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1 Final Publishable Summary

1.1 Executive Summary

Imagine a future where human-human, human-machine, and human-environment communication
is not hampered by differences in language capability, accessibility, or knowledge of the techno-
logy, and where security and privacy are built in. Such a future could be enabled by conversational
interaction technologies which will enable interaction, collaboration, creativity, and information
access within a vast, dynamic, and heterogeneous information space.
This was the guiding vision of the ROCKIT Support Action, funded by the European Union FP7
programme from December 2013 for two years in order to address Objective ICT–2013.4.1: Con-
tent analytics and language technologies – Natural spoken and multimodal interaction. ROCKIT
achieved its four main objectives: (1) The construction of a strategic roadmap for conversation
interaction technologies which can form the basis of a research and innovation agenda in the area;
(2) The formation of a stakeholder community including SMEs and corporations, universities and
research institutes, European institutions, investors, and specialized media – CITIA, the Conversa-
tional Interaction Technologies Innovation Alliance, (http://citia.eu); (3) The development
of a set of target scenarios as a focus for the strategic vision; (4) A plan for an infrastructure to fa-
cilitate these outcomes based on a shared layer of open access multilingual data, core open source
software components, and a broad open APIs.
During 2014 and 2015 we constructed a technology roadmap to enable the ROCKIT vision to be
realised. The roadmapping process was carried out at the European level, connecting the strong
R&D base, with commercial and industrial activity, and policy makers, at the EU and national
levels. During the roadmapping process over 200 experts provided input and over 1,200 inputs
were gathered for the science/technology areas alone. The validated version of the roadmap is
available to review at http://www.sharpcloud.com/ROCKIT.
To stimulate and enable this research and innovation vision, we propose the construction of an open
multilingual infrastructure for speech technology. The aim of the CITIA Multilingual Baselayer is
to enable and accelerate both research and innovation, and to provide one of the key blocks that
will be essential to the multilingual digital single market. In a nutshell we propose:

• The creation of core, open access data, initially across 40–50 languages, suitable for training
broad-domain speech recognition and speech synthesis systems. The initial layer will require
100 hours per language of transcribed speech for constructing baseline ASR systems, plus
about 10 hours per language to construct a male and a female synthetic voice per language.

• The development of baseline open source systems for speech recognition and speech syn-
thesis across these languages, building on existing open source projects (e.g. Kaldi, http:
//kaldi-asr.org).

• The dissemination of practical recipes for collecting and transcribing multilingual data for
training and evaluating speech technology systems.

• The deployment of cloud-based reference systems to enable people to prototype and test new
multilingual spoken applications.
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1.2 Project Context and Objectives

ROCKIT was driven by a broad vision for conversational interaction technologies in which human-
human, human-machine, and human-environment communication is not hampered by differences
in language capability, accessibility, or knowledge of the technology – and where security and
privacy are built in. These future conversational interaction technologies will enable interaction,
collaboration, creativity, and information access within a vast, dynamic, heterogeneous, and partly
ephemeral information space.
The ROCKIT Support Action was funded by the European Union FP7 programme from December
2013 for two years in order to address Objective ICT–2013.4.1: Content analytics and language
technologies – Natural spoken and multimodal interaction.
One of the main goals of ROCKIT was to bridge the gap between research and innovation in
language, multimodal, and speech processing technologies – an area in which Europe has an ex-
tremely strong research record. However, innovation is still lagging behind, and it is thus import-
ant to identify the key innovation drivers and most promising elements across science, technology,
products, and services on which to focus in the future, with a focus on Conversational Interaction
Technologies. Conversational interaction technologies are those that, broadly construed, enable
people to achieve some end through natural back-and-forth communication with, or mediated by,
devices. Within the next ten years, we expect it to cover a range from properly interactive speech
search on a smartphone to use of richer modalities (face, hands, tone of voice) with very many
different devices both embodied (like robots) and embedded in our surroundings. Hardware de-
velopments are happening so quickly that the most critical platforms, applications, and devices to
target are impossible to predict. Moreover, as small companies know well, business environments
can change unexpectedly, too.
In consultation with researchers and companies of every size, ROCKIT has constructed a roadmap
for the area. Technology roadmapping is a process to lay out a path from science and technology
development through integrated demonstration to products and services that address business op-
portunities and societal needs. Often performed by individual businesses, it can also be used to
put together all of the different viewpoints and information sources available in a large stakeholder
community as a way of helping them work together and achieve more.
This roadmap is important because it will allow the conversational interaction technologies com-
munity to steer through change and understand how they can get what they most want in the context
of everything else that is happening. For this reason, the roadmap we have developed is not just a
series of steps that go from current science and technology outcomes to future profitable products
and services, but conveys the relationships among societal drivers of change, products and services,
use cases for them, and research results.
ROCKIT has fostered a connection among Europe’s strong R&D base, commercial and industrial
activity, and policy makers – at the EU and national levels – through achieving the following
objectives:

page 2 of 27



ROCKIT FP7–611092 Final Report

Objective 1 Roadmap construction.
Construction of a unifying roadmap for natural spoken, multimodal and
textual interaction by combining supply-demand side factors, system hier-
archy and time.
The roadmap construction process covered two iterations, with a first ver-
sion available in February 2015, and a second version available in Octo-
ber 2015. See http://www.sharpcloud.com/ROCKIT

Objective 2 Community building.
Formation of a broad-based, cross-sector community mobilised around the
ROCKIT roadmap.
Building on the existing LT-Innovate and META communities, as well
as integrating more stakeholders, we founded the Conversational Inter-
action Technologies Innovation Alliance (CITIA), at the first Roadmap
Conference in February 2015. See http://citia.eu

Objective 3 Recommendations for an open platform.
Recommendations for an open technology development approach, in-
cluding open platforms, open resources and an open architecture for mul-
tilingual conversational processing.
These recommendations are focused on the plan for the CITIA
Multilingual Baselayer, initiated at the second Roadmap Confer-
ence (October 2015). See http://www.lt-innovate.org/citia/
citia-baselayer-multilingual-speech-technology

Objective 4 Target scenarios
Identification of a number of target scenarios and corresponding testbeds
to drive future research, innovation, and economic/social development.
These scenarios are integrated into the ROCKIT roadmap, and were
launched as a white paper at the first Roadmap Conference (February
2015). See www.lt-innovate.org/sites/default/files/citia_
files/rockit-scenarios-whitepaper-v2.1.pdf

Objective 5 Research and innovation agenda
Establishment of a research and innovation agenda for Conversational
Interaction Technologies.
This is the combined outcome of the ROCKIT project and will be integ-
rated with the META Strategic Research & Innovation Agenda.
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We guided roadmap development using a small number of target scenarios. Each scenario in-
cludes its societal and technological drivers, R&D aspects, market and business drivers, and po-
tential testbeds. We identified a number of common themes coming out of ROCKIT’s consulations
with stakeholders, in particular accessibility, multilinguality, the importance of design, privacy by
design, systems for all of human-human, human-machine, and human-environment interactions,
robustness, security, potentially ephemeral interactions, and using the technology to enable fun.
The scenarios, all of which operate in multilingual and multisensor contexts, are:

1. Adaptable interfaces for all
By 2024 we envisage multimodal interfaces designed for everyone, and which can adapt to
perform optimally in a given environment, and with respect to the available sensors.
Example use case: Automatic Interface Subtitling.

2. Smart personal assistants
By 2024 smart personal assistants will be capable of deep language understanding and gen-
eration, and able to make effective use of environmental, informational, and social context.
Example use case: Smart Assistants for Kids.

3. Active access to complex unstructured information
By 2024, multimodal interactive systems will operate on huge, dynamic, heterogeneous data
streams, providing powerful approaches to navigation and visualisation.
Example use case: Immersive Intelligence.

4. Communicative robots
By 2024, robots will be capable of human-like multimodal embodied communication, with
the ability to operate in social environments.
Example use case: Industry 4.0

5. Shared collaboration and creativity
By 2024 systems for collaboration and creativity will help people to be more creative more
of the time, especially in group situations.
Example use case: Gaming Environments.

The ROCKIT technology roadmapping process was carried out at the European level, connecting
the strong R&D base, with commercial and industrial activity, and policy makers at the EU and
national levels. During the roadmapping process:

• Over 200 experts provided input during five physical workshops organised in conjunction
with major sector events;

• Over 1,200 inputs were gathered for the science/technology areas alone, and all those inputs
were clustered, filtered and linked together across several layers;

• 13 social / economic Drivers & Constraints were analysed;

• 5 target Scenarios were developed;

• 12 Use Cases were used to illustrate practical examples of the scenarios;
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• 10 Product/Service Types with over 350 elements were analysed for added value and SWOT,
displayed in 10 year timelines;

• 10 Product / Service Clusters were identified;

• 10 Product Service Examples were examined;

• 10 Science/Technology Areas were thoroughly mapped, with clustering analyses and 10 year
timelines for each of them;

• 7 required Resource Types examined;

• The roadmap was presented at two conferences in Brussels and Prague with about 120 del-
egates;

• The roadmap was used for community building and dissemination activities in the context
of CITIA.

The validated version of the roadmap is available to review at http://www.sharpcloud.com/
ROCKIT.
A key aim of ROCKIT was to organise a European research and innovation ecosystem in the
area of conversational interaction technologies. By identifying the key players to be involved in
the roadmapping exercise from within the research and innovation ecosystem we have created a
core group of key stakeholders, the Conversational Interaction Technologies Innovation Alliance
(CITIA), which will be further developed after the end of the support action. Based on the needs
expressed by its stakeholders, CITIA will be focusing on the creation and sharing of multilingual
open data for conversational interaction technologies, as well as some simple open tools for work-
ing with the data. The stakeholders have agreed that this is the single most important focus the
Alliance could have for opening new markets for European CIT SMEs.
To stimulate and enable this research and innovation vision, we propose the construction of an open
multilingual infrastructure for speech technology. The aim of the CITIA Multilingual Baselayer
is to enable and accelerate both research and innovation, and to provide one of the key blocks that
will be essential to the multilingual digital single market. In a nutshell we propose:

• The creation of core, open access data, initially across 40–50 languages, suitable for training
broad-domain speech recognition and speech synthesis systems. The initial layer will require
100 hours per language of transcribed speech for constructing baseline ASR systems, plus
about 10 hours per language to construct a male and a female synthetic voice per language.

• The development of baseline open source systems for speech recognition and speech syn-
thesis across these languages, building on existing open source projects (e.g. Kaldi, http:
//kaldi-asr.org).

• The dissemination of practical recipes for collecting and transcribing multilingual data for
training and evaluating speech technology systems.

• The deployment of cloud-based reference systems to enable people to prototype and test new
multilingual spoken applications.
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1.3 Main Results

ROCKIT achieved its four main objectives:

1. The construction of a strategic roadmap for conversation interaction technologies which can
form the basis of a research and innovation agenda in the area;

2. The formation of a stakeholder community including SMEs and corporations, universities
and research institutes, European institutions, investors, and specialized media – CITIA, the
Conversational Interaction Technologies Innovation Alliance, (http://citia.eu);

3. The development of a set of target scenarios as focus the strategic vision;

4. A plan for an infrastructure to facilitate these outcomes based on a shared layer of open ac-
cess multilingual data, core open source software components, and a broader open software
architecture.

To achieve these objectives, ROCKIT was structured in five workpackages (plus project manage-
ment), and we structure the presentation of the main results of ROCKIT around these workpack-
ages. Section 1.3.1 describes WP1, the part of the work that relates to how we have so far identi-
fied the key economic and social challenges and technology trends that together convey the overall
thrust of the roadmap. It has culminated in a set of future scenarios for deployed conversational
interaction technology that tie together the rest of our work. Section 1.3.2, for WP2, describes our
work to understand markets, products and services both now and in the future and elicit informa-
tion from key players from across the value chain. Similarly Section 1.3.3, for WP3, describes our
work with the research community to understand the science and technology required for the in-
novations identified, as well as where they see game-changing breakthroughs coming. Community
roadmaps need to involve careful stakeholder consultation; in Section 1.3.4 we describe the overall
process that we followed. In terms of how the support action is structured, this is WP4. Finally,
Section 1.3.5 outlines the dissemination activities of WP5, in particular what we have done to start
building a coherent community, the Conversational Interaction Technologies Innovation Alliance
(CITIA), that feels ownership of the roadmap and can make the innovations happen.

1.3.1 WP1 – Vision: Drivers and Scenarios

The main objectives of WP1 were
1. to better understand the relevant markets,
2. to identify the key economical and societal challenges that can drive innovation,
3. to identify the major technology trends that can fuel innovation,
4. to develop best practices and case studies in the context of a set of future target scenarios.

During the first year of ROCKIT, we collected and compiled input to refine the target scenarios.
Since WP3 was consulting the research community about what scientific and technological ad-
vances we can be expect to have available, we also linked the scenarios to the advances required
to realize them. The scenarios, technology advances, and expected products and use cases arising
from WP2 are all represented in the common roadmap structure (discussed in WP4, section 1.3.4).
During the second year, we validated the initial findings and iteratively refined the roadmap through
further consultation with stakeholder representatives from the research, industry and user com-
munities. We also took into account the direction of related initiatives such as META, CRACKER,
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STRENGTHS
• Strong research infrastructure (net-

works, cloud computing, open source
software systems)

• European research community
• Demand for commercial CIT systems
• Multilingual Europe is a strong driver

for multilingual conversational sys-
tems – 50 languages in use

• Cooperative SME culture

WEAKNESSES
• Current technologies are fragile and

lack robustness to changing condi-
tions.

• The European innovation ecosystem
is relatively small in this area.

• Limited multilingual data available to
develop systems

• Market fragmentation
• Limited control of platforms

OPPORTUNITIES
• Digital single market
• Open data and infrastructure
• Data science as a service
• Many drivers from societal chal-

lenges (e.g. demographics, global
communication, security)

• Many feasible research & innovation
scenarios

THREATS
• CIT sometimes incorrectly viewed as

a “solved problem”
• Dominance of proprietary platforms

and data
• Dominance of very large corpora-

tions
• No coherent vision
• Privacy, trust, security concerns

Figure 1: SWOT Analysis: Strengths, Weaknesses, Opportunities, and Threats for research and in-
novation in conversational interaction technologies.

LT Observatory, and LT-Innovate. We gave more attention to the first three years of the roadmap
and to best practices that could further boost CIT innovation, particularly those that involve stand-
ards and the sharing of resources that are the key to reducing costs.

SWOT Analysis As part of the roadmapping process, we constructed a SWOT analysis of con-
versational interaction technologies, based on stakeholder inputs. The SWOT Analysis (summar-
ised in Figure 1) indicates that Europe has a strong research infrastructure, and there are many
opportunities, but problems arise relating to the weak link between research and innovation, and
owing to the increasing dominance of a small number of large corporates who operate in the area.

Drivers and Constraints Building on the META Strategic Research and Innovation Agenda,
we identified a number of economic and societal drivers and constraints which present challenges
to the area:

• Demographic change;
• Personal information services;
• Massive growth in number of networked devices;
• Global computing and human communication;
• Technologies for learning;
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• Assisting the disabled population;
• Cultural heritage;
• Security and justice;
• e-participation;
• Privacy and security;
• Ethical issues and societal risks;
• Sentiment analysis and emotional computing;
• Smart cities;
• Factories of the future and industry-4.0.

Target scenarios One of the main ways of developing the roadmap, and of making tangible
links between research and innovation is through the development of a small number of target
Research, Development and Innovation scenarios. One of the main results of WP1, was the devel-
opment of five scenarios, discussed in the Scenario White Papers document (www.lt-innovate.
org/sites/default/files/citia_files/rockit-scenarios-whitepaper-v2.1.pdf).

1. Adaptable interfaces for all
By 2024 we envisage multimodal interfaces designed for everyone, and which can adapt to
perform optimally in a given environment, and with respect to the available sensors.
Example use case: Automatic Interface Subtitling.

2. Smart personal assistants
By 2024 smart personal assistants will be capable of deep language understanding and gen-
eration, and able to make effective use of environmental, informational, and social context.
Example use case: Smart Assistants for Kids.

3. Active access to complex unstructured information
By 2024, multimodal interactive systems will operate on huge, dynamic, heterogeneous data
streams, providing powerful approaches to navigation and visualisation.
Example use case: Immersive Intelligence.

4. Communicative robots
By 2024, robots will be capable of human-like multimodal embodied communication, with
the ability to operate in social environments.
Example use case: Industry 4.0

5. Shared collaboration and creativity
By 2024 systems for collaboration and creativity will help people to be more creative more
of the time, especially in group situations.
Example use case: Gaming Environments.

1.3.2 WP2 – Innovation: Markets, Products and Services

The target scenarios developed in WP1 provided a set of possible use cases in which various
technologies would play a linked role as business and consumer activities across many industries
engaged with the challenges of CIT. This was most visible in news from Silicon Valley and among
large East Asian technology firms that were interested mainly in a new generation of consumer
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products built around the data collection and learning features of smartphones and activities such
as online gaming. We gave each scenario a SWOT analysis of Europe’s position in the market and
then draw some conclusions about likely use cases and products and services that European CIT
companies would probably focus on going forward.
In consultations with companies working in the CIT field, it became clear that although they more
or less agreed on the plausibility of the five scenarios for structuring the Roadmap over the long
term, they themselves were not yet working directly towards the kind of future products and ser-
vices we deduced from industry intelligence. In particular, many companies were building busi-
ness solutions around a key technology such as ASR or TTS and were only just starting to seek
innovation partnerships with other technology suppliers (e.g. in multimodal information display)
to break into a new market of providing, for example, innovative adaptive interfaces. As a result,
the actual products and services that could be specified for the Roadmap were highly generic in
nature – plausible extrapolations of uses of current quality CITs, but not close-ups of real product
development situations in Europe.

Use case clusters We compiled a list of use case clusters – use environments that would in-
volve a complex innovation value chain often containing multiple combinations of language, re-
cognition, display, sensor, machine learning and device technologies. These were each validated
by an internal expert and then checked with CIT players as to their priorities. They are listed in
order of priority as far as this can be established for European verticals at the present time:

• Health technology for seniors and others;

• Behavioural support for children and young adults;

• Smart personal assistants and virtual agents;

• Shared team/event/meeting management;

• Intelligent business and manufacturing processes;

• Travel & tourism, leisure aids & applications

• Smart domestic aid and security;

• Interfaces to smart environments;

• Creativity support.

Innovation summary Europe has a number of well-respected SMEs in the CIT space who
provide innovative solutions to industry clients, especially in the verticals of media monitoring, in-
dustrial process interactions, healthcare, contact centre monitoring and some online games. There
are also has a growing number of start-ups that pioneer innovative products and services around
ASR, machine intelligence, and multimodality that may seek the now standard exit strategy of
being acquired by large foreign corporates.
But Europe lacks medium to large sized companies that can actually acquire these innovation com-
panies, mainly because they cannot see the immediate benefits to their core business of having CIT
applications form part of either their solutions or even optimise their internal processes. There are
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naturally exceptions, but the rule seems to be that start-ups tend to seek US buy-outs from mainly
digital consumer companies, while SMEs in Europe operate often locally in a highly fragmented
marketplace to serve a small range of clients.
At the same time, the EU research and development base is very dynamic and delivers high quality
output for any innovation developer that can find the right niche for which to develop multilingual
CIT solutions. It is therefore to be hoped that by bringing researchers and SMEs together to solve
shared problems (access to data, streamlined test beds, open architectures, etc.) and build shared
solutions on a CITIA type platform, it might be possible to drive a new generation of intelligent
CITs towards new or expanding legacy markets.
This will require much more detailed market research and much more awareness-raising in European
industry across multiple verticals to proactively alert many different types of companies as to the
potential of CIT in the five scenario domains, but also by examining closely individual work flows
and processes that can be optimized by greater CIT intelligence in a piecemeal way. Current
SMEs do not see large complex integrated multimodal CIT-driven systems on their radar yet, as
has been envisioned for heuristic purposes in the five ROCKIT scenarios. Yet it seems very likely
that incremental solutions using open architectures might pave the way for more comprehensive
connectivity and intelligence once each smaller solution has proved its worth.

Integration of industry and user viewpoints Integration of industry and commercial view
points in the ROCKIT roadmap was carried out via a number of bilateral interviews (carried by LT-
Innovate) and through a number of industry organised sessions and workshops: the LT-Innovate
Summits in Brussels (June 2014 and June 2015), the Euresearch Meeting in Bern (September
2015), the Data Science and Media Summit in Edinburgh (October 2015), and the two Roadmap
Conferences in Brussels and Prague (February and October 2015).

1.3.3 WP3 – Research: Science and Technologies

The objectives of WP3 were to:

• Analyse present research and identify trends;

• Filter and prioritize research trends;

• Analyse with respect to WP1 and WP2 needs for future (applied) research and identify gaps;

• To answer to technological “how” related to WP1 and WP2.

During year 2 of ROCKIT the main activities undertaken in WP3 were to broaden the set of ex-
pertise considered, strengthen the efforts to integrate the industrial sector in the community, create
a shorter-term roadmap, and to cover with more detail standards, annotations, and open repositor-
ies. This work was accompliched through semi-structured interviews with experts, workshops in
Saarbrucken, Brussels, and Dresden, and interaction with stakeholders at the roadmap conferences.

• Broadened scientific community: To establish links with the Cognitive Science community
we conducted interviews with six experts. Results of these interviews resulted in refinements
to the roadmap.
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• Additional research layers: Two additional layers (User Modelling and Knowledge Rep-
resentation) were added to the roadmap after a workshop in Saarbrücken, and refined at the
workshop in Dresden.

• Shorter-term roadmap: One of the key focuses of the Interspeech workshop was a focus
on a 3-year timeline for the roadmap.

• Open architectures: We explored open architectures through a workshop at the LT-Innovate
summit.

Table 2 presents the resulting ten research areas (“sublayers”) that comprise the research layer of
the roadmap.

1.3.4 WP4 – Roadmapping

The roadmap process in ROCKIT constructs a vision of the future and explains the strands of activ-
ity required to achieve that vision. In WP4, we defined the methodology for roadmap construction,
ensured that the necessary infrastructure was in place, and synthesized the information obtained
in workpackages 1–3 into a form that made it possible for stakeholders to understand the roadmap
and contribute further.
The overall approach we adopted is depicted in Figure 2. Essentially, it starts by establishing key
scenarios that describes some global change that the community agrees will emerge over the next
decades, to which European research can make a strong contribution, and from which European
business should be placed to benefit. Incorporating the associated drivers and constraints, it defines
a vision of the future and assess where the community currently is in its ability to deliver that
vision. It then goes about establishing the possible routes and required developments to fulfil that
vision. With this mapping done it is then possible to highlight key enablers, technology gaps, risks
and resource gaps. In other words, the process is predominately about synthesing the knowledge
in a community and bringing it together in an accessible format that allows easy identification of
trends, gaps, opportunities, and resources.
The categories currently featured in the integrated roadmap are:

• Drivers & Constraints
• Scenarios
• Product/Service Types
• Science/Technology Areas
• Resources

A key requirement for the roadmap is that it be structured and visual, so that stakeholders can un-
derstand how they fit in to the community’s future without wading through reams of text. For this
purpose, we used SharpCloud, a novel cloud-based platform. It allows users to capture, visualize,
interact with, and influence the roadmap. The roadmap is structured into layers that contain dif-
ferent categories of information – for instance, products and services, or required areas for science
and technology advances.
These broad categories are broken down in turn. For products and services, there is a structured
representations of the added value they bring to the use cases, as well as a SWOT analysis and a
three-step timeline conveying short, medium, and long-term characterizations of what products and
services will be available. Science and technology areas are also broken down into advances with
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Table 2: ROCKIT research sublayers

ID Sublayer title Definition
WP3-L01A Speech Recognition Speech Recognition: the processing pipeline of con-

verting a speech signal into text.
WP3-L02A Speaker Localization &

Multi-speaker Environ-
ments

Speaker Localisation & Multispeaker Environ-
ments: Processing signals coming from a variety of
sensors and generating a separate denoised, derever-
berated speech signal of each speaker including loca-
tion information for each speaker.

WP3-L03A Development Frameworks Development Frameworks: software infrastructure,
that enables software modules subject to this roadmap
to be quickly generated and incorporated into larger
systems on any mix of platforms.

WP3-L04A Multimodal Fusion Multimodal Fusion: is the process of recognition of
inputs from the different modalities combining them
according to temporal and contextual constraints in
order to allow their interpretation.

WP3-L05A Machine Learning Machine Learning: algorithms that learn the relation
between input data and desired output (labels).

WP3-L06A Multimodal Synthesis Multimodal Synthesis (Fission): provides the in-
verse functionality of its modality fusion; it maps dia-
logue manager output (representation) onto a coordin-
ated multimodal presentation.

WP3-L07A Dialogue Modelling &
Management

Dialogue modelling: concerned with conversational
participant’s goals and intentions, dialogue structure
and topic tracking, and reasoning about rationality
and cooperation.

WP3-L08A Natural Language Inter-
pretation & Generation

Natural Language Interpretation and Generation:
a broad spectrum of lexical, syntactic and semantic
analysis, as well as knowledge representation of the
dialogue system.

WP3-L09A Knowledge Representa-
tion

Knowledge representation: dedicated to represent-
ing information about the world in such a form in or-
der for an interactive computer system to be able to
have a conversation (dialogue) in a natural language
with its users and to enable reasoning.

WP3-L10A User Modeling User modeling: a process of constructing and apply-
ing user models, which represent a collection of per-
sonal data associated with a specific user (or groups
of them).
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Figure 2: Overview of ROCKIT roadmapping methodology

Start

End

Establish possible routes & required 
developments to fulfil vision

Assess current position

Identify key drivers & constraints

Define vision

Define and analyse key scenarios

Establish key enablers, risks, & resource 
gaps

rough timescales placed along a ten year axis and dependencies among the items. Additionally, the
advances are clustered to provide a structure similar to a mind map that summarizes the material
and makes it more understandable.
Because the scientific research community is fairly open, we were able to use a process for their
workshops, carried out within WP3, that resulted in records for each workshop that could be trans-
ferred directly into the portal, albeit in much more detail than most people could comprehend.
We used these as a starting point, removing a great deal of duplication and overlap over the en-
tire series of workshops to create a summary view. We then added the inputs from other parts of
the stakeholder community, as captured in the WP1 and 2 consultations, by distilling them from
transcription, notes, and other forms of raw input.

Roadmap in numbers The roadmap is the result of an extensive consultative process with:
• Input and critical validation from over 200 experts across academia and industry captured

during several dedicated physical workshops organised in conjunction with major sector
events such as LREC (Reykjavik, May 2014), ICASSP (Florence, May 2014), at the LT In-
novate Summits (Brussels, June 2014 and June 2015), at Interspeech 2015 (Dresden, Sept
2015) and at a range of smaller standalone workshops held in Saarbruecken, Bern and Edin-
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burgh. In addition, a series of semi-structured interviews added further depth.
• Presentation of the roadmap, panel discussion, and informal discussions at the META Riga

Summit (April 2015).
• 2 dedicated international conferences held by CITIA (Brussels, Feb 2015 and Prague Oct

2015) to disseminate, validate and collect further input to roadmap iterations, including a
focus on open standards and open infrastructure.

• Over 1,200 inputs gathered for the science/technology areas alone. All those inputs were
clustered, filtered and linked together across several layers.

• 13 social / economic Drivers & Constraints were analysed.
• 5 target Scenarios developed.
• 12 Use Cases used to illustrate practical examples of the scenarios.
• 10 Product/Service Types with over 350 elements analysed for added value, SWOT and

displayed in 10 year timelines.
• 10 Product / Service Clusters identified.
• 10 Product Service Examples examined.
• 10 Science/Technology Areas thoroughly mapped, with clustering analyses and 10 year

timelines for each of them.
• 7 required Resource Types examined.

The Roadmap The roadmap is published at http://www.sharpcloud.com/ROCKIT, and is
outlined in detail in deliverable D4.3. Figure 3 shows an initial view of the roadmap with five
interacting layers. Figure 4 shows inter-relations between drivers & constraints and scenarios.
Figure 5 shows example use cases fleshed out for each scenario. Figure 6 relates product/service
examples to each scenario, and Figure 7 shows the relationships driving and underpinning the
“Communicative Robots” scenario. Finally, Figure 8 shows long-term and shorter-term timeline
views of one of the science/technology areas.

Roadmap summary ROCKIT collaboratively captured, analysed and communicated strategic
R&D intent as part of its roadmapping activities. The first version of the roadmap in a graphical
format was released online and presented at a dedicated conference in Brussels on 24–25 February
2015. This was subsequently added to, relationships between layers and their items established
and all content and timelines were validated through extensive consultation across and beyond the
CIT community in order to produce the most up to date second version that was presented at a
further dedicated conference in Prague on 29–30 October 2015.
The roadmap is a living story that should help to answer key strategic questions such as:

1. What are the economic and societal drivers? – Where are the desirable markets/market
segments? What do they care about?

2. What are the products and services that will serve them? – When and how could somebody
serve them?

3. What are the technologies that are required to realise those products/services? – How must
products change to leverage the new scientific advances?

4. What resources need to be put in place to fulfil the science and engineering objectives? –
What are the internal or external factors that must be addressed to deal with the fundamental
issues?
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Figure 3: Roadmap: Initial view of five interacting layers

!
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Figure 4: Roadmap: Interactions between drivers & constraints and scenarios (zoom)

!
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Figure 5: Roadmap: Use cases for each scenario (zoom)

!
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Figure 6: Roadmap: Product/service examples related to each scenario (zoom)

!

page 18 of 27



ROCKIT FP7–611092 Final Report

Figure 7: Roadmap: relationships underpinning the Communicative Robots scenario (zoom)

!
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Figure 8: Roadmap: Long-term timeline view of a science/technology area (intelligent environments)

!
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Figure 9: Roadmap: Three-year timeline view of a science/technology area (intelligent environments)

!
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1.3.5 WP5 – Community Building & Dissemination

Our community building and dissemination activities during ROCKIT focused on the launch and
development of CITIA including

• Usage of the web presence established in the first year to create awareness about ROCKIT
and CITIA— rockit-project.eu and citia.eu.

• Promoting and disseminating the goals and outcomes of ROCKIT and CITIA to relevant
stakeholders;

• Building a coherent community through the organisation of workshops and events related
to the vision, research, and innovation themes, identifying and engaging the community
through bilateral communications, engaging with other actions such as META and LT–Innovate,
and building the CITIA community around the roadmap conferences;

• Promotion of ROCKIT and CITIA at third party events;

• Production of a video to promote the CITIA Multilingual Baselayer.

The ROCKIT project organised six research consultation workshops and six innovation workshops,
summits, or special sessions, as well as the two Roadmap Conferences. In addition CITIA and the
roadmap were presented at a number of external events.
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1.4 Impact

ROCKIT has made an impact in four ways:

• Development and publication of the Roadmap for Conversational Interaction Technologies;

• Creation of CITIA, the Conversational Interaction Technologies Innovation Alliance;

• Development and publication of a set of target research and innovation scenarios;

• Development and publication of a plan for an open infrastructure based on the proposed
CITIA Multilingual Baselayer.

1.4.1 Roadmap

As discussed above, ROCKIT has published a roadmap focused on research and innovation in the
area of natural conversational interaction, and in particular on interactive agents that are proactive,
multimodal, social and autonomous. Visually enhanced in a graphical format, the roadmap should
become an effective decision support tool for decision makers at various levels. These include the
research level (universities, research groups, company labs), the commercial level (investors, start-
ups, technology planners) and at the public research policy level. It is anticipated that ROCKIT will
be a catalyst for a series of collaborative project proposals, should suitable funding streams become
available in H2020. As a result of the roadmapping consultation with stakeholders, ROCKIT has
developed follow-on plans based around the proposed CITIA Baselayer (discussed below).
The roadmapping process was largely about synthesising the knowledge in the community and
bringing it together in an accessible format to enable the identification of trends, gaps, opportun-
ities, and resources. In particular, the process started by establishing key scenarios that describe
global changes that the community agrees will emerge over the next decade, to which European
research can make a strong contribution, and from which European business should be placed to
benefit. After incorporating the associated drivers and constraints, the roadmap defines a vision
for each scenario and identifies product and service types that could fulfil those scenarios. Sci-
entific and Technological Areas that would need to be advanced to help realise the aforementioned
products or service types are then analysed. Subsequently, Resource Types that need to be com-
mitted in order to achieve the progress in the corresponding scientific and technological areas are
identified. The process then established the possible routes and required developments to fulfil the
scenario visions. Hosting the roadmap on SharpCloud has allowed us to convey the rich inform-
ation content while maintaining clarity of structure and relationships. With this mapping done it
has become possible to highlight key enablers, technology gaps, risks and resource gaps.

1.4.2 CITIA

CITIA (http://citia.eu) was established in February 2015 at the launch of the ROCKIT roadmap.
A key aim of CITIA is to connect the European research base with commercial and industrial activ-
ity – especially startups and SMEs, and those companies that are scaling-up. To do this CITIA is
building a community that crosses research and innovation and includes multiple stakeholders:

• Industry – both SMEs and large companies;
• Research – universities and research institutes;
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• Investors and venture capital;
• Government, EC, and policy makers.

The consortium from the outset decided to promote both the ROCKIT and CITIA brands to set the
foundations towards sustainability of CITIA, the Conversational Interaction Technology Innovation
Alliance, rather than just the two-year ROCKIT Action. CITIA will continue to be hosted by LT–
Innovate after the completion of the project as one of its Special Interest Groups. It was important
for this reason to establish the CITIA brand during ROCKIT.

1.4.3 Research & innovation scenarios

One of the main ways of developing the roadmap, and of making tangible links between re-
search and innovation is through the development of a small number of target Research, De-
velopment and Innovation scenarios. One of the main outcomes of ROCKIT, was the develop-
ment of five scenarios, discussed in the Scenario White Papers document (available from http:
//rockit-project.eu/pages/dissemination-material). These scenarios (listed above)
are characterised by multilingual and multisensory contexts.
Through stakeholder engagement with these scenarios we discovered a number of important new
issues, which are being incorporated into the roadmap, in particular taking account ethical issues
(especially relating to privacy and trust), exploring Industry-4.0 as a driver and potential use case
cluster, and addressing the problem of open data / software / infrastructure (further developed in
the CITIA Baselayer proposal).
A central objective of ROCKIT was to mobilize and consolidate various relevant communities and
stakeholders around a common vision of conversational interaction research and technology trends,
societal and market drivers and constraints and future target scenarios. As the most visible outcome
of these efforts, the establishment of CITIA has brought together different relevant stakeholders
and enabled sustainable dialogue aimed at further consolidation. In addition to this overarching
community-building outcome, the ROCKIT Research roadmapping activities resulted in delivery
of several important impacts on European research communities.

• Community accepted consensus about the goals, directions, and milestones for the develop-
ments in the field for the next decade.

• Shaping and delivery of the collective voice of the CIT research community to potential
research funders (e.g. the EC), thus providing an important contribution to the ongoing
consultative process about future funding priorities. It has clearly indicated that the currently
observed trend of reducing research funding in this area does not correspond to the needs of
the society and economy and can lead to very negative consequences in a longer perspective.

• Targeting young researchers’ training and education. The Roadmap gives clear landmarks
for various efforts aimed at training the research labour force in the field.

• Sustainable internal community building. The project has stimulated an internal consultative
process inside the community about the development in the area and also demonstrated the
value and importance of the dialogue with other relevant research areas. A sustainability
plan based on CITIA was developed and is presented in D6.3.
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1.4.4 Open infrastructure

One of the main points, reiterated many times across the entire stakeholder community, was the
need for multilingual data and baseline systems. Although there is now a strong software layer for
building speech recognition, machine translation, and speech synthesis systems – arising from EU
projects such as Simple4All and EU-Bridge – both commercial and research users have to put in
significant effort, including basic data collection, when extending a system to new languages.
This is a serious issue if we are to build a multilingual digital single market in Europe. In order to
crack the language barrier, European speech technology systems need to support the 24 official lan-
guages and the 5 “semi-official” languages, as well as the languages required for the global market.
And this is not to mention the many regional and minority languages in use in Europe. If we take
the 25 languages comprising the 26th to the 50th most used in Europe (Finnish – Montenegrin) we
find there are over 50 million speakers of these languages residing in Europe.
To address this, we propose the construction of an open multilingual infrastructure for speech
technology. The aim of the CITIA Multilingual Baselayer is to enable and accelerate both research
and innovation, and to provide one of the key blocks that will be essential to the multilingual digital
single market. In a nutshell we propose:

• The creation of core, open access data, initially across 40–50 languages, suitable for training
broad-domain speech recognition and speech synthesis systems. The initial layer will require
100 hours per language of transcribed speech for constructing baseline ASR systems, plus
about 10 hours per language to construct a male and a female synthetic voice per language.

• The development of baseline open source systems for speech recognition and speech syn-
thesis across these languages, building on existing open source projects (e.g. Kaldi, http:
//kaldi-asr.org).

• The dissemination of practical recipes for collecting and transcribing multilingual data for
training and evaluating speech technology systems.

• The deployment of cloud-based reference systems to enable people to prototype and test new
multilingual spoken applications.

This is an ambitious vision, but we believe it can be achieved if we coordinate at the European
level, and take advantage of the strong and diverse community committed to multilingual speech
technologies, Achieving the vision will require:

• Standard recipes and processes for multilingual data collection and system development.
This needs to include protocols for data collection across a variety of genres (read speech,
conversational speech, lectures, broadcast speech, etc.), combined with standard transcrip-
tion procedures and recipes to build high quality open source baseline systems.

• Cloud-based backend with standard APIs to enable the rapid deployment of prototype mul-
tilingual systems that can be used to develop new multilingual applications.

The CITIA Baselayer should be open source and open data, using permissive licenses such as
CC–BY and the BSD/Apache–type open source license. Open source and open data is essential
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to stimulate and accelerate research in the field, and seed a sustainable research and innovation
community.
Establishing the CITIA Baselayer will require a core project team concerned with project management,
definition of data collection process, open source recipes, building baseline systems, and the de-
ployment of reference cloud-based systems. Each individual language will require data collection,
transcription, and quality control, following the guidelines and processes defined by the core team,
and will probably require 2-3 person years of effort per language.
We believe the project will rapidly become self-sustaining owing to the use of open data and open
source software, which will seed a research and innovation community. The project will grow
through a virtuous cycle of data-systems-apps-users-data-. . .
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1.5 The ROCKIT Consortium

The ROCKIT consortium comprises six partners:

• University of Edinburgh, UK (coordinator); http://www.inf.ed.ac.uk/
contact: Steve Renals (s.renals@ed.ac.uk)

• Europe Unlimited, BE; http://www.e-unlimited.com
contact: Youssef Sabbah (youssef@e-unlimited.com)

• Idiap Research Institute, CH; http://www.idiap.ch
contact: Hervé Bourlard (bourlard@idiap.ch)

• LT-Innovate, UK; http://www.lt-innovate.eu
contact: Philippe Wacker (phw@lt-innovate.org)

• Saarland University, DE; http://www.uni-saarland.de
contact: Dietrich Klakow (dietrich.klakow@lsv.uni-saarland.de)

• Vodera, UK; http://www.vodera.com
contact: Costis Kompis (costis.kompis@vodera.com)

For more information about ROCKIT, please see the project website:
http://rockit-project.eu
For more information about CITIA, please see the CITIA website:
http://citia.eu
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