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Abstract. In this article, two artificial intelligence techniques such as Artificial
Neural Networks and Genetic Algorithms were incorporated into a 3D working
environment and turned into a game engine, which simulates a working envi-
ronment in order to obtain possible warning signs to different hazards. These
techniques were incorporated in the perception and reasoning of a character in
the virtual environment, in order to react intelligently to given warning signs.
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1 Introduction

When a virtual environment has Artificial Intelligence incorporated, it reaches a new
feature resulting in an asynchronous event distribution system which is what distin-
guishes it from a conventional virtual environment and hence it has high applicability
[1]. According to Whiting [2], there is an interesting dilemma for animators and
designers, who are constantly creating new environments with the desire to incorporate
characters who are autonomous, since each environment requires a complex and
time-intensive to be performed by an expert programmer, because the models are
created to solve specific problems and because of its specific nature, cannot be easily
reused.

Some examples of Intelligent Virtual Environments: Jia and Zhenjiang [3] devel-
oped the Platform “Paladin”, which uses collaborative and neuro-evolution agents,
combining the Backpropagation Networks with Evolutionary Algorithms in a 2D
environment. Clement et al. [4] presented an intelligent tutoring system as an EVI for
training, in order to infer the learning objectives that the student has acquired, finally
trying it in a virtual lab biotecno-logy in 3D. Xi and Smith [5] create a virtual envi-
ronment with game technology and intelligent agents to simulate human emergencies.
Liu et al. [6] propose a framework for modeling virtual humans with a high level of
autonomy, at the behavioral level and movement in a virtual environment. Gilbert and
Forney [7] perfected guided by an avatar in a clothing store in a 3D virtual world of
Second Life tour through virtual agents, using a robust variant of Artificial Intelligence
Markup Language (AIML) and taking the challenge to the Turing test.
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Based on the above, this paper shows how integrated in a 3D virtual environment,
an artificial neural network and genetic algorithm in perception and reasoning of a
character, for intelligent interaction with the elements of a work environment, identi-
fying signals warning. The 3D virtual environment was created using the UDK game
engine. This environment implemented init some improvements, as the technique of
Path-Finding and additionally, some random obstacles were placed in order to make it
more difficult path towards the goals of the character.

This paper is organized as follows: in Sect. 2, the concepts of perception and
reasoning are discussed, and the 3D virtual environment created is displayed; in Sect. 3,
the Artificial Neural Network implemented in the virtual environment is explained; in
Sect. 4, the genetic algorithms used are presented; and Finally, the conclusions.

2 Perception and Reasoning

The Intelligent Virtual Environments must reach large capacities of complex and
interactive behaviors to achieve a high level of realism [8]. This realism is based on
elements that enable intelligent performance such as perception, learning, and com-
munication through natural language and reasoning. According to the above, this paper
focuses only on the perception and reasoning, cognitive and behavioral levels of a
Virtual Environment.

According Marthino et al. [9], perception is considered as all events of the virtual
environment are filtered according to the interests and location of the character and is
based on two principles: (1) A limited perception, in which a character perceives all
events, but only perceives its associated area; and (2) An inaccurate perception, in
which the character perceives the virtual environment as it is, but only receives relevant
events associated with it.

They also describe the reasoning as a process developed by a set of production rules
which are conditions based on the model of the world, in the state of the target, the
characteristic behavior and internal state information.

Given the above concepts, the character implemented in the Intelligent Virtual
Environment from this work, based its reasoning on the impact of its internal target and
priority of the action to perform, on the cognitive and behavioral levels.

Based on the above, a model of Intelligent Virtual Environment leaning on a game
engine, which are incorporated Artificial Intelligence techniques in order to occur from
a given perception with a character, a reasoning proposed proper respect to the Virtual
Environment.

In this model, this can be seen as a set classifier S, which takes a set of perceptions
P1…Pn and combines them to take adequate reasoning R1…Rn. This reasoning to
perform a certain action is supported on one of the techniques of Artificial Intelligence
named in the model. So the system, decide and select an action A, according to the
reasoning made (Eq. 1).

S P1; R1f g; P2; R2f g; . . .fPn; Rngð Þ ! A ð1Þ
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With this model, you want to achieve the following characteristics of an Intelligent
Virtual Environment described by [10]: Decisive; any action taken by the character will
be reflected in an effective plan; Real Time: The character must respond in real time to
the perceptions of the environment and in the same way, adequate reason to perception
form received; Ordered: That follow the proper sequence in their behavior.

Perceptions were simulated in this virtual environment and their respective actions
to perform, through reasoning with AI technique, are shown in Table 1.

In Fig. 1, shown rendering Virtual Environment, which will be the character
interacting as disclosed in Table 1 and to which AI techniques are applied, explained in
the following sections.

3 Intelligent Virtual Environment with Artificial
Neural Network

To implement an artificial neural network in this environment, several simulations were
made with some types of networks. Later, two networks were chosen: The Radial Basis
Function (RBF), and Multi Layer Perceptron (MLP). After making comparisons
between these two networks measurements by square error, was selected to the MLP,

Table 1. Perceptions and actions that the character execute in the virtual environment

Perception Action run

Detects fire Activate the fire alarm
Detects electrical risk Turn off light switches
Detects wet floor Call the cleaning staff
Workplace - do not know what to do Use the intercom for help

Fig. 1. Virtual environment developed with UDK
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by the number of neurons used in the hidden layer and the error was lower, the RBF,
among other features. The used algorithm is a variation of the described in [11].

A network MLP was used with a 4-10-4 configuration (4 input neurons, 10 hidden
and 4 output). We also used 80 % of tickets available for training and 10 % for
validation and the other 10 % for testing, to verify that the results which gives the RNA
were satisfactory if reserved; this is what is defined as the process of overfitting
(Training, Validation, Testing), resulting in the confusion matrix, where it is interpreted
that the main diagonal are correct classifications therefore 99.2 % rated it had.

Finally, in the Fig. 2 is shown the virtual environment is shown to the RNA; in this
case, is running action using the intercom for help.

4 Intelligent Virtual Environment with Genetic Algorithm

Generally, in a genetic algorithm concepts of convert, adapt, and select couples are
applied to generate a random selection by the combination of these couples between
these mutations and generate new individuals to apply.

Stored in an array of 4 positions corresponding to the perceptions described in
Table 1, the objective of this is that every time the character revised every state, all
functions are executed corresponding to the genetic algorithm. After completing a
cycle, i.e., whenever the character inspects a state, the results obtained by the calculus,
with randomly generated in the array are evaluated.

The genetic algorithm used, which is a variation of the above in [12] is applied, in
the path-finding technique. The adaptability of the individual is calculated according to
Eq. 2.

fi ¼ qi
.X

j
qj ð2Þ

Where qi and qj represents the individual each other individuals. As such, the
quality of the individual by the sum of the qualities of the other individuals are divided.

Fig. 2. Intelligent virtual environment with the MLP neural network
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In the genetic algorithm, partner selection is done in reverse way round, i.e., the
first individual will intersect with the last individual, the second with the penultimate
and the third-last.

The tournament is where calculations are performed to select the fittest individual.
Subsequently, a copy of the winners of the tournament takes place individuals and
redistributing the combination and mutation operation is performed on the matrix for
realization. In the latter operation, crosses between new partners resulting from the
previous steps (Tournament and Copy) are performed. Finally, a crossing of genes
among binary numbers, to be a new individual product of the cross, as discussed in
evolutionary theory is made.

Figure 3 shows, Intelligent Virtual Environment running with Genetic Algorithm.
In this case, it is running the action to notify the cleaning staff.

5 Conclusions

In terms of software development, this paper proposes and demonstrates the use of
game engines, in order to obtain a 3D Virtual Environment, balanced with a technique
of Artificial Intelligence, which makes it more practical and more realistic.

Artificial Intelligence techniques have complex operations requiring extensive
repetitions, which in turn affect learning in real time. It is possible to achieve real
machine learning, but in many cases, this sacrifices performance. The technique
selected can be very efficient, but according to given cases, from the perspective of a
strategy, a given target, some techniques may perform better than others.

Neural Network from concept is understood as a technique in order to perform
machine learning and you can see that in the results, there is evidence that indicates a
given repetitions both fixed and random parameters learning. In the case of the Genetic

Fig. 3. Intelligent virtual environment with the genetic algorithm
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Algorithm, a high optimization is evident in solving a problem, even generating ran-
dom data, can find a fairly quick solution, reducing the number of iterations; few cases
where the operation is repeated, and a very isolated case where repetition is high in one
case, but leaves repeated in the following.
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