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Abstract Human-computer interaction (HCI), especially ie tames domain, tar-

gets to mimic as much as possible the natural hetordwuman interaction, which

is multimodal, involving speech, vision, haptic¢.eEurthermore, the domain of
serious games, aiming to value-added games, makesfiadditional inputs, such
as biosensors, motion tracking equipment, etchik ¢ontext, game development
has become complex, expensive and burdened witing development cycle.

This creates barriers to independent game devedaget inhibits the introduction

of innovative games, or new game genres. In thiepthe PlayMancer platform

is introduced, a work in progress aiming to overewuch barriers by augmenting
existing 3D game engines with innovative modestéraction. Playmancer inte-
grates open source existing systems, such as a gagiee and a spoken dialog
management system, extended by newly implementegbaoents, supporting in-

novative interaction modalities, such as emotiarogaition from audio data, mo-

tion tracking, etc, and advanced configurationgool

1 Introduction

HCI has a long history, during which various intéedés were developed and cur-
rently aiming to a more natural interaction, invaly 3D gesture recognition and
speech-based interfaces. Achievement of naturalivesdves progress from

command or menu-based (system driven) to usersudiedog management. Sys-
tem intelligence to allow adaptation to environnfemtext changes and user
preferences is considered a must. The games ddmaia special position in the
area of HCI, holding a leading position in the egsé of attractive interfaces and
interaction modes. Game development has becomelernmexpensive and bur-

dened with a long development cycle, this creatiagiers to independent games



442 Otilia Kocsis et al.

developer and inhibiting the introduction of inntiva games or new game gen-
res, i.e. serious games or games accessible to gpities with special needs.

Serious games (SGs) or persuasive games are conanaterideo games used
as educational technology or as a vehicle for mtésg or promoting a point of
view. They can be similar to education games, baitodten intended for an audi-
ence outside of primary or secondary education. 88sbe of any genre and
many of them can be considered a kind of edutaibmetended to provide and
engage self-reinforcing context in which to motevaind educate players towards
non-game events or processes.

PlayMancer, a European Commission co-funded progts to implement a
platform for serious games, which allows: (i) augtimey the gaming experience
with innovative modes of interaction between thaypt and the game world, (ii)
shorter and most cost-effective game productioningh@i) evolvement of Uni-
versally Accessible Games principles for applicafitto action based 3D games.

In this in-progress work, the PlayMancer concept #re architectural model
of the multimodal platform are presented. The psagbplatform architecture in-
tegrates a series of existing open source syst&mhb,as a game engine, a spoken
dialog management system, spoken interface compogmeech recognition, un-
derstanding and synthesis). The existing componargsaugmented to support
multimodality, to be adaptable to context changesjser preferences/needs, and
to game tasks. New interaction modes are providedewly developed compo-
nents, such as emotion recognition from speechoaddia or motion tracking.
One of the most important features of the propasebitecture is mixed-initiative
dialogue strategy, enabled through dynamic geraradf task-related interaction
data, by coupling dialog and interactive 3D graplobjects at the design phase.
Fast development of new games and adaptation tfispgame scenario or user
needs is facilitated by a configuration toolbox.

2 ThePlayMancer Platform

The general architecture of the PlayMancer platfaliostrated in Fig. 1, has been
designed taking into account: (i) functional andhtd@cal specifications derived

from generic and specific domain user requiremeantd, (i) the main technologi-

cal challenge of the project — the rendering obpan source game engine multi-
modal. In particular, multi-modality is achieved 8gveloping an enhanced mul-
timodal dialogue interaction platform, based onRavenClaw/Olympus architec-

ture [1], which is further extended to render ottmedalities than speech.

The platform relies on a modular architecture, wheomponents processing
the data streams from the individual modalities enpait sources interact through
the central hub of Olympus, which allows synchranou alternative use of in-
put/output modalities. This way, in addition toditéonal inputs/outputs used in
games (joystick, keyboard, mouse, display), theyMéncer architecture inte-
grates also speech, touch, biosensors, and mao#okitg. These additional mo-
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Fig.1 Architectural model of the PlayMancer platfor

dalities allow the introduction of new game paradfigfor fighting various eating
and addiction disorders or for physical rehabilitatpurposes, and, at the same
time, offering enhanced game experience.

As illustrated in Fig. 1, the PlayMancer platforsmdomposed of three major
parts: (i) the Game Engine, (ii) the Game/ApplicatManager, and (iii) the Mul-
timodal Dialogue Manager, as well as the Hardwalstraction Layer, providing
the interface to the input/output devices, and samndliary components. Of the
auxiliary components, the Logging Component hantheslong-term logging of
data, which are processed statistically, and storedformat convenient for inter-
pretation by the healthcare supervisors (i.e. nadloctors, psychologists, reha-
bilitation experts, etc). The networking and Quabf Service (QoS) monitoring
component provides the means for multiplayer exmee over existing global or
local area networks. The User Modeling and Prdjiloomponent is responsible
for personalization and adaptation of interactmuser preferences [2].

The Configuration Manger (CM) is an off-line toolbox of utilities and re-
sources (such as Voice Conversion tools and ressugame Character Manager,
Graphics Manager, etc), which are not part of thetime application. Instead,
they provide to the developers, the supervisohemayer of the game the tool to
create new games, to customize and fine-tune tlieeegame or specific game
level, and to contribute own content. The CM alsavjales the means for configu-
ration setup of the interaction modes, calibratéthe sensors, introducing user-
specific game settings, management of the ovemathegresources, developing
new game characters/actors, game levels, etc. Heoneéwly generated playing
characters, a Voice Conversion component allowsuer to create new voices
that will fit to the profile of the new charactef®he Statistics Manager allows the
healthcare supervisor to configure the necessalgthimdicators to be monitored,
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the settings and the output format for the staasummarization of data.

The Game Engine provides the necessary components to display #meety
graphics, play the sound and music, and managedhee state. The graphics
component is a fully featured 3D graphics rendesngine, with additional sup-
port for 2D graphics, used for the graphical usgerface. Evaluation of various
open source game engines, with respect to the Riagdt requirements, led to the
selection of the Object-Oriented Graphics RendeEngine (OGRE) [3] as the
most suitable for integration in PlayMancer enviremt. The sound component
creates realistic 3D sound from static and movimgnsl sources in the 3D envi-
ronment. Its capabilities include playback of poereled sounds and music, as
well as from in-memory buffers, thus facilitatingetreal-time procedural creation
of sounds. The game state component manages ttimeustate of all game enti-
ties, ensuring correlation between state changaégame logic.

The Game/Application Manager (GAM) hosts the principal management unit
of the application, the PlayMancer-derived gameM;fanaging both game and
real-world aspects, is responsible for the syndaedion and smooth information
exchange among the components and for the ovgrathtion of the application.

Through the Context Awareness and Interpretationpament, the GAM ad-
ministers the smooth interaction between the playsiad the synthetic world of
the game, offering a high-level supervision of tiser interaction, experiences and
reactions. Emotion arousal, bio-indicators, and g@mecific information from
the synthetic world, provide context clues that gariously be exploited depend-
ing on the particular game. GAM also hosts the E@ecy and Crisis Handling
component, which enables alteration of the intésacstyle and the game flow, to
prevent danger and harm to the player in caseypica behaviors or develop-
ment of emergency situation. Monitoring of contparameters and detection of
atypical behaviors is supported by personalized egapecific user profile data,
set-up by the supervisor for each player. The Argntation-Based Reasoning and
Decision Making component implements the top-ledetision making logic of
the system that is responsible for achieving thasgof the application.

The major task of thiultimodal Dialogue Manager is to handle user-machine
interaction: handle events from different input ralities, interpret inputs, fuse
and disambiguate these inputs when necessary,nadicgm and adapt interaction,
etc. The PlayMancer-based interaction has theviiig features:

e The description of the 3D game interactive objéets been enhanced with in-
formation regarding interaction modalities allowextd dialogue data (interac-
tion resources, such as understanding grammaspéach interface) to be used
for each modality. This data will be used by theltiiuodal Dialogue Manager
to select the most suitable modality for interattémd the resources to be used
by each input/output modality when interactiondgquested.

e The use of modality independent interaction task péllowing to synchronize
and fuse data from different modalities.

¢ Interaction ambiguities solving is employed by Maltimodal Dialogue Man-
ager when commands, which apply to more than otegactive object, are is-
sued by the player.
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Integration of spoken dialogue interfaces in thengalomain is a challenging
research issue, especially when the gaming envieahis multimodal, where the
domain boundary is not always clear. In PlayMancee, consider a speech
interface which incorporates the following compaisevoice Activity Detection
(VAD), Speech Recognition, Speech Understandingst-ieeSpeech Synthesis
(TTS) and Natural Language Generation (NLG) [4E8ta stream of the infrared
Motion Tracking Sensor array is processed by ther@packer framework [7, 8],
which in Fig. 1 is designated as Motion Tracking amterpretation component.

The biosensor input is used to monitor variousibieators of the player. The
biomedical data are recorded for diagnostic purposeaddition, the speech and
biosensor data streams are fed to the Emotion Rétany (ER) component [9].
The ER component detects the emotional state oplimger among a group of
emotional categories, such as neutral, angry, hamoyic, fear, boredom, etc. The
information of the emotional condition of the plays used as a supplementary
parameter for estimating the cognitive load of fllayer. Depending on the
purpose of the game, the emotional state and theitdee load of the player, the
GAM and Game Engine can implement different stiagghange the interaction
style; or the level of difficulty at the currentes@rio.

The data streams from all modalities are time-a&égnin the Modality
Synchronization component, and then disambiguated #&ussed in the
Heterogeneous Data Fusion component. The successnuifimodal data
integration depends on the abstraction level tociwhdata are fused and the
method applied to carry out the multi-sensory daséon. In PlayMancer, various
abstraction levels will be considered, dependinghensensor type and task goal.

The complexity of the PlayMancer platform impliesdeling of knowledge in
relation to the components involved and tasks t@dmapleted. Data that are al-
ready handled by the existing components integratedthe platform, such as the
3D Graphics Data (3DGD) and Audio Data handledH®y game engine, are re-
lated to higher abstraction level data, neededHermultimodal interaction. The
3DGD represents all graphical objects needed tll lgame environment in the
virtual world, including shape, color and textudeEscriptions. Some of these ob-
jects are interactive, allowing different statebus a description of their alterna-
tive states and behavior when passing from one staanother, game logic data,
is also attached to the 3DGD. In PlayMancer, the@Bphics Data is coupled to
Dialog Data. Dialog Data consists of descriptiorimeéraction modes that can be
used to interact with the virtual object, and mdgiapecific data used for inter-
pretation of input row data to higher abstractiewel concepts. This coupling al-
lows dynamic generation of task-related interactiesources and high level of re-
usability of dialog data for different games orrsee design.
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3 Conclusion

Playmancer is built on top of existing open-sousoéiware, such as OGRE 3D
rendering engine [3] and RavenClaw/Olympus dialagnagement platform [1],
aiming to provide a novel development frameworkderious game development.
The existing components are augmented to suppdtinmaalality, to be adaptable
to context changes, to user preferences, and t@ gask. Game developers are
provided with a series of configuration and manageintomponents, to shorten
the development cycle of games and to enable leigdl bf code re-usability. Ar-
chitecture design of multimodal systems, especifdlyvirtual reality environ-
ments in the games domain, requires addressingadessues related to redun-
dancy of input/output modalities, complementaritiisambiguation, etc [10].
Common approaches for modality integration are &gngrammar- or agent-
based, while the concept of Interactive Coopera@gects (ICO) is emerging
[11]. PlayMancer considers a mixed approach, ity features of the gram-
mar-based method and ICO formalism for the dynamicleling of multimodal
interaction. Dynamic generation of task-relate@rattion data is enabled by cou-
pling dialog and interactive 3D graphics objectthatdesign phase.
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