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Main Challenges for the Computing Continuum

• need for convergence of IoT 
technologies based on novel 
architectural approaches, able to 
guarantee continuous and 
seamless openness and 
interoperability of the existing and 
emerging solutions.

• need for the provision of an 
integrated meta-orchestration 
environment for hyper-distributed 
applications, where a synergy
between cloud and edge 
computing orchestration platforms 
takes place
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Eclipse Foundation, From DevOps to EdgeOps: A Vision for 
Edge Computing, White paper, 2021 
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Main Innovations in NEPHELE

• an IoT and edge computing software stack for
leveraging virtualization of IoT devices at the edge part of
the infrastructure and supporting openness and 
interoperability aspects in a device-independent way. 

• a synergetic meta-orchestration framework for
managing the coordination between cloud and edge
computing orchestration platforms, through high-level
scheduling supervision and definition, based on the
adoption of a “system of systems” approach.

Implementations for both innovations are made available
as open-source under the GitLab repository of Eclipse 
Research Labs.
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NEPHELE Open Source Ecosystem

https://gitlab.eclipse.org/eclipse-research-labs/nephele-project

Eclipse Research Labs GitLab

Goals: 
- prepare NEPHELE open-source results for up-

take by developers (open calls, OS communities, 
Meta-OS cluster, etc.) by implementing open-
source best practices.

- create and maintain an open-source community
(sustainability of the produced software 
artifacts).

- close interaction with standardization initiatives 
and working groups.

- examine exploitation pathways and increase 
impact.
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System of Systems Approach
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Virtual Object (VO) Definitions

• A Virtual Object (VO) is considered as a virtual counterpart 
of a physical device on the Internet of Things domain
• set of abstractions for managing any type of IoT device through a 

virtualized instance;
• augments the supported functionalities through the development 

of a multilayer software stack, called Virtual Object Stack 
(VOStack).

• A Composite Virtual Object (cVO) is a software entity that 
can manage the information coming from one or multiple 
VOs and provide advanced functionalities. 
• a cVO is connected with multiple VOs that manage IoT devices of 

several types;
• a cVO enhances the capabilities of the VO through the provision of 

application-oriented functionalities.
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VOs, Composite VOs and Application Graph
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Virtual Object Stack (VOStack) Layers
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Detailed view of VOStack
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VOStack implementation
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VOStack implementation in W3C WoT Developer 
Resources
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https://www.w3.org/WoT/developers/

https://netmode.gitlab.io/vo-wot/

https://netmode.gitlab.io/vo-wot/

https://www.w3.org/WoT/developers/
https://netmode.gitlab.io/vo-wot/


Open Call - Overview of the functionalities from 
the selected projects

• Development of VOs/cVOs/DTs to:
• Support haptic communications (gloves as DT of the human hand)
• Virtual human representation based on wearable devices
• Manage heterogeneous devices (e.g., charging stations, access control devices) in 

the Electric Vehicle Parking/Charging Business
• Optimize irrigation procedures (data coming from sensors and weather 

services)
• Sustainable living comfort by optimizing energy consumption and maximizing 

indoor comfort
• Retail security based on fixed IoT sensors and an autonomous LiDAR-equipped 

wheeled robot

• Extensions in VOStack
• Semantic interoperability mechanisms
• Virtual object factory to manage multiple VOs

• New vertical areas: Haptic communications and wearables, Electric vehicles, 
Agriculture, Retail Security
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Stakeholders

Stakeholders include individual or groups within the system

• NEPHELE Operator:

• Cloud-Edge Provider (CEP)

• IoT Provider

• Network Provider

• Application Service Provider (ASP)

• Servive Consumer
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Viewpoints & Specifications

ISO/IEC/IEEE 42010
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Application Graph
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Application Graph
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Intent-based Orchestration
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Reference Architecture
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Synergetic Optimization Mechanisms
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NEPHELE Platform Development
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Synergetic Orchestration Mechanisms
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RL-driven autoscaling of serverless 
functions in the computing continuum
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NEPHELE Use cases

Energy Management in Smart 
Buildings

Emergency/Disaster Recovery Smart Port

Remote Healthcare
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Thank you for your attention!

Contact: tzafeir@cn.ntua.gr

Website: https://www.netmode.ntua.gr/

https://nephele-project.eu/

This project has received funding from the European Union’s Horizon Europe research and 
innovation programme under grant agreement No 101070487.
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