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Abstract. EPS  p rob lems  a re  usua l ly  d i f f i cu l t  to  f i nd  i t s  bes t  re su l t ,  due  to  l ack  of  

p rec i se  re so lu t ion  mode ls  o r  because  of  i t s  complex i ty  and  h igh  number  o f  

va r iab le s .  Me taheur i s t i cs  a re  a  good  re so lu t ion  process ,  be ing  no t  on l y  robus t ,  

bu t  a l so  s imple  and adap tab le  to  the  na ture  o f  the  p rob lem.  The re fore ,  in  th i s  

pape r  we  propose  the  us e  o f  th ree  d i f fe ren t  me t aheur i s t i c  a lgor i thms  to  so lve  an 

in f in i t e  bus  p rob lem when  a  shor t -c i rcu i t  i s  app l ied  to  the  sys tem.  Gene t ic  

Algo r i thm,  Pa r t i c le  Swarm Opt imiza t ion  and  Cuckoo  Sea rch  a re  implemented  and  

the i r  tun ing  of  the  c on t ro l l e r  i s  d i scussed .   

.  

Keywords.  M e t a h e u r i s t i c s ,  O p t i m i z a t i o n ,  C o n t r o l ,  T u n i n g ,  E l e c t r i c  P o w e r  

S y s t e m .  

1 Introduction 
 

The Electric Power System (EPS) is a complex circuit formed by the generation, transmission 

(and subtransmission) and distribution of electric power, as well as of its respective devices, such 

as generators, transformers and distribution and transmission buses [1]. 

To operate satisfactorily, with the lowest cost, environmental impact and reliability, the EPS 

operates interconnected [2], [1]. The interconnection of the system (National Grid – NG) also 
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allows alternative paths for the passage of electric energy [2], which, in a problem situation in the 

transmission line, can be more easily bypassed. In order to operate interconnected, the generators 

must be in synchronous operation, with equal frequency and angle output. Typically, synchronous 

machines are used because of their intrinsic synchronous characteristic. Some exceptions exist, 

such as in wind power plants where the machine that is used is an induction generator. 

Contingencies in the system can lead to instabilities throughout the EPS. 

System instability can be achieved in different ways, depending on the configuration, 

interconnection and reliability of the system and its equipment. However, this instability can cause 

the system to operate at a power output beyond the capacity of the generators, which can lead to 

physical damage to the EPS equipment [3]. 

Despite the advantages of a NG, there are consequences arising from this union, such as the 

possible energy loss of a significant part of the system, when the instability of an area is not 

controlled and, therefore, is spread. Stability analysis techniques arise as a means of studying the 

behavior of the system or part of it when contingencies occur. 

The Electric System National Operator (ONS) analyzes the NG power flow and performs 

the decision making based on EPS behavior simulations according to applied study techniques, 

such as modal analysis and small signal stability. 

Stability in steady state or small signals is defined as the ability of a system to remain stable 

when a small disturbance occurs [4]. Small disturbances are common in the NG and may be due to 

variations in load, i.e., increase or decrease in power demand, for example, during the day or 

generation variations, which may occur as a consequence of variations in the water reservoir, for 

example. When controlling systems based on small signals stability, the set of equations describing 

the system can be linearized, which makes possible the use of linear control [5]. 

With the Brazilian EPS in constant expansion, the ONS must coordinate it, always in order 

to keep the NG in balance and stable. New tools and techniques are constantly studied and 

implemented to improve the standards and reliability of electric power distribution [6]. Given the 

complexity of the NG, analytical techniques sometimes become costly and complex with the size 

of the NG, which makes it difficult to analyze the whole system. The metaheuristic algorithms 

show promising potential in analyzing and obtaining the necessary quasi-optimal response, 

especially when one does not have more detailed information on the problem situation. 

When working with power systems in relation to their stability and joint analysis, 

metaheuristics algorithms are an interesting tool because they have a simple algorithm structure, 

with a high power of problem processing, almost independently of the number of variables to be 

optimized. Thus, this work aims to implement algorithms for controlling the parameters of the 

controllers of the synchronous generating machines to keep the electrical system in balance and, 

mainly, stable in relation to its permanent regime. 

Several problems requiring solution are difficult to obtain and cannot be solved or achieve 

the optimal solution by traditional methods of resolution. Such problems can be solved through 

metaheuristics. Metaheuristics are algorithms developed with the purpose of solving a wide range 

of problem of difficult solution without the need to adapt the algorithm excessively to the problem. 

These algorithms are widely applied in complex problems ranging from problem situations in 

financial sectors to production management [7]. 

A good metaheuristic algorithm should explore the response domain and benefit from 

possible exploit responses. However, there must be a balance between these two concepts: while 

the former is connected to the response search field, thus allowing a more complete scan, the latter 

is linked to the exploration of promising areas, that is, they show good results. The difference 
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between the various algorithms of metaheuristics are linked, mainly to this equilibrium [7]. 

The algorithms used in this work are population-based, that is, this type of algorithm works 

with several solutions, trying to find the best among them, instead of working with only one answer. 

This type of algorithm has its chances of reaching the answer to the problem increased, since several 

possible answers are used. Several algorithms of this category are based on Evolutionary 

Computation, which are based on the principles of Natural Evolution, or Swarm Intelligence, that 

take as base the social or collective behavior of several species of the animal kingdom [7]. There 

are several metaheuristics algorithms, such as Genetic Algorithm, Firefly, Dragonfly, Cuckoo 

Search and others. 

This paper is divided as follows: in Section 2, it is presented the objectives of the paper, in 

Section 3, the methods that were used for the execution of the simulations, while Section 4 discusses 

and presents the results obtained and Section 5 concludes our work and conclusions we came across 

while developing this project. 

 

 

2 Objectives 
 

This paper aims to study the effectiveness of metaheuristics algorithms applied to a infinite 

bus. Three algorithms are implemented here: GA (Genetic Algorithm), PSO (Particle Swarm 

Optimization) and CS (Cuckoo Search).  

 

 

3 Methods 
 

For this simulation, it was used a Windows 10 Home laptop, with 16 Gb of RAM and Intel® 

Core i7 -6500 CPU, 2.5 GHz, mathematic simulation software MATLAB 2006b, ANATEM and 

ANAREDE for circuit design and simulation of the system and Plot Cepel for plotting the graphics. 

The EPS in study is an infinite bus circuit. This system is composed of two generators 

and two buses, one being infinite. When there is more than one generator in the system and 

the presence of the others does not cause significant difference in the frequency and voltage in 

the generator under study, it is said that this system behaves like an infinite bus in relation to 

the other generators [8]. In Figure 1 it is shown the infinite bus circuit in study.  

 
Figure 1: Infinite bus circuit designed using ANATEM software. 
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A short-circuit is applied in the system and we controlled one generator response, for the 

infinite bus does not interfere with the rest of the system. The controller modeling has eight 

parameters to be tuned and hence, to be optimized. 

After the design of the system, a MATLAB code is run for each of the algorithms. Plot Cepel 

plots the waveforms for each answer and MATLAB reads the angle of the generator and calculates 

the error based on this angle. A MSE (Mean Squared Error) function is used to find the error based 

on the mean of the response. The metaheuristics have the function to minimize the error. 

Each answer is composed of eight numbers, from 0.01 to 90.0, forming a vector. The vectors 

together form a population matrix, which is updated at each iteration or generation, depending on 

the algorithm. Figure 2 shows the flowchart and how each software communicates with each other.  

 

 
Figure 2: Flowchart of the actions needed in order to run the algorithms. 

Each algorithm had 50 individuals or particles and 50 iterations or generations were 

set. Several simulations were run and the best answer for each algorithm was considered.  

Table 1: Equations used for the algorithms. 

Algorithm Equations 

PSO 

𝑣𝑒𝑙𝑜𝑐𝑖𝑡𝑦𝑡+1 = 𝑤 ∙ 𝑣𝑒𝑙𝑜𝑐𝑖𝑡𝑦𝑡 + 𝑐1

∙ 𝛾1 ∙ (𝑝𝑏𝑒𝑠𝑡 − 𝑝𝑡)

+ 𝑐2 ∙ 𝛾2 ∙ (𝑔𝑏𝑒𝑠𝑡

− 𝑝𝑡) 

𝑝𝑡+1 = 𝑝𝑡 + 𝑣𝑒𝑙𝑜𝑐𝑖𝑡𝑦𝑡+1 

GA 
𝑜𝑓𝑓𝑠𝑝𝑟𝑖𝑛𝑔𝑡+1 = 𝑝 ∙ 𝑝𝑎𝑟𝑒𝑛𝑡1𝑡 + (1

− 𝑝) ∙ 𝑝𝑎𝑟𝑒𝑛𝑡2𝑡 
mutation = random value equation 

CS 

𝑛𝑒𝑠𝑡𝐴𝑟𝑒𝑎𝑡+1 = 𝑛𝑒𝑎𝑡𝐴𝑟𝑒𝑎𝑡 + 𝑠

∙ (𝑏𝑒𝑠𝑡𝐴𝑟𝑒𝑎𝑡

− 𝑛𝑒𝑠𝑡𝐴𝑟𝑒𝑎𝑡) 

𝑒𝑔𝑔𝑠𝑡+1 = 𝑛𝑒𝑎𝑡𝐴𝑟𝑒𝑎𝑡+1 + 𝑝

∙ 𝐸𝐿𝑅𝑡+1 
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The algorithms have different equations that update the values, as shown in Table 1. 

GA uses recombination and mutation (random small values that are added or subtracted from 

the answers), while PSO uses velocity and position movement towards the best answer from 

each particle and from the global best. Lastly, CS uses Lèvy Flights to update the areas to be 

exploited, which allows a better exploration of the search space. PSO answer is given by 𝑝𝑡+1, 

GA is given by 𝑜𝑓𝑓𝑠𝑝𝑟𝑖𝑛𝑔𝑡+1, with a change of its values being altered by a mutation equation 

(1% mutation rate) and CS answer is given by 𝑒𝑔𝑔𝑠𝑡+1. 

 

 

4 Results and Discussions 
 

In Table 2 it is shown the best error for each of the algorithms. It is also compared to the 

standard response of ANATEM, which already represents a good tuning for the parameters. 

 

Table 2: Final Error of each algorithm. 

Algorithm Final Error 

ANATEM Standard 3.59E+04 

PSO 5.79E+03 

GA 8.79E+03 

CS 2.19E+03 

 

CS algorithm found the best response for the parameters of the controller. Its response 

is 16 times smaller than the standard response given by the parameters of ANATEM. It should 

be noted that all the algorithms discovered better parameters than the standard ones, as PSO 

and GA showed a response 6.2 and 4.0 times smaller. Although GA showed the worst results, 

its parameters are still better than the standard values. 

In  Table 3 it is shown the values for each of the eight parameters for the controller 

found by the algorithms and by ANATEM. 

 

Table 3: Values of each parameter 

Algorithm P1 P2 P3 P4 K T1 T1 Tw 

ANATEM 100 0 1 0.05 20 0.08 0.01 3 

PSO 34.9 50.0 8 0.23 47.54 71.8 78.6 3.97 

GA 34.7 49.9 9.45 0.3 47.0 71.0 79.3 4.42 

CS 1.54 87.9 0.05 0.96 90.0 90.0 90.0 88.7 

 

We can see that the PSO and GA found similar values to parameters and that the CS 

got very different values. Its search space was better exploited than PSO and GA. In fact, GA 

has a known problem that is to get locked in a local optimum, which can be mitigated by 

elevating the mutation rate, which, on the other hand, can make the algorithm excessively 

oscillate. 

In Figure 3 we have the response over time for the machine angle controlled with the 
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parameters found by the algorithms. It is visible the improvement provided by the algorithms, 

especially by the CS.  

 

 
Figure 3: Machine Angle over time for the parameters found by the algorithms. 

 

The transient response was also improved, as shown in Table 4, where we can see that the 

settling time was significantly reduced, as well as the overshoot. 

 

Table 4: Response characteristics of the algorithms 

Algorithm Settling Time (s) Overshoot (%) Peak Time (s) 

ANATEM 4.69 27.45 1.34 

PSO 2.65 10.89 1.17 

GA 2.60 10.88 1.17 

CS 2.51 10.61 1.16 

 

The greatest difference lies on the overshoot, with a reduction of about 60% in all algorithms. 

 

 

5 Conclusions 
 

All the algorithms showed very good results, although CS has the best results. While 

GA presented a step-up compared with the standard response, this algorithm may be lock 

itself in a local optimum and therefore, not explore all its search space towards better 
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results. This technique is simpler than classical analysis for EPS once there is no need to 

know the system precisely, only to represent it in a simulation software, such as the one 

used in this paper. Future work includes application of the algorithms in more complex 

systems to push forward its capabilities of optimization. 
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