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1. Abstract

This paper focuses on a specific kind of software
applications called Virtual Environments (VES) or
Virtual Worlds, Virtual Communities, etc., inhabited by
avatars, which are the representation either of real
humans users of the VE or autonomous agents. Virtual
Environments (VEs), or Virtual World ,are growing
very quickly and people demand easier and more
believable ways to interact in these new sites [4],[10],
[12].

From the point of view of software engineering, VES
can be seen as a special kind of software systems, in
this sense, they must be analyzed, designed,
implemented, etc.,, as any other software system.
However, VEs development require special tasks and
techniques, which are not provided by traditional
software engineering methodologies. The question we
would like to address is. define the products to be
developed during the construction of an VE taking into

account other disciplines like Human Computer
Interaction, Artificial Intelligence, etc., to enhance the
quality of the devel opment process.
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2. Introduction

Today, virtual environments are being used in many
fields: Social Worlds, Finance, Commerce, Banking,
Information System Sciences, Communication, CSCW
(Computer Supported Collaborative Worlds), Education,
Entertainment and Leisure, Medicine, Architecture,
Geography, etc.[3]. This kind of application also seems
to be the future of interactive programming [1] and can
be used especially to demonstrate risky situations.
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We are going to focus on the most recent VES, based on
3D graphics and inhabited by Avatars' and autonomous
agents.

Nowadays, the implementation process of VES is well

known but informal. In fact, good and useful results can
sometimes be achieved with a modest outlay of
hardware and resources. The problem comes from the
very expensive construction [ 14], derived from following
an informal process.

Therefore, the need for a more formal processis evident.
From the Software Engineering perspective, a set of
processes to formalize the development of this kind of
application can be defined.

The Sftware Engineering Research Community is not
the only one interested in the development of VEs. The
need to define new techniques inspired by the Software
Engineering discipline, is widely-known by scientists
body related with HCI (Human Computer Interaction).
(2.

Current software engineering process models p] [7],
must be enhanced allowing the use of different
techniques coming from disciplines such as HCI or
Artificial Intelligence to develop systems like VEs where
the core of the development process will be provided by
software engineering discipline. Specific techniques for
the interface design will be provided by HCI discipline
and Artificial Intelligence provides the appropriate
techniques to design and implement the “ knowledge” of
the system because in this kind of applications the
representation of the users into the VE must be as
credible as possible.

3. Processesto be enhanced

In this section, we will present general and specific
features of VEs-based applications with the aim of
finding out why some processes must be used and what
features cause the processes sel ected to be redefined.

Taking as software engineering pillars the process
models ] [7], Figure 1 shows the set of processes
selected to be redefined or just enhanced. Those not
selected could be used without any change because
they do not depend greatly on VEs devel opment

* Avatar comes from Sanskrit and means incarnation.
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Figure 1 Processes Selected

In this paper we are just going to focus on Analysis and
Design processes, the methodol ogy which coversall the
development processes was defined and was coined
SENDA, the methodology details can be found in [13].

Up to now we have been talking about Process Models.
The next question could be What about the
development methodology? To date, there are many
methodologies whose goals are the disciplined
development of software systems supported by
Software Engineering paradigms. Those best-suited to
VEs development are Object Oriented methodol ogies.
L.Casey [11] said that the use of Object Oriented
Techniques could be the key to a real advance in VEs
development based on Software Engineering
development.

In our experience, however, traditional Object Oriented
methodol ogies are not enough for VEs development so,
traditional methodol ogies must be enriched with a set of
new tasks mainly in the analysis and design processes.

In this paper, we are going to focus on Analysis and
Design processes due to the extension of this paper,
with a short description of each process and their
interrelationship, as well as the tasks where HCI and
Artificial intelligence techniques could be useful. The
symbol notation used can be found in [9], and the next
notation has been used to name tasks "Process
Acronym plus order-number”. Possible process
acronyms are:

< A: Analysis Process

% 3DD: 3D Design Process

% SD: System Design Process
% AD: Actions Design Process

*,

*,

*,

R

Order-Number, in tasks name, does not mean the order
in which the tasks must be completed. It is only used to
name the tasks, without any significant notation, except
for the process acronym.
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4. VE Analysis Process

IEEE Requirements Standard [5] will be used for some
tasksin this process. Object Oriented techniques [8] will
be used for the Static and Dynamic Modeling.
Conceptualization task need special treatment because
there are a set of requirements such as auto-triggered
behaviors, collision detection, etc., which cannot be
defined with either Structured or Object Oriented
Techniques. We have defined specific techniques to
deal with thistask.

A2

Specific Requirements
Definition

Pre-conceptualization

Static Modeling

Conceptualization

A5

Dynamic Modeling

Figure 2 Analysis Process Tasks

The relationship between identified tasks, Figure 2, is
defined through the output and input artifacts flow.

During the "Pre-conceptualization” task, the analyst,
with the client’ s assistance, must elaborate a "List of
Initial Requirements' and the "Problem Definition". The
"Conceptualization" task takes these products in order
to obtain the "Conceptualization document” that
contains "Use Cases' and "Use Concepts'. We
propose a new term "Use Concept”, not yet defined.

Each Use Concept is defined by a brief description of

the functionality, which will not be demanded directly
by the user, and the following threefields:

+» Purpose: Use Concept main goal.

« Working Mode: the way the Use Concept is going
to be used.

+ Dynamic: the Use frequency.

Conceptualization can be easily enhanced using HCI
techniques, methods such as GOMS (Goals, Operators,
Methods ans Selection Rules) which is useful to model
an activity asit is understood by the user.

5. VE Design processes

The traditionally kown "Design Process’, has been
subdivided into three processes, due to the features of
VEs devel opments.

*,

+ 3D Design Process: includes the graphic design of
scenarios, decorative objects, avatars, etc. The
products obtained from this process can be seen as

requirements to explain "how" the environment and
its elements are. Thisiswhy they are defined under
3D Design Process.

>

Actions Design Process: in VEs development
special attention must be dedicated to give
credibility to avatars and the rest of the elements.
So a special set of tasks must be defined in this
sense.

)
*

>

*,
*

% System Design Process: this process corresponds
with the traditional and well known Design process
in software engineering methodol ogies.

5.1. Design Processes Roles Involved

In design processes, two kinds of roles areinvolved.

System Designer: typically assigned to define “ how” is
the application. By this, we mean the person who
defines the control of the system following the System
Analyst’ s definition of “What”. In VEs, the System
Designer is aso the person who guides the Graphic
Designer because of his’her knowledge of the
application to be developed. The System Designer must
also have basic knowledge in graphic design.

Graphic Designer: his job in the Design Process is
feedback, View Maps, Environment Modding Forms
and Avatar Modeling ?Forms for the System Designer.
After the feedback stage, Graphic Designers can begin
the task of implementing 3D objects in the Graphic
Design Tool selected, although this task isincluded in
Implementation Process. It is important to remember
that Graphic Designers are artists and do not need to
have any computer knowledge.

5.2. 3D Design Process

We have fully defined this process. Many times, the
problem  Graphic Designer has during the
implementation process, is the absence of guidelines on
how to develop histask.

3DD1
Al A2, A3, IVE Modeling
A4, A5
3DD2

Avatars Modeling

Figure 3. 3D Design Process Tasks

2See 5.2.
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The System Designer, which is the person in charge of
these tasks, must have a good knowledge of the
physical IVE features and must also have a basic
knowledge of graphic design. The result of these tasks
will be a set of forms and View Maps, for the Graphic
Designer to be used during the Implementation Process,
to build three-dimensional models with the selected
tools.

Both, "IVE Modeling" and "Avatars Modeling" tasks,
take output product from Analysis Process Tasks. The
former includes the detailed definition of a set of virtual
spaces and the objects to be included, and the latter, the
detailed definition of the virtual inhabitants, their
appearance and physical structure. The products of
these tasks are:

< View Maps

+« Environment Modeling Forms.
+« Avatar Modeling Forms.

« AvatarsHierarchy Model.

In a larger version of this paper, more detailed
information is given on these tasks and techniques.

5.3. Actions Design Process

In VEs development, as in any kind of interactive
development, "behaviour definition” is very important.
VES must be used to make interaction among users,
through avatars, easier and believable.

The aim of this process is the definition of the actions
that can take place within the VE. Many people will be
involved in this process. psychologists, sociologists,

etc., because a multi-disciplinary work is necessary to
provide this kind of application with sufficiently
interesting interactive features to give credibility to
avatars and therest of VE elements.

It is very important to emphasize the relation between

“Actions Design” and “ 3D Design” processes. They

must be coherent.

/e'rception Modeling

AD2

\Personality Modeling

Reactions Modeling

3DD1, 3DD2—
Physical Actions Modeling

Figure 4. Actions Design Process Tasks

"Conceptualization" task A3, returns every action to be
done by avatars and therest of the elementsinto the VE.
These actions include the detection of the events, which
occurs in the environments, how avatars feel these
events, and how these feelings are shown through the
physical representation of elements.

These are al defined by the set of tasks included in this
process. Techniques, like rules, etc, taken from Artificial
Intelligent Field, must be used in this process. Also
Genetic Algorithms are very useful for the avatars to be
abletolearn into the VE along its execution.

5.4. System Design Process

As we have mentioned before, the tasks included in this
process are well defined in most Object Oriented
methodol ogies.

"Expanded Static Modeling" (SD1) and "Expanded
Dynamic Modeling" (SD2) tasks take:

+ Class Diagram from "Static Modeling” (A4) and
Transition Diagrams and Event Traces from
"Dynamic Modeling® (A5) task (both from
Analysis Process).

< "Physical Actions Modeling" task (AD3) to create
new classes and methods derived from the exact
definition of movements, etc., which isthe output of
AD3.

"System Architecture Design" (SD4) task and "Data
Persistence Design" (SD5) tasks take the "Specific
Requirements Document”, returned from "A2", where
restrictions or details to be used in SD4 and SD5 can be
found. “ Interface Design” task can be widely enhanced
using HCI techniques because the interface use to be a
very important part of the VE.
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Figure 5 System Design Process Tasks

6. Experimental Results

The process model presented has been used to develop
the Run&Freeze environment, funded by the
Amusement ESPRIT |V project 25197.

Runé&Freeze is a children’s game. We have selected it
because the rules are very simple but rich in features
such as social interaction, mobility of the participants,
immersion, spatial sense, etc.

The VE shown in Figure 6 and Figure 7 was devel oped
from the process model SENDA described above.

Figure 6 Run&Freeze environment with two avatars

Figure 7 Run&Freeze environment lateral view

7. Conclusonsand futuretrends

From the results obtained, it must be noted that the
processes and techniques proposed as well as the
combination among HCI and Artificial Inteligence
techniques are powerful and flexible enough to allow for
the creation of different VESs respecting the constraints
of the application (torunin real time, etc.)

HCI techniques has been very useful in the design
process to a better understanding of the problems the
users could have with the use of the VE.

The proposed techniques have also useful to improve
the communication among people with different
backgrounds.

As we have already mentioned, there are many different
processes to be enriched; the improvement of
management processes, refining the estimation and the
planning processes also using HCI knowledge to
enhance estimation methods, because this discipline can
provide information about the cost and effort in the
interface design which can be used to refine the drivers
in real estimation methods.
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