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Abstract— Firefly Algorithm (FA) is a swarm intelligence 

algorithm inspired by the flashing behavior of fireflies, which 
uses their flashing lights as a warning for potential prey and for 
reproduction attractiveness. In this paper, FA is applied to find 
the optimal parameters for both Power System Stabilizer and 
Power Oscillation Damping controller. Several parameters are 
evaluated. The objective is to analyze how they impact over 
algorithms’ performance on the enhancement of damping power 
systems electromechanical oscillations. To achieve the paper’s 
objective, a series of numerical simulations of the Symmetrical 
Two-Area Power System are carried out. Simulations data show 
that for lower loading conditions, FA convergence is increased. 
For small populations searching capacity is reduced, while large 
populations result in lower processing speed due to the increase in 
the computational effort. The step factor controls the 
neighborhood search; big values enlarges the search area but 
impair the intensification process of the FA. The attractiveness 
coefficient controls the diversity of the solutions by adjusting how 
the fireflies update their position towards the brightest firefly. 
Results allows to conclude that FA can be applied to coordinate 
PSS and POD controllers and hence increase the damping of 
power systems oscillations. 

 
Keywords—Evolutionary Computation, Firefly Algorithm, 

Power System Analysis, Power System Stability 

I.  INTRODUCTION 

n times of growing demand for electrical energy combined 
with a rising number of restrictions to power systems 

expansion, efficiency has to be the watchword. 
On the search for a better usage of available resources, it is 

unavoidable that the power systems operate even more close to 
their operational limits. Hence, it is essential that their 
equipment works in an optimum way.  

Controller usage in power systems began around the middle 
of the 20th century with the installation of Automatic Voltage 
Regulators (AVRs) next to synchronous generators and, later, 
with the arise of Power System Stabilizers (PSSs). Both 
controllers were depicted by several and important papers, like 
[1] and [2]. 

With the development of Power Electronics and Flexible 
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AC Transmission Systems (FACTS), the usage of controllers 
has grown along the years, mainly as a response to the higher 
quality and reliability requirements imposed by regulatory 
agencies around the world. 

This brought to light an interesting problem: making 
controllers operate together and in harmony. Different 
optimization strategies have been proposed to solve this 
problem, from the use of classic control techniques [3], 
through the use of concepts of artificial intelligence (AI) and 
neural networks [4] to the use of metaheuristics [5], [6]. 

The major disadvantage related to the use of classic control 
techniques is that finding the parameters for controllers can be 
a very complex problem. This may result in a considerable 
computation effort, reducing efficiency.  

For AI and neural networks, the major issue is related to the 
training process. A good training is essential to the success of 
finding solutions for the parameter tuning problem, but also 
requires a considerable computational effort. 

Metaheuristics use generic rules to solve optimization 
problems. This makes them simpler than the other techniques. 
Also, they can be faster than either because they do not require 
to formally solve the problem, nor do they need a training 
stage.  

In this paper, a Firefly Algorithm (FA) will be used to tuned 
PSS and POD controllers in order to increase power system 
damping. FA is a metaheuristic proposed by Yang [7] based 
on the flashing pattern of fireflies. The blinking of their lights 
and its brightness works as a communication for those insects, 
and also being a way to lure potential preys. 

FA is a type of swarm optimization. It means that the 
artificial individuals, in this case the artificial fireflies, 
establish a communication to seek and find an optimum 
solution. This results in a smart exploration of the search 
space, but may also result in problems related to convergence 
to local optimum solutions. 

Since the article addresses the issue of small signal stability, 
power systems equations are linearized and the Current 
Sensitivity Model (CSM) is used to represent power system. 
Those equations are used to obtain the system state matrix and 
its eigenvalues. The eigenvalues are then used to compute the 
objective function (OF) that will be used into the FA. 

Several simulations of a test system known as Symmetric 
Two-Area System are carried out to evaluate the impact of 
some FA parameters on its overall performance. 
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II.  CURRENT SENSITIVITY MODEL FOR SMALL SIGNAL 

STABILITY ANALYSIS 

The main goal of this paper is to analyze the performance 
of FA to tune power systems controllers, and allow them to 
operate in a coordinated way. 

One of the major advantages in coordinating the operation 
of power systems controllers is to maximize the damping 
provided to low frequency electromechanical oscillations, 
which are the result of small disturbances in electric systems. 

The analysis of system stability due to those disturbances 
can be performed through linearized models from algebraic 
and differential equations that control the power systems 
dynamic. The linearization is possible because only small 
deviations towards the initial operating point are assumed. So, 
the use of linearized equations does not result in considerable 
mathematical discrepancies to the real and nonlinear model of 
the system. 

In this paper, among the many existing models, the Current 
Sensitivity Model will be used. It is based on Kirchhoff nodal 
rule applied to all systems busbars [8]. The CSM is generically 
represented by (1). 
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where x  is the state variables vector, z  is the algebraic 

variables vector and u  is the input variables vector. 

In (1) the first line of the matrixial equation represents the 
differential equations that rule the dynamic behavior of the 
power system while the second line represents the nodal 
current balance of the system. 

III.  FIREFLY ALGORITHM 

The Firefly Algorithm, as stated before, is a metaheuristic 
proposed by [7]. It is inspired in the flashing pattern of 
fireflies. Those insects use the blinking of their lights and its 
brightness as a way to communicate among themselves and 
also as a tool to lure potential preys. 

Regarding to its application in optimization problems, FA is 
classified as a swarm search algorithm. In it, the artificial 
fireflies move along the search space until converging to an 
optimal point. As seen in [8] and [9], the basic principles that 
rule FA are three: 

 All fireflies are unisex and will move towards the most 
attractive and brightest individual, regardless of their 
sexual gender. 

 The attractiveness of a firefly is related to its brightness 
and both decay proportionally with the increase in 
distance to other individuals. 

 The brightness or light intensity is determined by the 
objective function of the problem. 

Based on the above principles, it is possible to establish the 
existence of a convergence tendency to the most attractive 
individual, which represents the current best solution. Those 
characteristics reflects the major drawbacks associated to FA: 

slow convergence and stagnation on local optimal regions 
[10]. Fig. 1 shows a flowchart for FA.  

 

 

Fig. 1.  Generic Flowchart for Firefly Algorithm 

 
According to Fig. 1, it is verified that the initial step of FA 

consists in defining the OF for the problem. This step is crucial 
because the attractiveness function and the brightness intensity 
of all fireflies are related to the OF value. 

Next, the size of the firefly population is defined. Small 
populations make the algorithm lighter but may reduce the 
searching capacity. On the other hand, sizable populations may 
result in opposite effects, i.e., increasing the sweep through 
search space but also increasing the computational effort. 

The iterative loop consists of the calculation of OF values 
associated to each one of the fireflies, succeeding by the 
update of their positions and attractiveness, ending with the 
classification of the individuals. This process is repeated until 
the maximum number of fireflies’ generations or the global 
optimum of the objective function is reached. Then final 
results are presented. 

The updated position of each individual is given by (2). 

   
2

1rand[0,1]  iji
new

i xxxx  (2) 

where ix  e jx  represents the position of fireflies i and j at the 

search space;   is defined as the step factor, a constant value 

belonging to the closed interval between 0 and 1 while 
rand[0,1] is a function with aleatory value whose lower and 
upper limits are respectively 0 and 1. 

The attractiveness of a firefly is based on (3). 

ijr 
0 e





  (3) 

where 0  is the initial attractiveness values associated with 

each firefly,   is the light absorption coefficient and ijr  is the 
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Euclidian distance between fireflies i and j, this one 
represented by (4). 

  2/1
22  jiij xxr  (4) 

 
The brightness associated to each firefly is represented by 

(5). 
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where 0I  is the original intensity of light of each firefly. 

IV.  COORDINATED TUNING OF POWER SYSTEMS 

CONTROLLERS 

High costs and the large environmental impacts restrain the 
construction of new transmission lines and/or new large power 
plants. As a consequence, power systems are required to 
operate even more close to their stability limits. This demands 
that the existing controllers operate the best way as possible. 

This paper addresses the issue of the coordinated tuning of 
PSSs and POD controllers. Both of them are composed by a 
gain in series with a washout filter that is connected in series 
with a lead-lag block. 

The washout filter acts as a low-pass filter, allowing the 
controller to work only on small frequency oscillations. The 
controller gain has the function to amplify or attenuate the 
effects of phase shifting performed by the lead-lag block. It is 
the lead-lag block’s responsibility for, through phase 
compensation, do the desired pole placement in the complex 
plan. 

The PSS structure is shown in Fig. 2. 
 

 

Fig. 2.  Power System Stabilizer 

 

In Fig. 2 PSSK  is the PSS gain; T  is the washout filter 

time constant while 1T , 2T , 3T  and 4T  are the lead-lag time 

constants; PSSu  is a generic input signal and supV  is the output 

signal that is attached to the AVR loop.  
The input signals used in the PSS are local signals from the 

generator which is connected to the stabilizer. Those signals 

are usually the generated electrical active power gP  or the 

rotor angular speed  . 

The block diagram of POD is shown in Fig. 3. 
 

 

Fig. 3.  POD Controller 

 
Comparing the structure of POD shown in Fig. 3 with the 

PSS structure in Fig. 2, the resemblance is evident. To 
differentiate the controllers, a p subscript will be added to all 
the POD time constants and the POD subscript for its gain. 

The major difference between PSS and POD is their main 
purpose. While PSS is primarily designed to damp local 
electromechanical oscillations, POD can be used to damp any 
kind of oscillation, specially the interarea oscillations, 
depending on its placement on the power system. Due to its 
placement versatility, there is a large number of input signals 
that can be used in POD 

V.  PSS/POD TUNING WITH FIREFLY ALGORITHM 

The tuning of controllers by FA is represented below by a 
structure similar to the flowchart previously shown in Fig. 1. 
Each parameter to be adjusted is represented by a coordinate 
and a set of coordinates define an individual’s position.  

The individuals move along the search space, always in the 
direction of the brightest firefly. 

The different classes of variables involved in the problem – 
integer, discrete and continuous – turns the delimitation of 
search space into a more complex task. Also, the objective 
function must be properly defined. 

Since the coordinated action of PSS and POD must result in 
the desired pole placement, it is adequate that the OF 
represents this goal. 

Fig. 4 shows an example of a desired region for pole 
placement into the complex plane. 

 

 

Fig. 4.  Desired Placement Region for Low Frequency Eigenvalues 

 
The shifting of eigenvalues on the complex plane, more 

than just move the poles to the left of the plane’s imaginary 
axis, has the goal to determine their optimum placement where 
the damping coefficient is larger or equal to the minimum 
requested value. It may also be interesting to establish a 
maximum allowable value for the real part of the shifted 
eigenvalues. 

In Fig. 4, the dotted that intercepted each other at origin 
demarks the boundary of the region in which eigenvalues must 
be placed so that they can achieve the desired requests of 
damping. The vertical dotted-line parallel to the imaginary axis 
represents the maximum value that may be assumed by the real 
part of the system’s eigenvalues. Together, both restrictions 
define the boundary of the feasible region of the problem. 
Based on that, the OF for the problem can be defined by (6). 
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))(,h()g())(g())(,f( 321  ppp   (6) 

In (6) ))(,f(   is the objective function; ))(g(   is a 

function that evaluates whether the required damping is 
accomplished or not., where the required damping is 

represented by (7); )g(  is a function defined by (8) that 

computes the feasibility of the solution with respect to the 
restriction for the real part value of the eigenvalues; 

))(,h(   evaluates problem’s infeasibility with respect to the 

damping values of the eigenvalues, as defined by (9); and 

finally, 1p , 2p  and 3p  are the weights associated to each of 

the previous functions used to determine the OF value.  
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In (7), d  stands for the desired damping coefficient; i  is the 

damping coefficient associated to the i-th eigenvalue. 
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In (8), )Re( d  is the largest acceptable value for the real part 

of all systems eigenvalues while )Re( i  is the real part of the 

i-the eigenvalue. 

The damping penalty function described by (9) is similar to 
(7) but only taking into account the eigenvalues whose 
damping coefficients are lower than zero. 
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VI.  RESULTS 

A series of numerical simulations are carried out in 
MATLAB. The objective is to evaluate the performance of FA 
on the enhancement of the damping provided to the test 
system. 

The purpose of simulations is to evaluate the influence of 
the following parameters over the convergence rate of the FA: 

 Loading conditions of the test system; 

 Population size nf; 

 Attractiveness coefficient 0 ; 

 Step factor  . 

The chosen test system is the Symmetric Two-Area (STA) 
Power System. This system is adapted from a system shown in 
[11] and whose data can be found in the appendix of this 

paper. Its one-line diagram is shown in Fig. 5. 
As show in Fig. 5, there is a total of 4 synchronous 

generators and 10 busbars connected through a set of 11 
transmission lines and 4 transformers. The system also 
supplies two loads connected to busbars 7 and 8. The name of 
the system derives from the fact that it is formed by two areas 
with identical electrical topology. 

All systems generators are represented by a 3rd order model 
and are equipped with AVRs. Generators connected to busbars 
2 and 3 are also equipped with a PSS. Those PSS’s parameters 
will be tuned by the FA. The input signal used for all the PSS 
is the angular speed deviation of the generator’s rotor. 

A FACTS controller is installed in the system too. A 
Thyristor Controlled Series Capacitor (TCSC) with its POD 
controller is connected to the transmission lines connecting 
busbars 7 and 8. The parameters of the POD controller, like 
the ones from the PSSs, will be tuned by the FA. For the POD, 
the input signal used is the active power flow from bus 7 to 
bus 8. 

The desired damping rate is fixed in 10%, meaning that all 
the system’s eigenvalues are required to have, a damping 
coefficient of at least 10% (0,10). The lower value adopted for 

)Re( d  is zero. The series compensation performed by the 

TCSC is fixed at 15% of the total reactance of transmission 
lines connecting busbars 7 and 8.  

Table I shows the lower and upper values for all the PSS 
and POD parameters that will be tuned by the FA. 

 
TABLE I 

UPPER AND LOWER BOUND VALUES FOR PSS/POD TUNED PARAMETERS 

 Parameter Upper Bound Lower Bound 

PSS 
KPSS 10 0 
Tω 20 1 

T1, T2, T3, T4 5 0.02 

POD 
KPOD 10 0 
Tωp 20 1 

T1p, T2p, T3p, T4p 5 0.02 

 

A.  Analysis of FA performance for multiples system 
operational points 

In this section, the FA is evaluated for several test system 
load conditions. A total of 9 different cases will be analyzed. 
They will be divided into 3 groups identified by letters A, B 
and C. For each of those groups, there will be 3 loading 
conditions: light loading, normal loading and heavy loading. 
They will be identified by subscript numbers 1, 2 and 3, 
respectively. 
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Fig. 5. One-line diagram for Symmetric Two-Area Power System 

 

Light and heavy conditions are obtained with a 
decrease/increase of 10% in the normal system loading. For 
each loading condition, the algorithm is evaluated 100 times. 
The following values are adopted for FA parameters: 

- population size (nf): 90 individuals; 
- maximum number of generations: 200; 

- initial brightness coefficient ( 0 ): 1; 

- step factor ( ) = 0.02. 

 

1) Cases A1, A2 and A3 
All loading conditions identified by letter A assume that the 

voltage level on all generators terminal busbars is 1.0 pu and 
the PSS and TCSC-POD effects are initially neglected. The 
dominant system’s eigenvalues for these conditions are shown 
in Table II. 

 
TABLE II 

DOMINANT EIGENVALUES FOR SYMMETRIC TWO-AREA SYSTEM – CASES A 

Case 
Eigenvalues 

i  

Natural 
Frequency 

(Hz) 

Damping 
Coefficient 

i  

A1 
-0.3023 ± j6.0831 0.9694 0.0496 
-0.2303 ± j5.6564 0.9010 0.0407 
0.0176 ± j4.2369 0.6743 -0.0042 

A2 

-0.2372 ± j6.2985 1.0031 0.0376 
-0.1601 ± j5.8791 0.9360 0.0272 
0.0481 ± j4.2879 0.6825 -0.0112 

A3 

-0.1650 ± j6.4905 1.0333 0.0254 
-0.0761 ± j6.0821 0.9681 0.0125 
0.0788 ± j4.3013 0.6847 -0.0183 

 
The data in Table II indicates that for all loading conditions 

the STA system is unstable. The analysis of natural 
frequencies associated to the eigenvalues indicates that the 
unstable eigenvalue is related to an interarea oscillation mode. 
This can be proven with an analysis of the participation 
factors. The participating factors represent the weight of the 
state variables over an eigenvalue. Plot shown in Fig. 6 
represents the participation factors for the unstable eigenvalues 
in cases A1, A2 and A3. 

 

 

Fig. 6. Participating Factors for eigenvalues 0.0176 ± j4.2369, 0.0481 ± 
j4.2879 and 0.0788 ± j4.3013 

 
In Fig. 6, it is possible to see that state variables from 

generators of both areas contribute to the eigenvalue 
composition. For this reason, this is called an inter-area 
oscillation mode. 

An analogous analysis also shows that the remainder 
dominant eigenvalues are related to local oscillations modes. 
Their participating factor plots are show in Fig. 7 and Fig. 8. 
Observing them, it becomes clear that the oscillation mode 
associated with participating factors from Fig. 7 represents the 
local oscillations between generators connected to busbars 1 
and 2.  

 

 

Fig. 7. Participating Factors for eigenvalues -0.3023 ± j6.0831, -0.2372 ± 
j6.2985 and -0.1650 ± j6.4905 
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Fig. 8. Participating Factors for eigenvalues -0.2303 ± j5.6564, -0.1601 ± 
j5.8791 and -0.0761 ± j6.0821 

 
On the other hand, those associated with participating 

factors from Fig. 8 represents the oscillations between 
generators connected to busbars 3 and 4. 

With the identification of the oscillations modes, it is easy 
to state that to achieve stability, it is necessary to provide 
supplementary damping for the interarea oscillation mode. 
Also, the damping of the local modes shall be improved. 

The participating factors can be used to determine the best 
location for installing the controllers. According to Fig. 7 and 
Fig. 8, the generator with major influence over the local 
oscillation modes are the generators 2 and 3. So, the 
connection of PSS at those may produce a more efficient 
action over the local oscillation modes. 

Table III shows the data obtained from the FA simulations. 
The convergence is achieved when all system eigenvalues have 
the minimum required associated damping coefficient (10%). 

 
TABLE III 

FIREFLY ALGORITHM DATA FOR CASES A1, A2 AND A3 

Case 
Convergence 

Rate 
(%) 

Average 
Objective 
Function 

Minimum 
OF 

value 

Max 
OF 

value 

A1 51 33.5315 0 153.7810 

A2 35 49.7993 0 167.7143 

A3 38 52.7659 0 206.2346 

 
Data from Table III indicates that FA performs better for 

lower system loading. Not only the convergence rate increases, 
but the average OF value and its maximum value decrease. 
Since it is a minimization problem, those two means that the 
algorithm has founded better quality solutions than in the other 
cases. 
 

2) Cases B1, B2 and B3 
Cases B assume now that the voltage level of all generators 

terminal busbar are at 1.03 pu. Neglecting the effects of PSS 
and TCSC-POD, the system’s eigenvalues for these cases are 
shown in Table IV. 

A comparison between data of Table II and Table IV shows 
that the use of a high voltage level leads to a higher system 
damping. This implies that the required controller’s phase 
shifting in Case B will be smaller than under Case A. It is 
important to note that despite the increase in the oscillation 
damping, the test system is still unstable. 

TABLE IV 

DOMINANT EIGENVALUES FOR SYMMETRIC TWO-AREA SYSTEM – CASES B 

Case 
Eigenvalues 

i  

Natural 
Frequency 

(Hz) 

Damping 
Coefficient 

i  

B1 
-0.3456 ± j6.1510 0.9805 0.0561 
-0.2720± j5.7072 0.9094 0.0476 
0.0028 ± j4.3238 0.6882 -0.00064 

B2 

-0.2869 ± j6.3717 1.0151 0.0449 
-0.2108 ± j5.9325 0.9448 0.0355 
0.0323 ± j4.3904 0.6988 -0.0074 

B3 

-0.2194 ± j6.5697 1.0462 0.0334 
-0.1358 ± j6.1393 0.9773 0.0221 
0.0630 ± j4.4258 0.7045 -0.0142 

 
The participating factors plots for Cases B are presented in 

Fig. 9, 10 and 11. Comparing those with the participating 
factors of Cases A, we can see that the change in the operating 
point of the test system does not produce significant changes in 
the participating factors. 

 

 

Fig. 9. Participating Factors for eigenvalues 0.0028 ± j4.3238, 0.0323 ± 
j4.3904 and 0.0630 ± j4.4258 

 
 

 

Fig. 10. Participating Factors for eigenvalues -0.3456 ± j6.1510, -0.2869 ± 
j6.3717 and -0.2194 ± j6.5697 
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Fig. 11.  Participating Factors for eigenvalues -0.2720± j5.7072, -0.2108 ± 
j5.9325 and -0.1358 ± j6.1393 

 
Table V shows data related with the analysis of the FA 

performance for Cases B. 
 

TABLE V 
FIREFLY ALGORITHM DATA FOR CASES B1, B2 AND B3 

Case 
Convergence 

Rate 
(%) 

Average 
Objective 
Function 

Minimum 
OF 

value 

Max 
OF 

value 

B1 62 26.0431 0 141.9466 

B2 53 25.3296 0 146.6248 

B3 47 40.1347 0 203.9202 

 
Results show that the decrease in the required phase shift 

lead the FA to a better convergence rate than in Cases A. It 
also shows that the algorithm performs better for light loading 
conditions. 

 

3) Cases C1, C2 and C3 
For Cases C it is assumed that the terminal voltage of all 

generators is 1.05 pu. 
The dominant eigenvalues are shown in Table VI. 
 

TABLE VI 
DOMINANT EIGENVALUES FOR SYMMETRIC TWO-AREA SYSTEM – CASES C 

Case 
Eigenvalues 

i  

Natural 
Frequency 

(Hz) 

Damping 
Coefficient 

i  

C1 
-0.3726 ± j6.1957 0.9879 0.0600 
-0.2974± j5.7413 0.9150 0.0517 
-0.0069 ± j4.3784 0.6968 0.0016 

C2 

-0.3185 ± j6.4195 1.0229 0.0495 
-0.2421 ± j5.9678 0.9506 0.0405 
0.0022 ± j4.4534 0.7088 -0.0049 

C3 

-0.2544 ± j6.6212 1.0546 0.0384 
-0.1728 ± j6.1768 0.9835 0.0280 
0.0521 ± j4.5006 0.7163 -0.0116 

 
Table VI data shows again that an increase in the voltage 

level, keeping the same loading, leads to an increase in the 
damping of the system. This is expected, since the increase in 
generation voltage allows the system to operate with a large 
operational margin for the other busbars. Also, we can note 
from Table VI data that for light loading condition, the system 
becomes stable. 

Like in Case B, the plots for participating factors does not 

present significant changes with respect to Fig. 6, 7 and 8. For 
this reason, they are omitted. Data about the FA performance 
are shown in Table VII. 

 
TABLE VII 

FIREFLY ALGORITHM DATA FOR CASES B1, B2 AND B3 

Case 
Convergence 

Rate 
(%) 

Average 
Objective 
Function 

Minimum 
O.F. 
value 

Max 
O.F. 
value 

C1 56 27.4975 0 135.4843 

C2 47 37.4143 0 145.8389 

C3 41 48.5404 0 239.7465 

 
Again, it can be noted that the best performance occurs for 

the light loading conditions. On the other hand, there is no 
improvement on the FA convergence rate in comparison with 
Cases B. This suggests that reduction of the required phase 
shifting efforts by the controllers does not necessarily result in 
a better convergence rate. 

Taking into account all the simulations, the overall 
convergence rate was 48% in a total of 900 simulations. The 
average number of iterations required for FA to achieve a 
solution for the problem was 25, which equals to an average of 
2250 objective function computations. Despite the 
considerable number of OF evaluations, the process time 
showed satisfactory results, with the convergence happening in 
90% of the successful cases in less than 10 seconds.  

 

B.  Analysis of FA performance for different algorithm 
parameters 

Continuing with the evaluation of the FA, it is time to 
analyze the influence of algorithm’s parameters on its 
convergence. 

A total of 140 different conditions are analyzed. For each of 
them, a total of 50 simulations are executed. The test system is 
assumed to operate with the same conditions that in case A2. 
The parameters investigated are: population size, initial 
brightness coefficient and the step factor. A limit of 9600 OF 
evaluations is adopted in order to ensure a fair comparison 
between populations of different sizes.  

The convergence percentage rate for all cases are shown in 
Table VIII. 

Table VIII data shows that the population size has a 
significant influence over the convergence rate. Small 
populations, for the most of analyzed cases, result in lower 
convergences rates. On the other hand, an increase in the 
populations does not necessarily mean an increase in the 
convergence rate. For huge populations, in fact, it may 
decrease. This suggests that there is, like in nature, an 
optimum size for artificial firefly’s population at which the 
convergence rate of FA reach its higher value. 
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TABLE VIII 
FIREFLY ALGORITHM CONVERGENCE RATE (%) FOR SEVERAL DIFFERENT 

PARAMETERS 

Initial Attractiveness Coefficient 
β = 0.25 

Step Factor 
α 

Population Size 

20 40 60 80 100 

0.02 10 26 18 4 8 
0.1 22 24 22 14 8 
0.2 26 24 24 26 2 
0.4 12 26 12 14 12 
0.6 14 16 24 12 12 
0.8 16 26 24 12 10 
1 10 26 16 12 10 

Initial Attractiveness Coefficient 
β = 0.5 

Step Factor 
α 

Population Size 
20 40 60 80 100 

0.02 8 26 50 51 40 
0.1 13 24 28 52 60 
0.2 14 30 40 46 54 
0.4 25 36 42 44 46 
0.6 10 20 46 56 41 
0.8 16 36 26 44 58 
1 19 28 44 48 46 

Initial Attractiveness Coefficient 
β = 0.75 

Step Factor 
α 

Population Size 
20 40 60 80 100 

0.02 16 22 32 36 58 
0.1 14 32 35 46 42 
0.2 20 22 28 50 50 
0.4 12 24 34 50 39 
0.6 12 28 36 42 38 
0.8 12 34 36 50 47 
1 16 22 28 42 42 

Initial Attractiveness Coefficient  
β = 1 

Step Factor 
α 

Population Size 
20 40 60 80 100 

0.02 10 20 36 32 50 
0.1 8 22 24 44 42 
0.2 8 16 32 38 40 
0.4 14 24 22 42 40 
0.6 4 22 39 44 44 
0.8 14 21 30 48 41 
1 10. 12 38 40 35 

 
With respect to the step factor, it can be noted that under 

fixed population size and brightness coefficient value, FA 
performs better for lower values of α. If we think about step 
factor as a parameter that models the neighborhood search, 
while large values of α increase the diversification of 
solutions, they also decrease the intensification capacity of the 
algorithm. This may result in a lower possibility to overcome 
local optimum regions in the search space. 

With respect to the initial brightness coefficient, it is easy to 
see that a good choice of values for β leads to better 
convergences rates. Low values of β make the convergence 
virtually impossible regardless of population size and step 
factor. Since β controls the diversification process during the 
position update as seen in (2), lower values tend to make the 
fireflies hold their initial position. So, if in the first generation 
no firefly reaches a good position, then the algorithm will 

probably not converge to a solution. 
Like the population size, the brightness coefficient seems to 

have an optimum value since the higher convergence rate does 
not occurs for larger values of β. In fact, simulations show that 
the best rates occur when β = 0.5. 

VII.  CONCLUSIONS 

This article main goal was to provide information about the 
performance of a standard version of the Firefly Algorithm 
applied to the coordinated tune of power systems controllers. 

The results obtained allow us to draw the following 
conclusions: 

 FA tends to perform better for light loading 
conditions, probably due to the lower phase 
shifting requirements; 

 Due to the test system size, there are no huge 
modifications in the composition of eigenvalues 
participating factors. An investigation in a large 
system is necessary for better insights; 

 Algorithm’s parameters do impact its performance; 

 Population size must be carefully handled. Small 
populations decrease search capacity while large 
ones result in higher computational effort without 
necessarily improving the FA performance;  

 Lower values for step factor tends to increase 
algorithms convergence; 

 Like population size, β values must be carefully 
chosen.  

 
Despite the convergence rate of near 50%, the FA has 

performed well in his task of accomplishing optimal tuning of 
the controllers. Other strategies like chaotic update of the 
fireflies or hybridization with another metaheuristic may be 
applied to increment the convergence rate. 

Despite not using classic control equations, the lead-lag 
controllers (PSS and POD) were successfully tuned under 
different conditions. Also, no training process was required. A 
deep comparison between FA and other techniques cannot be 
made since the article focused on analyzing the algorithm`s 
parameters. Comparison against other techniques are 
suggested, along with simulations involving larger power 
systems. The last one is an essential item to classify the 
eligibility of FA as a method to be used in real time 
applications. 
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APPENDIX – SYMMETRIC TEST SYSTEM DATA 

This section presents the data of the test system used to 
perform most of the simulations shown in this paper. System 
base power is 100 MVA. Base Voltage is 14 kV for generators 
busbars and 230 kV for the others. 

 
TABLE A-I 

SYNCHRONOUS GENERATORS DATA 

Generator 
Bus 

x'd 
(pu) 

xq 

(pu) 
xd 

(pu) 

T’d0 
(pu) 

H 
(s) 

D 
(pu) 

1 0.033 0.19 0.2 8 54 0.1 
2 0.033 0.19 0.2 8 54 0.1 
3 0.033 0.19 0.2 8 63 0.1 
4 0.033 0.19 0.2 8 63 0.1 

 
 

TABLE A-II 
AUTOMATIC VOLTAGE REGULATORS DATA 

Generator  
Bus 

Kr (pu) Tr (s) 

1 200 0.001 
2 200 0.001 
3 200 0.001 
4 200 0.001 

 
 

TABLE A-III 
BRANCH DATA 

From 
Bus 

To 
Bus 

rseries 

(pu) 
xseries 

(pu) 
btotal 
(pu) 

1 5 0.001 0.012 0 
2 6 0.001 0.012 0 
7 8 0.022 0.220 0.330 
7 8 0.022 0.220 0.330 
7 8 0.022 0.220 0.330 
6 7 0.002 0.020 0.030 
6 7 0.002 0.020 0.030 
4 10 0.001 0.012 0 
3 9 0.001 0.012 0 
9 8 0.002 0.020 0.030 
9 8 0.002 0.020 0.030 
5 6 0.005 0.050 0.075 
5 6 0.005 0.050 0.075 

10 9 0.005 0.050 0.075 
10 9 0.005 0.050 0.075 

 
For normal loading conditions, it is assumed the following 

values for load powers at busbars 7 and 8:  
- P7: 11.59 (pu) 
- Q7: 2.12 (pu) 
- P8: 15.75 (pu) 
- Q8: 2.88 (pu) 

 
PV Generators has their active power (Pg) fixed in 7 pu for 

the normal loading conditions. For light and heavy loading 
conditions, the values are 6.3 pu and 7.7 pu, respectively. The 
voltage reference generator is the generator connected to 
busbar 4.  


