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Abstract 
This paper presents a software tool to simulate a practical problem in smart grid systems. A feature of 
the smart grid is a system self-recovery capability in the occurrence of anomalies, such as a recovery 
of a power distribution network after an occurrence of a fault. When this system has a capacity for 
self-recovery, it is called self-healing. The intersection among areas as computer science, telecommu-
nication, automation and electrical engineering, has allowed power systems to gain new technologies. 
However, because it is a multi-area domain, self-recovery simulation tools in smart grids are often 
highly complex as well as presenting low fidelity by using approximation algorithms. The main con-
tribution of this paper is a simulator with high fidelity and low complexity in terms of programming, 
usability and semantics. In this simulator, a computational intelligence technique and a derivative 
method for calculating the power flow were encapsulated. The result is a software tool with high ab-
straction and easy customization, aimed at a self-healing system for a reconfiguration of an electric 
power distribution network. 
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1 Introduction 

Studies have been dedicated to different segments of electric power systems as generation, trans-
mission and distribution of energy. The need to make these segments more reliable, secure and effi-
cient has increased the intersection of areas such as computing, telecommunications, automation and 
electrical engineering. The new applications with these areas in the electrical infrastructures have 
emerged the intelligent energy systems, called smart grids (Liserre et al., 2010). 

In the energy distribution segment, smart grids include, in particular, the use of distributed sys-
tems, artificial intelligence and power systems as a way to automate the process of recovering a distri-
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bution network in the event of an abnormality (e.g., failures in network devices, nature damage or 
vandalism to the distribution system). Normally, these events generate a fault, causing the non-
electricity supply to consumers. One of the fundamental aspects in a smart grid power distribution 
network is the ability of the system to identify and recover the network in the event of a fault. This 
ability characterizes a self-healing system (Ghosh et al., 2007). 

Several works have proposed self-healing mechanisms for the recovery of electrical networks (Lu 
et al., 2009), (Zidan and El-Saadany, 2012), (ZakiEl-Sharafy and Farag 2016). Due the multidiscipli-
nary problem domain, some proposed approaches often require human experts from the subareas of 
computing (Distributed Systems, Programming and Artificial Intelligence), telecommunication (signal 
transmission and reception), and electrical engineering (power and electrical systems). This multidis-
ciplinary often makes simulation tools highly complex for smart grids, as well as they present low 
fidelity, as they require the use of non-exact approaches to service restoration through switching oper-
ation. 

Here we encapsulate, in a software tool framework for smart grid, the concepts of computational 
intelligence to simulate a practical problem of reconfiguration of an electric energy distribution net-
work. A well-known reinforcement learning algorithm and a method for calculating power flow are 
simplified through a UML component diagram, while a graphical and semantic interface is used to 
guide customization. The results are defined in terms of network quality, loss parameters and mainte-
nance. 

2 Learning Systems for Smart Grids 

Electricity networks are being improved due to the demand increasing and the development of new 
technologies. This can be seen in studies that show the use renewable sources of energy, generation 
and distribution, energy efficiency, microgrids, consumer participation and generation of clean energy.  

The smart grid concept proposes alternatives and innovations to conventional power grids, such as 
allowing the recovery of a network after a fault. This capability comes from steps in a smart grid sub-
area, called self-healing. Self-healing can be used to restore a system, with techniques that generally 
change the topology of the network considering the quality of the electrical energy (e.g., voltage sta-
bility, network restrictions, priority load, etc.) delivered to consumers (Lim et al., 2013). Figure 1 
shows restoration process on the network. 

 

 
Figure 1: Restoration process on the network 

 
Detect and isolate fault locations and restoring service are important functions of distribution au-

tomation and form the cornerstone of strategies for developing smart grids (Mamo et al., 2009). Ser-
vice restoration is defined as finding suitable feeders and laterals to transfer the loads in out-of-service 
areas using operational criteria through a series of switching operations (Chen, 2010). Restoration is 
achieved through the switching operation of tie switches (normally opened). Different restoration 
methods thus entail different configurations, which may affect service quality. In addition, because the 
task of restoration is usually performed under emergency conditions, time constraints can complexity 
the problem (Chen, 2010) (Tsai, 2008). 

 

 

The ability to quickly and flexibly reconfigure the network to restore the loads previously deener-
gized by the fault represents the key component of the self-healing function. This automated fault 
location, isolation and service restoration or self-healing function will: (i) minimize the workload for 
the field human operators, (ii) provide almost immediate restoration for the customers, and (ii) im-
prove reliability and robustness of distribution networks. Thus, one vital pillar of smart grids is self-
healing. This ability can be described as the quality of a system that enables it, when subjected to a 
fault, automatically and intelligently perform corrective actions to restore the system to the best possi-
ble state, enabling it to perform basic functions without violating any system constraints. 

Several approaches have been employed to generate self-healing systems in smart grids. Some of 
them come from paradigms of learning systems, such as probabilistic, diffuse, genetic and derived 
from by reinforcement learning. For instance, Das (2006) presents an algorithm for network reconfigu-
ration based on fuzzy multi-objective approach. The objectives considered attempt to maximize the 
fuzzy satisfaction of the load balancing among the feeders, minimization of power loss, deviation of 
nodes voltage and branch current constraint violation subject to radial network structure in which all 
loads must be energized. The effectiveness of the method was demonstrated through an example. 

Learning methods based on collective behaviors also represent part of self-healing learning sys-
tems. Using an intelligent swarm-based methodology, Lu et al. (2009) proposes an ant colony optimi-
zation algorithm for a minimization problem of energy not supplied during restoration process. The 
proposed algorithm based on a hypercube framework searches for an optimal switching sequence, and 
the solution provides an effective service restoration strategy that improves system reliability. A simi-
lar approach can also be found in Lacerda and Medeiros (2007), who used an ACO algorithm to min-
imize the number of switching operations on a network. Vlachogiannis and Hatziargyriou (2004) used 
reinforcement learning for optimal reconfiguration involves selection of the best set of branches to be 
opened, such that the resulting radial distribution system has the desired performance. Among the 
several performance criteria considered for optimal network reconfiguration, an important one is real 
power losses minimization, while satisfying voltage limits. More specifically, the model-free learning 
algorithm (Q-learning) learns by experience how to adjust a closed-loop control rule mapping operat-
ing states to control actions by means of reward values. Rewards were chosen to express how well 
control actions cause minimization of power losses. The Q-learning algorithm was applied to the re-
configuration of 33-bus radial distribution system bus bar system. 

Another approach is to use a multiagent system. In Zidan and El-Saadany (2012), a multiagent sys-
tem is designed to locate and isolate faults, then decide and implement the switching operations to 
restore the out-of-service loads. The proposed control structure has two layers: zone and feeder. The 
function of zone agents in the first layer is monitoring, making simple calculations, and implementing 
control actions. Feeder agents in the second layer are assigned to negotiation. The constraints include 
voltage limits, line current limits, load variation and radial topology. The results show that cooperation 
among agents through two-way communication provides a good solution for fault location and isola-
tion and for building an effective restoration plan. In Tsai (2008), an expert system is developed by 
utilizing its fast reasoning mechanism and object-oriented features. The feeder component and config-
uration data are organized in a hierarchy way using the object-oriented programming paradigm. The 
simulation results indicate that more solutions can be obtained for service restoration problems when 
load variation is considered. Another unique property of the proposed system is that it is capable of 
proposing multiple restoration plans. By proposing multiple plans, the system operator can choose a 
plan which is more suitable to the real situation for service restoration problems. 

There are also several other methods for reconfiguring networks, which consider the minimization 
of electrical losses using genetic algorithms (Awais et al., 2015); the use of selective cutting of system 
loads to maintain the supply of priority regions (Ferreira et al., 2014); and models of quantitative deci-
sion making, using the analytical hierarchy process-based fuzzy-grey approach (Chen, 2010). 

These are just some of the dedicated works in building techniques for self-healing systems in smart 
grids. It is observed that, because it is a multidisciplinary domain, the tools proposed for the simula-
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