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Abstract. The Electrical Union in Cuba develops the Business Management
System of the Electrical Union (SIGE) that focuses on the automation of elec-
trical processes. The geographic information systems (SIGOBE) developed
don’t meet the specific requirements for their generalization due to their limited
updating facilities and the small spectrum they cover. The general objective of
the research is: to develop the geographic information system of the transmis-
sion and distribution processes in the Electric Union, with the use of artificial
intelligence techniques, on a deep conceptual scheme of the domain, that
responds to the requests of consultation of users as support for decision making.
A case-based system on type problem solved was designed, using as an initial
case database, the 265 static queries registered in SIGERE. The queries are
described by eight data-type predictive traits and three objective traits. The
similarity between two cases was determined by the weighted sum of the dis-
tance of their traits and the calculation of the distance between traits was done
according to its nature. An intelligent real-time queries system was implemented
for the SIGOBE, achieving the generation of automatic queries that allow the
system to respond to any type of queries in real-time. The experimental study
shows the feasibility of the proposal.

Keywords: Geographical information system � Artificial intelligence
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1 Introduction

Energy is one of the supports of development in production processes, social progress
and technological progress [1, 2]. In this sense, technology has allowed to increase the
decisions to make in the energetic production chain. In this environment, the stake-
holders need management systems that serve as support for the decision making pro-
cess, to ensure a more efficient sector [3].

The Electrical Union (UNE, Spanish acronym) in Cuba develops the Business
Management System of the Electrical Union (SIGE) for the automation of electrical
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processes [4]. SIGE is composed of two main subsystems: the Integral System of
Network Management (SIGERE) and the Integral Management System of the Elec-
trical Industry Construction Enterprise (SIGECIE).

The functions of SIGERE and SIGECIE are to collect technical, economic and
management data to convert them into information. The data collected facilitate and
improve the efficiency in the analysis, planning, operation, and control of the distri-
bution and transmission electricity networks. Both systems establish the databases of a
Geographic Information System (GIS) of the SIGE.

SIGERE and SIGECIE are considered complex systems because they have 36
modules and a database of: 716 tables, 1303 stored procedures and 74 functions. In
addition, other functionalities are in development phase. An average action in the
system involves approximately nine tables with different attributes. To carry out a
query on a specific topic requires knowledge of the database organization. Despite the
number of stored queries, they still do not cover the needs of the customer due to the
operational dynamics of the national electro-energy system.

To solve this problem, an analysis of the literature is carried out and a group of
experts on the subject is gathered. As a result of the previous analysis is decided:

• Conduct a national tour of all the electric companies and groups of the ECIE for the
study of possible solutions.

• Search for information on the subject in the literature.

The geographic information systems developed for the electricity companies in the
country do not meet the specific requirements for their generalization due to: their
limited updating facilities and the small spectrum they cover. The main limitations
found in the analyzed solutions are: fixed queries that are limited, the use of proprietary
software and the short validity of the data that are inserted into the map. An investi-
gation is made of existing GIS in the world and the current trends of its development.

Information technologies have evolved towards the construction and implementa-
tion of intelligent systems [5–7]. In the 1970s, computerized systems that use
knowledge about a domain to arrive at a solution to a problem; and the knowledge and
the solution method are separated, are called Knowledge Based Systems (KBS) or
Expert Systems (ES). This solution is essentially the same as that obtained by a person
experienced in the domain if faced with the same problem.

The general objective of the research is: to develop the geographic information
system of the transmission and distribution processes in the Electric Union, with the
use of artificial intelligence techniques, on a deep conceptual scheme of the domain that
responds to the requests of consultation of users as support for decision making.

2 Analysis of the Methodological Basis

Artificial Intelligence (AI) is the branch of computer science that attempts to reproduce
the processes of human intelligence through the use of computers [8]. Within AI, the
Expert Systems (ES) or Knowledge Based Systems (KBS) emerges as the field in
charge of the study of: the knowledge acquisition, its representation and the generation
of inferences about that knowledge. There are different variants to build the KBS based
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on the representation of knowledge and the method of inference to implement. Among
the systems are: Rule Based Systems [9, 10], Frames Based Systems [11], Probability
Based Systems [12], Expert Networks [13, 14], and Case-Based Systems or Case-
Based Reasoning Systems (CBR) [15–18].

In this sense, CBRs appear as a palliative to the process of knowledge engineering
and are based on the premise that: similar problems will have similar solutions [19, 20].
With this principle as the basis, the solution to a problem is retrieved from a memory of
solved examples. For each case, the most similar previous experiences that allow
finding the new solutions are taken into account [21, 22].

The CBRs need a collection of experiences, called cases, stored in a case database,
where each case is usually composed of the description of the problem and the solution
applied [23]. Case-based reasoning contributes to progressive learning, so that the
domain does not need to be fully represented [24]. The CBRs have three main com-
ponents: the user interface, the knowledge base and the inference engine [25, 26].

2.1 Case Database

A case contains useful information in a specific context, the problem is to identify the
attributes that characterize the context and to detect when two contexts are similar.
Kolodner defines that “a case is a contextualized knowledge that represents an experi-
ence” and it is described by the values that are assigned predictive and objective traits [27].

To provide the system with a conceptual basis the traits can be organized through
ontology. The fundamental role of ontology is to structure and retrieve knowledge, to
promote its exchange and communication [28–30]. In addition, relying solely on CBR
for distributed and complex applications, can lead to systems being ineffective in
knowledge acquisition and indexing [31]. According to Bouhana, et al. [32] use of
ontologies in case-based reasoning gives the following benefits:

• It is an easy-to-use tool for case representation.
• Queries are defined using daily terminology.
• It facilitates the assessment of similarity.
• It increases system performance.

A lightweight ontology is provided to the system to give a conceptual basis. In the
conceptualization we have the concepts of taxonomy and relations (objects properties).
The remaining components of the ontology model (data properties, instances and
axioms) aren’t developed because the information is already in the database that feeds
the system. The ontology was carried out using the Methontology methodology and the
Protégé tool [33].

With the ontology the system gives a conceptual basis. Nevertheless, a weakness of
the systems proposed is in the dissatisfaction with the queries carried out. If a static
inquiry is developed for each problem that arises, the database begins to store a group
of scarcely-used queries. In order to solve the problem, the system must be able to
generate intelligent queries in real-time, in which the knowledge obtained from pre-
vious ones is used.

The success of the Case Based Systems (CBS) is achieved in the knowledge
acquisition module because: the basic elements of the problem or domain to be solved
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are described, and the way to facilitate the representation of the knowledge of the
expert is looked [34]. To form the Case Based (BC), systems and subsystems that
generate data or information in the knowledge acquisition process must be analyzed.

This domain contains alphanumeric and geographic information. The geographic
data correspond to the cartography that can be downloaded from the internet or buy
from an enterprise. With the data it obtain the spatial position of the object. The
elements of the monolineal are the basic elements of the electrical network that are
represented in correspondence with their characteristics in the vectorial scheme, which
occupy a position in the geographical space (Table 1).

The data provided by the SIGERE and SIGECIE modules are stored in the data-
base. The database of the SIGERE has 716 tables, 1303 stored procedures and 74
functions; therefore, any query can have a high degree of complexity. For example, a
query action, to the transformer module, involves an average of nine tables and
approximately 140 attributes. SIGERE and SIGECIE differ in the voltage levels they
cover.

A simple query of the SIGOBE (E1), becomes three queries to the system (C1, C2,
C3). The steps to perform the development of a query are: 1- (E1) Query entry; 2- (C1)
Request of the user; 3- (C2) Query of the database; 4- (C3) Query to the cartographical
data; 5- Show C3; 6- Build legend; 7- Locate selection and show the legend.

In the case of a query that has two or more conditions x1; x2; . . .; xn, then
Q x1; x2; . . .; xnð Þ provides a solution set of S. If the query is decomposed into n simple
queries Q xnð Þ, which provide n solution sets S1; S2; . . .; Sn; then, the solution set cor-
responds to the union, intersection or the Cartesian product of these sets.

Q x1; x2; . . .; xnð Þ ¼ S ! Q x1ð Þ op Q x2ð Þop. . .op Q xnð Þ ¼ S ð1Þ

Where

Q x1; x2; . . .; xnð Þ: query.
x1, x2, …, xn: terms.
op: operator (\ /[ /X) of the sets resulting from the queries.
S: solution set.

Table 1. Representation of the network in vectorial scheme.

Points (support points) Lines (circuit) Polygons (substation)

Posts Transmission circuit Distribution substation
Transformer banks Subtransmission circuit Transmission substation
Capacitor banks Primary circuit
Generator groups Secondary circuit
Disconnectors Lighting circuit
Structures
Lamps
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For the research, it’s necessary to define a group of experts that provide data and
knowledge. In the creation of the group, we work with the methodology proposed by
[35], the number of experts needed is calculated using the probabilistic method of the
binomial distribution coefficient, an initial list of possible experts is determined and a
questionnaire is applied to determine the competence coefficient in correspondence
with: years of experience, levels of knowledge and source of acquisition.

To determine the structure of the case, the group of experts brainstorms and
determines that each case is composed of eleven fundamental traits: eight predictive
traits and three objectives. Figure 1 shows the structure of a case. In the Table 2
identifies the universe of discourse of the predictive and objective traits.

Fig. 1. Cases structure.

Table 2. Universe of discourse of predictive and objective traits

Trait Possible values Type

Predictive traits
NV Secondary, primary, subtransmission, transmission Symbolic and

single-valued
EB Posts, transformer banks, capacitor banks, generator groups,

disconnectors, structures, lamps, transmission circuit,
subtransmission circuit, primary circuit, secondary circuit,
lighting circuit, distribution substation, transmission
substation

Symbolic and
single-valued

AT Attributes to be returned by the inquiry (code, voltage, name,
etc.)

Set

Tables Tables of the SIGERE involved in the inquiry (accessories,
actions, connection, interruptions, line,
currentSupplyPrimary, etc….).

Set

CA Element to compare (attribute being compared) Symbolic and
single-valued

ON Operator ([ , \ , � � =, like, etc.) Symbolic and
single-valued

OP Ontology (descriptive logic) T \ TP \ TMon¬SSecon Ontology
OG Spatial constraint (descriptive logic) Ontology
Objective traits
From Returns the From of the inquiry to the SIGERE String
Where Returns the Where of the inquiry to the SIGERE String
CE Returns the GIS inquiry String
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The ON and OG ontological traits are represented by descriptive logic. A possible
value of the ON trait would be: T \ TPot \ TMonophasic ⌐ SSecondary. This
range expresses that the element is a monophasic primary transformer without sec-
ondary output.

OG works similarly, but their relationship is spatial, an example that refers to the
location of an element would be: P \ Prov \ Muncp. This example expresses that an
element belongs to the country (P), to a province (Prov) and to a municipality (Muncp).

As the ontology becomes deeper the element to be consulted fulfills requirements
that can be flexible to the user. For one element to be similar to another it doesn’t need
to be at the same level in the ontology, but it must have gone through the same branch.
The degree of importance of each level decreases as one goes deeper in the tree.

In the present investigation for the organization of the CB a hierarchical structure is
used because: it favors the system, the access process and the recovery of the most
similar cases. To do this, an analysis of the traits is made that allows to discriminate
more options in each case.

Sixteen possible structures were tested (Table 3), for which the relationship
between: the quality of the generator (percentage of well generated cases) and the
complexity of the recuperator (percentage of recovered cases) is established. It was
decided that NV was the root of the tree because of the importance of the trait.
Additionally, since EB only belongs to one voltage level it does not make sense to put
the NV below EB; the number of cases recovered does not change and the three
structures contain the EB above the OP. Therefore, the best variant is NV - EB - OP
(11), where the highest classification percentage is reached with the lowest percentage
of recovered cases.

Figure 2 shows the hierarchical structure designed, where: NV is the root node; in
the second lever EP and in the third level OP, for being discriminative elements. In the
leaf nodes there is a subset of cases that represent the examples where the value of NV,
EB and OP coincide, which reduces the search of cases in the database, by concen-
trating on a subset of cases that responds to the values given to the NV, EB and OP. In
each case subbase there are 20 cases on average, which increases the speed of the
recovery process.

In the present research there are three types of data: symbolic, set y ontologic; for
which different distance measurements are used.

Table 3. Possible structures were tested.

Heading level 1st level 2nd levels 3rd levels

Without structure (1) NV (2) NV - EB (5) NV - EB - OP (11)
NV - OP (6) NV - OP - EB (12)

EB (3) EB - NV (7) EB - NV - OP (13)
EB - OP (8) EB - OP - NV (14)

OP (4) OP - NV (9) OP - NV - EB (15)
OP - EB (10) OP - EB - NV (16)
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• NV, EB, CA and OP traits are symbolic and single-valued type, the distance used is
Boolean [36].

• AT and Tables traits are of joint type and use Jaccard distance [37].
• The ON and OG traits represent the general and spatial ontologies and the distance

used is Jaro-Winkler [38].

The recovery uses local comparison criteria or a local distance that determine the
similarity or closeness between values of the same trait and a measure of global
dissimilarity, which combines the results of the local criteria of all the predictive traits
of the cases to be compared with the new problem.

The global dissimilarity measure used is the one proposed in [39]:

DisimGlobal X; Yð Þ ¼
Xn

i¼0
wi � di xj; yj

� ��
h i

=n ð2Þ

The weights give a level of importance to each trait, the greater the wig the more
important the trait. For the calculation of weights we work by means of expert criteria
and the AHP method is used [40].

The objective is to recover the most similar k-cases, in a subset of the CB, which
contain the cases with the same NV, EB and OP as the problem to be completed.

The correct dimension of the recovered cases was recalculated. Experiments were
performed with odd k values from k = 1 to k = 11. As can be seen in Table 4, the results
with k = 1 and k = 3 are very similar, but as the value of k increases, the percentage of
correctly generated solutions decreases-e. It must be taken into account that the increase
in the value of the k complicates the selection process of the initial solution.

Fig. 2. Cases database structure for the UNE.

Table 4. Possible K.

K Correct generation K Correct generation

1 95.77% 7 89.41%
3 95.23% 9 83.49%
5 92.59% 11 78.83%
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The recovered cases are combined together with the new case through the reuse of
information. The solution proposal is made through similarity mechanisms that define
the proximity or not of the recovered case, with the new one (Fig. 3).

Based on the transformational analogy, the Algorithm to propose an initial solution
is developed. The new case is evaluated and adapted to the conditions on the recovered
cases. The pre-set consultations are not necessarily identical to those stored in previous
cases. To develop an initial solution, all recovered cases are considered and a com-
bination of the recovered solutions is taken as a starting point.

2.2 Adaptation

The input of the adaptation module is an initial solution of the three objective traits.
This module allows to reuse and adapt based on transformational analogy, which
implies structural changes in the solution. Transformational adaptation is guided by
common sense where the rules were defined and used in the adaptation process. This
process is considered a T-space, where the known solution (KS) is going to be
transformed with the use of T-operators (Table 5), until it becomes the solution of a
new problem.

Fig. 3. Recuperator algorithm of k most similar cases.

Table 5. T-operators according to the trait objective

From trait Where trait CE trait

Coupling insert Insertion of restriction Insertion of restriction
Coupling removal Removal of restriction Removal of restriction
Replacing coupling Substitution in restriction Substitution in restriction
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Each T-operator is defined by a set of rules that perform the operation indicated.
These rules perform a chain work that allows inserting, eliminating or replacing part of
the solution to adapt it to the needs of the current problem. This work satisfies the
restrictions imposed by the experts in domain ontologies and the natural requirements
of objective traits. The adaptation module has three stages that are described below.

In stage 1 the review of the three objective trait has an algorithm of 25 rules that
allow to check which traits are absent, which are valid and which ones need to adapt.

In stage 2, the set of rules to be applied is chosen according to the adaptation
requirements of the previous stage in the following way:

• If there are no requirements, return the initial solution without adapting.
• If there is a requirement for the FROM trait, the set of rules is applied to adapt the

FROM trait.
• If there is a requirement for the WHERE trait, the rule set is applied to adapt the

WHERE trait.
• If there is a requirement for the CE trait, the set of rules is applied to adapt the CE

trait.

In stage 3, a total of 65 adaptation rules are applied. The adaptation rules are
divided into subsets by methods 5, 6, 7 and 8.

The methods 5 and 6 contain the set of 24 rules that allow you to adapt the FROM
trait. This requirement can be given by:

• The initial result of the trait is absent since the FROM is an empty string or because
8Xi 2 Tablasð Þ jXi 62 From:

• The solution does not contain the correct base table. The rules are responsible for
finding the correct base table and replacing it in the initial solution. The replacement
of the base table in the solution can lead to the previous one being related to it and
replacing it would be a coupling of the new base table with it. The application of
rule 7 eliminates this type of coupling.

• 9Xi 2 Tablasð Þ jXi 62 From. In this case there would be no tables in the result, so
the solution would be incomplete and it is necessary to add them coupled to the base
table.

• 9Xi 2 Fromð Þ jXi 62 Tablas. In this case, tables would be left over in the result and
it is necessary to eliminate the coupling to the base table.

• After the base element is selected, the rest of the missing tables is added.

The method 7 contains the set of 27 rules that allow adapting the Where trait. These
rules will be executed when the revision step establishes that the Where trait needs to
be adapted. This requirement can be given by:

• The initial result of the Trait is absent because it is an empty string and the case has
restrictions.

• The solution does not have the correct OP trait.
• The solution does not have the correct AC trait.
• The solution is not given according to the general ontology of the SIGERE system

in the output, phase or type of correct installation.
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The method 8 contains the set of 13 rules that allow the CE trait to be adapted.
These rules will be executed when the revision step establishes that the CE trait needs
to be adapted. This requirement can be given by the absence of any term of the spatial
ontology in the query.

Once the adaptation and review of the expert, which confirms that the adaptation is
correct, the case will be retained in the base of cases with the aim of enriching it with
the solutions of new problems.

The retention is induced from the cases, so it will be necessary to redefine it
periodically. The efficiency of the system is affected when the number of cases grows
excessively, therefore, it is important to avoid including cases that do not contribute
new information to the system.

To carry out the retention of cases, the following steps are followed:

• The degree of information provided by the case to the system is calculated. This
degree of information is estimated by the number of T-operators applied between
the set of T-operators in the T-space.

• It is considered feasible to retain the case whose degree of information provided is
greater than a (represents an information threshold).

• If the case is feasible, it is retained in the corresponding sub-base according to the
value of the NV, EB and OP predictive traits, given the calculation of the degree of
information provided by an objective trait.

The degree of information provided to the system by the value of an objective trait
is calculated as the minimum number of T-operators applied.

3 Results

For the implementation of the CBR, the SICUNE module was developed. The SICUNE
module has a national character and is applied in different areas of the electricity
companies. This software can be considered as a support system for decision making
because it fulfills the following characteristics:

• It’s focused on the analysis of the operational data of Cuban electric companies.
• Performs dynamic, flexible and interactive reports, in correspondence with the

needs of the decision-making areas in the Cuban electricity companies.
• It presents rapidity in the response time.
• It has availability of historical information, managed in the databases of SIGERE

and SIGECIE for more than 15 years.
• It uses in the main areas of knowledge management in the Cuban electricity

companies that need graphic modeling.
• Main areas of knowledge management are present in the electricity companies that

need graphic modeling.

The incorporation of SICUNE into the SIGOBE increases the spectrum of search
requests and provides a group of facilities such as: locating complaints from the
population, a failed installation or with abnormal parameters, organizing the route of
the cars, visualizing the voltages of the customers on the map, make a study of
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equipment faults by zones, the optimization of the use and an optimal expansion of the
networks, access to the information of a point of the distribution line, the study of
electrical losses and certain scales allows to draw the sketch of the new projects with
the necessary accuracy.

With the development of ontology, comprehensive access to the database and
dynamic queries are achieved, which are fundamental in high demand stages of ser-
vices due to the speed of the link between alphanumeric and graphic information. The
processing of the technical language executed by the system increases the ease and
convenience with which requests are made and allows the user ignore the structure of
the database. In addition, concepts common in the domain that are not represented in
the database are incorporated.

The efficiency is a component of productivity and is related to the use of inputs
during the transformation process [41], so it can be evaluated taking into account the
computational complexity that indicates the effort that must be made to apply an
algorithm and how expensive it is.

In order to validate the investigation in terms of efficiency, the analysis of the
computational complexity of the algorithm must be done. The worst case is the
complexity of the reasoner without structure, that is to say, if the base of cases had a
sequential structure. The computational complexity is calculated as:

N � ComplexityDisimGlobal X; Yð Þ ð3Þ

Where:
N: is the number of cases in the base of cases.
Complexity DisimGlobal (X, Y): it is the sum of the complexities of the local

dissimilarity functions, in the case of a sum of temporal complexities, the greatest of all
the complexities is taken as general complexity. The complexities of the local dis-
similarity functions (n1, n2) are:

• Jaccard’s temporal complexity (n1) (Used for set type attributes) O(n), where n is
equal to the number of elements of the attribute domain. Worst case n1 = 90.

• Temporal Complexity of Jaro (n2) (Used for ontological traits) O(m), where m is the
length of the chain. (AMÓN, 2010). Worst case n2 = 25.

So the complexity of the algorithm would always be an O(n).
Complexity of the reasoner with structure, that is, the hierarchical structure:

N
12

� ni ð4Þ

Where:
N/12: will be the number of average cases recovered.
ni: the greatest of the complexities of local dissimilarity functions.
So it would also be an O(n).
A balance between precision and efficiency is achieved, because the model for data

management, which allows smart consultations in the geographic information system
for decision making in the transmission and distribution processes in the UNE
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provides: a good performance of prediction, in a reasonable response time, with low
computational complexity.

To test the SICUNE, three departments of an Electric Company, in a province, are
selected that use information from different areas of the database and achieve greater
coverage in the information contained. The work of these areas is operational and needs
the functionality proposed in their daily work: Command post; Engineering depart-
ment; Customer service.

A study of the exploitation of SIGOBE v1.0 determining their approximate use
(Table 6).

In all three departments, the exploitation of the new version of SIGOBE begins,
with the SICUNE module incorporated, for a period of one month for its validation.
Table 7 shows the results by area.

The engineering area was the least represented in the case based, because the
SIGOBE, version 1.0, focused on the Command post, the attention to the complaints of
the population and the investment area. However, 94.18% effectiveness is obtained.
The percentage of cases solved incorrectly corresponds to the few cases on these areas
that were counted at the beginning of its application.

Table 6. Queries to SIGOBE v1.0.

Queries Use Average of monthly
consultations

Command post See the monolineales
Analyze the limits of freeways
complaints

100

Engineering
department

Analysis of the study area Transformer
inquiries

25

Customer service
area

Customer service
State of complaints
Status of projects and studies

50

Table 7. Results of SICUNE by area.

Queries Total
queries

Correctly
classifies

Bad
classifies

Retain Effectiveness

Command post 230 221 9 23 96.08%
Engineering
department

189 178 11 40 94.18%

Customer service
area

147 140 7 18 95.23%
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4 Conclusions

• A case-based system on type problem solver was designed, using as an initial case
database, the 265 static queries registered in SIGERE. The queries are described by
eight data-type predictive traits and three objective traits. The case database
responds to a three-level hierarchical organization, which favors the processes of
access, recovery and learning of cases.

• Calculation of the distance between traits was done according to its nature. It was
determined that the best results in the study case are: for the traits of nominal type,
the Boolean distance; for traits of set type, the Jaccard distance and the ontologies
were treated as strings using the Jaro Winkler distance.

• The case retention stage is in preliminary phase, since the current size of the case
database does not presuppose reissues of cases, because it is still medium-sized.

• An intelligent real-time queries system is implemented for the UNE (SICUNE),
achieving the generation of automatic queries that allow the system to respond to
any type of queries in real time.

• The experimental study shows the feasibility of the proposal. The CBS obtains an
effectiveness of 94.18%, where 539 searches of the total number of consultations
were correctly classified. In the study 81 new cases were retained for a total of 301
in the case base. The percentage of cases solved incorrectly corresponds to the few
cases on these areas that were counted at the beginning of its application.

• It’s necessaries to develop the axioms of the ontology for the data management of
the processes of transmission and distribution of the UNE.

• Extend the SIG to the Generation process of the Electric Union including: Thermal
Generation, Distributed Generation and Renewable Energy Sources Management.

• The study of possible applications of the model for data management in other
branches of knowledge.
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