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ON World: Global Deployed Nodes
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ON World: Global Revenues
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General information

� Embedded WiSeNts: Coordination Action funded by IST FP 6

� Start: 01.09.04 End: 31.12.06

� Participants: 12 universities from across Europe

� Goals:

� Research Integration

� Survey on platform and tools, Distinguished visitor program, 
Organisation of EWSN

� Education and Training

� Repository for teachware material on Cooperating Objects, 
Organisation of Summer School on Sensor Networks, Student Mobility

� Road Mapping and Technology Adoption

� Survey of today’s state of the art in Cooperating Objects research

� Visions for Innovative Applications

� Description of emerging trends and technological opportunities

� Development of a roadmap to ensure continued progress
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Road Mapping and Technology Adoption

Studies

Visionary Applications

Roadmap

September 1, 05September 1, 04 August 1, 06

Analysis of the current 

state-of-the-art

Explore future 
application areas

Identification of a critical research agenda on Cooperating 

Embedded Systems and Wireless Sensor Networks

Problems, 
Measures
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Roadmapping process

Summaries
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Visionary
Applications

Market
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On World
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WiSeNTs
Survey

Gaps and
Current
Trends

Timeline

Studies and
Surveys

Predominant
Work Areas

Organisation
of Research

Potential
Roadblocks

Consider-
ations

Results of other
WiSeNTs tasks

Results of Roadmapping work Bought from
other companies
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State of the Art in CO-Research

� Studies of technology used for COs and WSNs

� Describe state of the art

� Study 3.1.1: Application and application scenarios

� Study 3.1.2: Paradigms for algorithms and interactions

� Study 3.1.3: Vertical system functions

� Study 3.1.4: System architecture and programming models

� Identify possible problems and gaps

� used in chapter 7 (Research Roadmap)
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Example: Study 3.1.3 Timeline

200620001995

Directory-based (AURA, NEXUS) Infrastructure-less (GHT)

Adaptive middleware 
(IMPALA, MobileMan, TinyCubus

Location Management (SPIRIT/Bat, GLS)

Context and Location Management

Data Consistency and Adaptation
Distributed State Monitoring and Adaptation

High-level Descriptive Language
(rule-based)

Distributed Collaboration (Consensus, Data Reliability)

Application-level Communication Data centric/Attribute-based

Security, Privacy and Trust Resilient routing/secure data aggregation

Encryption and distributed key management

Privacy

Trust and Reputation (distributed)

Distributed Storage and Search Interest and Data Dissemination

Query Processing and Search

Resource Management Cross-layer optimisation

Middleware (integration of adaptation models)

Data centric operating system

Time Synchronisation

GPS-free ProtocolsHybrid (GPS and Time Dissemination) Hybrid (GPS and Time Dissemination)
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WiSeNTs Survey

� Carried out at the EU workshop „From RFID to the
Internet of Things“ in Brussels on March 6th/7th, 2006

� Questionnaire:

� Background and work area

� Rating of significance of application areas

� Rating of severity of technological inhibitors

� Free text space for market entry barriers

� 51 persons filled out the questionnaire
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WiSeNTs Survey: Applications
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WiSeNTs Survey: Technology

� Most important inhibitors for CO adoption

� Inhibitors were used in the selection of predominant work areas
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Gaps and Current Trends

� Studies 3.1.1-3.1.4 and 3.2 identified gaps
� combined and generalized them, selected 24

� For each gap:
� description, relevance, existing trends

� Created a timeline where each gap is represented as geometric 
kite (deltoid)

� Shows when the solving of the gap happens (start, end)

� Deltoid has maximum height when major breakthrough is 
expected

� Grouped them in 5 categories
� Hardware, Algorithms, Non-functional properties, System, 

Others

� Extracted research areas from timelines
� Gaps not yet being investigated

� Gaps for the whole predicted period
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Timeline: Algorithms

0-5 years 5-10 years 10-15 years

Localisation

Clustering Techniques

Data Storage and Search

Motion Planning

Context-aware MAC and Routing
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Timelines: System and Others

0-5 years 5-10 years 10-15 years

Operating Systems

Adaptive Systems

Programming Models

System Integration

Modelling and Analysis

Experimentation

Social Issues
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Predominant work areas (1)

� Research actions

� Algorithms
� Aggregation

� Storage

� Search

� Consistency

� Integration into existing SW

� Hardware

� Small, energy efficient, cheap

� Non-functional properties

� Scalability

� Mobility

� QoS

� Security

� Adaptive systems

� System integration

� Social issues
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Predominant work areas (2)

� Educational actions

� Education of industry

� Increasing the awareness of COs power

� Education of end users

� Increasing the acceptance of the new technology

� Other actions

� Standardisation

� Hardware

� Software interfaces

� Regulations and legislative actions
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Organisation of research

Industry
End

Users

Research
Community

Application-driven

Application-driven
Application-driven

Educational Actions

Marketing Activities

Educational Actions

Standardisation

Algorithms
Hardware
Energy Harvesting
System Integration
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Conclusions

� Cooperating Object Research has high potential

� Not an easy task that can be tackled individually

� Contributions from researchers, industry and end-users are 
definitely needed

Feel free to jump in!
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Thank you!

Make sure you pick a copy of the book!

Pedro José Marrón

Universität Stuttgart

Universitätsstr. 38

70569 Stuttgart

marron@informatik.uni-stuttgart.de

http://www.embedded-wisents.org
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Roadmap structure

1. Executive Summary
2. Purpose of this Document
3. Introduction to Cooperating Objects
4. State of the Art in Cooperating Object Research

4.1 Applications and Application Scenarios
4.2 Paradigms for Algorithms and Interactions
4.3 Vertical System Functions
4.4 System Architecture and Programming Models

5. Visions for Innovative Applications
6. Market Analysis
7. Research Roadmap

7.1 Gaps and Current Trends
7.2 Timeline
7.3 Market Prediction
7.4 Technology Inhibitors

8. Predominant Work Areas
8.1 Work Areas
8.2 Organisation of Activities
8.3 Potential Roadblocks
8.4 Considerations for Research Programs within the EU

9. Summary and Conclusions


