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Abstract. This article presents different options for modelling and realization of realistic intelligent virtual agents (IVA)
in virtual and mixed reality. In relation to that a natural language dialogue with the users has been implemented,;
information about the preferences of the users is obtained, as well as their emotions, goals and the way, in which they
prefer to achieve their goals. Emphasis is placed on the method for modelling the visualization of IVA; the facial
expressions and emotions, which can be conveyed; the gaze of the eyes; the mouth and lip-sync with the spoken words;
the gait and gestures. Some results of conducted user dialogues when solving a particular problem; the selection of a goal
and a way of achieving it are discussed. Keywords: Intelligent Virtual Agent, Modelling, Agent Architectures,
Reinforcement Learning, 3D Visualization, Virtual Reality, Mixed Reality, Virtual Rapport

INTRODUCTION

The development of society, services and the industry places ever higher demands on technology to find
solutions to increasingly complex problems. It is often necessary for different technologies to be used together in
order to solve a particular problem.

For example the agent-based modelling and simulation paradigm allows intelligent agents with different
implementations to interact between each other, as well as with their environment. Every scenario is viewed as a
complex adaptive system, which can be studied and analyzed. Modelling and simulation based on "Virtual Reality"
build upon this paradigm by giving a person the option to interact with visually represented three-dimensional, real
or imaginary systems [1] [2]. Users must wear a virtual reality headset and use gloves or motion controllers to
interact with the simulation in real time. The user can be "immersed" in the virtual computer-generated environment,
but loses touch with the real world. On the other hand "Augmented Reality" technology allows for a new
visualization method, in which virtual content is added to the real world [1] [2]. With this method, however, a link
between the virtual and real content is not created. The newest and most promising technology is "Mixed Reality"
[1] [2] [3]- This technology combines the real and the virtual worlds and allows a real-world object to interact with a
virtual object when a given scenario is being executed. Every Mixed Reality system is characterized by: an ability to
combine between a real world object and a virtual one; real-time interaction; finding correspondence (mapping)
between the virtual and the real object; execution of user scenarios. "Virtual Reality”, "Augmented reality" and
"Mixed Reality" technologies are considered strategic [4].
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The Atrtificial Intelligence scientific community encourages research work with a cross-point between virtual
agents, robotics and psychology. The synergy between agents with different implementations - from virtual agents,
to social robots is being researched [5]. The new algorithms and models need to be able to be applied to agents with
different implementations, so that they can interact when solving a given problem and as a result solve it together.
These requirements are met by a wide range of problems (scientific, social, and industrial).

Research is also focused on studying and analyzing knowledge representation methods, decision-making
algorithms, planning algorithms, control algorithms, methods for training and machine learning [6] [7] [8]
(Reinforcement learning, Learning from Demonstration paradigm or Imitation learning and their improvements),
probabilistic algorithms and models (Belief networks), Probabilistic causal networks, work with uncertain
knowledge, connectionist methods and in particular training of Deep neural networks and Recurrent neural networks
RNN [9] [10] [11] [12]. The goal is also to improve them and offer new algorithms for managing and planning the
behavior of intelligent agents as well as to study them when applied in virtual, mixed and physical reality.

The joint use of these methods and technologies allows for the realization of more realistic IVAs, it also allows
the intelligent agents to solve problems in the industry, to provide assistance to people with disabilities or help
people in their daily lives, to participate in interactive games, to perform actions, which require gripping objects and
using tools, to prepare food and many other intelligent activities. They are the basis for the construction of "Smart
Cities", "Smart Business and Industrial Centers", "Smart Infrastructure”, "Smart Homes" and social welfare.

This article goes over the possibilities for modelling and realization of realistic intelligent virtual agents (IVA) in
virtual and mixed reality. In order for IVAs to be realistic, they have to carry out a dialogue with the users in a
natural language; they have to understand the preferences of the user, their emotions, their goals and the way, in
which they prefer to achieve these goals. It is necessary for IVAs to have a unique appearance; to be visualized in
3D space; to express emotions; to control and direct their eyes towards their interlocutor; to have unique facial
expressions, gestures and lip-sync. They must be able to choose an appropriate goal and the most acceptable way to
achieve it. The realization of all the possibilities will be discussed in this article.

MODELLING OF A MORE REALISTIC INTELLIGENT VIRTUAL AGENT IN
VIRTUAL AND MIXED REALITY

The design of intelligent agents involves formalizing theories and data on human behavior. The acquired models
are integrated into IVA (Figure 1) and its behavior is evaluated. This requires the use of techniques derived from
psychology. In turn each one of these steps can be fundamental for psychological research. That is to say the
connection between computer science, informatics, ICT, mechatronics, robotics, psychology and 3D modelling is
clear. This interdisciplinary gives research freedom and an opportunity to gain new knowledge and carry out new
fundamental research.

It is necessary to have an understanding of the technologies for building the space of the Virtual reality and
Mixed reality, such as the Optical see-through and video-see-through technologies; calibration models; object
recognition techniques; techniques for tracking objects (Object Tracking- sensor-based, vision-based, and hybrid)
which are needed to position the real and virtual objects so that they can interact between each other; Registration
and Mapping of the virtual model in the real world; visualization and rendering; data management strategy etc. [1]
[2] [3]. An understanding of their program packages and software, and their capabilities and features is necessary.

Interactive systems with intelligent conversational agents include the following technologies: speech recognition,
natural language understanding, speech synthesis, technologies for modelling facial expressions and emotions; facial
animation technologies [13] [14] [15].

One IVA architecture is proposed in reference [16]. It has the following basic blocks: memory block; a block for
marking the states, best suited for the execution of the task and the connections between them; block for
explanations and a training block, which can include different learning methods. Reinforcement learning is used for
the experiments described in this article. This architecture has been further developed with two additional blocks,
which are a block for the implementation of a natural language dialogue with the user and a block for the
visualization of both IVA and the environment. They are discussed in next sections.

Using Windows Desktop Speech Technology

The assets, used to implement the speech recognition ability are Windows Desktop Speech technology and the
namespace System.Speech.Recognition [17]. This software offers a speech recognition infrastructure; digitalizes



acoustic signals and recovers words and speech elements from an audio input. Algorithms are developed to identify
specific phrases and speech patterns and to control the behavior of the provided infrastructure during operation.
Some of the useful classes are Class Choices, Class Grammar, Class GrammarBuilder, and Class
SpeechRecognitionEngine. In order for a program with a speech recognition ability to be developed the following is
done: grammars are created; the output, which the speech recognition engine produces is initialized, controlled and
interpreted; the events which generate a reaction are used. An example grammar is defined in an XML file and the
classes GrammarBuilder and Choices are used. In this way grammars with low to medium complexity are
programmatically created.

FIGURE 1. Modelling of a lifelike virtual conversational agent and a 3D virtual environment. Visualization of
the head of the agent; eye direction control; synchronizing the movement of the mouth and lips with the spoken
words; control of the emotions expressed by the face. Visualization of the movement of the body of the agent — its
gait and gestures.

Text-To-Speech Solution for Unity. Lip-sync and Face Emotions.

In a Unity project one of the best solutions for activating text-to-speech is the RT-Voice Pro package [18]. TTS-
voices, are already integrated in the system are used to pronounce written text during program execution. The
package allows for change of speed, pitch and volume of speech. SSML — speech synthesis markup language and
EmotionML — emotional markup language are supported. There are more than 1000 voices, which can be used.

In order to model a unique facial expression and facial gestures, a good solution is using the SALSA Lip-sync
V2 package [19]. It allows for a 3D synchronization of lip movement with the spoken words; it allows for control of
head and eye movement and expression of emotions. The Audio-dialogue files are processed in real time by using
look-ahead technology.

For the modelling and visualization of autonomous non-player characters (NPC), with a unique appearance and
an intelligent behavior, it is appropriate to utilize the UMA2 — Unity Multipurpose Avatar system [20]. NPCs
modelled with UMA2 can express emotions using their face, use gestures and lip-sync with the words they
pronounce. With the help of Mixamo they can perform unique movements, such as walking, the ability to sit, look
around, run, jump, etc. Mixamo is the first character animation service developed and provided by Stanford
University [21] [22] [23]. Mixamo offers packages with thousands of animations, the most fitting of which can be



chosen for any project, game or application. These motion animations are ready to be imported into the developed
application and contribute to an even more realistic presentation of the modelled NPC.

Strategy for carrying out the dialogue

A software system with a virtual agent model has a dialogue strategy and rules for shortening questions. The
knowledge extraction can be automated through an algorithm with the following steps [8]: 1) all attributes, their
possible values and the goals, which can be achieved are entered; 2) the software system combines all attributes and
their values, and the user indicates to what extent the goals are achieved for each combination; 3) all contradictions
are removed. However this algorithm is very complex and time consuming. For example obtaining the opinion and
intentions of the user for purchasing a given item can be simplified by asking a series of questions with a limited
number of answers. For instance some available answers may be: yes, no, this is acceptable, this is not acceptable,
this is certain, | would like it very much, I would not like it. Such a dialogue is similar to the dialogue, which takes
place, for example, when shopping in a store between a customer and a shop assistant or when buying residential
property and talking to a broker, etc.

(@) (b)

FIGURE 2. (a) Chosen by IVA path to buying a one-room apartment by raising 20% of the cost and 80% from a
mortgage credit. (b) Chosen by IVA path to buying a big flat with own funds.

EXPERIMENT FOR UNDERSTANDING THE PREFERENCES AND INTENTIONS OF
THE USER

For the purposes of the experiment two conversations with two clients, who wish to buy residential property,
were held. The model of the environment is presented in Figure 2 (a) and (b) by a graph, consisting of nodes and
edges. The model covers the properties available for purchase — nodes 21,22,23,25; The different ways of purchase -
with a bank loan — nodes 10, 11, 15; by raising funds in other ways — nodes 4,5,6,7; by purchasing with available
funds — node 24. Each possible action for achieving a given goal is represented as an edge in the graph. The actions
evoke different emotions in the users. These emotions are represented by a variety of colours. For example the
colour green shows that the action evokes a sense of security; actions, denoted by the colour red evoke a sense of
Panic, anxiety and dissatisfaction; the colour yellow represents actions which evoke Joy and enthusiasm; actions,
denoted by the colour blue, represent actions, which evoke calmness and hope. (Figure 2 (a) and (b)).

From the conducted dialogues it is discovered that one of the users wishes to buy property for business purposes.
He has all the necessary funds to do it. He prefers a large three-room flat. The second user does not have the



necessary funds to purchase residential property. He is looking for a small apartment with 80% of the cost covered
by a bank loan. He enjoys travelling and prefers to travel to a nearby city until he raises 20% of the price of the
desired property. As a result of these conversations with the users, the IVAs choose the most fitting properties and
most acceptable ways for consumers to purchase. Figure 2 (a) and (b) show with a dotted line the sequence of
actions, which the users need to take in order to purchase their desired property. They are respectively a large flat for
the first user — node 25 (Figure 2 (b)) and a small one-room apartment for the second user — node 23 (Figure 2 (a)).

The first user will travel for several years to a nearby city to go to work every day and will take care of the other
properties he owns. After raising 20% of the price of the property he will take a consumer credit for the remaining
80% and will purchase the desired small apartment (Figure 2 (a)). The second user will simply pay the price of the
property and will purchase a large flat (Figure 2 (b)). It is seen that the agent does not offer actions that are
unacceptable to the users (the red ones). Further experiments and a detailed description of the IVA architecture are
given in reference [16].

DISCUSSION AND CONCLUSION

This article present the process of modelling and realization of realistic and lifelike intelligent virtual agents
(IVASs) in virtual and mixed reality. This IVAs are conversational, autonomous, learning agents, with visualized 3D
head and body, with a unique face and physical characteristics, with an ability to control their eyes, to express
emotions, to understand the preferences of users, to choose a suitable goal and a way to achieve it, which is
acceptable to users. Discussed are some of the results user dialogues when solving a particular problem; the
selection of a goal and the way to achieve it; the appearance of the modelled IVA is shown as well as the process of
its learning and realization.

The benefit of this work is that several steps have been taken towards achieving a realistic lifelike IVA that can
be engaging for consumers. However successful social interactions such as social engagement, collaboration, and
smoothness include building Rapport. The phenomenon of rapport means a close and harmonious relationship in
which the affected people or groups understand their feelings or ideas and lead to communicative efficiency, better
learning results, successful negotiations [24] [25]. Applications and interfaces based on such techniques could have
impact across a wide-ranging of social domains. As this research advances, our realistic lifelike VA model can be
used for further steps to understand a computational rapport process model and for designing effective computer
mediated human-human interaction under a variety of constraints [24] [25].
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