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Abstract. The PRESTO (Plausible Representation of Emergency
Scenarios for Training Operations) project, involving industrial and
research partners, aims at adding semantics to a virtual environment
and modularising the artificial intelligence controlling the behaviours
of NPCs to support a productive end-user development environment.
This report provides an overview of the approach being followed and
a few preliminary results at the end of the first year of work, con-
cerning in particular knowledge representation, the agent framework
being developed and its graphical programming environment.

1 INTRODUCTION
In this work, we focus on the behaviours of artificial characters, tra-
ditionally called non-player characters (NPCs) in gaming. Our expe-
rience is based on the development and use of a BDI multi-agent sys-
tem with cognitive extensions, CoJACK [10], as artificial intelligence
for simulation and serious games [4] and more recently deployed on
teams of mobile robots used for live fire defence training. Our aim is
dramatically lowering the complexity and cost of programming the
decision-making required to a sophisticated artificial character that
has to accomplish goals according to a predefined set of procedures
while taking in account context (including its own emotional state)
and events unfolding during the course of a game, which may af-
fect the character’s goals as well. Further, we would like to enable
a user to customise and improve (“mod”) a game well beyond sim-
ply changing the NPCs’ appearances or selecting their behaviours
from a built-in list. The artificial characters we aim at building would
be “virtual actors” because they would be able to “interpret” a part
written at a higher level of abstraction than current scripting, with
additional modalities (that may correspond to, e.g., levels of skills
or psychological profiles) that can be selected at the beginning but
changed during a game as a result of the application of rules or by ex-
plicit user choice. As a consequence, the game’s administrator would
be empowered to become a “director” able to “brief” virtual actors,
that is, to define the parts the artificial characters have to play by
means of a language aimed to non-programmers that composes more
fundamental even if potentially very complex behaviours into game-
specific sequences.

In the long term, we envisage a very simple programming
paradigm for serious game platforms supporting plausible simu-
lated human behaviours that enables a large number of custom-made
games at a very low cost, thanks to end-user development tools [9]
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and the ability to mix and match behavioural components taken off-
the-shelf from a market place (similar in principle to asset stores in
popular gaming platforms such as Unity).

This ambitious objective is at the core of a three-year project called
PRESTO, being run by Delta Informatica (Trento, Italy) in collabo-
ration with AOS Group (UK), FBK, University of Trento and others,
including the Trento’s public health department, APSS. PRESTO,
currently completing its first year, set out to accomplish the follow-
ing:

• adding semantics to a virtual environment and the actor’s be-
haviours themselves, to enable reasoning;

• modularising behaviours, to enable their composition and selec-
tion both statically and during game playing;

• providing powerful end-user development tools for defining the
parts played by virtual actors and the overall script of a game.

PRESTO supports a specific virtual reality, XVR from E-Semble,
a well known tool in use for emergency management and training
(EMT) in a number of schools and organisations around the world.
However, PRESTO has already been tested in other gaming plat-
forms (including Unity) and, at least in principle, is agnostic with
respect to the environment in use.

This report provides an overview of the current state of progress
of PRESTO with respect to the objectives identified above; vari-
ous examples will be presented orally. We hope that, by the end of
the project, PRESTO will have demonstrated the applicability of a
cognitive architecture and formal representations to the creation of
modular, reusable AI for NPC behaviours and the feasibility of de-
velopment tools oriented to domain experts.

2 AN OVERVIEW OF PRESTO
In this section we provide a brief overview of the main characteristics
of PRESTO, together with a report of their current state of progress.

2.1 Dynamic, moderated composition of
behaviours with DICE

The core of the PRESTO project is the development of an agent
framework, called DICE (Delta5 Infrastructure for Cognition and
Emotion), that supports a mixed reactive / planned approach on top
of a BDI system (AOS’ JACK [2, 3]). DICE uses “moderators” as
in CoJACK, i.e. the representation of sub-rational factors influenc-
ing decision-making, to decide when to switch “behavioural mod-
els”, that is, clusters of behaviours consistent with a psychological
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Figure 1. Overview of DICE

profile (see Sec. 2.2 below). DICE defines an architecture for: re-
ceiving perceptions from, and performing actions on, the virtual en-
vironment; selecting behavioural models according to the modera-
tors’ levels (fear and fatigue at the moment); maintaining short-term
and medium-term memory; and, feeding monitoring tools that pro-
vide a real-time explanation of the choices taken by the virtual ac-
tors. Further, DICE supports the development of behavioural mod-
els that exploit its introspection capabilities (including ontological-
based queries on goals and plans; see Sec. 2.3) and the real-time
flow of perceptions to manipulate motivations, intentions and mod-
erators, thus influencing both the current activities and the psycho-
logical state of a virtual actor based on a model-specific set of rules
typically representing a personality type.

A simplified overview of the computational model of DICE is in
Figure 1.

2.2 Behavioural modularisation

One of the challenges of PRESTO is the definition and implementa-
tion of behaviours in a way that is flexible and practically viable for
a business setting. The approach we take is that of breaking complex
behaviours into elementary, reusable components along the lines of
both delivered functionality (the “what”) and psychological profiling
(the “how”) that are dynamically combined by DICE. To this end,
desired behaviours are analysed and decomposed in a hierarchy of
goals satisfied by context-specific plans, according to a standard BDI
approach but taking in account variations due to an actor’s cognitive
state, e.g. concerning its emotions. Plans are then clustered in com-
ponents called “behavioural models” and implemented as BDI “ca-
pabilities” [1]. Goals can be given to a virtual actor from any compo-
nent as well as from on-line game GUIs and from scripts developed
off-line with proper end-user development tools (see Section 2.4);
they are satisfied according to the behavioural models adopted at the
time of their submission by the agent representing the “brain” of the
actor.

Behavioural models being developed are partly universal and
partly domain-specific. Universal behaviours concern, for instance,

movements satisfying goals such as “go to a location of interest of
a certain type” or “follow another character” with models differen-
tiated e.g. for abilities (normal vs disabled) and psychological state
(hurried vs calm). Domain specific behaviours are related to the pilot
study described later and concern, e.g., patients, visitors and nurses
in a hospital, with goals such as “go in the common room and chat
with others” or “feed the patient” that imply coordinated behaviour
and whose models are, again, differentiated by skills and psycholog-
ical state. Note that a methodology and a notation for the systematic
description of behaviour to be modelled (as captured e.g. from do-
main specialists) are among the future objectives of PRESTO.

2.3 Semantic knowledge

The ability to describe, and reason about, behaviours, goals, and
plans requires the ability to represent a wide range of entities that
exist in the (artificial) world. Even simple behaviours such as “feed
the patient”, or “go in the common room and chat with the doctor”
require the existence of specific types of characters, spatial environ-
ments and the possibility of performing certain actions. Complex
plans and goals, such as the goal “black smoke in patient room R han-
dled” and its related plan “investigate potential fire in patient room
R” are expressed not only in terms of physical entities (smoke, fire,
patient, room) but may also entail or require some knowledge on the
fact that they are concerned with, e.g., “urgent matters” that need to
be dealt with immediately and / or cannot be suspended, in contrast
to goals and plans that handle interruptible routine activities of the
artificial character.

The approach taken in PRESTO is to use ontologies to define the
terminology used to represent this basic knowledge, in a way that
is semantically well specified and independent of a specific game
or scenario [7]. This follows a stream of work in computer science,
where ontologies and taxonomic representations have been widely
proposed and used to provide important conceptual modeling tools
for a range of technologies, such as database schemas, knowledge-
based systems, and semantic lexicons [8] with the aim of fostering
clarity, reuse, and mutual understanding. More specifically, our aim



Figure 2. A portion of the PRESTO taxonomy

is to be able to define a clear lexicon to be used for the description of
entities, behaviours, plans and goals in a scenario that is independent
of the specific game and virtual reality, that is customisable for spe-
cific domains, and that fosters clarity, reuse, mutual understanding of
code and can facilitate meta-reasoning in the DICE framework.

Rather than building everything from the ground up by using one
of the state of the art ontology engineering methodologies such as
METHONTOLOGY [5], the process followed in PRESTO has been
driven by an attempt to first maximise the reuse of already existing
knowledge and then complement it with knowledge elicited from ex-
perts by means of more traditional ontology engineering approaches
such as the one mentioned above. This has lead us to consider two
sources of knowledge:

• state of the art upper level (so called “foundational”) ontolo-
gies, which provide generic, reusable ontology elements, such as
a foundational ontology’s categories (e.g., process, physical ob-
ject, role), domain-independent relations (e.g., part-whole rela-
tions, participation), and ontology design patterns;

• the concrete entities existing in the virtual reality.

Our choices for the PRESTO project were the upper level ontology
DOLCE (Descriptive Ontology for Linguistic and Cognitive Engi-
neering) [6], and the classification of elements provided by XVR.
DOLCE was chosen as this ontology not only provides one of the
most known upper level ontologies in literature but it is also built
with a strong cognitive bias, as it takes into account the ontological
categories that underlie natural language and human common sense.

The construction of the first version of the ontology of PRESTO
was performed by following a middle out approach, which combined
the reuse and adaptation of the conceptual characterisation of top-
level entities provided by DOLCE and the description of extremely
concrete entities provided by the XVR environment. The resulting
taxonomy of PRESTO’s own top ontology, a portion of which is
shown in Figure 2, can be used to represent a wide spectrum of artifi-
cial world entities ranging from (physical and non physical) entities
“that are” (in DOLCE called Endurants), to entities “that happen” (in
DOLCE called Perdurants). Examples of physical and non physical
Endurants are provided by the objects that are in the environment
(including avatars and, e.g., their professional roles), which are ex-
tracted from the classification of XVR objects in a semi-automated
way. Candidate Perdurants range from high level plans to low level

XVR animations, which have also been used as a starting point for
an initial classification.

This ontology has been a good base for the following step of anal-
ysis of the knowledge requirements of reasoning entities, which has
focused in particular on non-physical objects, that is, cognitive ob-
jects that do not trivially correspond to observable physical entities.
These are of particular interest for AI-based virtual reality games
as they provide powerful novel concepts that help the game director
(i.e. the game administrator, or a trainer in XVR) to ascribe knowl-
edge to the virtual actors. An example of such a concept is the “lo-
cation of interest” , i.e. an arbitrary place or area or volume repre-
senting a cognitive / decision-making perspective on the world that
may even change during game play. While a location of interest is
an Endurant for DOLCE, it turns out that Perdurants are better suited
to model dynamic aspects of gaming. For instance, PRESTO classi-
fies animations as “observable actions” (thus usable e.g. for intention
recognition) and even classifies a virtual actor’s own goals and plans
to support sophisticated, component-independent meta-reasoning via
introspection.

A substantial development effort has been spent in PRESTO
to support the conceptual modeling described above. Algorithms,
knowledge bases, APIs and end-user GUIs are required to allow, e.g.,
the addition of non-physical objects to game scenarios, the real-time
extraction of perceptions from the perspective of an individual char-
acter, the classification of perceptions according to the ontology, and
the conversion of ontological concepts into the appropriate entities
and actions in the virtual world.

2.4 End user development
Innovative authoring tools designed for non-technical users allow the
easy adaptation of the behaviour of virtual actors to specific require-
ments, e.g. to reach specific training objectives in a serious game.
This is what we call “briefing” in PRESTO, by contrast with the (un-
avoidably complex and laborious) behavioural model development
better left to professional analysts and programmers.

A game’s director is enabled to write or adapt “parts” for a virtual
actor, i.e. interpreted scripts providing sequences of goals and condi-
tions written with a very simple graphical language but deployed as
if they were behavioural model themselves, thus under DICE control.
The director also decides which behavioural models must be adopted
given a configuration of the virtual actor’s moderators. Another tool
allows the definition of partial or complete game scenarios by spec-
ifying types and number of virtual actors involved, their initial con-
figuration e.g. of moderators, the major events that are relevant to a
scenario and their expected order, the parts that specific actors have
to follow when a certain event happen, and so on. Figure 3 gives a
glance of the editor for the parts of a virtual actor, taken from a pre-
liminary prototype.

3 A PILOT STUDY
The concepts and technology of PRESTO are going to be tested in a
pilot study in the emergency training (EMT) domain, specifically to
train hospital staff (nurses, doctors, maintenance people and so on) to
properly manage a fire. A ward of the main hospital of Trento, Italy,
has been reconstructed with XVR. The objective of the training is to
learn to recognise situations, apply the proper procedures, and reduce
the risks to patients, visitors and (costly and sometimes dangerous)
medical equipment. In its standard, off-the-shelf configuration, XVR
is used by the trainer to quickly build an initial emergency situation,



Figure 3. A screenshot from the authoring tool

to let the trainee(s) move in the scene and take decisions communi-
cated by voice to the trainer, and to manually manipulate the scenario
in real-time during a training session according to trainees’ choices
and desired training objectives. This very effective but highly manual
procedure hits unavoidable limits when NPCs – representing e.g. pa-
tients, visitors, firefighters – need to be involved; XVR’s own limited
avatar animations and simplicistic automation of reactions are insuf-
ficient to provide the richness and variability of scenarios required for
a realistic hospital reconstruction. PRESTO starts to provide tools
for the creation and control of plausible characters’ behaviours with
sufficient ease to be appreciated by trainers, who are the main driving
force behind the adoption of XVR within organisations. Note that the
level of automation provided by PRESTO’s authoring tools would
move XVR very close to a full serious game development platform
for non-programmers, i.e. very close to our long-term objectives.

4 CONCLUSION

PRESTO’s first year of work has tackled some substantial funda-
mental challenges and put the basis for further refinements and exten-
sions. We believe that the approach that has been taken is of general
interest for the systematic creation and sharing of plausible decision-
making behaviours in serious as well as entertainment games.
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