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Welcome to the Wireless Future
DEWI (Dependable Embedded Wireless Infrastructure) is one of the highest funded European Research & Development (R&D) initiatives, with 57 renowned industrial and research partners from 11 European countries (www.dewi-project.eu).
DEWI focusses on wireless sensor networks and wireless communication to provide new applications for citizens and professional users. It aims to foster Europe’s
leading position in embedded wireless systems and smart (mobile) environments,
such as on and off-road vehicles, railway cars, airplanes and buildings.
To this end, DEWI has introduced the concept of a "Sensor & Communication
Bubble" – the so-called DEWI Bubble – which features:
• Locally confined wireless internal and external access
• Secure and dependable wireless communication and safe operation
• Fast, easy and stress-free access to smart environments
• Flexible self-organization, re-configuration, resilience and adaptability
• Open solutions and standards for cross-domain reusability and interoperability
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Based on more than thirty business needs identified by the DEWI industrial partners, the
concept of the DEWI Bubble is being realized in twenty-one industry-driven use cases,
which are presented in this booklet.
The various DEWI use cases highlight the advantages of wireless solutions and also address
the related challenges. Major advantages include reduced weight in weight-sensitive environments, enhanced flexibility and re-configurability, easy, cost-effective feature updates,
novel "bring your own device" applications, eliminating errors caused by faulty wiring
or wear and tear, reducing installation costs via simplified deployment procedures, and
easy switching of network topologies. In order to make its key results truly "tangible", in
2016/2017 DEWI will be presenting key aspects of all use cases in attractive, real-life demonstrators of the DEWI Bubble all over Europe, which this booklet also describes briefly.
DEWI provides key technologies and reference architectures with a focus on the DEWI
Bubble, its inner workings, and its interfaces to the environment. DEWI has established
a standardized, high-level architecture for wireless sensor networks, which entails both
conformity to domain-specific standards and full compliance with international domain-independent standards, such as the ISO/IEC 29182 on sensor network reference architecture.
DEWI offers a platform and tool-set that features methods, algorithms, prototypes, and living lab solutions for cross-domain re-usability, scalability and open interface standards, and
also contributes to other ARTEMIS and ECSEL initiatives to ensure long-term sustainability
and a positive social impact.
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Why a Use Case Booklet?
This DEWI Use Case Booklet serves several purposes:
• To promote the DEWI Bubble concept and strengthen the overall impact
of the DEWI project
• To raise awareness of DEWI activities, results and DEWI partners among both
the community and the public
• To inform and educate the community and the public about the field of
Wireless Sensor Networks and Wireless Communication
• To engage the community to obtain feedback, concerning follow-up projects as well
• Present relevant European industrial use cases as a point of orientation for SMEs
• Enhance the DEWI eco-system by third parties

For more information, visit the DEWI project website:
www.dewiproject.eu
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DEWI Sensor & Communication Bubble Q&A
What is a DEWI Bubble Node?
A DEWI Bubble Node is a wireless system that acts as source/sink of traffic or a relay node.
What is a DEWI Bubble Gateway?
A DEWI Bubble Gateway is an interface between Bubbles or between a Bubble and the
outside world (wireless and wired).
What is a Sensor & Communication Bubble (DEWI Bubble)?
A Sensor & Communication Bubble is a group of DEWI Bubble Nodes, DEWI Bubble Gateways
and users. They are located within short range of each other to ensure local confinement.
In this context, Bubbles are not intended to be cellular networks, since handover mechanisms are beyond the scope of DEWI. The Bubble may be organized in different topologies,
whereby the organization may be distributed (ad-hoc network) or centralized with an access
point.
Bubbles can interact with systems in their environment in two principal ways: via DEWI Bubble Gateways and by direct communication with the internal DEWI Bubble Nodes.
Since a Sensor & Communication Bubble is locally confined, security within the Bubble is
not a major concern for the architecture design. However, for external communication via
gateway, the architecture must include appropriate security mechanisms.
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Basic Structure of the DEWI
Sensor & Communication Bubble
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Scenarios for the DEWI
Sensor & Communication Bubble
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DEWI: User-Driven Approach
During the project preparation phase of DEWI, a user-driven multi-step approach
was used to identify the work scope and plan the work packages in the project.
• In the first step, the project objectives were derived from the business needs of the
individual industrial domains (Aeronautics, Automotive, Rail, and Building).
• Domain-specific user stories were then developed to ensure that the involved DEWI
partners share a common understanding of the target engineering tasks. For the
DEWI project, a user story is a sub-set of the development life cycle that can be
described as an engineering workflow.
• Based on the user stories, different use cases were derived. The same user story can
be applied to different industrial use cases – and vice versa. The defined use cases possess
a technical viewpoint and represent the centerpiece of the work in DEWI. Each use case is
executed in a specific work package that is assigned to a corresponding industrial domain.
• Furthermore, technical items derived from the use cases were defined during the
proposal preparation. These will allow the European embedded software (SW) industry to
create an environment that is perfect for winning embedded software development.
• A representative set of use cases in the different domains and technical items enables the
demonstration of business objectives in all four industrial application domains. Every
use case and every technology item must contribute to a demonstrator.
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AERONAUTICS
In aeronautics, one of the main concerns is safety. Therefore, wireless
solutions have always been viewed skeptically when it came to implementing
them in aircraft. On the other hand, weight reduction is a significant issue for
the aeronautics industry. With DEWI, a solution that combines both safety
and weight reduction demands is at hand.
The development of the wireless DEWI Bubble for the aeronautics industry is a
major challenge. Solutions have to comply with the high standards, low interference levels and, harsh in-flight environmental conditions that characterize flight in
the upper levels of the atmosphere – and beyond, as is shown below in one of the
featured use cases.
By replacing wires with WSNs (Wireless Sensor Networks), engineers can reduce
the overall weight of airplanes, helicopters and satellite launchers. Wireless technology also provides improved troubleshooting and easier re-configuration when
needed, as well as more flexible deployment and aircraft design.

AERONAUTICS
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Use Case

Multi-Link Telemetry Logger
Basics
The European space launch vehicle Ariane 5 is based on the latest technology – which also
means it deploys a sophisticated telemetry system consisting of 600 to 800 sensors and
many kilometers of cables spread throughout the 40-meter rocket. Cables account for 70% of
the Ariane 5’s avionics mass! This is where DEWI comes in, serving as a gateway between the
on-board Telemetry Logger and the Control Center on the ground.
This use case will deploy a DEWI Bubble to replace sensor wired links onboard the rocket, thereby reducing weight and improving fuel consumption, flying range and payload capacity.

DEWI Bubble

AERONAUTICS
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Realization of the DEWI Bubble Concept
Launcher sensors (DEWI Bubble Nodes) will be connected with the Multi-Link Telemetry
Logger (external user) and with the operator (internal user) by access points (DEWI
Bubble Gateways) compatible with most common standards such as ZigBee, IEEE1451,
and IEEE802.11n.
Challenges
Metal environment interferences, high vibration and acceleration levels, temperature and
pressure changes, resistant wireless links, ruggedized hardware, special antennas, supply of
sensors, extreme temperatures and pressure.
Demonstration
Sensors will be mounted on board a research rocket and tested under flight conditions.
The functionality of the WSN, Multilink Telemetry Logger and Radio Frequency (RF)
Communication Unit will be tested.

Wireless Sensor
Network (WSN)

Operator
(Internal User)

DEWI Bubble

DEWI Bubble
Gateway

Multi-Link Telemetry
Logger
(External User)
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Expected results
Due to the massive weight reduction, Wireless Sensor Networks (WSNs) can be of great value
for space vehicles such as the Ariane 5.
Benefits
Detection of functionality issues in harsh environments
Partners
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Use Case

Increasing Fuel Eﬃciency by
Reducing Aircraft Skin Drag
Basics
A dense network of pressure-sensitive sensors and synthetic jet actuators distributed over the
surface of the aircraft will be used to inhibit the formation of turbulent flows. This turbulent
flow control will help counteract skin drag during flight, thereby reducing fuel costs, increasing range and/or allowing for higher speeds.
The DEWI Bubble Node will be used to enable a dense wireless sensor and actuator network deployed over the surface of the aircraft. The sensor network will track the formation
of turbulent flows and relay the information to the internal avionics network. Based on the
detected information, different flight profiles can be optimized.
Wireless sensors will also enable a fast collection of data, more flexible design due to reduced
wiring, and automatic reconfiguration.

Laminar Flow

Turbulent Flow
Turbulence
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Realization of the DEWI Bubble Concept
Patches of sensors and nodes are wired together to form a DEWI node. Preprocessing,
filtering and compression of sensor information will be performed in each patch in order
to reduce data rate requirements and improve scalability. The central command unit is an
internal user of the DEWI Bubble, while the operational center is an external user.
Challenges
• Development of efficient communication support for a very dense wireless sensor
and actuator network (WSAN)
• Accurate tracking and compression of turbulent flow formation across the fuselage
• Communication and interaction with the aircraft’s main data busses

Level 0:
Dense Wireless Sensor and
Actuator Network (WSAN)
Level 1:
Internal Aeronautics
Wireless Sensor Network (WSN)

WSN
Gateway

DEWI Bubble
Gateway

Level 2:
Ground Control Network

DEWI Bubble
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Expected results
Dense WSANs for Active Flow Control that interact with the airplane network and ground
control will be developed.
The modeling and simulation of hybrid processes will be improved: turbulence formation
across fuselage of an aircraft and wireless sensor and actuator networks.
Demonstration
A demonstrator in a wing section mock-up in a representative environment will be built and
tested including integration into a modern aeronautical network.
Benefits
• Integration of monitoring and actuation network in an aeronautical network
(relevant for other systems, e.g. structural health monitoring)
• Enabling dense WSANs
• Prioritized Wireless Transmissions (TI2.05 – mechanism for prioritized wireless transmissions)
• Robust Wireless Communications (TI2.01 – highly robust & reliable wireless)
Partners

AUTOMOTIVE
Modern cars are equipped with a wide range of sensors and control units
and are therefore heavily wired – such that even the term "wiring harness"
is used. Covering one vehicle at a time, the DEWI Bubble provides much
greater flexibility in placing these nodes in passenger cars, trucks or
specialized vehicles, such as excavators.
In order to eliminate power supply cables, DEWI is striving to develop ultra-lowpower nodes, combined with an innovative use of energy-harvesting technologies.
In the long run, these developments will lead to significant cost reduction and far
less in-vehicle wiring. This is also highly advantageous for testing systems in automotive development.
As an additional benefit, limiting wires and connectors will help to reduce typical
error sources in complex measurement set-ups and improve quality in the automotive industry.

AUTOMOTIVE
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Use Case

Identify, Configure, and Join WSN
in Static Networks
Basics
Automotive development relies strongly on research and verification performed in test bed
setups, such as the one pictured below. By applying controllable scenarios, these setups
enable the detailed investigation of Units Under Test (UUT), such as engines or batteries.
Instrumenting the UUT with sensors and actuators is a major part of this effort, and wiring
not only requires significant effort but can also be a possible source of problems and measurement errors.
Using wireless sensors will significantly simplify automotive development. Wireless Sensor
Networks (WSNs) provide flexibility in placing sensors with no external cabling restrictions
and eliminate the need for plugs, connectors, measurement modules, and power supplies.
Going wireless also helps to avoid potential sources of problems, such as mis-wirings or faulty
connections.

DEWI Bubble

AUTOMOTIVE
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Realization of the DEWI Bubble Concept
A DEWI Bubble covers one test setup (e.g. a test bed), with the UUT and its sensors and
actuators representing the nodes. Operators and engineers are external users who work on
data processing and the automation system, which is connected to the Bubble via the DEWI
Gateway.
Challenges
Sensors and actuators deployed on a UUT need to be activated, identified, and connected to
the corresponding network in a reliable, highly automated way. The technology must overcome challenges such as signal absorption, non-line-of-sight and multi-path scenarios caused
by metallic objects in the vicinity, as well as multiple sources of interference.
Expected Results
Methods, software and hardware prototypes demonstrating flexibility and ease-of-use for
WSN-based data acquisition in automotive verification and validation applications

DEWI Bubble
Gateway
Wireless Sensor Network (WSN)
Unit Under Test (UUT)
Operator/Engineer
(External User)

DEWI Bubble
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Demonstration
Upon project completion, AVL and partners will demonstrate a sophisticated, state-of-the art
engine test bed equipped with wireless sensors and actuators derived from DEWI at the AVL
engine development center in Graz, Austria.
Benefits
Adapting WSNs to automotive testing will provide flexibility and reliability in measurement
setups relevant to automotive development, verification and production. The automotive
industry will benefit from improved efficiency and quality, which will help address global
challenges, such as sustainable mobility and increased safety in road traffic.
Partners
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Use Case

Synchronized and Robust Real-Time Data
Communication in Wireless Networks
Basics
When developing new automotive technology, vehicle prototypes on test tracks and public
roads as well as stationary test bed (TB) setups play an important role. This requires highly
precise and reliable data acquisition and measurement systems. Wireless sensor networks
enable the fast and flexible instrumentation of a Unit Under Test (UUT), but they must also
provide dependability at least as high as conventional, cable-bound systems.
Wireless sensors enable a highly flexible and efficient instrumentation of engines, transmissions and whole vehicles. Conventional systems require significant effort to pull wires for measurement signals and to supply power, sometimes even requiring undesired modification of
chassis elements. Going wireless will not only simplify sensor placement, but also avoid errors
from cable-bound systems (e.g. loose contact problems due to vibrations).
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Realization of the DEWI Bubble Concept
A DEWI Bubble covers one test setup (e.g. a test vehicle or test bed) with the UUT and its
sensors and actuators representing the nodes. Operators and engineers are external users
who work on the data processing and automation system, which connects to the Bubble via
the DEWI Gateway.
Challenges
Nodes in a WSN represent a highly distributed system, with each node performing its own
signal processing, analog-to-digital conversion and computing. For consistent data acquisition, the activities of all of these nodes must be precisely synchronized, while at the same time
cost and energy-efficient hardware must be enabled. In addition, such systems need to be
extremely power-efficient for sustained operation, and they must be very reliable so as not to
lose a single measurement point.

DEWI Bubble
Gateway
Wireless Sensor Network (WSN)
Unit Under Test (UUT)
Operator/Engineer
(External User)

DEWI Bubble
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Expected Results
The major goal of this use case is to develop methods, software, and hardware prototypes
that demonstrate new approaches for ultra-low power WSN nodes that are combined with
individual or collaborative power management and energy harvesting. New protocols and
methods will allow for precise node synchronization within networks. Sophisticated processing strategies will provide reliable data communication, even in challenging environments.
Demonstration
Upon project completion, AVL and partners will demonstrate a sophisticated, state-of-the art
engine test bed equipped with wireless sensors and actuators derived from DEWI at the AVI
engine development center in Graz, Austria.
Benefits
The ease-of-use and application flexibility of WSN-based systems will allow engineers to gain
new perspectives in car and heavy-duty vehicle development. This will make it possible to
obtain more and better data for future improvements in the automotive industry, in order to
address current challenges, such as reducing fuel consumption and CO2 and increasing safety and efficiency. In the long term, we also anticipate a completely new range of applications
for WSN in serial vehicles as well.
Partners
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Use Case

Automatic Sensor and Actuator Configuration
Based on Identification and Localization
Basics
Wireless technology allows for a great degree of flexibility, especially in sensor placement, as
there are no constrains (e.g. due to wire routing). By adding self-identification and automatic
localization, wireless nodes can further improve ease-of-use by supporting the automation of
setup and configuration. This provides benefits, especially in automotive development setups
such as test beds (TB), but will extend to serial car applications as well.
WSNs provide flexibility in placing sensors without restrictions due to external cabling and
eliminate the need for plugs, connectors, measurement modules, or power supplies.
By providing self-identification and precise data node positioning data, a measurement context can assist users of such systems during configuration and parameterization.

AUTOMOTIVE

25

Realization of the DEWI Bubble Concept
A DEWI Bubble covers one test setup (e.g. a test bed), with the UUT and its sensors and
actuators representing the nodes. Operators and engineers are external users who work on
data processing and the automation system, which is connected to the Bubble via the DEWI
Gateway.
Challenges
Exact location of sensor nodes becomes especially challenging in complex scenarios with
limited line-of-sight between nodes and detection equipment.
RF-based localization must deal with the multi-path propagation and absorption present in
typical test beds, while optical solutions must be able to deal with reflections, low illumination and motion artifacts.

DEWI Bubble
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Wireless Sensor Network (WSN)
Unit Under Test (UUT)
Operator/Engineer
(External User)

DEWI Bubble
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Expected Results
The use of wireless sensors will significantly simplify automotive development. Several
approaches (optical, radar, UWB, RFID) will be developed by several partners and will be
evaluated in challenging test-bed setups. This will allow for a good overview and comparison
of potential solutions and demonstrate the benefits of automatic localization and thus the
configuration of WSN-based systems.
Demonstration
Upon project completion, AVL and partners will demonstrate a sophisticated, state-of-the art
engine test bed equipped with wireless sensors and actuators derived from DEWI at the AVL
engine development center in Graz, Austria.
Benefits
Knowledge of the exact position of a WSN node will allow systems to at least partly derive the context of the measurement. This can be used to support users during set-up and
configuration in verifying setup correctness, thus avoiding errors and improving quality in
verification and validation in automotive development.
Partners
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Use Case

Wireless Sensors for Extreme Environments
Basics
In presence of extreme electromagnetic disturbance levels, new wireless communication
solutions like ultra wide-band radio (UWB) are required for use in automotive vehicles or testbed applications.
By significantly reducing the number of cables and replacing them by a wireless solution
quite a few advantages can be achieved, such as: mobility, scalability, flexibility in remote
actuation, low installation cost, low maintenance cost, easy configuration and low weight.
Realization of the DEWI Bubble Concept
• Bubble Nodes: special purpose sensors or data collectors in harsh environments
• Bubble Gateways: central data acquisition system
• Internal users: measurement engineers
• External users: test cell operators

AUTOMOTIVE
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Challenges
• Highly reflective environment
• Electromagnetic compatibility (EMC) of technology
• Resistance to radio jamming and efficiency in non-line-of-sight communication
Expected Results
WSN will enable data acquisition purposes in harsh environments.
Demonstration
Both the operations Bubble (vehicle) and the development Bubble (test bed) will be tested
under realistic, "harsh" conditions.
Benefits
• Smart architecture (TIG 02)
• Wireless sensor/device detection & localization (TIG 09)
• UWB communication solutions
Partners
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Use Case

Secure Tamper-Proof In-Vehicle
Device-To-Device Communication
Basics
Police vehicles are equipped with TETRAPOL communication systems. These are closed user
groups with end-to-end encryption. The modem is mounted in the trunk of the car, while
the controls are in the front of the car, linked by wires. Installation and maintenance of this
cable-bound system are expensive and complicated.
The wireless solution will significantly decrease the cost of communication system installation and maintenance and will create a local and private access point for the public safety
of users connected to the next generation Professional Mobile Radio (PMR) LTE 400Mhz. The
DEWI Bubble will generate new developments based on this access point.

POLICE

AUTOMOTIVE
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Realization of the DEWI Bubble Concept
The vehicle will connect to the server via the PMR network to verify if the device asking for
logging is authorized for this car. If it is, the tablet will receive connection keys to log in to the
DEWI Bubble via Near Field Communication (NFC). The tablet will be able to access the PMR
communication services (push-to-talk, talk groups, short messages) and also the command
center databases with dedicated applications (localization, police ID databases etc.)
Challenges
The communication network is end-to-end encrypted and the DEWI Bubble must be
secured.
Expected Results
Police forces worldwide will be able to use PMR services with the dedicated network and
have access to the command center databases. The solution will provide new options for the
next generation LTE400Mhz.

Tablet NFC
+ Camera

NFC

Embedded PC
PMR Gateway

Control Center
(External User)

DEWI Bubble

PMR Network
Tetrapol

31

Demonstration
• Authentication of an authorized device
• Access validation by the command center server
• Registration of the device in the DEWI Bubble
• Registration in the dedicated network
• Command of the PMR communication services
• Access to command center data
Benefits
• Smart architecture (TIG 02)
• Security, privacy, authorization (TIG 04)
• Dependability, robustness & safety (TIG 07)
• Wireless sensor / device detection & localization (TIG 09)
Partners

AUTOMOTIVE
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Use Case

Wireless Update for ECU SW for Vehicles
Basics
Modern vehicles are equipped with up to 70 electronic control units (ECUs). To date, software
(SW) updates of these ECUs have required that a computer be physically plugged in.
The system developed in this use case transfers the required data (new ECU SW) via a
wireless link to the vehicle and finally to the ECU in an efficient, reliable, fast and secure way.
In order to do so, a wireless vehicle interface is developed, and the corresponding wireless
infrastructure is designed.
The interface provides higher flexibility for software updates in service centers (parallel updates; no dedicated and costly hardware is required; diagnostics and calibration via handheld
devices), in vehicle development (calibration and testing of new components and systems;
test data acquisition; effective SW testing) and in the field (SW updates at home or remote
updates lead to reduced costs for OEMs and end users).

Wireless
Interface

Central Bus
Interface
ECU
ECU

ECU
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Realization of the DEWI Bubble Concept
Each vehicle can be seen as a DEWI Bubble, with the wireless vehicle interface representing
the DEWI Bubble Gateway that can be used to transfer data to/from the vehicle. Mechanics,
engineers and end users can access the vehicle via the wireless vehicle interface. Several
vehicles, diagnostic devices and other handheld devices can form a DEWI Bubble. Diagnostic
devices act as Bubble Gateways and are connected to an OEM backbone server (e.g. via an
internet link) to receive the latest SW versions.
Challenges
Limited wireless resources, large amount of flashing data, access to vehicle-specific on-board
architectures, security, updates for safety-critical software, delta downloads, updates in the
field (e.g. at customer’s home).

DEWI Bubble
Backbone
Network

DEWI Bubble
Diagnostic/Tester

DEWI Bubble
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Expected Results
• Mechanism/Infrastructure for safe and secure wireless software update
• Secure, reliable and fast wireless vehicle interface enabling wireless SW updates
• Wireless vehicle diagnostics and wireless data acquisition (temporarily mounted
sensors collect data from the in-vehicle communication system)
Demonstration
Demonstrator 1– Wireless SW download: A wireless connection between a laptop and the
wireless interface is established. The interface is connected to an ECU (model) via CAN
(Controller Area Network). The software update is based on standardized automotive
diagnostics protocols.
Demonstrator 2 – Interaction with real vehicle: The wireless vehicle interface is connected to
a real vehicle. A wireless connection between the vehicle interface and a diagnostic and/or
handheld device can be used to run vehicle diagnostics and monitor the in-vehicle communication system.
Benefits
• Cross-domain mechanisms for wireless update of ECUs
• Secure, fast and reliable wireless gateway (TI 3.05 Security and authentication),
Methodology enabling wireless transmission for safety-critical systems
(TI 3.06 Improved safety)
Partners

AUTOMOTIVE

35

Use Case

New Wireless Solutions for Energy Eﬃciency
and Comfort in Vehicles
Basics
Energy efficiency is a critical point for today’s hybrid vehicles. Saving energy and cost
depends not only on the engine itself but also on route conditions.
Based on real-time traffic information, the vehicle chooses between petrol or electric power
and plans the most efficient route, thereby saving energy and money.
Using wireless access to the cellphone network enables real-time accessing of road information and prediction of a near-future condition, which is not available to the vehicle by other
means. Electric station search and routing are available when necessary, and route planning
can change according to traffic and current vehicle conditions.
Additionally, this solution offers comfortable access through standard portable devices.

Wireless
Interface

AUTOMOTIVE
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Realization of the DEWI Bubble Concept
A smart interface enables wireless access to information and control of the vehicle. The user
interface acts as a gateway to external real-time information, with which the vehicle can
make "smart" – i.e. efficient – decisions.
An open protocol stack ensures interoperation with other DEWI Bubbles.
Challenges
• Secure and safe operation of the wireless interface
• Service functional even in areas with no cell network coverage
• Simplicity of the pairing mechanism for the end user

DEWI Bubble

DEWI Bubble

DEWI Bubble

Traffic Info
(e.g. traffic jam)
sent to provider

Traffic Info
distributed
to vehicles

Navigation Provider
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Expected Results
Reliable, secure, and easy-to-setup, this system uses an energy management system featuring an Energy Management Unit (EMU), server structure, and a wirelessly connected user
interface to monitor and control it.
Demonstration
A prototype laboratory setup and/or real vehicle with the system will be connected to the
in-vehicle network.
Benefits
Thanks to an open-standards-based profile interface, other domains can provide energy
management suggestions based on extra external information from other domains and can
have real-time vehicle status information to manage their own systems.
Partners

AUTOMOTIVE
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Use Case

Integration Platform for WSN
Basics
Today’s heavy-duty vehicles are equipped with a large number of sensors that typically require extensive wiring – the so-called wiring harness.
Replacing wired sensors with wireless alternatives has several benefits, such as increased
uptime, reduced service costs, less weight, a reduced number of required unique harness
variants, and many more.
This use case involves a review of the current sensor set in order to identify existing wireless
sensor solutions as well as candidates suitable for replacement.

AUTOMOTIVE
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Realization of the DEWI Bubble Concept
In this use case, the DEWI Bubble Concept is applied to an integration platform for WSN.
There may be one or more DEWI Bubbles per vehicle or trailer.
Sensors in a production car (chassis, light, engine, etc.) represent DEWI Bubble Nodes,
whereby the vehicle control system may also act as a DEWI Bubble Gateway. The driver is the
internal user of the DEWI Bubble. In this use case, no external users access the DEWI Bubble.
Challenges
The sensor needs to fit into a vehicle architecture that allows several different WSN applications embodied as one or more DEWI Bubbles to be integrated without disturbances and
with the potential for interaction and further extension.
Expected Results
The goals of this use case are to raise the Technology Readiness Level (TRL) of wireless sensors in an automotive setting and to develop guidelines for WSN and other wireless applications from an architectural point of view.

Driver
(Internal User)

DEWI Bubble

DEWI Bubble

DEWI Bubble
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Demonstration
A truck demonstration platform will be provided by Volvo and selected sensor candidates will
be developed to show a WSN proof-of-concept in an automotive environment.
Benefits
WSN technology concerns many different aspects, such as energy harvesting, communication protocols, middleware, routing algorithms, sensor accuracy, security and dependability.
All these need to be taken into account when creating a wireless sensor node for integration
in an automotive vehicle.
Partners
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AUTOMOTIVE

Use Case

Wireless Vibration Monitoring for Comfort and
Health Assessment of Human Operators
Basics
The effect of mechanical vibration on the human body is a critical issue for all those who
work with vehicles such as excavators, steamrollers etc. The longer a worker is exposed to
vibrations, the greater the risk of health effects and musculoskeletal disorders.
The objective of this use case is to develop a Body Area Network (BAN) that can assess the
vibration comfort and health of a driver in off-road vehicles. The vibrations will be monitored
to determine the impact on the comfort and health of human operators.
Wireless sensors allow for fast, flexible and efficient instrumentation, as well as measurement in the exact right location (i.e. on the human body), while avoiding the limitations on
mobility and freedom of movement associated with a cabled solution, as well as the related
installation effort. Measurement nodes worn by the human operator are integrated directly
into the measurement system.

AUTOMOTIVE
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Realization of the DEWI Bubble Concept
The vehicle and the operator represent the DEWI Bubble. The DEWI Bubble is organized in
subsystems: wireless sensors distributed on the vehicle body and on the operator’s body act
as Bubble Nodes, while the data acquisition systems measuring both wired and wireless data
are Bubble Gateways.
Challenges
The BAN will consist of at least four low-power nodes with optimal ergonomic, wearable
design. Both linear and angular accelerations need to be measured.
Expected Results
The developed BAN will be capable of assessing the vibration comfort and health of a human
operator of off-road vehicles. It will consist of at least four low-power nodes with optimal
wearable design. Comfort and health assessment will be performed by applying frequency
weightings to the measured data.
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AUTOMOTIVE

Demonstration
Results will be demonstrated in a real off-road vehicle. The driver will be equipped with the
Body Area Network (BAN), and its applicability for wireless vibration monitoring of drivers
during real-life operating conditions will be evaluated.
Benefits
Sensor nodes placed in appropriate locations (TI 3.02 – wireless communication
for in-vehicle use)
Partners
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Use Case

Instrumentation for Combined Data
Acquisiton: Wired-Wireless
Basics
This use case aims to develop a distributed data acquisition system (so-called satellites) that
can synchronously acquire data from wireless sensor nodes and traditional wired sensors.
The satellites distributed on the body of the vehicle measure the acceleration of the main
vibrating sources (engine, transmission, tires, etc.). Advanced processing techniques will be
applied to the measured data to provide more engineering insight into the vehicle excitation
during common operating conditions.
The vehicle will be instrumented with much less cabling, thereby reducing both the risk of
damaging cables and the instrumentation time. Going wireless also allows for fast, flexible,
robust and cost-efficient instrumentation of the test vehicle.

AUTOMOTIVE
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Realization of the DEWI Bubble Concept
The vehicle under testing is instrumented with a combined data acquisition system: wired
and wireless sensor nodes form one DEWI Bubble. The DEWI Bubble is organized in subsystems: Bubble Nodes (wired and wireless sensors distributed on the vehicle’s and driver’s
bodies), Bubble Gateways (data acquisition system measuring wired and wireless data), and
external users (vehicle manufacturer).
Challenges
• Reliability of the wirelessly measured data
• Synchronization of wired and wireless data acquisition
• In-vehicle testing under real-life operational conditions
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Expected Results
• Development of distributed data acquisition subsystems that synchronously acquire data
from wireless sensor nodes and traditional wired sensors and in-vehicle busses.
• Demonstrating the added value of the combined wireless-wired instrumentation through
engineering insights acquired via advanced data processing.
Demonstration
Results will be demonstrated in a real off-road vehicle. The vehicle will be equipped with the
combined data acquisition proof-of-concept, and its applicability for wireless vibration monitoring on vehicles and drivers during real life operating conditions will be evaluated.
Benefits
Smart architecture of sensor nodes (TI 3.02 – wireless communication for in-vehicle use)
Partners
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RAIL
With DEWI, railway systems will be enhanced in two ways. Firstly, valuable
data related to train integrity and train composition will be gathered, which
can be used by the ERTMS (European Rail Transport Management System)
onboard equipment. Secondly, the DEWI Rail Domain proposes novel solutions to optimize freight management.
For both data collection and freight train management, the approach is the same.
A WSN will be deployed along the different wagons and locomotives of a train,
which will send data about freight status, train composition and/or train integrity
to a gateway. This gateway is responsible for storing and managing the collected
data, and for sending it to the system or person requiring information, such as the
driver, the ERMTS system, or external services.
Wireless technologies in the rail domain can facilitate maintenance, reduce installation costs, and increase the safety level for some applications or systems.

RAIL
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Use Case

WSN for Automatic and Reliable
Train Integrity Control System
Basics
Monitoring the integrity of running train is a major safety issue for operating railway infrastructure. The main objective of the Train Integrity Control System is to monitor the completeness of the train composition to guarantee safety on tracks.
To date, the solution for train integrity control has consisted of wired devices installed track-side, which requires expensive infrastructure, including complex installation and maintenance.
Wireless infrastructure can avoid complex and expensive installations by offering dynamic
and reliable connection between systems.

RAIL
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Realization of the DEWI Bubble Concept
The DEWI Bubble Concept is achieved by setting up a single DEWI Bubble.
• Several wireless sensors installed on rolling stock fleet (DEWI Bubble Nodes)
• Gateway to ERTMS (DEWI Bubble Gateway)
• Internal users: Driver and/or train
• External users: ERTMS
Challenges
Safety requirements and safe processing of the WSN will be key factors in this use case.
The main challenges are to ensure safe WSN data processing mostly setting up by non-safety
designed sensors and to ensure a safety level close to that of wired systems, but offering all
advantages of wireless communications.
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Expected Results
• Dynamic, reliable, easy-to-install and maintain wireless sensor network for
integrity control systems
• Remote integrity control through the DEWI Bubble Gateway to the European Railway
Traffic Management System (ERTMS) safety systems
Demonstration
The demonstration process will be split in two steps:
• Laboratory tests: the whole system will be tested in a simulated environment on test beds.
• Real-life demonstration: After laboratory tests, the system will be tested, validated and
assessed in a real-life mock-up demonstration on a tourist train controlling its integrity
by monitoring the completeness of the train composition.
Benefits
Dynamic, reliable, easy-to-install and maintain wireless system for integrity control systems
(TI4.01 – Smart Integration Platform, TI4.06 – Plug&Play&Forget for WSN), common format
for data exchange between DEWI Bubble systems (TI4.02 – WSN data fusion framework) and
unified connection to external safety systems (TI4.03 – communication stack for train WSNs)
Partners
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Use Case

WSN for Smart Train Composition
Detection System
Basics
The main objective of this use case is to monitor the train composition by collecting some
useful parameters, such as train length or weight, which is important information for train
protection systems and crew procedures.
Wireless technology makes maintenance and operation easier and also reduces the risk of
human error during operation. Parameters implemented in the wireless devices enable a
univocal identification of the composition of the rolling stock.

RAIL
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Realization of the DEWI Bubble Concept
The DEWI Bubble Concept is achieved by setting up a single DEWI Bubble consisting of:
• Several wireless sensor installed on rolling stock fleet (DEWI Bubble Nodes)
• Gateway to ERTMS (DEWI Bubble Gateway)
• Internal users: driver and/or train
• External users: ERTMS
Challenges
The challenge is to achieve an easy-to-install system, which is very adaptable to every
possible type of train and wagon. Energy harvesting and low consumption are key aspects,
especially in freight trains, where no power supplies are available.
Ensuring safe WSN data processing mostly setting up by non-safety designed sensors, as
well as a safety level close to that of wired systems, but offering all advantages of wireless
communications is another critical aspect of this use case.
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Expected Results
• Procedures and technology required for univocal, safe train composition detection
• Providing vital parameters used by train staff and/or train safety systems across the
Train Composition Detection System
Demonstration
A sensor network and a simulated train will be tested in a laboratory environment containing
the smart platform described in the previous use case.
With the designed tests, it will be possible to identify parameters of the train that depend on
the detected train composition.
Benefits
• Specification of WSN infrastructure for automatic network configuration
• Semantic description techniques for defining contexts and scenarios related
to WSN railways applications
• Procedures and protocols for processing sensor information in a safe way
for vital applications
Partners
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Use Case

Centralized On-Board Solution for Seamless,
Safe and Reliable WSN Integration
Basics
Implementing wireless technology in train data acquisition will significantly improve flexibility for configuring sensor networks, therefore reducing the maintenance and installation costs
of these systems.
The goal of this use case is to define and develop a centralized on-board platform as well as
its interfaces to manage WSN integration in a safe and reliable manner.
Realization of the DEWI Bubble Concept
The generic smart integration platform can interact with the following devices:
• Inside the Sensor & Communication Bubble: train crew, WSN devices
• Via DEWI Bubble Gateways: train control system, maintenance system

RAIL
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Challenges
The integration platform must be able to perform both safety-critical data management
processes (fault-tolerant design, redundant architectures and diverse SW techniques) and
non-vital processes and then integrate all of these processes in a way that assures that vital
functions are never affected.
Expected Results
• HW/SW safety integration platform to safely manage critical safety data, as well as
non-vital processes
• Achieving a feasible integration of the non-safe WSN devices into critical railway systems.
Demonstration
This use case will be tested together with the two previous use cases. Due to the dependencies between these three use cases, both laboratory and real demonstrators will be designed
collaboratively.
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Benefits
• Specification of hardware and software design requirements for the development of a
centralized on-board platform for providing seamless, safe and reliable WSN integration
• Specification of simple and standardized interfaces with existing railway systems
• Cross-domain safe and secure wireless communication protocols and WSN capabilities
for auto-reconfiguration and auto-detecting functionalities
Partners
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Use Case

WSN for Advanced Freight
Monitoring and Management
Basics
In current freight management, the link between wagons, the identification of their physical
characteristics and parameters and the monitoring of the freight status inside the train composition are mainly mechanical processes.
A wireless solution provides easier, quicker and dynamic identification and monitoring of the
freight travelling inside the train composition, thereby eliminating the need for complex and
expensive installations. This is especially interesting for trains transporting hazardous materials, where early status detection is very important for safe operation.
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Realization of the DEWI Bubble Concept
• Wireless sensors on rolling stock fleet represent DEWI Bubble Nodes.
• The train staff or the train itself are internal users of the DEWI Bubble.
• The infrastructure manager, railway operator , emergency railway authorities or emergency
services vehicles are external users who access the DEWI Bubble.
Challenges
Limited wireless resources, co-existence of several WSNs, automatic adaptation, on-board
communications infrastructure with different interfaces.
Expected Results
A standardized and interoperable solution for monitoring and managing freight transport
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Demonstration
This use case will demonstrate how an advanced freight control and management system
can help improve existing operational procedures, even for complex incident management.
The system will be tested in a laboratory environment.
Benefits
Tools for a low-cost and easy WSN deployment and maintenance; management of different
heterogeneous sensors; techniques for adding new sensors to the WSN in a simple way;
provision of a complete communications infrastructure, including heterogeneous communication channels and services
Partners
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BUILDING
The developed DEWI solutions for buildings cover the whole chain of operators and customers in buildings: owners, service providers and end users.
Data mining, data fusion and context-aware reasoning utilising various types
of data play a key role in development.
Data may be retrieved from camera feeds, drones, or indoor positioning systems,
or by monitoring overall indoor conditions, such as temperature or lighting, using
sensor data. The aim is to reduce the cost of the WSN itself by making it more
energy efficient, easier to install, robust, scalable and less complex.
The use cases described here will improve situational awareness and access
control in buildings, decrease energy consumption, and optimize facility operation
and maintenance work.
Additionally, deployment and maintenance will be enhanced, as well as the
performance and scalability of WSN networks in buildings.
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BUILDING

Use Case

WSN for Situational Awareness in
Building Security
Basics
Smarter, more connected buildings are at the forefront of smart infrastructure for the new
domains opening up in today’s cities. In order to guarantee safety and security, operators
need to maintain a high level of situational awareness inside buildings and in their proximity.
Currently this is achieved by using ad-hoc solutions which sometimes rely on wireless technology and may or may not guarantee interoperability. By deploying the DEWI WSN concepts
and advanced data understanding, this situation can be greatly improved.
Wireless Sensor Networks provide more efficiency in the deployment of new network devices
and sensors, as well as more flexibility in the sensors used, making novel concepts such as
swarms of drones and mobile sensors possible.
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Realization of the DEWI Bubble Concept
There is one Bubble per building, which includes a wide range of wirelessly networked sensors and actuators.
These will connect via standardized means (web-service-like interfaces, such as REST or
SOAP) to the higher level elements of the application through a layer of data storage, processing and analysis. Security will not be implemented as a separate resource, but rather in
the interfaces themselves. The whole system will be backed by a complete semantic model,
including a reasoner and rule engines to trigger actuations based on findings in context.
Challenges
• Some of the proposed sensors (drones, localization) in the use case are novel and not yet
widely available in current scenarios.
• Data security is particularly important and will therefore require integrated solutions.
• Data integration and understanding is critical as data from the plethora of available sources
are extremely heterogeneous. A common data model and reasoning infrastructure will help
to integrate all data in interoperable ways.
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BUILDING

Expected Results
• A set of requirements fully defining the use case
• A set of well-specified user stories that help understand the final use of the technology
• An initial global architecture that supports partial architectures of the TIs used
Demonstration
The use case’s capabilities will be tested in a realistic environment:
• Indoor location using Wi-Fi
• Swarms of drone imaging sensors
• Data fusion and reasoning using rules to infer context
• Energy management for efficiency (e.g. in HVAC) and context data gathering
• Communication security
Benefits
This use case will provide useful developments that go far beyond the building domain:
• Semantic and reasoning technologies to be used cross-domain, elaboration of common
building and infrastructure ontologies and reasoning/rules modules (TI5.01, TI5.07).
• Improved power management for large deployments of WSNs (TI5.03)
• Wi-fi based localization framework (TI5.04)
Partners
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Use Case

Eﬃcient WSN Design for Deployment
and Maintenance Cost Reduction
Basics
The adoption of WSNs is constrained by their high maintenance costs, resulting from battery
replacement, firmware updates, complex topologies, etc. The system developed in this use
case will take into account the deployment and maintenance necessities, with a WSN optimized for power consumption and easy-to-use tools for planning, installation and maintenance
support.
WSNs represent a great challenge when cost-effective maintenance is required. Although
WSNs are a highly suitable solution for multiple scenarios (e.g. lighting automation and wireless audio), the high cost and risk associated with the deployment and maintenance activities
are among the main factors preventing large scale adoption in the market.
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Realization of the DEWI Bubble Concept
WSNs for monitoring and controlling applications or devices (e.g. lighting or speakers) represent DEWI Bubble Nodes, while the access point acts as a DEWI Bubble Gateway. Maintenance staff, operators, and facility managers are the internal users of the DEWI Bubble. The central
server, which may take the form of a diagnostics app, acts as an external user that accesses
the DEWI Bubble.
Challenges
• Easy-to-install and robust routing capability with tutoring guide for installation of nodes.
• Self-configuring multicast, broadcast and unicast routing
• Hybrid message traffic, scalability, design robustness and energy efficiency,
OTA programming
• Diagnostics on embedded constraint devices, without affecting main operation
• Local and global network discovery
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Expected Results
• WSN optimized for power consumption, IP compatible, OTA programmable, maintenance
and diagnostics
• WSN optimized for lighting or sound system application (latency, scalability, reliability, etc.)
Demonstration
Lighting and sound systems in buildings in Spain and Belgium will be upgraded using DEWI
technology. The main target is to demonstrate that the WSNs developed in these use cases
reduce the maintenance costs for activities such as the commissioning procedure, system
management, battery replacement, firmware updates, optimal topology and network diagnostics.
Benefits
• Scalability of wireless building networks (TI 5.02)
• Smart power supply (TI 5.03)
• OTA programming, monitoring and control (TI 5.08)
• WS communication homogenization with the IP (TI 5.09)
• Flexibility: Adaptation to optimum network topology and wireless diagnostics/monitoring
Partners
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BUILDING

Use Case

WSN for Facility and Housing
Energy Optimization
Basics
More accurate monitoring and control are needed in order to the enhance energy efficiency
in buildings. This requires a much higher level of measurement detail and functional connections to existing legacy systems.
This data will provide input for new intelligent reasoning services, which will provide a higher
level of automated control in lighting, heating, ventilation and air conditioning.
Relying on a wireless concept is essential, not only in old buildings, where new cable installations are complicated, but also in new buildings. As the internal layout, usage context
and user will change throughout the building’s life-cycle, revisions, new configurations and
additions to WSN must be easy to perform.

Heating
Air Conditioning
Ventilation

BUILDING

68

Realization of the DEWI Bubble Concept
Each building contains a DEWI WSN Bubble with compatible nodes, and its gateway serves as
a local data pre-processor, concentrator and connection interface to other building systems.
The DEWI server handles data storage and higher-level reasoning services. It also connects to
3rd-party service providers and control room SCADA applications.
Challenges
• Coverage and topology in large concrete buildings
• Interaction with surrounding proprietary systems
• Reasoning application areas
• WSN cost-efficiency
• Node power consumption
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BUILDING

Expected Results
More energy-efficient buildings with higher levels of automation, enabled by open, cost-efficient, easy-to-use DEWI WSN building bubbles
Demonstration
The DEWI building system will be demonstrated together with WP5.4 in Finland in a large
industrial building. All WP5.3 partners will contribute to this demonstration.
Benefits
Open, building-specific WSN Bubble solution will create new business, especially for the SME
sector, and will reduce energy costs, as well as the general cost of operating a building.
Partners
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Use Case

Facility Operation and Maintenance
Basics
Facility maintenance consists of monitoring information from several different sources and
planning maintenance actions based on this information. This use case aims to integrate
wireless conditions monitoring, automated lighting and existing facility systems (e.g. building
automation) into a single end point. The data from these sources is processed into information via context-aware procedures and can be utilized to provide enhanced maintenance and
higher service quality for the facility owner.
Wireless technologies eliminate the need to cable the target building. They provide the flexibility to change the node positions afterwards, without needing to worry about re-cabling. In
buildings where existing cabling is unavailable, the wireless solutions are essentially the only
practical solution.
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Realization of the DEWI Bubble Concept
The DEWI Bubble is distributed throughout the building, which contains the conditions
monitoring nodes and the automated lighting nodes along with their respective gateways.
The internal users for the Bubble are the maintenance personnel who install and configure
the network. External users are the remote maintenance personnel who can maintain the
network via the backend.
Challenges
The developed WSN solutions aim to be competitive in terms of required maintenance and
battery life. The robustness of the solutions in various building conditions is another key challenge. The end use of the solutions to provide quality information from the building raises
many integration and interfacing challenges within the solutions and with existing systems.

Expected Results
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This use case will provide WSN-based solutions for conditions monitoring and automated
lighting. Furthermore, it will provide a context-aware platform that is capable of processing
data from the WSN solutions into higher quality information.
Demonstration
The use case will demonstrate functional WSN systems for both conditions monitoring and
automated lighting. The use case will also demonstrate how the different data sources can be
combined into a single end point and how the data can be processed into maintenanceenhancing information via the context-aware platform.
Benefits
The WSN-based solution provides more flexibility in terms of installation, especially in existing
buildings. The overall system, together with existing building systems, will provide a higher
service quality for end users or building owners.
Partners
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Use Case

Access Control and Assets
Management System
Basics
This use case aims to develop a comprehensive product that provides a competitive advantage in the intelligent building security systems market, with a particular emphasis on access
control and indoor positioning systems based on RF technology (e.g. RFID, WSN, intelligent
antennas, dedicated mobile devices).
Motivation for Using Wireless Technology
• Increased flexibility for system implementation
• Adaptation in different types of building and applications
• New applications possible (e.g. indoor positioning)
• WSN-based interoperable systems can enable new applications in the field of access
control and asset management
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Realization of the DEWI Bubble Concept
The building represents a single DEWI Bubble. WSN sensor nodes and Wireless Data Aggregators (WDA) in the building represent DEWI Bubble Nodes, while selected WDAs connected to
LAN/WAN network act as DEWI Bubble Gateways. Security and maintenance staff are internal
users of the DEWI Bubble, while the facility operation center is an external user that accesses
the DEWI Bubble.
Challenges
Environment: re-configurability, RF wave propagation, real-time operation
Security & identification: secure access credentials assignment (ID tag or NFC device),
identification data distribution
Interoperability, data acquisition, data fusion, information exchange and distribution
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Expected Results
Complex access control and assets management system that provides:
• Quick and easy management of access credentials
• Access to the facility with user tag or NFC device
• User assistance inside the building
• Robust indoor positioning of assets and users
• Development of indoor navigation devices
Demonstration
Demonstration of access control and assets management system at office and laboratory
area at Gdansk University of Technology.
Main issues: rooms/laboratories access; measurement equipment and tools evidence, localizing, borrowing and securing; indoor navigation for students and visitors; service access to
the existing technical infrastructure (measurement, network etc.); security support.
Benefits
• Cross-domain mechanisms for indoor positioning (TI 5.04 – indoor positioning platform)
• Flexible data acquisition (TI 5.05 wireless data aggregator)
Partners
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