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Abstract. When talking about electric p to think about is whether enough
electrical energy is generated to use witho to it, similar to thinking that water
will never runs out, but when faced with e ts, people think that water can be

is ergy must be saved and used completely
. This new trend seeks to save electric power
ies face phenomena such as El Nifio that

and that is why the term energy g
to avoid electricity supply shor

document shows the imp ByL8avIngs, as well as the need to design intelligent
models that help to supp ion‘efithe problem of excessive consumption of electricity.

1. Introduction
In recent years, energy manag e been developed, and some of them incorporate
artificial intelligence approaches such a etworks, with the aim of developing an intelligent

electricity distribution sys

Artificial intelligence
mtelllgent System:
e weight fall on a specific area. This is a problem of all the
anaIyS|s of the art|f|C|aI mtelllgence approach has been made, in search for a

but just having data that allow consumption patterns to be found in
to generate real-world models that can be followed by this intelligent model. This
levant approaches that were considered to evaluate the design of the model, showing
icipation of all areas in this problem [2], [3], [4], [5].

2. Previous studies

The need for an electric power intelligent management model arises from the excessive consumption of
energy, and the lack of water for the hydroelectric power plants in Panama City, which are the main
energy generation sources. In the city, shopping malls present the greatest consumption rates, and during
the beginning of operations of the Panama Metro, the new means of transportation [6].
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The first element to study about the development of intelligent models, is the behavior of the system,
so the monitoring through a visualization system known as SCADA (Supervisory Control and Data
Acquisition) is an important aspect to consider [7]. The term SCADA was first heard in the 80's along
with the technological advances of the time, related to the monitoring of tem operation to show
how the electrical system works in order to make needed decisions. This sy composed of the
following three important subsystems:

e Acquisition and control system, which contains sensors and actuato,
e Interconnection system, which allows remote communication with
e SCADA software, which is the interface that communicates the use )nment and

allows visualization.

This visualization system provides a database, used by artificia
model cannot be built without data, so it is necessary to have data
can help manage the electrical system.

Artificial intelligence is the science that seeks to i paf software that behave
intelligently, or perform activities or tasks that require a

In 1957, the term artificial intelligence was used for t by hn McCarthy during the
Darmouth conference [2]; however, an attempt had alread gn a model that simulated
human behavior.

In 1943, with the studies carried out by Warren M
of neural network based on the biological neuron, bei del that simulates the behavior
of a biological system. In 1947, the famous mathemati first proposed the possibility of
building an intelligent machine, and also proposed hich seeks to discover whether a

data processing. A
ificial intelligence

ter Pitts, they proposed a model

3. Paradigms of artificial intelligence

Artificial intelligence has developed differe S ques, methods or tasks to make systems
behave intelligently, this is known as igm. getion presents the relevant techniques and
artificial intelligence applications that the development of intelligent models for
electric power management, just men those that helped approach the final model.

3.1 Techniques
The artificial intelligence techni
informed. The informed searches are kn
can be found, thus allowing the N
problem [10] [11].

The use of these techni
just offers numerical data,

searches in trees, which can be informed or not
istic searches that reduce the time in which a solution
e processes that require finding a fast way to solve a

ed for the energy management model; however, the system
es cannot be controlled. The amount of voltage sent to the

system is consta on varies according to the demand of electrical devices, lights
and air condi s were not considered for an initial model [12]

3.2 Tasks

The tas clal“ntelligence are: diagnosis, planning and control, which are discussed

3.2.1 Diagnosi
This task seeks to Kee ystem working as long as possible. Through the knowledge, the system
verifies if the system presents a proper behavior or if there is any failure to notify or if it is possible to
make a decision and act on the System [13].

The main systems that perform these tasks are named knowledge-based systems, which take the
knowledge of an expert and structure it so that they can be accessed to diagnose faults in the system. It
is similar to the work done by doctors who use a questionnaire to know the symptoms of a patient.
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Systems based on knowledge may have a questionnaire as input or data that indicate if the behavior is
adequate in the system being diagnosed. These systems consist of three components:
e Inference Engine
e Knowledge base
e User interface

Where the knowledge base contains the rules that can be applied to obtaina e diagnosis, or
with a fairly high level of acceptance. These rules are written using predicat
The concept of diagnosis was considered for the final model since the ele
in constant monitoring to verify if the behavior is adequate; however, the pased system

3.2.2 Planning
This task seeks to develop control algorithms that allow to synth
goals. Planning requires rules to be applied or actio
appropriately from an initial state to a final target state [16]
The question that leads to take or not this paradigm is
management of electricity can perform actions autonom
there are no actuators; however, the system will hav,
intelligent agent, where the intelligent model shows ifications of failures and notifies the
operator to perform the required actions.
In this case, planning was considered because it me
which needs to apply actions on the system, verify_its cu and notify any kind of failure. In
this sense, the diagnosis and planning were because both tasks led to know that should
diagnose through the use of rules that set limi

is intelligent model for the
e find the limitation that

3.2.3 Control

To control a system consists in making i i ay. It is one of the tasks that the artificial
intelligence frequently uses in closed s ossible to control the flow of variables and
data.

The following two control pr
e The problem of regul
way independent of the

e Tracking problems, when the avior is to make the system output follow a given
reference.

In the intelligent mode
to control the input variab
the techniques,

management, directly applying this paradigm would mean
onsumption of electrical energy. However, as mentioned in

ems are the rule bases, which contain rules that are applied to the
inference engine so that it has an adequate behavior [18] [19].

Facts base, whi ains what is happening or has happened in the system.
Rule base, which contains the rules applicable to the system.
Inference engine, to apply the necessary rules to reach an ideal state.

This system can perform artificial intelligence tasks, allowing the systems to be monitored in an
adequate way, and thanks to its rules base, that can contain numerical type conditions for acceptance
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limits before generating an alarm, makes it possible to take any data that is being received through a
sensor and act through the limits that are defined in the system.

3.4 Automatic learning
Among automatic learning models, the neural networks [1] [20] allow to iden
and learn its behavior to generate an adequate output.

Neural network systems [21] are also present in data mining due to their ere not
considered for the intelligent model to be developed. However, it is impor i °m since,
e variables

erns in the system,

4. Results
Once these models, tasks and techniques were evaluated, an intell
to the rule-based system, since this system allows to know the en
acting. Since only data were available, and not sensors, the,i
the database of the visualization system mentioned in poi ere developed to limit
the system to behave within a range or interval appropria |C|ty consumption that does not
exceed the audit data made in the building where the modelwould nted [22]. The intelligent
model will have the following necessary components:
e Static base
Facts Base
Rule base
New facts base
Inference engine
Temporary alarm record

esigned according
how the system is
are those found in

While rule-based systems comprise threé is model has two separate components
added to it, which are the new fact base 3 arm record. Below is a description of each
component [7], [8], [23]:

4.1 Static base
The static base will contain th i mption that have been audited, that is to say, this
base of facts will indicate the m ow by the system considering that the audit was carried out
with the minimum consumption by ele ices that are in the place where the system will be
implemented.

The model will apply rulés dicate that the behavior or consumption of the system is out of the

permitted range, always
recorded.

4.2 Basis of S
This databa ent the system data in such a way that the system can represent the real-world
behavior g i : i

4.3 Rule base
The rules that will verify the electrical consumption among other variables such as the voltage, which
may drop at any time, will be kept. It will allow a failure to be reported in the system referring to the
voltages. If a voltage drops results in a fault, the rules being applied can verify the behavior prior to the
fault, consulting with the new facts base and the actual behavior of the system.
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An example of these rules would be to consider that a variable ‘A’ located in the static base is equal
or less than a variable 'B' located in the database of the display system. If so, and that variable must have
a value above the other variable, it must be recorded and notified that this value is out of the optimum,
applying rules of Condition — Action type.

4.4 New Facts Base
When talking about a new base of facts, it must be considered that the dat
minimum in consumption, and that other models of consumption can be
variables that act on the system, including the increase in use of mobile dev isitions of
electrical or electronic systems.

When this happens, the model is able to identify this new behavig eal world in such a way
that it can be considered new knowledge in the system. This will allg
new problems that may arise during the operation of the electrical

4.5 Inference engine
This component is important since the rules that apply USt™be executed in it. In the
knowledge-based systems model, the inference engine exe les until reaching a goal state.

In this intelligent model of electric power management
similar to the one mentioned above in systems based
directly in the electrical network so the rules will be
sending the information to the operator where it mus
there is a fault in any electronic device or any speci
implemented.

The human agent (operator) will apply the
allow the system to return to a flow of consum
intelligent model of energy management wil

that the system cannot act
orded to indicate a malfunction,
ds of the network, verifying if
lace where the system will be

depending on its severity. This will
ific range, thus the inference engine of the

4.6 Temporary Alarm Record
The function of temporary records of p gather information through the rules applied
in the inference engine.

In this sense, when a pattegn i has been maintained in the same way in a given time,
and this does not affect the o i system, nor compromises energy consumption in
an excessive way, it is considere nd is added to the new base of facts.

However, if a pattern is out of ran notified emphasizing that the proper functioning of
the system is being put at risk. _Jhe pdated according to the severity of the pattern. If this
pattern is not recorded afte s completely deleted from the record without allowing to access
it again.

it was designed as a tempo oid data overflow

: necessary, always thinking that the need depends on the
amount of g or consumption, and the need to keep all alarms, or just those that
are directl
5. Dis
The propa is based on the paradigms of artificial intelligence, seeking to develop a system

capable of behav iith a degree of intelligence, for meeting the definition of artificial intelligence. It
is a model that involy of control systems, taking some concepts such as monitoring versus a real
time model, as this characteristic is allowed by rule-based systems. It is also important to mention that
neural networks can help in this type of control, so it is suggested to evaluate for further research.
When incorporating new components to the classic model of rules-based systems, the objective is to
make the system have different knowledge to infer the alarms of the electrical network. This way, this
way, the system must learn by means of observation of the variables that are captured by the SCADA

visualization system.
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How is the model adaptable? For being a system based on rules, just numerical data are processed.
In this way, when connecting a new device, the operator must direct the reading of that component so
that the system can infer and give a solution.

If there is a temperature sensor for a place where servers are housed an
should not increase over 20 degrees Celsius, the data of the temperature senso
the behavior of the area. In this case, 20 would be the limit for the new rule
system without affecting the operation of the other components.

emperature of the place
be used to observe
egrated to the

In this sense, the new trend of the Internet of things is considerg
devices that can communicate with each other.
In this way, the proposed model allows connectivity, making bnnect devices and
integrate them through a single main point. Thus, the co y and energy savings
is not just part of electrical engineering but also of othe i as‘computer science which
contribute to the development of these types of models.

6. Conclusions
The intelligent electric energy management model ad
to be functional with small data as well as with big da

Artificial intelligence is related to other disciplines
is, only in control or diagnosis, but also integrating conc

The monitoring of systems is the first step
and reducing errors and failures that prevent

of the environment, allowing it

not only to a specific area, that
0 generate new knowledge.

prove the processes, optimizing them
ioning of the system being monitored.
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