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Glossary

Auditive Perception related to the sense of hearing ufliregears as sense organs (compared agaiosgstics
which is the theory on vibrations and oscillatiamglastic mediums, especially sound). [1]

Visual — Perception concerned with the sense of seeing tlse eyes as sense organs (compared aggitics
which is the theory on light and refers to physetéitibutes and laws). [1]

Tactile — information and interpretations derived from sle@se of touch. This involves the skin’s contaitih w
an object as well as sensations that approackkihessich as pressure, wind, and temperature. [2]

Haptical — perception involves both tactile perception tigio the skin and kinaesthetic perception of the
position and movement of the joints and musclés. [3

Olfactory — pertaining to the sense of smekrception connected with the ability to smell #mel organ of
smell and entrance to the respiratory tract. [4]

Modality — Perception via one of the human perception-cbian®ne can distinguish the following modalities:
visual, auditive, tactile, haptical, olfactory, tatery, vestibular (physiology of senses). [1]

Multimodal System —In the general sense, a multimodal system supponsnunication with the user through
different modalities such as voice, gesture, apihty. Literally, “multi’ refers to "'more than oreid the term
‘modal' may cover the notion of “‘modality’ as vedithat of ‘mode’. [1]
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7. Multimodal Interaction for Interactive Storyialj

7.1 Introduction

INSCAPE aims at enabling ordinary people to use anaster the latest Information and
Communication Technologies (ICT) for interactivelyonceiving, authoring, publishing and
experiencing interactive stories whatever theinfobe it theatre, movie, cartoon, puppet show,odde
games, interactive manuals, training simulators, ®ne of the projects features is the capability o
multi-modal interaction that should be providedawy user of the system. So | will discuss the
requirements for a multi-modal interaction/dialogystem in general and present some state-of-the-
art products.

The main purpose of this report is to list existinglti-modal devices and to examine whether and
how they could fit into the INSCAPE project. Todisve to be robust and stable, i.e. the latest
research prototypes are not a good choice andwekrestablished products have to be examined and
tested thoroughly. Because end-users will chareguéntly, tools have to be user-independent in the
sense that no prior training of recognizers willneeessary. It is also required that some of thiéi-mu
modal devices may be adapted to the users negdsy@difying voices.

To summarize what this document is dealing witktart with a list of the human senses, identify the
different modalities that can be used in human-agepinterfaces and examine the information flow
for each of them. The following table shows in tingt column the different human senses (in a broad
sense) and the possibilities to influence onesrenment. The abstracted modality is given in the
second column and the third one indicates the tlre®f the information flow that is used in the
technology given in the fourth column. E.&ight is the human sense of seeing, belonging to the
group of visual interaction, because sight is unidirectional, com&g sense, where information
presented on a computer screen only go¢se human user. The technology used for thigaphics
andvideo output.

Human “senses” Modality HCI direction Used technolgy

Speaking auditive Computer Human Speech recognition,

Hearing auditive Computer Human Speech synthesis, sound / effect generation
Sight visual Computer Human 2D, 3D graphics and video output
Gesture visual Computer Human

Facial expression visual ComputerHuman Gesture recognition

Touch tactile Computer Human Vibro-tactile transducer

Muscle force haptical Computer Human Force feedback devices

Smell olfactory Computer Human Scent generation

Taste gustatory Computer Human Not used

Balance vestibular Computer Human Vibration floor

Although there is some development in tools capablemit scents, the sense of smell and the sense
of taste are probably not very interesting for tRE CAPE project as, for example, the olfactory and
gustatory modalities have a very limited bandwifitthproviding (very specific) information and are
rather exotic in the context of storytelling.

The sense of balance seems to become a more amrdimernesting field of research with respect to
virtual reality environments. The vibrating floosed in the first VirtualHuman demonstrator is an
example, but it is an individual development whishnot publicly available and the status for the

vestibular modality should be seen as experimental.

In addition to this list that covers only what anfan easily can influence or recognize consciously,
there is the area of biosensor research. By irgéng some specific, physical aspects of a bodg, li
pulse, temperature or humidity of the skin, the #omal situation of a person, could be detectee Th
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7. Multimodal Interaction for Interactive Storyialj

used tools belong to the topic Multimodality in gense that they are devices for the human-computer
information exchange.

In the next section, a brief overview of the diffet fields of multimodality is given. It is explad

how they work in principal and some requirementstlm use of devices are given. There are also
given some restrictions to the environment in whtwd devices are used. Specific knowledge sources
are mentioned that are essential for the devicegauadopportunity to influence the tools.

In the next section, available solutions for sorhehe modalities are given. Here the focus lies on
tools that one could imagine to use in the INSCAREject, so the robustness and the ability to
customize them are central points. This meansrésaarch prototypes are left aside, because timey ru
the risk not to be developed far enough to worlsidetof a laboratory environment.

In the last section, an overview is given under althcircumstances and in which scenarios the
presented modalities would make sense in the INFEp®ject. There will be no recommendation
for the use of specific tools within the projeatt it could provide a starting point for discussion

7.2 Technologies (overview of multimodal devices)

Here some modalities for integrating different huansanses into software systems are presented. The
principal functionality is sketched and the reqdikmowledge sources, limitations and environmental
conditions are shown.

7.2.1 Speech recognition

Spoken language is one of the most important mefthsman communication, so the potential that
speech technology has as a new breakthrough in nma&hine communications is enormous.
However, most of the applications in this field anmgfortunately either not mature enough or not
significantly widespread. But, the examples beloe rapidly approaching a critical mass of use and
users.

Automatic speech recognition (ASR) is the procdssooverting spoken language to written text or
some similar form. The performance of automatiespaecognition has significantly improved in the
last years, so ASR systems can be used in a l@&lgke df applications covering voice response,
speech-based database queries, dictation, commanzbatrol, hands-free applications for telephones
and mobile phones, navigation support for cars;eragontrolled interactive toys and much more.

The major steps of a typical speech recognizer are:

Signal processingnalyzing the (frequency) spectrum charactessifdhe incoming audio signal and
extracting a feature vector.

Phoneme recognitiocomparing the feature vector to patterns of thenemes of the language being
recognized. For improved performance, statisticedns, like the Hidden-Markov-Model, are used.
Word recognitioncomparing the sequence of likely phonemes agéhmespatterns of words specified
by the active language model and grammar. Herestersytakes advantage of the fact that language
has structure using n-gram models. This means farword given, the model provides probabilities
for thenth word.

Result generatianproviding the application with information abotlie detected words. The result
indicates the recognizer’s best guess of what #es said and mostly a rating value, but may also
include alternative guesses.

Point 2 and 3 require the existence of two knowdesigurces:

Acoustic model — a map for the translation of speutpatterns into phonetic units (phonemes).
Language model — covering the words in a givensitsation and need to be recognized (dictionary);
an important part of the language model is a photetnscription of all words, these are the patier
for the word recognition.
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Grammar — describing the utterances and sentehatare formed. It is necessary as a means of word
prediction and the overall performance of the resy.

Speech recognition has proven not to be an eaky ltagact, in the past years, speech researchers
have found several difficulties that contrast theimism of the speech recognition pioneers. The
difficulties of speech recognition involve sevei@ics such as:

Multi-speaker: speech varies among users, so ntimenapeakers, accents and dialects have an
obviously strong influence in recognition rates.

Noise: speech recognition works best in quiet, radled environments. Current development in the
robustness of recognizers and the use of hightgualcrophones with good noise reduction try to
soften this constraint.

Vocabulary: the larger the vocabulary, the easierto confuse a recognizer with homonyms or word
that sound very similar and only have small diffexes in their phonetic transcription. In particular
this is the case for short words (the words thatraost frequent are generally short). In contrast t
large vocabulary a short one does not cover enmagts for free speak, but only for a limited set of
utterances and commands.

Nature of utterance: spontaneous speech, artionldtilse start, read speech.

Environmental conditions: noise, channel limitafan sound hardware, robustness.

7.2.2 Speech synthesis

Speech synthesis is the counterpart to speechnitiomgand should gain similar meaning in its use i
human-computer communication. A (text-to-) speegfhirgesizer is a system that is able to “read a
given text aloud” [22], i.e. a computer-based gysfer the creation of audible speech from computer
readable text. Text-to-Speech is defined asatitematic production of speech, through a grapheme-
to-phoneme transcription of the sentences to ugerbeside the normally used visual modality (by
presenting information on the screen), it opengr@raccommunication channel in the human computer
interface.

The major steps of a typical text-to-speech syitkesre:

Text analysis here punctuation and items that are not compietels, like numbers, abbreviations
and acronyms, are identified and transformed inliddxt when needed.

Automatic phonetizatianthe sequence of words is transformed into a segpef phonemes using a
pronunciation dictionary.

Prosody generatiorsome certain properties of the speech signallwaie related to audible changes
in pitch, loudness, and syllable length are addsumedding on their function in communication: focus
on special information, relationship between speebrds, etc.

Digital signal processingout of an augmented phoneme sequence an audjbl stream is created
and performed by the loudspeakers.

The process of speech synthesis requires some &dge/kources, as there are:

Lexicon of special items that are used in the &enlysis phase.

Phonetic rule base for the conversion of text uniis phonemes and an exception lexicon containing
the pronunciation of “irregular words”.

Speech model: Here the most developed method isigbeof diphones. They define the transition
from one phoneme to another by starting in the feidélone and ending in the middle of the next. So
they can easily be puzzled together.

Environmental influences and difficulties:

Language depending: the phonetic rule base ha® tordated for each target language and even
accents and differences, such as them betweesltBEtiglish and American English, lead to different
rules.

Modulation of voices (female vs. male, loud andacles. hoarsely and damped, any kind of emotion
in the voice).
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7.2.3 Gesture recognition (hand, body, face)

Human communication can largely be divided in tvastg a verbal, dealing with words and their
meaning, and a non-verbal, also called body langukligcovers gestures and facial expressions and
tells something about the emotions and feelingh®fspeaker. As body language is mostly performed
unconsciously, it is also received without beenrawa it meaning. In psychology it is a matter of
common knowledge that a message can be extend&@-89% through our body language.

A primary goal of gesture recognition researcloisreate a system which can identify specific human
gestures and use them to convey information ordéwice control. In the early 90's more mature
attempts were made to recognize hand gestures dodour video signals in real time. Around this
time, the first frame grabbers for colour videoluhpvere more publicly available, that could grab
colour images in real time. As colour informatiamproves segmentation and because real time
performance is a prerequisite for human-computeraction, this obviously seemed to be the start of
development of gesture recognition.

There are also activities in recognizing facial reggions. The challenge is to detect the users
emotional state by observing his face and mappiagctrrent expression to a mostly small set of
characteristic expressions (e.g. neutral, hapmly,diagust, anger, surprise and fear).

The major steps of a gesture recognition system are

Video signal processingrhis includes noise reduction, brightness normadilon but also a kind of
geometrical standardization. As facial expressi&gognition can be sensitive to rotation of the head
and scaling, these transformation have to be bathmait. This normalization is usually based on
references provided by the eyes or nostrils.

Feature extractianThis converts pixel data into higher-level reprgation of shape, motion, colour,
texture and special configuration of the targetob{face, hand, arm, body) or its components.
Pattern recognition and item trackinhe extracted features are mapped to a set oégsipn pattern
and some trajectories for specific features from smapshot to the next are computed.

Behaviour analysisThe application is provided with information albdhe detected expression and
about changes from one expression to another vdaictbe interpreted as a specific gesture.

The most important knowledge base that is requoethcial expression and gesture recognition are:
Gesture lexicon covering the patterns that shoaldebognized.

Camera: if the recognition is infrared-based, asppdR-camera is necessary.

Environmental influences and difficulties:

Lighting: while constant and controlled lightingimportant for high contrasts between the object to
be recognized and the background and thereforgdod recognition results, sudden and accidental
changes in light have a potentially negative eftectecognition.

Uncontrolled movements: a constant and fixed viewhe target object is usually a strong condition
for higher recognition results, e.g. moving thechetrongly influences the recognition of important
structures in facial expressions.

7.2.4 Haptic & tactile (force-feedback devices)

Not only can one see and hear a virtual environmantthere is also technology to allow a user to
touch virtual objects. There are different formganifch, i.e. finger-top feeling, hot/cold, vibratiand
proprioceptive (proprioception: the ability to seribe position, location, orientation and movenwnt
the body and its parts).

Haptics is used to provide the user with an impoes®f the shape, texture and some physical
attributes of a virtual object, like solidness étample. Another target is to let the user featderas
they appear in real situations (nature of the @ad shock absorbing in car racing, centrifugaldorc
etc.).
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The possibilities in virtual reality are growingdathe game industry is reviving some well-known
devices like the joystick, the gamepad and theisigevheel and extending them with force feedback.
The most important fact in using haptics is thel@gtion of physical laws and attributes of thalre
world object, presented in the virtual environmenterefore in a self-created scenario a kind of
physical model of all “touchable” objects is needed

7.2.5 Biosensors

The target or the current research in the areaiafeddback in computer science and artificial
intelligence is the measurement of a person’s ematistatus and cognitive load with biosensors.
Therefore a lot of methods and techniques knowm falinical medicine and biofeedback therapy
(also called applied psychophysiology) are useti sisc

Electroencephalogram (EEG): Detecting and meastmiaip activity.

Electrocardiogram (ECG): Detecting pulse.

Electromyogram (EMG): Detecting and measuring neisohtraction and relaxation.

Galvanic skin response (GSR): Measuring the skiestrecal resistance and in correlation with it the
humidity of the skin.

Electrooculogram (EOG): Detecting eye movementstaimiting by measuring changes in the electric
field surrounding the eye.

Acceleration sensor: Measuring the degree of moaimd)shaking.

Thermometer: Measuring absolute value and charfgesnperature.

In biofeedback therapy, physiological signals aeh from a person’s body and presented to him
again. Here he can learn how his behaviour refliectsnctions of his body that are usually invisibl
for him. The measurement of biological processesnpnently running in one’s body, is a customary
method to get a state description of one’s organism

This is now transformed into computer science &edcomputer (e.g. as a personal assistant in many
areas in life) becomes aware of the emotional statkethe cognitive load of the user.

While biosensors are easy available and sometimgscheap, it is not always clear how to interpret
the detected data. The correlation between medsupadogical functions and the emotional state is
still of current research interest.

7.2.6 Olfactory devices

The latest development in computer equipment deothe human olfactory sense and builds
devices that emit a cocktail of aromatic substanthe receipts for them are managed by a computer
and can be changed dynamically.

Scents and aromas do not create an only volatpedssion, they rest in the air for a certain peabd
time and emitting one scent too soon after anotioeitd lead to an unwanted or even unpleasant
mixture. So in addition to the olfactory devicejemtilation system could be helpful.

Technically the wanted scent is mixed up in theigeusing a set of basic aromatic substances. These
substances are delivered in cartridges that havieet@xchanged regularly. Hence the use of an
olfactory device is depending on the capacitieftsofartridges and it has to be evaluated whether i
suitable for longer sessions.
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7.3 EXxisting solutions
7.3.1 Speech Recognition

ISIP [5]
The “Institute for Signal and Information Procegs(iSIP)” was founded in 1994 with a simple vision
to develop public domain speech recognition softwgue to the lack of freely available state-of-the-
art tools in this area. In May of 2004, ISIP joirted Center for Advanced Vehicular Systef@&aVS)
[6] to foster collaboration with CAVS signal andegigh processing projects.
The ISIP speech recognizer is public domain inshrese that the software, including the source code,
is distributed without any restrictions and can foeely used and modified — “no licenses, no
copyrights, etc.” ISIP is speaker independent aadgnizes continuous speech.
The provided system is built on top of a vast higma of general purpose C++ classes (called “ISIP
foundation classes”) that implement generic ma#tta dtructure, and signal processing concepts. The
current software version requires the GNU gcc w@épiler and support is provided for x86 Linux
systems only.
For the representation of ISIP’s knowledge soufnasnely the grammar) two formats are supported:
the first one is the proprietary "ISIP Hierarchidalgraph” which is proposed to be backward
compatible and the second is the Java Speech Adh@ar Format (JSGF) [7], which is a platform-
independent textual representation and publishedvd8C note.
Main features are:

Speaker independent

Recognizes continuous speech

Programming language: C++

Support for Linux systems only

Freely available

Sphinx-4 [8]
Sphinx-4 is a state-of-the-art speech recognitipstesn written entirely in the Java programming
language. It was created via a joint collaboratimiween the Sphinx group at Carnegie Mellon
University, Sun Microsystems Laboratories and ofinstitutes and universities. The software and
documentation are freely available as open source.
The system requires Java SE v1.4 or better (iricpdat the Java Speech API [9] is used) and the
Java-based build tool Apache Ant (v1.6.0 or bett®phinx-4 has been built and tested on the Solaris
Operating Environment, Mac OS X, Linux and Win32giing systems.
This speech recognition tool supports the JSGFafi] different proprietary grammar formats like
"Simple Word Format”, a grammar based on a stedistanguage model, a finite-state transducer
grammar and n-gram grammars.
It provides support for the also freely availab@VU Pronouncing Dictionary" (125 000 words) [10].
The latest development is the PocketSphinx [1LHpeech recognition tool for embedded Linux and
Windows CE on the basis of Sphinx-4.
Main features are:

Programming language: Java

Platform independent

Uses JSAPI and JSGF

Open source
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IBM ViaVoice [12]

IBM ViaVoice is a commercial voice recognition prad that includes essential dictation and
command and control features. Its main purpose engible voice controlled dictation into Windows
based programs. The latest release (v10) supporesa Windows operating systems (Win 98, ME,
2000 and XP) and Mac OS X.
ViaVoice is primarily a dictation software, thatsi@ be trained for the user. Therefore the usetda
read aloud a predefined text and the system comphecacoustic features, extracted from the users
input, with the internal acoustic user model aneat#s an adjusted model for the current user. This
process is called “recording a voice” and takesuaft® to 30 minutes. For a new user a new training
is required and the system can manage different os&lels which are persistently stored, so
“recording a voice” is done only once for a user.
ViaVoice contains a lexicon with 300.000 words thah be complemented with a 64.000 item user
dictionary. In order to improve the systems adamtatViaVoice provides functionality to analyze
documents that reflect the users speaking stylepaefitrred words, and also to import specialized
dictionaries form third-party distributors.
ViaVoice has only limited functionality to use regozed input in other application. It concentradas
the support of MS office programs, i.e. the user dizectly dictate text into MS Word or MS Outlook
using a set of keywords for formatting the textisltalso possible to control these applications by
reading aloud menu names to open them and lissiterperform them.
The control of this voice recognition tool by armthprogram is not supported, no API to the
functionality is provided and no SDK for extensimmmodification of the software is available.
Main Features:

Commercial

Windows operating systems (Win 98, ME, 2000 and &) Mac OS X

Dictation software

No API, no SDK

Dragon Naturally Speaking [14]

Dragon Naturally Speaking is a continuous speedogm®izer software with a large (250,000+)
vocabulary. It is a dictation system like ViaVoiegth very similar functionality. Compared with
ViaVoice, the functionality is more advanced —pports cooperation with more than only MS Office
programs. Special features for the recognitionusfquation out of the users prosody are addede ther
is no more need for specific punctuation commaik@s‘tjuestion mark “paragraph”, etc.)
At the time being, Naturally Speaking support isited to Microsoft operating systems and is
available for Windows 2000 and Windows XP only. Tiilt-in “Nothing But SpeecliNBS)”
technology increases accuracy by filtering out veatent fillers and sounds between words (like
"ums" and "ahs").
Since Dragonsoft has become part of ScanSoft andSdt has renamed to Nuance, the software is
now commercially distributed by Nuance [15].
Main features:

Commercial

Windows 2000 and Windows XP only

Dictation software

No API, no SDK

Nuance VoCon 3200 [16]

The VoCon 3200 Development System from Nuance ésraplete development suite designed for
adding speech recognition functionality to a varief applications. The VoCon 3200 speech
recognition engine is a grammar-based recognitaoi for continuous speech and it is speaker
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independent. This means that the VoCon 3200 spemcgnizer does not need training like the two
systems above and the speaker doesn’'t have to [maigeen the words when giving complex
commands. A special focus has been set on higlymé&@m accuracy even in noisy environments.
The Nuance VoCon 3200 runs on PC with MS Windows ocAMS Windows 2000 and on MS
PocketPC 2003-based mobile devices with a MS WirsdGE operating system. Support for other
platforms can be requested from the distributocat$soft has the expertise to port the VoCon 3200
engine to the platform of your choice.”
Languages like English, French and German arettjirexcluded in the software package, others are
already available on request.
VoCon 3200 is distributed with a Software DevelopiKit for easy creation of individual speech
recognition solutions using an API written in théa@guage.
For modifying the underlying knowledge sources la tspeech recognizer, a Java-based Grammar
Editor Tool (JEdit) is included. Here words andetdinces, which have to be recognized, are described
in a proprietary, BNF-like formalism. Due to a Ghame-to-Phoneme (G2P) converting sub module
which is also included in the SDK, the phonetim$@iption of words is done automatically by the
system. For the post-processing of recognizedauters, a Natural Language Understanding (NLU)
component with limited functionality is providedtine SDK.
Main features:
- Windows OS (support for other platforms on request)

Software Development Kit

C-API

Proprietary, BNF-like grammar format

Grapheme-to-Phoneme conversion

Natural Language Understanding functionality

Supported languages: English, German, French etc.

Loquendo ASR [17]

Loquendo ASR is a grammar-based speech recogméatmology for speech-enabled applications. It
IS speaker-independent and recognizes large-scalabulary (up to 1,000,000 words) continuous
speech, even in noisy environments.
Loquendo ASR is available for different operatingtems like Windows (2000, 2003 and XP),
Windows CE and Linux. Supported languages are drif. U.S. English, German, French and others.
For the knowledge sources standard formalisms J&&F (Java Speech Grammar Format) [7] and
W3C SRGS 1.0 [18] are used. Instead of a SDK, sdows for formulations variability
and pronunciation variants (non-native speakersragtnal accents) and for the adaptation of the
acoustic models are provided. A module for thetaveaoffline compilation and testing of grammars
is available under the name “Loquendo Studio”.
Currently the main market of Loquendo ASR is tovite speech solutions that handle millions of
phone calls, such as fully automated directorystessce services, mobile public voice portals, and
embedded applications.
Main features are:
- Speaker independent

Grammar based

Continuous speech

JSGF (Java Speech Grammar Format)

W3C SRGS 1.0 (XML and ABNF Format SISR) + 1.0

MS Windows (2000, 2003, XP), Linux, Windows CE

Supported languages: English, German, French etc.
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Other tools and tool sets

Microsoft Speech SDK [30]
Developers can use the Microsoft Speech ApplicdbiK (SASDK) Version 1.1 to quickly
and easily add speech interfaces to Microsoft AEH.MVeb applications. The development
tools included in the SASDK support the Speech #&gtibn Language Tags (SALT)
specification.

o Commercial

0 Requires Microsoft Windows Server 2003 Enterprid@i&n or Windows XP and the

Microsoft .NET framework

Philips Speech SDK [31]
The Philips Speech SDK can be used for any apjitatievelopment where speech
recognition is required. Speech SDK provides a @/@WI for the integration of speech
recognition technology from Philips Speech Procegsi

o Commercial

o C/C++ APl interface for direct integration of theftsvare

7.3.2 Text-to-speech synthesis

Speech synthesizers differ very much in intonatod clearness. Output examples for the different
systems, languages and voices are available orratewebsites in the internet [27], [28]. For
representing the underlying data, the W3C-standsr&SML [51], a rich, XML-based markup
language for assisting the generation of synttsgigech in Web and other applications.

Festival speech synthesis system [19]

Festival offers a general framework for buildingegph synthesis systems as well as including
examples of various modules. As a whole it offeitbtext to speech through a number of APIs: from
shell level, through a scheme command interprateg C++ library and from Java (through the JSAPI
[9]). Festival is multi-lingual (currently Britistand American English and Spanish are supported)
though English is the most advanced. Other groafease new languages for the system. And full
tools and documentation for building new voices am@vided by Carnegie Mellon's FestVox project
[21]. Knowledge sources created by the MBROLA sysf23] can be integrated into Festival.
The Festival system is written in C++, uses thenBdigh Speech Tools Library for low level
architecture and has a scheme-based command éterfor control.
Festival is freeware and is distributed under at-¥/pe license allowing unrestricted commercial and
non-commercial use alike.
Although Festival is compiled and tested under Eml&inux and other Unix OS, version 1.95 will
compile under CygWin on a Windows XP system. Unidfivisual C++ 7 support is intended for the
final 2.0 release, which will also support Apple ®S
Main features:
- Programming language C++

Runs on Unix and Linux machines.

English voices are included, MBROLA voices can iitegrated and new ones can be created

using the free FestVox software

Free software, allowing unrestricted commercial and-commercial use.

Initial JSAPI and JSML (somewhat similar to Salsepport.

FreeTTS [24]

FreeTTS is a speech synthesis system written Bniiréhe Java programming language. It is based
upon Flite [25], a small run-time speech synthesigine developed at Carnegie Mellon University.
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Flite is derived from the Festival Speech Synth&gistem [19] from the University of Edinburgh and
the FestVox [21] project from Carnegie Mellon Unisigy.
FreeTTS provides partial support for the Java Spéd€d (JSAPI [9]) 1.0 specification. Some English
voices are included in the software and other aaashe imported from the FestVox-project (FestVox
voices and CMU ARCTIC voices) and from MBROLA [23].
The system has been tested on the Solaris Operatimgonment, Mac OS X, Linux and Win32
operating systems and requires at least the JdDK2 Standard Edition, 1.4.
FreeTTS is freely available software with permiagio use and distribute it without restriction.
Main features:
- Programming language is Java

Platform independent

Open source

Three English voices are included and other vdicea MBROLA as well as FestVox can be

integrated

SVOX TTS [26]
SVOX was founded in April 2000 as a spin-off of Bwiss Federal Institute of Technology in Zurich,
Switzerland (ETH Zurich), where the SVOX TTS hastibdeveloped in over 15 years of research.
SVOX TTS is currently available in a range of laage versions including German, French, UK- and
US-English, Italian and Spanish. SVOX offers thevaelepment of new voices and languages
according to given specifications. Samples for diferent voices currently provided by SVOX are
available one the SVOX homepage.
The SVOX TTS engine is coded in ANSI C, which alkogasy porting to different operating systems.
This TTS tool is available for MS Windows (98, MNT, 2000, XP), Windows CE, Linux, Solaris,
Macintosh and OS/2, depending on the concrete SE@Huct.
SVOX offers a software development kit (SVOX-SDKhiah includes a developer license that is not
intended for commercial use. Provided APIs forititegration of SVOX into an application include:
the proprietary SVOX API, MS SAPI v4 & upwards adl8API. As output SVOX also produces a
viseme string corresponding to the audio outpuickwvban directly be used for lip synchronization.
Main features:
- Runs on Windows, Linux and Macintosh platforms

Programming language: ANSI C

Commercial

Supports JSAPI and MS SAPI v4.0, v5.0

Creates a viseme string corresponding to the audjout

Others commercial systems

The Multilingual Text-to-Speech system form Belblosatories [36]
The AT&T Natural Voices Text-to-Speech Engine [37]

The SoftVoice Text-to-Speech system [38]

The Nuance RealSpeak Multi-Lingual Text-to-Speed9] [

rvVoice — originally from Rhetorical, now distributdry Nuance [40]
Loquendo Text-to-Speech [41]

The acapela group Text-to-Speech [42]

The g-data Logox 4 [53]
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7.3.3 Gesture Recognition

FACS (Face Action Coding System) [29]

The Facial Action Coding System (FACS) is a dethileechnical guide that explains how to
categorize facial behaviours based on the musbkgsproduce them, i.e., how muscular action is
related to facial appearances. FACS consists @Baok, a 500 page PDF-file about the method and
documentation of facial expression interpretatiamd of a collection of example videos for
demonstration issues. It is a quasi standard ferdiscription of facial expressions. The table of
content of the eBook [32] and some example chaprersvailable online.
The FACS method is based on the description ofafatiotion and is widely used in expression
recognition.
Main features:

Categorization guide for facial expressions

No software

Vivid Gesture Xtreme [43]

Vivid Group is the creator and developer of VR eys$ based on its patented Gesture Xtreme (GX)
technology. GX systems are used for entertainmahoa education at Location Based Entertainment
facilities, Museums, Science Centres, as well as't6 Productions and Corporate Promotions. The
Gesture Xtreme System uses a motion-sensitive vid@oera to drop a player's image into action
games and virtual environments. The user's bodmadsitored by the software and used as the
interfaceto control the virtual environment they occupy e tharticipant watches their mirror image
on a large video monitor, moving within the virtwedrld as they move in front of the camera.
Main features:

Commercial

Hardware is included

Video camera is included

Uses Windows XP

SDK is available

7.3.4 Haptic/ Tactile

Phantom force-feedback device [44]

The PHANTOM haptic devices from SensAble Technaegirovide a broad range of force feedback
workspace, range of motion, stiffness, and motocfdo accommodate the specific requirements of
different research projects. The Premium modeltudes a passive stylus and thimble gimbal and
allow users to explore application areas that meqfwrce feedback in three degrees of freedom
(3DOF). Examples include virtual assembly, virtpabtotyping, maintenance path planning, tele-
operation, and molecular modelling. An encoderusty¢nables the measurement of an additional 3
degrees of positional sensing (pitch, roll and yai) Premium models connect to the PC via a
special parallel port interface card. Supportedfgiens are Windows NT / 2000 / XP and different
Linux distributions. For software development tvomlkits are available that both are based on the
OpenGL API [45].

The OpenHaptics toolkit enables software develofmeegld haptics and true 3D navigation to a broad
range of applications, including 3D design and nlodg medical, games, entertainment,
visualization, and simulation. The OpenHaptics Kitdhandles complex calculations, provides low-
level device control for advanced developers, amparts polygonal objects, material properties, and
force effects.
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The GHOST SDK is designed for developers who haetibs knowledge and expertise and who
need an SDK with a built-in scene graph. Developars use the libraries of 3D prismatic objects,
polygonal objects, and force effects within the GBFIOSDK to add a convincing physical dimension
to a variety of applications.
Main features:

Commercial

Support for Windows 2000/XP/NT and different Lindistributions

Maximum exertable force: up to 37 N

Based on OpenGL

OpenHaptics toolkit and GHOST SDK available

Immersion Impulse Stick [47]

The Impulse Stick is a robust force feedback jayssuitable for industrial applications and high
abuse environments. It delivers high-fidelity, retid tactile feedback and comes with all the
electronic components and driver software needauegrate the device into your system.
DirectX compatibility is provided for the Impulsei& and it works with the Immersion Studio
authoring tool. This one and other tools in the Bnsion Studio development portfolio provide a rich
graphical interface to prototype and test forcee@ and effect combinations. High-level haptic
effects can be played directly by the device. Aropcocessor closes the haptic control loop, ratigvi
the host computer of this burden, and capturesfahges that are being played with an update
frequency of approximately 100 times per seconthddiivs 2000 and XP are supported and for access
and control of this device a version of the optldmanersion Studio SDK is available.
Main features:

Commercial

Support for Windows 2000 and XP

Immersion Studio SDK

Immersion CyberGlove [46]

The CyberGlove is a fully instrumented glove thabvides up to 22 high-accuracy joint-angle
measurements. It uses proprietary resistive bensitsg technology to accurately transform hand and
finger motions into real-time digital joint-anglatd. The CyberGlove has been used in a wide variety
of real-world applications, including digital préype evaluation, virtual reality biomechanics, and
animation. The CyberGlove has become the de fattmdard for high-performance hand
measurement and real-time motion capture.
The VirtualHand software tools convert the detectedion data into a graphical hand which mirrors
the subtle movements of the physical hand. Manyiagins require measurement of the position
and orientation of the forearm in space. To acc@hphis, mounting provisions for Polhemus [49]
and Ascension [50] tracking sensors are availabi¢hie glove wristband.
The CyberGlove requires a Windows 2000 SP4 / XP &®@patible platform and a high-end AGP
graphics card. The VirtualHand SDK is also capablain on a SGI computer with Irix 6.5 or higher
operating system.
Main features:
- Commercial

Runs on Windows 2000 / XP platforms

Requires a high-end AGP graphics card

Mounting of Polhemus and Ascension tracking sensosapported

The VirtualHand SDK is available
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Logitech [48]
Logitech is a producer and vendor of a range ofggaquipment including force feedback Joysticks,
vibration feedback gamepads and force feedback lehEer all these devices support for Windows
operating systems and mostly for Mac OS is givehe Torce feedback and vibration feedback
features only work with appropriate gaming softwidunat supports feedback information.
Main features:

Commercial

Runs on Windows and in particular on Mac OS platfor

Feedback functionalityis only supported by spega&hing software

7.3.5 Olfactory devices

Aromadet [33]

AromaJet.com, a technology spin-off of MicroFab Araogies, Inc. [34], is a product development
and research company dedicated to the advancementammercialization of digital control of
aroma generating technology. The basic system eaapplied to any products for the purpose of
digitally micro-dispensing particular aromas toliegde certain smells. Aroma generating device$ wil
enhance the virtual reality experience. Mountingickes in the virtual reality headsets will delivbe
aromas to the gamer in an unobtrusive way. AromiaJetirrently developing products that use 16
ingredients to generate aromas. Systems with 320cpents and beyond are planned for the near
future.

The Scent Dome [35]

The Scent Dome developed and distributed by th8efx Holdings Inc. is a small device with 20
base flavors and fragrances on the exchangeablg Boene cartridge. This allows the creation of
hundreds of known or new aromas. For developing avamas and controlling the Scent Dome, the
SENXware SDS software package is provided. Softwaceunit are compatible with Windows, Mac
and Unix operating systems.

TriSenx invented the technology for a scent-enalBd To get it to work, a Scent Dome has to be
plugged into a computer. As the computer plays sotig teapot-sized Scent Dome releases different
fragrances triggered by code embedded in the CD.

7.4 Conclusion

In this document | tried to give an overview of thahodal devices, so there are listed a set of
different modalities, their relation to human semsthe direction of information flow (i.e. is
information presented to the user or are actiongopeed with the user recognized) and the
technology to use these modalities.

Several of the presented technologies are desciibearief. For a better understanding of the

capacities of these technologies, their functidpadi explained. System requirements are mentioned
and environmental restrictions as well as adversearostances for some of the modalities are shown.
The existing solutions listed in this document ate state-of-the-art, even if they are already

established. With the operation in a future INSCA®Stem in mind, availability, robustness and

customizability are key criteria for the selectioh tools. Therefore it is obvious that research

prototypes are not chosen and anyway this wouldeyond the scope of this report.

For the use of multi-modal devices within the INSEEA system we have to consider the following
point:
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The user must always be aware of her possibiliti@$ what she is able to do or to say. E.g. when
using a speech recognizer it has to be clearttigimpossible to chat with the system becausestise
only a limited set of expressions and sentencesdohgputer can process. The same with a gesture
recognizer, which only recognizes some specifi¢uges. The consequence is to ensure, that the user
has to learn how to produce “good” expressions serdences respectively how to perform the right
gestures.

The situation for using INSCAPE has to be taken sxtcount: if the user is changing often and not
resting for a long time, it is difficult to use isahat need a longer training phase or requiret @fi

time for setting up (like most biosensors, whichvéhao be stuck to the skin, one by one).
Unfortunately, IBM’s “Emotion Mouse” developed iha Almaden BlueEyes project [52] is not
available as a commercial tool. That would haventeaice solution for using biosensors without a
special setting up.

Speech recognition and speech synthesis are thiedmesloped modalities. Simple commands could
be used to set up the story scenario in the autpa@nvironment and to control story agents when
experiencing a story. Speech synthesis then woeldided to perform spontaneous and situation
adaptive utterances in contrast to prerecordedspbra

In future versions of the INSCAPE system, more rnlitda could be added, whereas the benefit of
using them is strongly depending on the demo sa@nar
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