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Abstract - The Firefly algorithm is one of the swarm intelligence methods based on the reaction of a firefly to the light 
emitted from others fireflies. The original form of the firefly algorithm already has managed to solve problems that have 
multi- dimensional and nonlinear problem. However, some modification or even hybridization with the other metaheuristic 
methods is advisable. In this paper, the traditional firefly algorithm is modified to take into account both the light intensity 
and the distance from each firefly. This modification results in a more realistic movement of the dimmer firefly towards the 
brighter one. The performance of the proposed algorithm was tested for its performance in finding optimal solutions of an 
antenna impedance matching and found that this new algorithm is not only more effective but also more flexible to handle 
the multimodal function optimization problem. 
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 I. INTRODUCTION  
 
Optimization is a very important step in many 
applications such as engineering and industrial 
designs. As most real world problems are often 
highly nonlinear, it requires sophisticated 
optimization algorithms to handle.  
 
The optimization algorithm can be classified as 
deterministic or stochastic. A deterministic algorithm 
is one, on the given input, that will produce the same 
result by following the same computational steps. 
Deterministic algorithms are quite efficient in finding 
local optima because they will concentrate on local 
searches.  
 
Stochastic algorithms can be classified in two groups, 
heuristic and metaheuristic. A heuristic algorithm 
finds the solution by trial and error. Quality solutions 
for a tough optimization problem can be found, but 
there is no guarantee that solution is the optimal one. 
Metaheuristic algorithms are generally better than 
heuristic algorithms since the search process is 
implemented by using randomization and local 
searches [1]. In many cases, metaheuristic algorithms 
can provide a global solution of complex problems in 
engineering and science [2]. There are two main 
components in metaheuristic algorithms, 
diversification or exploration and intensification or 
exploitation [3].  
 
Diversification or exploration is to explore the global 
search space thoroughly and to be able to generate 
diverse solutions. Intensification or exploitation is to 
exploit the local information for the search process 
and generate current good solutions [4]. Since 
diversification is utilized global searches, the 
advantage it has will increase the chance to gain the 
optimality globally. The disadvantage is the process 

will be slower and have a less convergence rate. 
When intensification is applied to a local search, the 
optimization will converge more quickly. The 
disadvantages are, it may lead to premature 
convergence, and it will reduce the chance to find a 
global optimum . Balancing between exploration and 
exploitation is very important[5].. Metaheuristic 
algorithms are nature-inspired, and they are the most 
widely used algorithms for optimization. At present, 
many metaheuristic algorithms have been introduced, 
such as Genetic Algorithms(GA), Particle Swarm 
Optimization (PSO), Ant Colony Optimization 
(ACO) Artificial Bee Colony Optimization (ABCO) 
and Firefly Algorithm (FA).  
The paper is organized as follows: Section 2 gives a 
background on the optimizationproblem. Section 3 
introduces a Modified Firefly Algorithm ( MFA ). 
Section 4 presents parameters selection guidline. 
Simulation results are shown in Section 5 and section 
6 gives the conclusion work  
 
II. BACKGROUND  
 
An optimization problems consist of three 
components: a function to be optimized, possible 
solution set to be choosen from, and the optimization 
rule, which will be either maximized or minimized. 
Since one can switch between maximization and 
minimization by multiply the objective function by 
negative one, solving either maximization or 
minimization problem is enough. A maximization 
problem can be stated as follows:  
 
Maximize f(x)  
x ∈ S Rn   
 
A solution for this problem is a member of a set S 
which gives the maximum value of f(x) compared to 
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all element in S. The aim of miximization algorithm 
is to find such solution.  
The standard firefly Algorithm (SFA) was introduced 
by Xin-She Yang [5]. The algorithm is based on the 
firefly characteristic. Firefly is an insect that mostly 
produces short and rhythmic flashes that produced by 
a process of bioluminescence. The function of the 
flashing light is to attract partners (communication) 
or attract potential prey and as a protective warning 
toward the predator. Thus, this the intensity of light is 
the factor of the other fireflies to move toward the 
other firefly. For simplicity, flashing characteristic 
can be idealized as the following three rules:  
 
1) Fireflies are attracted toward each others 
regardless of gender.  
2) The attractiveness of the fireflies is correlative 
with the brightness of the fireflies, thus the less 
attractive firefly will move forward to the more 
attractive firefly.  
3) The brightness of fireflies is depend on the 
objective function.  
 

 
 

In equation (4), and are very important 
parameters. If approaching zero ( , the attractiveness 
is constant, . It means that every firefly can be seen in 
any position. If the is nearing infinity or too large ( , 
the attractiveness is zero. The firefly movements 
become random. The implementation of firefly 
algorithm can be done in these two asymptotic 
behaviors. While the second the term is for 
randomization, as is the randomize parameter. The 
can be specified as (ran -1/2) when ran is the random 
number generated with value between 0 and 1.  
Firefly algorithm is widely use to solve many 
problems, such as solving the economic emissions 
load dispatch problem [6], multilevel image 

thresholding selection [7], finding optimal test 
sequence generation [8] , solving travelling salesman 
problem [9], vector quantization for image 
compression [10] and object tracking [11].  
Despite that it is widely used for solving problem, 
standard firefly algorithm has some shortcoming in 
term of trapping into several local optima when 
solving complex problem [12-13]. There is some 
disadvantages of using single method only, because it 
will be overly restrictive for high dimensional and 
nonlinear problem. Thus, some modification and 
hybridization are suggested to overcome the 
shortcoming of single method [14-16]. 
 
III. MODIFIED FIREFLY ALGORITHM (MFA) 
  
The modified firefly algorithm improves the standard 
firefly algorithm in three points: 
 
1. Computational domain is scaled into a unit hyper 
cube, ud , where 0 ≤ u ≤ 1, d is the dimension of the 
searching domain. A new variable , xnew, is related 
to the old variable, xold, by xold, = (UP-LOW) xnew 
+ LOW. Where LOW and UP are the lower and 
upper bound of the old variable, respectively.  
 
2. Attractiveness of firefly i toward firefly j, βij , is 
modified as  

 
3) In the standard firefly algorithm, the attractiveness 
of fireflies will be a constant when γ approaches 0. 
That is, each firefly can be equally seen by all other 
ones. The movement of firefly is in the so-called the 
maximum exploitation mode. In this case, FA is the 
same as a classical PSO. If γ approaches ∞, the 
attractiveness will be equal to 0. All the fireflies 
cannot take their bearings to move but in random 
flight. The movement of firefly is in the so-called the 
maximum exploration mode . In this case, FA 
becomes a pure random search algorithm.  
The main point is to have the exploitation increased , 
but the exploration decreased as the number of 
iteration increases. Thus, γ and α should be gradually 
reduced . Both parameters can be formulated as 
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For example, if ε1 = 0.001 , Max_iteration = 50,  
γ0 = 25 , we will have Θ1 = 0.8167  
If ε2 = 0.0001 , α0 = 0.03 , we will have Θ2 = 0.8922 
Pseudo code of the modified firefly algorithm (MFA) 
for maximization problem is given below:  
Modified Firefly Algorithm  
f (X) is an objective function , X = (x1, ..., xd)T,0< xi 
<1  
Generate initial population of fireflies Xi (i = 1, 2, ..., 
N)  Light intensity Ii at Xi is determined by f (Xi)  
Define β0 , γ0 and 0  
while (t <Max_iteration)  
Rank the fireflies in increasing order of Ii  
for i = 1 : N-1  
for j = i+1 : N  
Move firefly i towards j according to eq.(5)  
Keep the new solution which has the highest light 
intensity end for j  
update Xi and f(Xi)  
end for i  
Rank the fireflies in increasing order of Ii  
end while  
Postprocess results and visualization. 
 
IV. PARAMETER SELECTION GUIDELINES  
 
For simplicity for parameter tuning, one can use β0= 
1, therefore the two parameters to be tuned are : γ0 > 
0 and  0 <α0 <1 . One can see that γ controls scale . It 
indicates how fast amplitude can fall, while α controls 
the randomness. 

 
In this paper, the MFA program is run with  20 < γ0 < 
200, 0.01 < α0 < 0.3 . Thus, it is expected that only γ0 
and α0 are required to be fine- tuing, while others ( i.e 
θ1 ,θ2 , and β0) do not need to be tuned carfully. 

 
V. OPTIMIZATION RESULTS  
 
The performance of the new modified firefly 
algorithm was tested for its performance in finding 
optimal solutions of an antenna matching network.  
The matching network topology proposed in [17] is 
shown in Fig. 1., where x2andx4 ,x3 and x5 represent 
inductance, and capacitance, respectively. It is stated 
that the capacitors should be in the range from 100 to 
2500 pF, while the inductances should lie between 1 
to 12 μH. 

 
In this paper, the impedance matching problem is 
solved using the Modified Firefly Algorithm (FMA). 
The object function to be minimized is 
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For HF Broadband Fan Antenna matching network, 
Fig. 2-3 are indicated that at almost every frequency 
point, both VSWR and TPG of HF Broadband Fan 
Antenna matching network increases, as decreases.  
 
CONCLUSION  
 
A new modified firefly algorithm is proposed. It 
modifies the standard firefly in three points: 1) 
scaling a computation domain into a unit hypercube; 
2) having a realistic attractiveness between fireflies, 
and 3) a new form of absorbtion coefficient and a 
random parameter. The performance of the proposed 
algorithm was tested for its performance in finding 
optimal solutions of an antenna impedance matching. 
Optimum results were comparable to other 
optimization algorithms in literatures.  
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