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1 Executive Summary

This report presents the first results of the consultations conducted within the META-NET
“Interactive Systems” Vision Group, after a series of two meetings in a period of two months.
It has been mentioned that Interactive Systems based on Language Technologies (LT) are
progressively being used in many different applications areas (such as telephony (and more
generally mobile communication), Internet, car, aid to the handicapped, games)

This has been made possible as the background environment is now smart enough to ac-
commodate, and actually need, such Interactive Technologies, and as the corresponding LT
have reached an acceptable level of quality to make them efficient: This achievement in LT
quality was made possible by the availability of large amounts of data, either created on pur-
pose or obtained over the Internet, which allowed developing good LT engines based on stat-
istical approaches. It was also greatly facilitated by the possibility to assess. this quality
through evaluation measures, and to estimate their adequacy with:the needs, not necessarily
error-free, of the targeted applications.

Many of the present Interactive Systems successful applications deal with the relationship
between speech and text: text-to-speech synthesis, voice dictation (including emails and
SMS), voice search over the internet, close captioning and translation of videos, audiovisual
indexing and retrieval, speech translation through MT; asit is feasible to train engines to
learn the relationship between a“speech signal and its corresponding textual transcription.
More should stillbe done in thatarea, such as. meeting or teleconferencing transcriptions.
But a large research area is still opened regarding the availability of spoken or multimodal
dialog systems, whereas the present systems in operation are still limited to very specific
tasks. This would imply to provide the Interactive Systems with the capacity of understand-
ing, of handling a dialog and of conducting a multiparty conversation, also taking into ac-
count prosodic information; and possibly non-verbal information coming from other modali-
ties (eye gaze, or gestures, for example). To this regard, the Human Factors aspects should be
carefully considered.

Just as for systems dealing with the speech to text relationship, the availability of training
data is also crucial here, while the way to annotate this data is still a research problem and
while the effort and cost of such a task appear very large. It would therefore be wise to con-
sider in priority applications where the training data is not too difficult to obtain, or which
could take advantage of the existence of tools in related areas (such as automatic transcrip-
tion of talk shows on TV). Similarly, the existence of evaluation protocols for measuring the
quality of dialog systems is a major issue, which still appears as a partly open research prob-

lem.
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Multilingualism is a major challenge for the European Union, in order to allow its 501 mil-
lion citizens to have access to information coded in their language and in any language at
least of the other EU Member States. It could be the duty of the EC to ensure the availability
of the Language Technologies, which would make it possible. The full range of the 23 official
EU languages should be the target, as well as major regional languages such as Catalan or
Basque. It could be part of the directive on information accessibility, presently primarily
aimed at the handicapped, as the language barrier may appear as a handicap.

European languages should be considered as a public good and a common asset, which must
be protected and promoted.

In order to achieve those visions, a complete research/and innovation ecosystem should be
put in place, from basic research to deployment in an international framework, through
technology development, language resources (data, tools, evaluation and meta-resources)
infrastructure, networking and public procurement. The‘corresponding programmatic in-
struments should benefit from adapted funding schemes, IPR rulesiand distribution mecha-
nisms.

Such an achievement will require a strong political support from the European institutions

and from the Member States, in a collaborative way.

* Needs

o Domain-specific needs
» Need #1: Better core technologies
* Need #2: Going to understanding
= Need #3: Going to natural dialog
* Need #4: Handling multilingualism

o Domain-independent needs
= Need #5:MoreBasic Research
» Need #6: Availability of Language Resources
» Need #7: Availability of an Evaluation framework
» Need #8: Consideration of the ethical dimension
» Need #9: Appropriate programmatic instruments

» Need #10: Research / Industry collaboration

* Visions
o Domain-specific visions
» Vision #1. Interacting naturally with Agents and Robots

» Vision #2. Communicating everywhere
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» Vision #3. Technologies which help
» Vision #4. Bringing advanced interaction in social activities
» Vision #5. I speak your language!
» Vision #6. Gutenberg still alive
» Vision #7. My private teacher
» Vision #8. I know who you are
o Domain-independent visions

» Vision #9. Many languages, one Europe!

2 Introduction
2.1 The META-NET Vision Building Process

A central objective of META-NET is the preparation of'a major concerted effort geared to-
wards the creation of the needed technological foundation for the European multilingual
information society. An essential instrument to this end is the forging of a strategic alliance
involving, in addition to the top level R&D centres, the active participation of European LT
and ICT industry and many private and public/stakeholders;including the language commu-
nities themselves.
The Vision Groups are a central instrument withinn META-NET. Each of the three groups
brings together researchers, developers, integrators and (actual or potential, corporate or
professional) users of IiT=based products, services and applications. The goal of the groups is
to generate domain-specific visions and roadmaps.in the form of technology forecasts. This
includes ideas for innovative applications of language technology and scenarios for the future
knowledge society which can be supported by advanced technology. The visions produced
will be gathered by the Technology Council, which will consolidate them into a Strategic Re-
search Agenda. The Agenda will contain high-level recommendations and suggestions for
joint actions to be presented tothe EC and national as well as regional bodies. The three Vi-
sion Groups are:

1. Translation and localization

2. Media and Information Services

3. Interactive Systems
The Vision Groups are scheduled to meet twice a year. In 2010, two rounds of meetings have
been successfully completed. Their output will be discussed at the 1st Technology Council
Meeting (16/11/2010), which, in turn, will prepare the draft SRA. Preliminary findings of the
Vision Groups will be presented at META-FORUM 2010 (17/11/2010). Additional meetings
will take place in 2011, the goal being to provide input to the SRA draft and to further elabo-

rate the visions.
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This document is intended to provide a distillation of ideas, opinions and visions expressed
by members of the Vision Group Interactive Systems during its first two meetings. It aims at
serving as a basis for discussion on the challenging and innovative LT based scenarios that
need to be addressed by 2020 and providing seed ideas for the drafting of the SRA to the
Technology Council.

2.2 Interactive Systems

We consider here Interactive Systems that use Language Technologies. Those systems are
part of the wider field of Human-Computer Interaction (HCI), which comprises several
communication modalities, including text and speech, but also vision, touch, gesture, or hap-
tics. This field progressively moved from a bilateral communication between the human and
the machine, to a collaborative activity involving the human and the machine in the accom-
plishment of a task, and now to the communication among humans through the.mediation of
the machine.

Just as other technologies involving language processing, progress was very slow reflecting
the difficulty to handle the human language. Progress was made possible thanks to the use of
automatic learning approaches, to the availability of large amoeunts of data to train the sys-
tems, to the existence of evaluation metries and protocols to measure the state-of-the-art and
progress and to the identification of‘applications which do not request a 100% accuracy. It’s
amazing to realize that the most‘difficult tasks, such as Pilot-Plane Dialog were considered
initially, and thatthe most successful ones are presently those which can cope with speech
recognition errors and imperfeet ranking, such as voice search engines over the Internet.
This slow process resulted in the fact that many large companies quitted this field and that
nowadays in Europe the area is mostly addressed by SMEs. The situation is different in the
US, where large companies, such as Google, Microsoft, IBM, Apple, CISCO, or medium ones

such as Nuance, are very active in‘that field.

3 Vision Group Interactive Systems

We looked for representatives from such European SMEs and for researchers in that field.
Interestingly, we actually have in the VG several people who have both an academic back-
ground and an industrial one, whether they started in the former and ended up in the latter,
or the reverse. Those people are of course very precious for providing a double vision of the
field.
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Although the development of such Interactive Systems was slow, the number of correspond-
ing applications progressively expanded in many different areas, and they are now part of
daily life for many people in applications such as Dialog in Video games, Customer care and
technical support, (public) Information access (such as train time table) and transactions,
Military applications (translation and training), Museum guides and public information ki-
osks, Car interfaces and navigation, Voice search, Speech translation on Smart Phones, eMail
answering, Voice Dictation on laptop and Smart Phones, Call Centers, Telephone control or
Aids to the handicapped.

Specifically, the sectors and players of this group, as well as representative technologies and
applications are the following:

Fields: Telephone and mobile communication, Call/centers, Internet navigation, Social
Networks, Videoconferencing, Interpretation and translation, E-commerce, Finance, Health-
care, (Autonomous) Robotics, Car navigation, Security, Entertainment (Games),
Edutainment, CALL (Computer Aided Language Learning), etc

Stakeholders: Telephones companies, Internet companies, Network companies (videocon-
ferencing), Software companies, Translation companies, E-commercial ecompanies, Banks,
Robotics companies, Automotive industry, Edutainment and game companies, Audiovisual
sector, Service providers, etc

Technologies: Speech recognition, synthesis and understanding, Spoken and Multimodal
Dialog, Speaker and language recognition, Emotion analysis, Voice search, Information Re-
trieval (Question&Answer); Text analysisiand synthesis, Topic identification, Speech Acts
analysis, Summarization, Machine translation, and,speech translation, Sign Language Pro-
cessing, Image and gesture analysis and synthesis, Computer graphics, Computer vision,

Acoustics, ete

3.1 Recruitment process

A first list of external members.was proposed by the T4ME partners, and a selection was
conducted in order to ensure a good balance between industry and research, and among the
various EU Members States. More names were then added to that list by the Standing Com-
mittee, and we also constituted a reserve list. Overall, 31 invitations were sent and we got 26
acceptations to participate in the VG and 5 refusals (mostly due to too much workload). 6
people agreed to participate but expressed that they were unable to attend any of the two
planned meetings due to other prior commitments, given that the dates have been imposed,
and 2 of them provided written contributions. Below we list the key figures concerning the
recruitment process of the Interactive Systems VG (listing external members that are not in
the META-NET consortium only):
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3.2 Meetings

Initial member suggestions: 49
Shortlist (invitations sent out): 31
Confirmations: 26
Refusals: 05
Meeting attendants (cumulative): 19
Participation through Written Contribution only: 02

The Vision Group Interactive Systems met twice in 2010:

1st Meeting: September 10, 2010 at Aero-Club de France, Paris, France.

META

2nd Meeting: October 5, 2010 at Charles University, Prague, Czech Republic.

22 members participated in the Paris meeting and 16 in the Prague meeting. The participants

in the VG and at the meetings are listed in the table below. In addition, 14 members provided

written contributions overall.
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1

12

13

Name

Axel Buendia

Aljoscha Burchardt

Nick Campbell

Khalid Choukri

Morena Danieli

Gil Francopoulo

Simon Garrett

Martine Garnier-Rizet

Edouard Geoffrois

Joakim Gustafson

Jan Hajic

Paul Heisterkamp

Mattias Heldner

Organisation

Spir.Ops

DFKI

Trinity College
Dublin

ELDA

Loquendo

Tagmatica &
IMMI

British Telecom

Vecsys & IMMI

DGA

KTH

Charles

University

Daimler

KTH

Country

France

Germany

Ireland

France

Ttaly

France

UK

France

France

Sweden

Czech
Republic

Germany

Sweden

Sector

Robotics and Games

NLP

Speech Technology

Language Resources

Spoken dialogue, text analysis for
text-to-speech and emotional

text-to-speech

Natural Language Processing,

standards

eCommerce

Mobile applications, Call Centres,

Language Resources

Defence Applications

Speech Technology

Natural Language Processing

Car industry

Speech Technology

15t meet-
ing
attend-

ance
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2nd meet-
ing
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14

15

16

17

18

19
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21

22

23

24

25

26

27

28

29

30

31

32

33

Arjan van Hessen

Timo Honkela

Simon King

Jimmy (Siegfried)

Kunzmann

David van Leeuwen

Joseph Mariani

Bernardo Magnini

Bart Noe

Jan Odijk

Mehmed Ozkan

Gabor Proszeky

Steve Renals

Giuseppe Riccardi

David Sadek

Ruud Smeulders

Juan Manuel Soto

Volker Steinbiss

Daniel Tapias

Claire Waast

Alex Waibel

Table 1. List of VG Interactive Systems meeting participants

Telecats &
Twente

University

Aalto University

University of
Edinburg

European Media
Laboratory
GmbH

TNO & Radboud

University

LIMSI-CNRS &
IMMI

FBK

Jabbla

Utrecht

University

Biomedical Inst.

Bogazici Univ.

Morphologic
Speech I/0O
Univ. Trento

(formerly AT&T)

Institut Télécom
(formerly

Orange)
RABO Bank

Fonetic

RWTH & Accipio

Sigma
Technologies

EDF

CMU & KIT and
Jibbigo company

Nether-

lands

Finland

UK

Germany

Nether-

lands

France

Ttaly

Nether-

lands

Nether-
lands

Turkey

Hungary

UK

Ttaly

France

Nether-

lands

Spain

Germany

Spain

France

Germany
& USA

Research/PI

Head of imagination Telecats

Speech Technology

Speech Technology

Human Machine Interfaces,
Location based Service (LBS),
Mobile Users

Speech Technology

Speech Technology
IS VG Co-Convenor

Natural Language Processing
IS VG Co-Convenor

User Industry (educational soft-
ware / handicapped)

Language Resources, MT

Bio-Medical

NLP, speech, MT

Speech Technology

Speech Technology

Telecommunications

Financial industry, User Industry
(user of mobile services, call

centres, translation services)

Speech analytics, speech services

Speech Technology, Language
Resources
IS VG Rapporteur

Telecom Voice applications

Automatized Call Centers

Spoken Language Translation on
mobile phone
IS VG Chair
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The first meeting was intended to achieve mutual understanding concerning the goals of
both META-NET and the Vision Groups, to define the sector, collect needs and topics to be
discussed in depth later on and discuss the appropriateness of the group’s composition. No
input was requested by the participants in advance to ensure the greatest possible open-
mindedness. This first meeting also included the Media and Information Services Vision
Group, with plenary parts and parallel sessions for the two VGs. After a plenary introduction
of META-NET and of the Vision building process, the IS VG meeting was structured into the

following four sessions:

Session 1: Mutual understanding
* Introduction of participants and discussion of the VG functioning (including
the designation of the VG chair and rapporteur).
* Analysis of the scope of the field and sectors (What Interactive Systems cover)
Session 2: Irritation and Provocation
* Lessons from the past. SWOT analysis.
Session 3: The Vision
* Time horizon and scope of the visions
*  Your visions
Session 4: Expected outcome and next steps
* Drafting of visions
* Additionalnames end expertise

* Preparation of next meeting

It was followed by a plenary wrap-up including the two VGs. Alex Waibel was designated as
IS VG chair, and therefore chaired the meeting, starting at session 2. Volker Steinbiss was
designated as Rapporteur. The outcome of the first IS VG meeting was presented at the ICT
2010 conference in Brussels onSeptember 28, 2010 by Volker Steinbiss.

For the second meeting, written input by the Vision Group members was requested in ad-
vance, in the form of responses to the following five questions:

A. What are attractive, plausible, powerful, challenging, innovative language technol-
ogy-based applications or combination of applications with Use Cases that in your
opinion could be realized through massive concerted research, development, and in-
novation actions?

B. Can you think of novel research advances in Language Technology that would be
needed to support real breakthroughs of type A?

C. What are expected technological, economic or social developments that have to be

considered as prohibitive or enabling factors in the planning of A and B?

11
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D. What are the instruments/programmatic tools/collaborative schemes that could be
used in order to achieve A and B?
E. Please provide examples of LT-based (successful) Interactive Systems presently in

use.

It was also mentioned that the aim could be to draw a matrix between:
1.) Grand challenges on problems/applications,
2.) Missing science/technology challenges to be researched;
The second meeting was structured into four sessions:
Session 1: Introduction, context, wrap up 1st meeting and working methodology
Session 2: Participants’ Vision input (questions A-D above)
Session 3: Synthesis and priorisation of seed ideas for public discussion
Sessiong: Preparation of report
The meeting was chaired by Alex Waibel. The rapporteurVolker Steinbiss presented the re-
port of the first meeting he gave at the ICT conference in Brussels.

At the meeting, twelve contributions were presented by the IS VG members:

3.3 Coverage

The coverage of the field, once it has been delimited; was one of the topics of the first meet-
ing. The area of medical applications was identified as missing, and a new external partici-
pant was invited to join the VG, and accepted. It was also mentioned during this first meet-
ing that the technologies scope should include written language, Gesture I/O, emo-
tions/affect and multimodal communication, and that the social dimension of applications

should be‘considered.

4 Visions on challenging and innovative LT-
based scenarios

4.1 Domain-specific needs

Regarding the research and technology needs, there is a common agreement

that there should be:

1. Need #1: Better core technologies
This should be obtained through more Basic Research, as a generic issue (see 4.2). It
is necessary to improve the quality of Automatic Speech Recognition and to lower
the Word Error Rate, which is still too high for noisy environments, far-field microphone,
open vocabulary, and for many languages, including dialects or accents. The performan-

ces vary a lot among the speakers, and should be more consistent. This improvement in

12
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quality is necessary both for cooperative speech and for listening-in (3rd party observing
human-human).

The same apply for Automatic Speech Synthesis, where it is needed to give speech syn-
thesizers a control of the parameters with a linguistic or paralinguistic meaning that are cru-
cial for conversational abilities (e.g. pitch, loudness and voice quality). In order to develop
better complete systems, it is proposed to use joint models for speech synthesis, recognition,
translation, etc., and to investigate the use of models for recognition and synthesis that in-
clude factorization for information like speaker, accent, vocal age, etc.

Progress is also needed in bi-modal recognition by using the combination of lips and
tongue movement recognition to increase speech recognition accuracy, especially in
noisy environment. The same apply for improving the quality of talking heads.

Gestual language is a very active research area and'Sign Language Processing for provid-

ing accessibility to the deaf is showing rapid progress, which still needs more efforts both

for analysis and generation.

More basic research is also needed regarding physiological modeling, in order to better
understand the speaking mechanisms and allow for applications in.the medical area,
such as neuro-muscular prosthetic interfaces that could integrate with the existing
speech technologies. It is needed to have a better understanding of selective listening and

to conduct basic research on physiological modeling of speech production and speech
perception.

Need #2: Going tounderstanding

Even if, as previously said, more research is needed for speech I/0, it has reached a per-
formance level which allows to consider more advanced applications that now needs
understanding, should it be on textual, OCR, spoken or gestual support.

This requires to take into account the context, with rapid contextual linguistic and do-
main knowledge modelling, and to adapt to new situations, new domains, as a portability
issue. In order to do so, to-be able to continually learn in an unsupervised manner, in-
cluding learning from mistakes, to mimic human learning behaviour and leverage vir-
tually unlimited language resources that may become available once privacy and storage
hurdles have been overcome.

Understanding means also the need to take much more into account the prosody and
visual cues. Those are mandatory for emotion detection and production (via voice and/or
gestures), and includes the development of lexical models for laughter and other non-
text-related vocalizations - and a syntax / ontology for modelling their use.

The move from appointing an answer to an incoming question based on statistics to an
interpretation of the question (what does it mean) requires the collaboration of language

and speech technology experts with psychologists and communication experts.

13
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3. Need #3: Going to natural dialog
Better voice I/O and more understanding allow for considering human-machine dialogs,
where voice plays a major role as the most efficient communication modality, whenever
its use is permitted. A real breakthrough in the use of LT in human-machine dialogues
can be achieved if we can bridge the gap between questions/remarks (written via a web
application or e-mail and spoken via speech recognition) and understanding.
In order to do so, work should be conducted on dialog models. Dialog systems shouldn’t
be only reactive to the human stimuli, but pro-active, with the ability of initiating dialogs.
They should be able to understand that a voice emission is in their intention, which
probably means that they should be personalized and able to follow a conversation
among humans.
It means constructing conversational speech model, possibly.taking.all available modali-
ties into account, and utilizing the conversational behaviour of all interlecutors and rela-
tionships formed between them for various interaction communication situations ((tele-
phonic) conversational speech, meetings, etc).
The human factors aspects should be carefully studied, as, for example, voice interaction
is to be preferred when vision or hands are busy, but is not appropriate in public sur-
roundings as it lacks privacy.
It implies the processing of the Speech Acts. How Speech Acts are correlated with each
other? What kinds of sequences are generated? What are the possible answers to a spe-
cific Speech Act? Itismecessary to evaluate the broad range of Speech Acts (while usually
research investigations are focused on cooperative informative types), like lies or humour
for examples. The study of the sequences of speech acts is huge, and it surely depends on
cultural factor, so we would have to isolate those factors, and try to find where those fac-
tors come from (in the decisional process) and how they change the choice of the re-
sponse. It could be some kind of public cooperative research.
Interaction should be natural, which necessitates the development of "transparent” sys-
tems: systems which enable natural spoken interaction, without the user being contin-
ually aware that they are talking to a computer, systems which work well in natural un-
constrained environments: multiple microphones, multiparty conversations, many
acoustic sources, noise (mostly non-stationary noises, background speech, echoes, etc.).
It also involves considering non-linguistic information and the development of non-
speech sensor devices to further multimodal speech processing - RFID tags, non-invasive
motion-capture, vad, GPS, orientation, proximity, etc — where the existence of iPhone-
like devices can probably help.
Construction of such dialog systems could be incremental, and take advantage of the

availability of conversational data on the Internet.

14



Technologies for the Multilingual European Information Society M E T A

Vision Group Interactive Systems: Results of first two meetings

It would require research and development activities on the usability aspects of person
machine communication and in new paradigms of human interfaces.
Collaboration between the academic world and service companies/organization (cus-
tomer contact centres, public services, hospitals, etc.) can lead to an easy a