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Introduction
ROCKIT is a strategic roadmapping action

search and innovation – CITIA, the Con-

in the area of multimodal conversational in-

versational Interaction Technology Inno-

teraction technologies funded as a support

vation Alliance;

action by the EU during 2014 and 2015.

3. The development of a number of target

We have used a strategic roadmapping

research and innovation scenarios as a

methodology, driven by a number of work-

focus for the vision;

shops that enabled input across diﬀerent
types of stakeholder – including small and
large companies, universities and research
institutes, funding agencies, venture capitalists, and governmental organisations.
ROCKIT will develop a roadmap that will
enable this 10-year vision to be realised.
This will involve connecting the strong
R&D base, commercial and industrial activity, and policy makers – at the EU and na-

4. Planning for an infrastructure to achieve
the outcomes, including the development of an open platform for conversational interactive technologies.
As part of this process we have arrived at
a set of five target research and innovation
scenarios, presented here. These scenarios represent a number of common
themes arising from the workshops: acces-

tional levels. This requires:

sibility, multilinguality, the importance of de-

1. An open roadmapping process, involv-

human–human, human–machine, and hu-

ing the full range of stakeholders;
2. The establishment of a broad-based
community bridging the gap between re-

sign, privacy by design, systems for all of
man–environment interactions, robustness,
security, potentially ephemeral interactions, and using the technology to enable
fun.
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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.

Multimodal conversational interfaces have

Interfaces for mobile devices will adapt to

the potential to adapt automatically to the

what a user is doing – such as working in a

user, to the environment, and to the users

noisy hands-free environment or rushing

state. Interfaces adapted to older people

for a train. Interfaces for disabled people

will take account of cognitive, auditory,

will help to rehabilitate them.

visual, and articulatory ageing.
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Use Cases
Adaptable interfaces will be an underpinning technology for many diﬀerent
applications, relevant to the following possible use cases:
• Health and comfort technology for older people
• Interfaces to smart environments
• Intelligent business and manufacturing processes

Interfaces that
recognise who you
are, where you are,
and what you want

Potential Products & Services
Interfaces that recognize who you are, where you are, and eventually what
you want, by drawing on a profiled knowledge base about your habits and
preferences. They will therefore be able to adapt to your disability, language, visual competency, specific need for speech or typed input depending on whether you are driving/working with two hands on a repair job or
are seated in front of a keyboard, physical or virtual, or are prostrate in bed.
1) Products and services for adaptable interfaces which will provide
augmented reality solutions to local interaction problems on the basis
of what they know about you. Your smart personal assistant will transmit data about you to your car, TV set, etc. (see below) to ensure that
these devices adapt properly. Interfaces will be embedded with haptics
and sound modelling of the immediate environment for the visually challenged, dealing with all and any of tomorrow’s digital devices.
2) Wearable intelligence devices such as smart glasses, smart watches,
various types of body monitoring devices, and smart clothing will make
some static information media become interactive.
3) Automatic interface subtitling will transparently overcome the language barrier by automatically translating spoken and written language
for the user.
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Science and Technology Challenges
Computer interfaces keep becoming richer in functionality. At the same
time, the application and information spaces are also becoming larger. As a
consequence, the number and diversity of targeted users keep increasing,
ranging from computer experts to physicians, children and young adults to
senior citizens, and people with various disabilities. Furthermore, current
systems also have to be able to deal with multiple languages and cultural
diversity.

Systems will be
personalized, able to
adapt in a seamless
way to different
users, languages,
and application
needs

The “traditional” approach for enabling heterogeneous user groups to master the complexity and richness of computers was to render computer interfaces as simple as possible, mainly exploiting one single language (English),
hence also failing to fully exploit all the potential of the systems. It is now
clear that future ICT systems will feature (automatic) personalization, being
able to adapt in a seamless way to diﬀerent users, languages, and application needs. Interfaces should thus be able to automatically recognize user
needs and to cater to them automatically.
Achieving this goal will require advances in all technologies underpinning
conversational interaction. However, the three most important science and
technology challenges that will have to be addressed by 2024 are:
1) Multimodal fusion: Interfaces which select and combine the most relevant interaction modes, driven by understanding human cognitive processes. This includes modalities such as audio and video streams, social signals, and environmental information, using multiple ubiquitous
sensors.
2) Multimodal synthesis: Information presentation should be able to accommodate multiple modalities, enabling natural adaptation of output
to the most appropriate modalities in context. This includes synchronization across modalities, natural multilingual synthesis and avatars, as
well as transforming data across modalities.
3) Development frameworks: Achieving this vision of adaptable interfaces will require specific development frameworks, including large multimodal and multilingual data resources, with an appropriate balance
between proprietary and open resources. It will also require infrastructure which enables interaction between diverse multimodal technologies, and across diﬀerent media and sensors.
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Projected Timeline
In the next three years....
• Interfaces on mobile and domestic appliances that are voice-aware
and can adapt instinctively to the text/speech option.
• Workplace interfaces which can adapt to specific tasks and conditions, for instance hands-free operation or in harsh environments.

In the long term,
everything we use
becomes an
interface

• Widespread use of glasses using voice control to interact with the device, first expected to penetrate field service engineer market to deliver eﬃcient, information-rich services.

In the next five years...
• Conversational cognition applications will enable more devices to become interface-ready without necessarily having traditional screens.
• Domestic appliances will be equipped with face & gesture recognition.
• Entry points will be equipped with automatic biometric access.
• Take-up of wearables including glasses and sensor-equipped clothing
for the elite fitness, sports and fashion markets.
In the next decade....
• “Everything becomes an interface” – partially because things will be
interconnected via sensors to the IoT, and partially because intelligent
materials will be enabled to respond to voice or gesture instructions.
• Tried and tested assistive wearables for diﬀerent physical, intellectual
and psychological conditions among the disabled, tied in with intelligent enabling from the IoT.
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2
Smart Personal
Assistants

By 2024 smart personal assistants
will be capable of deep language
understanding and generation, and
able to make effective use of
environmental, informational, and
social context.

Smart personal assistants have stimulated

We envisage agents which are able to

huge growth in the area of conversational

integrate heterogeneous sources of

interaction technologies – recent analyst

knowledge, display social awareness, and

reports have predicted annual growth rates

behave naturally in multiuser situations.

of over 30% for the market.
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Use Cases
Smart personal assistants are predicted to be one of the fastest growing
areas in technology with the their uses extending far beyond general
purpose systems running on smart phones. relevant to several use cases:
• Smart personal agents and assistants – both general purpose and
domain specific, capable of deeper natural language understanding
and multimodal interaction

Smart agents
capable of deeper
natural language
understanding and
multimodal
interaction

• Interfaces to smart environments
• Enterprise systems enabling staﬀ members to interact rapidly with
corporate knowledge, enabling increased sharing and connectivity
• Smart support for children and young adults

Potential Products & Services
We envisage both general purpose and domain-specific assistants.
1) Generic Personal Assistants. Generic assistants will act as a smart
support service covering all kinds of information, reminders and
support services related to life and work, from calendars to available
local bargains to TV and film watching management. They will make
predictions or recommendations based on personal data and relations
between the user and the real and virtual world. They will filter links to
personal medical agendas, personal travel, banking, and the sensitive
management of networks of friends, colleagues and entourage, relevant
social media alerts, etc.
2) Context-based personal assistants. Domain-specific or contextbased Smart Personal Assistants will be used for diﬀerent types of job,
home automation, travelling/tourism, driving vehicles, etc., often closely
tied to a particular “thing”.

6

Science and Technology Challenges
Smart mobile agents that go beyond “traditional” interfaces (keyboard,
mouse, trackpad, touchscreen, etc.) must be enabled with deep natural language and multimodal interaction. Hence, besides being able to adapt to
their environments, users, devices, and multiple sensors (multimodal environments), Smart Assistants require rapid progress and development in:.
1) Speech recognition, including multilingual speech understanding (with

Smart personal
assistants will be
able to understand
emotions, sentiment,
and social signals,
as well as the
meaning of the
spoken word.

minimal contextual understanding of users), active/self-learning capabilities,large multilingual language (acoustic and language) resources and/
or "universal" speech recognizers which can recognize multiple languages and/or quickly adapt to new languages. Those systems should
also be able to deal with expressive speech and (non-linguistic) social
signals.
2) Dialogue modelling and management, enabling multilingual collaborative systems, multimodal input understanding, shared tasks solving,
cognitive human modelling, flexible domain adaptation, culture specific
behaviours and socially acceptable dialogues, and cross-lingual dialogue and problem solving (without explicit translation).
3) Natural language interpretation and generation, enabling the eﬃcient extraction and representation of semantic content, in the context
of both human-human and human-computer interaction. This will require (among many other components) the availability of big data (human analytics), large annotation eﬀorts (pragmatic and semantic annotation), robust and configurable language processing infrastructures, complete system integration, and principled evaluation metrics (reflecting
quality of user experience).
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Projected Timeline
In the next three years....
• Fragmented introduction of smart assistants to early adopters. Limited multilingual access, also limited access to all personal data. The
service will probably focus on personal taste preferences for shopping, media consumption, and travel.

In the next 3 years,
smart assistants will
begin to be deployed
as enterprise-level
customer experience
applications

• Customer experience applications for enterprises: Receptionist assistants will handle the initial conversational interface for users attending
an appointment, providing the expert involved with a fully prepared
profile before the meeting starts. After-sales services requirements,
often using non-conversational interactions, will gradually evolve towards speech-enabled information and transactional services using
avatars for more progressive users.
In the next five years...
• Contextual assistants will develop to handle specific work and leisure
support tasks, in a proactive manner, via access to limited personal
information sources.
• Shift towards generic personal assistants which act as a regular companion for individual users in their day to day tasks.
In the next decade....
• The convergence of deep personal knowledge and rich functional
knowledge associated with specific spheres of activity will transform
the personal assistant marketplace by creating the conditions for virtual “doubles” of human individuals.
• Democratisation of smart personal assistants. Highly reactive and
knowing assistants will act as “Jeeves type” butlers, advising, suggesting, consulting, discussing etc. with their users as to how best improve their lives, and their interactions with other smart assistants.
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3
Active Information
Access

By 2024, multimodal interactive
systems will operate on huge,
dynamic, heterogeneous data
streams, providing powerful
approaches to navigation and
visualisation.

Linking knowledge to rich interaction will

of relevant things faster, and to help

enable the development of agents which

people reach understanding of complex

can search proactively and can make

situations involving many streams of

inferences from their (possibly limited)

information.

knowledge, to enable people to be notified
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Use Cases
Active access to complex unstructured information is relevant to several
possible use cases:
• Intelligent business and manufacturing processes
• Support for safety and security
• Enterprise knowledge management
• Crisis management

Active access to
complex
unstructured
information, will
enable a new class
of products based on
interactive
multimodal search

• Science visualisation in many domains
• Travel, tourism, and leisure aids

Potential Products & Services
Active access to complex unstructured information, will enable a new class
of products based on interactive multimodal search over text, video,
images, sound, music, and speech, as well as annotations relating to
meaning, emotion, and culture.
1) Interactive multimedia search. Simultaneous interactive multimodal
search over text, video, image, sound, music, speech, emotion, tonality,
value systems, etc. In the longer term this can lead to fully
conversational search, and event alerts and predictive management of
them (disease, accidents, crises, weather, ecology, etc.) using links to
knowledge bases, databases, experts, etc.
2) Immersive intelligence. Enabling professional communities to create
“worlds” in which they can better examine, track and understand a
given rich data context. This can lead to e-discovery on an
unprecedented scale in areas such as finance, law, pharmaceutical,
and medicine. At the consumer level it will provide rich multimodal
ways to interact with data (3D, avatars, etc.).
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Science and Technology Challenges
Achieving this goal will require advances in all technologies underpinning
conversational interaction. However, the three most important science and
technology challenges that will have to be addressed by 2024 are:
1) Development frameworks: Infrastructure is at the heart to accessing

Infrastructure is at
the heart to
accessing complex
unstructured
information, often
requiring deep
integration of
multiple modules

complex unstructured information, often requiring deep integration of
multiple modules, archiving systems, data flow, user portal, and including also the operating system (e.g. on mobile devices). The vision is towards frameworks that support understanding, fast video processing
over cloud and formalization of data privacy as part of the frameworks.
Such large-scale development frameworks will also be required for big
(multimedia) data annotation, archiving, indexing, and navigation.
2) Machine learning: Data mining, indexing, and retrieval, which will require major eﬀorts in machine learning applied to large scale multimedia
data, as well as new recommendation systems, exploiting both semantic content and social tags (collaborative filtering). Having machines
that can actually understand all kinds of content including broad coverage understanding of video will require major advances in machine
learning.
3) Natural language interpretation and generation: Natural queries will
require major advances in natural language interpretation and generation. To navigate in a complex information space, the user will formulate
complex queries, which need advanced natural language understanding. At the moment progress is hampered by the lack of widely accepted data annotation schemes and the corresponding data collections.
4) Multimodal fusion: Given the heterogeneous nature of the sought information, new developments will be required in multimodal fusion, to
extract and index semantic information present across diﬀerent media.
5) Multimodal Synthesis: Development of new ways to display search results and connections between information sources.
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Projected Timeline
In the next three years....
• Wide-spread voice-controlled search and basic question answering
will come on-stream at the same time as mass-market personal assistant technology.

Immersive
intelligence
applications will
become linked to
conversational
cognition and will
access personal
knowledge bases.

• Immersive intelligence will initially be deployed in domain-specific applications, for example scientific project applications for very large international organisations.
In the next five years...
• Multimodal search involving pattern matching over image and sound.
• Successful implementations will be crucial for extending immersive
intelligence to areas beyond science and military applications, towards initial corporate applications for high-level analysts, planners
and consultants. Convergence will occur with smart assistants, involving linkage to conversational cognition and access to some personal
knowledge bases.
In the next decade....
• Fully conversational search – i.e. interactive exchanges with the
search engine to solve complex search requests, and automatic adaptation to personal profiles.
• Adaptations of any successful initial large-scale project technology to
more local immersive experiences using lightweight wearables in the
realm of cultural inquiry, or exploring genealogies, or playing games of
both a serious and ludic nature.
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4
Communicative
Robots

By 2024, robots will be capable of
human-like multimodal embodied
communication, with the ability to
operate in social environments

Robotics is predicted to be a huge growth

They will be able to learn through

area, and many robots will operate in

communication.

communicative settings. Such robots will
display personality and will be able to
generate and interpret social signals.
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Use Cases
The possibility of robots which can communicate in social environments,
brings forward many possible use cases:
• Medical robot support
• Smart domestic help and security
• Robot-robot communication (eg in hostile environments)
• Robots for therapy or education (eg autistic spectrum)

Social robots will
handle every
interaction in which
humans usually
require a patient,
tireless, informed
helper

• Industrial robot management
Many use cases focus on children – for example, smart robot companions
as for child play interactions, and the use of robots as vehicles for teaching
“technology design for life”.

Potential Products & Services
Communicative robots will be able to interact with various demographics,
especially as companions to very young children, people of all ages with
various forms of physical disability, and senior citizens with quality-of-lifethreatening degenerative diseases. These robots will communicate by voice
and other modalities as befits the situation, learn from the environment and
their human charges, recognise emotions and gross psychological states
and respond appropriately to immediate needs.
1) Social and domestic robots will provide interactive and not just
physical support. The focus is on “social” where interaction modality is
critical. In addition to domestic robots, it could also be argued that
developments in cars may be interpreted in terms of social robots.
2) Toy robots. Social robots have enormous potential as intelligent,
learning toys. A key trend is the importance of applications aimed at
children and young adults, and the importance of “fun” in the takeup of
novel technologies.
3) Oﬃce/workplace support robots.
As discussed in the EU Robotics 2020 Strategic Research Agenda, the
ability to interact with people is a core requirement for the next generation
of robots.
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Science and Technology Challenges
A common vision in the field of Autonomous Systems, including social communicative robots, is to develop skilled robots that are able to live and operate in our daily environments, perform diverse tasks, and assist us in our
everyday life. Another common vision, coming from the field of Ambient Intelligence, is to develop “smart” environments equipped with a network of
multiple (audio/visual) sensors that extract relevant information to provide
their inhabitants with additional functionalities (including, e.g., home care).

Communicative
robots will require
social and emotional
intelligence

1) Speaker localisation and multispeaker environments: Social communicative robots have to be able to communicate with people and groups
of people, and be aware of their environmental context. In that framework, robots have to be enabled with audio-visual localization capabilities, allowing them to detect the presence of people who want to interact with them, to detect specific objects, and take appropriate (socially
relevant) actions. Multimodal localization, exploiting multiple robot and
(possibly) environment sensors under noisy conditions and multiple
source localisation are thus one of the key challenges in human-robot
interaction.
2) Natural language interpretation and generation: Methods and algorithms allowing communicative robots to recognize conversational
speech, to use audio-visual observations, to extract meaningful information (interpretation) in order to characterize several people composing
an unstructured environment, and to interact with one or several persons. Natural language understanding oﬀers a wide range of challenges, including multimodal, multi-sensing interpretation, understanding multiparty conversations, and going beyond specific targets and domains. It should also allow the understanding of a wide spectrum of human non-verbal and verbal communicative cues and the synthesis of
human-like behaviours.
3) Multimodal fusion: Communicative robots will need to be able to recognize and fuse multiple A/V modalities, including gesture recognition,
audio-visual scene representation, detection and interpretation of AV
percepts, and recognition and understanding of audio-visual context.
Finally, higher-level interaction will also require the integration of social
and bio-signals. Fusion driven by a deeper understanding of human
cognitive processes is also needed.
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Projected Timeline
In the next three years....
• Social robots will mostly start as fun (semi-educational) toys, along
with various experiments with assistive social robots. Largely gesture
driven, with some voice control and voice expression.

Personal robots
which can learn
quickly & efficiently
about the state and
needs of their human
companions

In the next five years...
• Social robots acting in support services (education, domestic, medical) will gain a network eﬀect by being connected to emerging conversational cognition services.
• More “personal” robots which can learn quickly and eﬀectively about
the state and needs of their human interlocutors (partially via the immediate environment) in context.
In the next decade....
• Fully multilingual, social robots will merge into the background as they
deliver fine-tuned services to a broad range of human needs, especially as physical and psychological support services.
• Current suggestions about using social robots as fun information
sources in airports or city centres will need to be reviewed as generic
personal assistants take over part of the information seeking burden
for people.
• More generally, robots of all kinds (harsh environment, industrial
tasks, and military) will become voice-enabled and benefit from conversational interaction technologies, where this is appropriate.
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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.

This scenario focuses on empowering and

build their own tools, and scalable

augmenting communication between

systems that enable groups to collaborate

people. This will include new approaches

with shared goals, facilitating problem

to social sharing (across languages),

solving, and providing powerful

design platforms which enable people to

mechanisms for engagement.
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Use Cases
Use cases have a focus on human-human, rather than human-machine,
communication:
• Social platforms that incentivise people to share and collaborate;
• Enhanced meetings (remote and face-to-face) with speech
translation, content linking, etc.;
• Applications for visual, multimodal and audio artistic creativity;

Social platforms
which enable shared
understanding and
communication

• Games (entertainment and serious games);
• Shared team/event management

Potential Products & Services
1) Gaming interfaces. Games have proven to be an important proving
ground for many new technologies. We expect this to be true for
conversational technologies, combined with 3D, augmented reality,
haptics, and gesture. Furthermore, social interactive games can have
added value through enabling players to communicate in diﬀerent
languages and across diﬀerent cultures.
2) Support for meetings and collaboration. Online meetings still tend to
be rather awkward, but bringing together people with similar interests
to share their activities and enable them to easily communicate and
work on a common problem while keeping in mind existing language
barriers among them could have great potential impact. This might
involve videoconferencing with telepresence and integral multilingual
support, knowledge monitoring and discreet predictive prompting
during the meeting, meeting minutes management, post-meeting
communications, or meeting summaries.
3) Film/video production accelerator deploying video, audio, speech,
and language processing technologies in the production and postproduction processes.
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Science and Technology Challenges
A shared collaboration and creativity agent should be able to interact with
multiple users speaking diﬀerent languages, with the goal of facilitating communication and collaboration on a common problem. Progress in this critical direction, with specific EU multilingual dimensions, will require research,
development and innovation activities in:
1) Multimodal fusion: Personalized ubiquitous sensing and interaction en-

Platforms for
collaboration and
creativity require
social and cultural
understanding of the
users

abled by multimodal fusion and synthesis, including multilingual emotional speech recognition and synthesis.
2) Dialogue modelling and management: Multimodal multiparty multilingual dialogue management driven by cognitive models of human interactive behaviour.
3) Development frameworks: This requires an infrastructure usable by
non-expert users (including customers). Innovation will be enhanced
with frameworks based on open standards supporting cross-domain
and cross-language adaptation, portability and scalability of proposed
solutions.
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Projected Timeline
In the next three years....
• Games suppliers will extend the game experience to more conversational functionality, including more use of voice control, interactive
speech with other players and characters, lip-syncing for games characters, gesture, and vocal emotional responses.

Games environments
will influence the
design of other
collaborative
contexts, mainly in
education and
training, but also to
online conferences
and meetings.

• Greater use of mobiles and BYOD generally for gaming. Initial applications of game environments to educational and training.
• Online meeting recording and calls will go mainstream. Speech
search and meeting transcription will be introduced as a service.
In the next five years...
• Games environments will influence the design of other collaborative
contexts, mainly in education and training, but also to online conferences and meetings.
• Wider use of cross-lingual processing to manage global conversations in such environments.
• Multilingual speech search and some real-time automated translation
of meeting attendees. Semantic linkage to community/institution
knowledge bases.
• Extensive adoption of data encryption standards to ensure the confidentiality and integrity of the data from meetings.
In the next decade....
• High-quality simultaneous spoken translation for most required languages. Meeting formats merged with immersive and other multimodal enhancements.
• Fully language supported immersive game environments, and
gaming-based immersive environments: the collaborative/competitive
nature of multiparty games will influence some applications involving
massive scientific and other data collections.

20

