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Roadmap 3 project

ITEA 2 Roadmap 3

‘Europe to maintain leadership in
Software-intensive Systems and Services
building on key European strengths and 

industries’
Solutions / Services

Differentiation Software

Communications 
Infrastructure

Real-Time 
Infrastructure

Vision

• RM3 is: - a structured vision of future Systems and Services
- sketching deployment scenarios
- a description of related key enabling technologies

• RM3 isn’t: - a set of market analysis
- a succession of yearly work programs

enabling to understand the general evolutions of So ftware-intensive 
Systems and Services, identify major roadblocks and  position projects

Definition

A document for all
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Roadmap 3 projectITEA’s Mission & Ambition

• Contribute research excellence to Europe’s competitive software-
intensive systems and services building on the European strengths in 
the domains  of automotive, aerospace, consumer electronic, medical, 
telecommunications, automation  ..

• Combine research excellence with innovation

• Deliver tangible results

• Address societal needs

• Anticipate technological disruptions
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Roadmap 3 projectITEA Roadmap evolution

Roadmap 1
Landmark document, Release March 2001

… from core competencies to application domains and enabling technologies; then!!!

Engineering
• System engineering
• Software engineering
• Engineering process support

Human-System interaction
• Human System Interaction

Content
• Capture, creation & authoring
• Content representation
• Data & content management

Infrastructure & basic services
• Network transport & protocols
• Network & distributed management
• Resource management
• Security

ENABLING TECHNOLOGIES

APPLICATION DOMAINS

Roadmap 2
Release May 2004

Home Cyber
Enterprise

Nomadic

Intermediation Services & Infrastructures

Services & Software Creation

Core
Competencies

Core
Competencies

APPLICATIONSAPPLICATIONS

ENABLERSENABLERS
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Roadmap 3 projectApplications and Services Domains
Physical
Human

REAL

VIRTUAL

Information 
Knowledge

Group
ME

Society

Multiple types of 
Services 

X-2-Y
Where  X, Y could be 
e.g.   A, (Agent), 

B, (Business), 
C, (Consumer), 
M, (Machine),
S, (Service).

Major social impact :
- Health
- Aging population
- Urbanization
- Environment
- Knowledge
- Security & safety
- Globalization
- On the move
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Roadmap 3 projectDomains definitions

• - Me : Individual entity (persons, devices or machines) achieving and 
controlling its individual goals and offering/using services to/from others.

• - Group : Collection of ‘me’ or ‘groups’ cooperating towards achieving a 
common goal, each member contributing to that goal complying with 
group-controlled rules.

• - Society : Assembly of actors/stakeholders achieving high-level societal 
or commercial objectives regulated by widely accepted rules and aimed 
at society as a whole.

• - Services, Systems & Software Creation : A range of activities and 
software tools required to help actors/persons/agents engaged in
designing, implementing, verifying, maintaining and modifying
software-intensive products and/or systems and services.

• -Infrastructure & Basic Services : Distributed adaptive services, 
generic support services and framework services used to support and 
(dynamically) compose services, applications and systems.
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Roadmap 3 projectMethodology and evolution of RM3

Technologies

ContentAcquisition& Processing30

Now ST MT LT

Digital Sensory Sy stem

Standardise d excha nge of positioning information domain-

speci Þc
generic

High-precision open -space localisation

Localisation  in buildings

Low-cost lo cation p ositionin g with in creasing  precisio n

New or ext ended in telligent  sensors

Sensor fusion to int egrate raw physical data  from dif ferent

sensors to information/know ledge

domain-

speci Þc
generic

Software architectures of co llaborative sensory syste ms

Context ca pturing and ma nagement

Ef ficient & sta ndardise d conte xt excha nge

(e.g. user p rofiles)

context fusion; inte gration o f context

Efficient analysis of data

Dynamic filt ering an d transf ormation  for ada ptation t o

session con text

Pattern mat ching of  media data

Media interpretation  algorith ms
off-line

near

real-time
real-time

Integration  of infor mation

Algorithms f or media  integra tion

(e.g. camera image s, positio n and d igital ma ps)
off-line

near

real-time
real-time

Real-time projection  algorith ms for f ull windscreen projection

More ef ficient comp ression algorith ms / bit-rate redu ction

(transmissio n time (isochron ous – asynchron ous), co st,

space, quality (perceived qu ality - ful l integrit y)

H.261/H.26 3 H.264

Compressio n with scalable complexit y for op timising coding

parameters with respect to overall p erforma nces of t he

transmission  chann el and te rminal n ode cap abilities

(e.g. CPU resource s, and p ower)

Generating  knowl edge from data

Self-adaptin g learning algorithms for  conten t & cont ext

Descriptive coding o f context evolution in sp ace and  time

(e.g. derive d delay t imes fro m traf fic data)

Behaviour p redictio n based on actu al and h istorical data domain-

speci Þc
generic

Derive high- level fro m low-le vel kno wledge o r data

(e.g. enhan ced rou te-findin g algorit hms, tak ing into account

additional a ttributes such as user preferences and security

aspects)

Technologies for C ontent Acquisition & Processing / Table 2-1

Rendezvous

Infrastructure,

standarisation

Rendezvous

Smart tags will allow

identificatio n

of all the ob ject in

the environ ment

Rendezvous

Challenge

Content & Knowledge

Network Services56

Now ST MT LT

Ambient in telligence

T ransparent access t o distribu ted dat a (individ ual sen sor /

actuator da ta or synthetic d ata) wit hin the local net work

(e.g. in home, building, plan ts)

Individual Synthetic

Remote access to local syst ems and  service s

(individual o r synthe tic)

Manually
con Þgured Individual Synthetic

Positioning
57 GPS Triangulation in

GSM/UMTS
Everywhere ,
incl. in-door

Seamless distribu ted network ca pabiliti es

Automatic resource discovery in a n etwork In a local n etwork In a WAN network

Adaptive kn owledg e based auto-co nfiguration Home and
enterprise

WAN

Agent-base d config uration of netw ork elements
Home and

enterprise

WAN

Service-based self-managin g device s

Standardise d device interfa ce (sensors / act uators) and

application model
58

Identity ma nagement and profiling

Profiles for users an d user clusters

(e.g. group s and co mmunities)

Speci Þcand

manage-
ment

Standardise d ontologies

and constru ction of
proÞles from use r habits

Fusion of
pro Þles

across
applications

Identity ma nageme nt Monolithic, proprieta ry Federated

Universal id entification
Individual

to-URN
resolution

Users ’ personal p atterns of behaviour wh en on-lin e

established through  ‘avatars ’
59

Games Generic

Service coordinati on

Brokering of  service s

General su pport for  applicat ion mob ility

Profile and network context-based service o rchestra tion Wo rkßow Context Pro Þle

Advanced web services allo wing secure and  transactional

coordinatio n betwe en applications

Service-level agree ments (SLA) End-to-end

Support for  accountable e vents

Accountable event generation and collectio n

Rendezvous

Regulation and

standards

Rendezvous

Security an d  privacy

Rendezvous

Legal aspe cts

for inter-op eration

Technologies for N etwor k Ser vices / T a ble 3-2

Network & Computing

Human-System Interaction67

Now ST MT LT

Simple, sel f-explai ning and easy- to-use multimodal HSI s

Speech recognition,  speech  to text

Voice comma nds

noisy

environme nts in

speciÞc domains

V oice comma nds,

noisy

environme nts in

multiple do mains

Enhanced natural

language

understanding,

speaker

independe nce

Natural lan guage

understanding,

application

related semantic

interpretation,

understan ding

content, so me

emotions

Text to spee ch Monotonic
Natural-sou nding

with intonation

Understand ing
content, so me

emotions

Gestures (t o control applicat ions)
Monitoring,

directions

(games)

Interpretation, point ing

Facial

movements,

some expre ssions

Eye movement (to control a pplicatio ns); eye-ball tracking Calibration, focus control
Understand

some emotions

Multi-user in terfaces; v irtual and a ugment ed reality
2D and 3D symbolic

(games and  simulat ors)

3-D realistic,

other domains

Full 3D and

context sup port

Usability en gineerin g Evolution of  current approa ches Disruptions

Platforms fo r HSI de velopment Evolution of  current systems Disruptions

HSI usability  test systems Evolution of  current systems Disruptions

Intelligent, context -aware and adaptive HSIs

User profile s
Pro Þles within closed or

proprietary environ ments

Dynamic an d roama ble pro Þles

for various environments

Context-aw areness (with se nsors a nd pro Þles) Simple

(presence,

location)

Groups, mo re

context, det ailed

presence

Multi-diverse

environmen t

Full context and

situation, so me

emotions

Learning user interf aces Adapting menus, mainly sin gle users,

simple colla boration

Multi-diverse

environmen t

Understand  some

human beh aviour

Privacy and security Basic Multi-diverse  environ ments, t rust asp ects Full support

Support for multi-display/dev ice/HSI systems
Basic

Session roa ming, co ntext su pport,

complex systems

Full adaptat ion

and suppor t

Seamless and inte rchangeable H SIs

Multi-device HSIs Basic Multi-diverse  environ ment Full support

Te chnologies for Human-System Interacti on / Table 4-1

Interaction

Engineering proce ss support 80

Now ST MT LT
Integration  and interoper ation of engine ering tools

Common meta-mod el for en gineerin g artefa cts E.g. MOF Data sharin g

Standardise d tool d ata tran sfer formats E.g. XMI Complete d ata tran sfer

Integrated navigation and linking of  engine ering

elements, in cluding data ma nagement

Based on

Þle paradigm
Object man agemen t with ve rsioning  of sche mas

Tool integration frameworks and platf orms E.g. Eclipse Data sharin g based  on object man agement

Configurable, exten sible an d modular engin eering

methodolog ies

Con Þgurable,

E.g. RU P
Tool support

Methodolog ies for p er-to-pe er engineering Open source best p ractice

W eb-based d evelopment environmen t
81

Distributed  and co llabora tive engineering

Distributed enginee ring sup port technologie s Shared work space

E.g. Groove

Concurrent engine ering su pport technologies Version man agement ,

E.g. CVS, GForce

Collaborative decision makin g, grou pware solutions Proprietary

Integration of non-software  engine ering disciplines

Cyber rooms and processes

Configurab le methodologi es and proces s standards

Executable process definitio ns Process description languag e Executable

Configurable workflows Tool con Þguration for

process sup port

Requireme nts dri ven process management

Requireme nts man agement  and ch ange management
E.g. DOORS

From docu ment-cen tred

to object-orientedRequireme nts linkin g and tracking

Requireme nts re-use techniques an d guidelines Re-use by reference

Requireme nts base d measurement

Requireme nts, met a-models  and sp ecificatio n

languages
Template Formalised description

Concept of uncertain requirements Formalised description

Requireme nts verification a nd valida tion

Requireme nts base d code generation tech niques,

test genera tions

Knowledge  based engine ering

Ontology , standardised kno wledge models, t axonomies De Þnitions and matchin g algorit hms

Data mining , softwa re minin g and p rofiling
82

Speci Þc
Focused an d adapt ed gen eric met hods, e. g.

pattern mat ching b ased on DN A analysis

Rendezvous

Domain-spe cific

CAD techn ologies

Rendezvous

Domain-spe cific

CAD techn ologies

Technologies for engineering process support / Table 5-3

Engineering

Domains

Scenarios
Scripts

Clusters

ContentAcquisition&Processing30

Now ST MT LT

Digital Sensory Sy stem

Standardise d excha nge of positioning information domain-

speci Þc
generic

High-precision open -space localisation

Localisation  in buildings

Low-cost lo cation p ositionin g with in creasing  precisio n

New or ext ended in telligent  sensors

Sensor fusion to int egrate raw physical data  from dif ferent

sensors to information/know ledge

domain-

speci Þc
generic

Software architectures of co llaborative sensory syste ms

Context ca pturing and ma nagement

Ef ficient & sta ndardise d conte xt excha nge

(e.g. user p rofiles)

context fusion; inte gration o f context

Efficient analysis of data

Dynamic filt ering an d transf ormation  for ada ptation t o

session con text

Pattern mat ching of  media data

Media interpretation  algorith ms
off-line

near

real-time
real-time

Integration  of infor mation

Algorithms f or media  integra tion

(e.g. camera image s, positio n and d igital ma ps)
off-line

near

real-time
real-time

Real-time projection  algorith ms for f ull windscreen projection

More ef ficient comp ression algorith ms / bit-rate redu ction

(transmissio n time (isochron ous – asynchron ous), co st,

space, quality (perceived qu ality - ful l integrit y)

H.261/H.26 3 H.264

Compressio n with scalable complexit y for op timising coding

parameters with respect to overall p erforma nces of t he

transmission  chann el and te rminal n ode cap abilities

(e.g. CPU resource s, and p ower)

Generating  knowl edge from data

Self-adaptin g learning algorithms for  conten t & cont ext

Descriptive coding o f context evolution in sp ace and  time

(e.g. derive d delay t imes fro m traf fic data)

Behaviour p redictio n based on actu al and h istorical data domain-

speci Þc
generic

Derive high- level fro m low-le vel kno wledge o r data

(e.g. enhan ced rou te-findin g algorit hms, tak ing into account

additional a ttributes such as user preferences and security

aspects)

Technologies for C ontent Acquisition & Processing / Table 2-1

Rendezvous

Infrastructure,

standarisation

Rendezvous

Smart tags will allow

identificatio n

of all the ob ject in

the environ ment

Technologies 

of the Future ?

?

Services, 
Systems &
Software
Creation

Infrastructure 
& Basic 
services

Service composition 

Short term  Medium term Long term 

Vision 

•  S ervices  bui lt by  ‘ integrat ors’ 
based on ex isting building 
blocks  at development time. 
User recognised by  each 
service,  very limited 
personalisation and a large 
number of  services  to surf . 

•  P rofile bui lt for categorised 
users: group/ family profile. 

• Limit ed dynam ic system 
service compos ition.  

• User recognised by a 
information serv ice provider 
or independent ent ity – 
single authenticat ion. 

• User represented by proxy in 
simple si tuations 

• Dynamic system service 
composition considering 
context and personal prof ile 
– one-stop shop. 

• Autonomous  agent act ing on 
behalf of user 

Technologies 

•  B rokering technologies: 
service ontology1 for service 
description covering 
f unctional and non-functional 
aspec ts . Services  desc ribing 
quali ty properties. Directories 
and dynamic  discovery 
t echnology w ill mature. 

• Service certif ication for 
ensuring the expect ed 
behaviour – e. g. QoS. 

• Intel ligent  brokering adapted 
to user and contex t. 

•  Cont ainer technology: 
servers , client and agent 
containers including 
s tandard basic services . 

 • Self-organising – i .e. 
intell igent, self-adaptive, self-
configurable and scalable – 
infras tructure serv ices.  

•  Data m ining and prof iling 
t echnologies – e.g. profi le 
servers . 

•  S emantic search engines.  

• O ntology for profiles  and 
context. 

• Cont ext-aware multimedia 
search t echnologies. 

• Cont ent certification.  

• Fusion of dat a from profiles 
with recognition of user 
habits . 

 • Technology to ful fi l legal 
requirem ents – e. g. 
identification of user, 
prov ider, illegal content,  etc. 

 

 

ME

Me domain: A day with the ‘Internet of things’ 

Short term Medium term Long term 

Vision 
Ubiquitous connectivity of personal items, digital things and the environment. 
End-user control and management of privacy settings 
• Self diagnostics in proximity of 

a car. 
• Machine readable ID 

documents such as passports 
and driving l icences. (already 
exists) 

• Smart clothes 

• Wireless/remote diagnost ics of 
a car. 

• Personal preferences stored in 
and read from user belongings. 

• Remotely readable ID 
documents like passports and 
driving l icenses. 

• Video call on sunglasses 

• Automatic presence that  is 
accessible via the Internet 

• Automatic car maintenance, for 
example robot-driven tyre 
replacement. 

• Automatic checking of ID 
documents while driving, sti ll 
preserving privacy. 

• Automatic and personalised 
weather and risk forecasts 
based on local and remote 
services. 

• Beverage machine that 
automatically recognises users’ 
preferences 

Technologies 

• Sensor for tyre pressure in a 
car (already exists but not a 
standard feature yet) 

• Diagnostics computer in car 
(already exists) 

• Weather sensing in clothes, 
phones and other user 
belongings. 

• Remote-readable user 
preferences with the user (in 
phone,  wallet, ….) 

• Connectivity of clothes gadgets, 
etc. 

• User control of access and 
traceability of car data 

• Remotely readable driver’s 
l icence and passport 
information with end-user 
control 

• Video display in sunglasses. 
• Remotely readable location 

information, for example based 
on car and personal navigation 
systems 

• Delegation of ID (passport and 
driving license) to car for remote 
reading. 

• Common and standardised 
history for user preferences and 
services. 

 

Group

Short term Medium term Long term 

Vision 
Dynamics: Manual set up of 
groups  

Self  constitution of ad-hoc group 
based on location of members 

Self constitution of generalised, 
automated ad hoc groups, based 
on location and profiles 

Ubiquity : Best access selection • End-to-end connectivity 
• Session continuity across 

heterogeneous technologies 
• Any terminal 

Semantic routing of information 
within the network participating in 
the intelligent management of  
information distribut ion 

Adaptation to member profile : 
Focused broadcasting of 
contacts and information  

• Information filtering 
• Semantic analysis of 

messages 
• Natural language interfaces 

• Automated high quality 
translation 

• Adapted information insertion 
• Automatic learning of user 

behaviour 
• Avatar acting on behalf of the 

user 
Virtual collaborative 
environment : Interactive 
multimedia content sharing 

• Multimedia content co-creation 
• Virtual presence 

• Haptic communication 
• Emotion communication 

Context awareness : Location-
based services 

• Awareness of the proximity of 
group members 

• Capture and exchange of  
member environment 

• Automatic knowledge of 
member context based on 
behavioural models and 
adaptation of communication 
mode 

• Augmented reality 

Technologies 
• High bit-rate fixed and mobile 

access 
• Prof il ing systems and 

algorithms 
• Digital rights management 
• Web 2.0 
• Peer-to-peer 
• Cross-media 

• Self-organisation 
• Protocol interoperability 
• Multiplatform applications 
• Human-system interaction 
• Learning mechanisms 
• Semantics 
• Content management 
• High throughput connections 
• End-to-end quality of service 
• Context modelling and 

interpretation 

• Open standards architecture 
and interfaces for flexible 
group management 

• Knowledge management 
• Application-aware networking 
• Behaviour modelling 

 

Society

Public security and safety 

Short term Medium term Long term 

Vision 

• Traceability for safer food 

• On-line vision 
• On-line customs/tax 

declarations 

• High throughput airport 
security control – check-in 

• Management of security 
credentials – e.g. based on 
biometrics – at home by 
citizens 

• Integrated disaster 
management  

• Global citizenship-based 
open standards 

Technologies 

• E-Pedigree through smart 
tags for safe food 

• Standardised interfaces 
for accessing public 
services 

• Conditional credential 
checking based on 
biometrics 

• Implementing tamper-
resistance for widely adopted 
security tokens 

• Surveillance systems 
• Ad-hoc co-ordination and 

communications systems in 
harsh environments 

• Federated security systems 

• Advanced modelling 
techniques 

 

Services paradigm 

Short term Medium term Long term 

Vision 

• Adapting existing components 
into network services. 

• Services over Internet 
• Some dedicated sof tware as a 

service, mainly in the office 
domain. 

• Web 2.0 

• Services orchestration – from 
a single control point 

• Automatic discovery and 
invocation of network-enabled 
services 

• Services choreography 
• Dynamic and adaptive 

processes 

• Services monitoring and 
management 

• Secured services 
infrastructure 

• Agile applications – self 
adapting, self optimising… 

• Business-driven automated 
compositions 

• (Any-)user generated services 

• QoS-aware service 
composition 

• Evolutionary services – 
seamless replacement of 
components 

• Service governance – services 
must conform to shared rules 

Technologies 

• Wrapping components 

• Distributed computing, 
Databases, Security 

• Web services 

• XML technologies (SOAP, 
XSLT, XQuery…) 

• Service-oriented architecture 
(SOA), UDDI, WSDL, WS-
CDL, BPEL4WS, ESB 

• Mash-ups 

• Service middleware 
infrastructures for data and 
process integration, with end-
to-end security 

• Integration brokers 

• Service aggregators 

• Web services distributed 
management (WSDM) 

• Advanced business modelling 

• Dynamically reconfigurable 
service architectures 

• Semantically enhanced 
service discovery 
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Roadmap 3 project

Technology clusters & categories
(programme sphere)

Content & Knowledge
- Acquisition &Processing
- Presentation
- Management

Interaction
- More than Human 
- New Multimodal & Multi Device
- Intelligent systems
- Security & Trust
- Engineering and development

Network & Computing
- Infrastructure
- Services
- Resource Management
- Security, Privacy, Trust & 

Robustness

Content
&

Knowledge

Acquisi
tion & 

Process
ing

Presentation

Manage
ment.

System Process support

Engineering
Software Service

EngineeringEngineering
- Systems 
- Software
-Service

- Process support

Technologies
Of the 

Future?
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Roadmap 3 projectMegatrends & Grand Challenges

• ICT is penetrating “all aspects of economy and society”

• “societal computing” is the next wave after enterprise and personal 
computing

• The grand challenges in the  application domain are “service 
innovation” on enterprise level and “sustainability” on societal level

• The grand challenge in the technical domain is “massive scalability”
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Roadmap 3 project

Downloads ITEA Roadmap - edition 2
Breakdown per country

France Netherlands Finland Germany Spain Others

16%

16%

11%
12%8%

37%

Others = Australia, Austria, Belgium, Bosnia and Herzegovina, Brazil, Bulgaria, Canada, China, Colombia, Denmark, 
Dominican Republic, Estonia, Ethiopia, Greece, Hong Kong, Hungary, Iceland, India, Indonesia, Iran, Ireland, Israel,
Italy, Japan, Korea, Nigeria, Norway, Pakistan, Philippines, Poland, Portugal, Romania, Russia, Serbia and Montenegro,
Singapore, Sweden, Switzerland, Taiwan, Tunisia, Turkey, Ukraine, UK, USA
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Roadmap 3 projectRM3 team

• Gérard Roucairol ITEA 2
• Ger Van Den Broek Philips
• Jean-Luc Dormoy CEA
• Jean-Pierre Lacotte Thomson
• Olivier Audouin Alcatel-Lucent 
• Jean-Claude Bourhis Bull
• Jesus Bermejo Telvent
• Heinz-Josef Eikerling Siemens AG 
• Jens Herrmann Daimler 
• Remi Houdaille Thomson
• Frank van der Linden Philips
• Karlheinz Topp Bosch 
• Kari Systa Nokia
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Roadmap 3 projectOther contributors

• Jean-Marc Alexandre CEA LIST
• Keith Baker Philips Applied Technologies

Alain Carenco Alcatel-Lucent 
• Werner Damm OFFIS 
• Ramon Gonzalez Telvent
• Rodolphe Gélin CEA LIST
• Gregory Haik Thales
• Gerard Ladier Airbus
• Claude Lepape Schneider-Electric 
• Cinzia Marzion i Italtel
• Matthias Niemeyer Siemens AG
• H. van Oostendorp University of Utrecht
• Gösta Pfundtner Daimler  AG
• Vicente Pelechano University of Valencia
• Maurizio Pignolo Italtel
• Gianluca Renoffio Italtel
• Sylvie Robert Airbus
• Heikki Saikkonen Helsinki University of Technology
• Joseph Sifakis University Joseph Fourier Grenoble, C NRS Research Director
• Gilles Thonet Schneider-Electric
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Roadmap 3 projectExternal Experts &  Yong Talents Experts

• Heikki Ailisto VTT Electronics
• Juan Garbajosa Universidad Politécnica de Madrid
• Stefan Jähnichen Fraunhofer FIRST
• Francis Jutand Directeur scientifique du GET ; CapDigital
• Wouter Joosen KU Leuven
• Thomas Kirste University of Rostock
• Rudy Lauwereins IMEC
• Michel Loyer INRIA
• Natividad Martinez Universidad Carlos III de Madrid 
• Francisco Moya University of Castilla-La-Mancha 
• Ahmet Onat Sabanci University
• José Pazos University of Vigo
• Hayri Sever Cankaya University

• X Yong Talents
• Y Yong Talents
• Z Yong Talents



Thank you for your attention


