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Middleware in RUNES is built around Component Frameworks (CF)
• �CFs are re-usable and dynamically-deployable software architectures
• �Services and application-specific mechanisms can be built as compositions  

of components and/or CFs

Component-based Middleware

Characteristics
• �Small and efficient middleware kernel (implemented in both Java and C)
• �Support of highly modularised and customisable component-based middleware services
• �Services tailored to specific embedded environments and reconfigurable runtime  

to support adaptation
• �Validated in the context of the Road Tunnel Fire scenario and deployed on devices  

ranging from PCs to PDAs to tiny sensor devices running the Contiki OS

Component Run-time Kernel

Middleware and Application Services

Interaction

Publish RPC Group

LMU

Context sensing

Logical mobility Local OS Security

Discovery Advertisement Aggregation Sensing

Discovery and advertising

A component is an
encapsulated unit of
functionality and deployment
e.g. components
implementing routing
protocols such as AODV or
DSR, compression libraries, or
even OS functions (power
management or thread
scheduling).

Realises an abstraction
layer over operating system
functionality, e.g.
components implementing
different scheduling policies
or memory management
techniques.

Allows components on
different hosts to interact with
loosely coupled interaction
styles such as tuple spaces or
the publish-subscribe model.

Enables discovery of new
services so that they can be
found by other nodes.

Injects new application
functionality on devices as
new requirements are
realised.

Addresses a number of
trust and privacy issues
related to dynamically
sending and receiving code.

Interfaces make the
functionality a component
provides visible to other
components.
Receptacles allow
components exploit
functionality provided by
other components.

WakeUP Clock DTS Clustering

Sensor co-ordination
Senses the context in which
the system is operating and
provides this information to
other components so that
they can adapt their
behaviors.

Synchronises sampling
periods and co-ordinate
sleep periods when the
sensing devices turn their
radio off.

Manages the different entities defined in the
component model at run-time in terms of
loading and instantiating components and
binding their interfaces. By providing different
implementations of the kernel for a  target
hardware platform, heterogenous, networked
embedded systems are realised.
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Objective
Provide a standardised architecture that enables heterogeneous networked embedded 
systems that interoperate and adapt to their environments

Recent outputs
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Roadmaps covering the  
sectors of building and 
home automation, medical 
care, disaster management  
and emergency response 
and industrial control 
and automation

Component-based 
middleware for 
self-configuration, 
increased 
reusability

• �Run-time dynamic linking, code relocation  
and loading of programs and drivers

• �Selective reprogramming
• �Proto-threads, optional multi-threading on  

a per-application basis
• �Small TCP/IP stack

Light-weight and 
optimised protocols 
and routing algo-
rithms for networked 
embedded systems

Scenario-based modelling and model based  
code generation to the RUNES Platform

Sensor routing node and motemaster gateway

Advanced control methods applied to support 
network connectivity

Studying real-world scenarios and emulating  
large scale systems

Sensor routing node Motemaster gateway

WSN controlled robot Source 
localisation robot

Application programmers:
• code most of application

independently of target platform
• move easily application code

to a new target platform
• create applications spanning

multiple heterogeneous network
nodes

End-users:
• full mobility of

applications/services
• dynamic and flexible

usage of devices in
heterogeneous networking

environments

Applications

Services and application-specific mechanisms

Cross-platform components

Hardware abstraction Hardware abstraction Hardware abstraction

Contiki

Sensor node Routing node

FreeRTOS Linux

Gateway node

Middleware API


