAR compensations are restricted by their upper and lower 

limits as follows: 

 

𝑸𝑮𝒊
𝒎𝒊𝒏 ≤ 𝑸𝑮𝒊 ≤ 𝑸𝑮𝒊

𝒎𝒂𝒙                                              (13) 

 

Where 𝑵𝑮 is the number of shunt compensators. 

 

3. ARTIFICIAL BEE COLONY ALGORITHM 

ABC is a new swarm intelligence algorithm proposed by Karaboga 

in 2005, which is inspired by the behavior of honey bees. Since the 

development of ABC, it has been applied to solve different types 

of problems. Artificial bee colony (ABC) algorithm is a recently 

proposed optimization technique which simulates the intelligent 

foraging behavior of honey bees. The ABC algorithm, there are 

three types of bees are employed bees, onlooker bees, and scout 

bees. The employed bees search food around the food source in 

their memory; mean while they share the information of these food 

sources to the onlooker bees. The onlooker bees tend to select good 

food sources from those found by the employed bees. 

 The food source that has higher quality (fitness) will have a large 

chance to be selected by the onlooker bees than the one of lower 

quality. The scout bees are translated from a few employed bees, 

which abandon their food sources and search new ones. The basic 

concept of Honey Bees Colony, its application to Swarm 

Intelligence and the proposed Bees Algorithm for solving the OPF 

problem will be explained briefly in this section. In the ABC 

algorithm, each cycle of the search consists of three steps: sending 

the employed bees onto the food sources and then measuring their 
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nectar amounts; selecting of the food sources by the onlookers after 

sharing the information of employed bees and determining the 

nectar amount of the foods; determining the scout bees and then 

sending them onto possible food sources. 

In the ABC algorithm, each cycle of the search consists of three 

steps: sending the employed bees onto the food sources and then 

measuring their nectar amounts; selecting of the food sources by 

the onlookers after sharing the information of employed bees and 

determining the nectar amount of the foods; determining the scout 

bees and then sending them onto possible food sources. 

In the first step of the ABC algorithm the initial solutions are 

randomly created in the particular range of the variable 𝒙𝒊𝒋(𝒊 =

𝟏, 𝟐, 𝟑, … 𝑺).Secondly employed bee identifies the new sources 

whose amounts are equal to the half of the total sources. 

𝑽𝒊𝒋 = 𝒙𝒊𝒋 + 𝝋𝒊𝒋(𝒙𝒊𝒋 − 𝒙𝒌𝒋)                                      (14) 

In the third step, the onlooker bee select a food source with the 

probability given by 

𝑷𝒊 =
𝒇𝒊𝒕𝒊

∑ 𝒇𝒊𝒕𝒋
𝑺𝑵
𝒋=𝟏

                                                            (16) 

Where 𝑓𝑖𝑡𝑖 is the fitness value of the solution i which is 

proportional to the nectar amount of food sources in the position i 

and j is the number of food sources which is equal to the number 

of employed bees. In a cycle after all employed bees and onlooker 

bees complete their searches the algorithm check to see if there is 

any exhausted source to be abandoned. Providing that a position 

cannot be improved further through limit and that food source is 

assumed to be abandoned. Finally the best food source position is 

achieved. 

4. PARTICLE SWARM OPTIMIZATION 

Particle swarm optimization is Heuristic global optimization 

method put forward originally by kennedy and Eberhart in 1995. 

In PSO a swarm of particle is used to represent the population of 

candidate solutions. Each particle is a point in the N-dimensional 

search space. A particle is developed by the current position, and 

its current velocity. PSO tries to find the optimal solution to the 

problem by moving the particles and evaluating the fitness of the 

new position. 

V.HYBRID ARTIFICIAL BEE COLONY 

Hybrid global optimization approach based on the combination the 

two algorithms most popular in the field of optimization 

algorithms. These algorithms are artificial bee colony algorithm 

and particle swarm optimization. Hybrid algorithm first initialize 

the constant and variable are determined. The colony size, the 

number of bees, and PSO both work with same population. 

 In this algorithm is randomly generated at first. These may be 

regarded as bee colony in term of ABC or particle is terms of PSO. 

Thus each cycle after the fitness of all bees in the same population 

is calculated and employed bees are mark and we enhanced. The 

global best particle of the population is determined according to 

the sorted fitness values. By performing PSO solution on the 

employed bee we increase the search ability. ABC has a good 

ability to search for the optimum solution unlike the particle swarm 

optimization that can be used to calculate the fitness function of 

the system. 
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Read bus data, line data and ABC parameters 

after the fitness of all bees in same population is 

calculated, the employed bees are mark and we 

enhance them 

by PSO. The global best particle of the population is 

determined according to the sorted fitness values. By 

performing PSO solution on the employed bee, we 

increase 

the search ability. 

data and ABC parameter 

Initialize SN initial solution 

Evaluate the value of fitness function using PSO 

Generate new solution  𝑉𝑖 for employed bees 

Apply the greedy selection process between 𝑥𝑖 

and 𝑉𝑖 

Calculate the probability value 𝑃𝑖 for the solution 𝑥𝑖 

Produce the new solution 𝑉𝑖 for onlooker bees from 

the old solution 𝑥𝑖 selected depending on 𝑃𝑖 

Apply the greedy selection process for the onlooker 

bees between old solution 𝑥𝑖 and new solution 𝑉𝑖 

Determine the abandoned solution for the scout if 

exists, and replace it with a new randomly produced 

for the scout 

Memorize the best solution 

Stop 

Start 
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5. EXPERIMENTAL RESULT AND 

DISCUSSION 

The proposed hybrid ABC algorithm has been tested on the 

standard IEEE 30-bus test system. The system data and the 

minimum and maximum limits for the control variables. The IEEE 

30-bus system has six generator at the buses 1, 2,5,8,11,13 and four 

transformers tap ration at lines 6-9, 6-10, 4-12 and 28-27. Three 

different objective functions to minimize the total quadratic fuel 

cost, piece wise quadratic fuel cost and quadratic fuel cost with 

valve point effects are considered to demonstrate the effectiveness 

of hybrid ABC algorithm for solving the OPF problem in each 

case. 

Case1: Quadratic fuel cost function 

The generator cost characteristic is defined as quadratic cost 

function of generator output. The generator cost coefficients are 

given in table. The proposed hybrid ABC is applied to standard 

IEEE 30 bus system. 

Table 1 Generator cost coefficient for case 1 

Cost 

coeffici

ent 

Bus number 

 1 2 5 8 11 13 

a 0.00 0.00 0.00 0.00 0.00 0.00 

b 0.92 1.38 0.45 1.51 1.61 3.43 

c 0.072

01 

0.012

20 

0.008

30 

0.083

91 

0.035

06 

0.090

56 

Case2: Piece wise quadratic fuel cost functions 

For this second case, the cost coefficient for the units represented 

by a piece wise quadratic function is given in table. It can be 

observed that the minimum cost obtained by the proposed 

algorithm is near the global optimum solution. 

Bus 

no 

From 

MW 

To 

MW 

Cost coefficient 

   A        b           c 

 50 140 60.50 1.51 0.0844 

 140 200 42.00 0.18 0.0050 

 20 55 85.50 0.36 0.0246 

 55 80 74.50 0.04 0.0950 

 

Case3: Quadratic fuel cost function with valve point effect 

For this third case, the generating units of buses 1 and 2 are 

considered to have the valve point effect on their characteristics. 

Bus 

no 

 Cost coefficient 

  a b c d e 

1  150 2.00 0.0172 47.00 0.7569 

2  20.00 2.00 0.0521 49.00 0.9842 

Table Best control variable setting achieved by hybrid ABC 

algorithm for different cases 

Control 

variables 

Quadratic 

cost 

function 

Piece wise 

quadratic 

cost 

function 

Quadratic 

cost 

function 

with valve 

point 

effects 

P1 179.05 155.96 161.17 

P2 20.15 27.88 57.90 

P5 17.94 15.86 17.81 

P8 24.27 22.42 13.82 

P11 13.04 12.56 13.91 

P13 25.47 13.73 12.35 

V1 1.3729 1.5255 1.9282 

V2 1.7655 1.7086 1.9977 

V5 1.4374 1.9904 1.2683 

V8 1.5183 1.6104 1.9461 

V11 1.5602 1.2916 1.1121 

V13 1.2455 1.5509 1.8700 

T11 0.9235 0.9984 0.9601 

T12 0.9858 0.9906 0.9468 

T15 0.9115 0.9939 0.9514 

Qc10 6.1158 6.2382 6.8394 

Qc12 5.5419 6.8396 6.3235 

Qc15 5.6247 5.4214 6.1584 

Qc17 6.0004 5.6600 5.8572 

Qc20 5.1636 6.0358 5.3174 

Qc21 6.0095 6.7408 6.2696 

Qc23 5.7530 5.9976 6.8606 

Qc24 5.7037 6.3841 5.8012 

Qc29 6.3563 5.5293 6.2625 

Fuel 

cost($/h) 
799.9100 646.9772 917.1739 

 

6. CONCLUSION 

In this work a new hybrid optimization algorithm based on the 

intelligent foraging behavior of honey bee swarm and PSO has 
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been described. The new swarm algorithm is very simple and very 

flexible and very robust at least problem is considered. From the 

result it is concluded that the proposed algorithm can be used for 

solving optimal power flow problems. 
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