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SUMMARY
The commercialization of short-range wireless devices based on the principles of ultra-wideband (UWB)
radio technology (UWB-RT) is widely expected within this decade, given the recent endorsement in the USA
and Europe’s similar efforts. The possible use and benefits of UWB-RT are significant in the areas of
communications, imaging, ranging, sensing and public security. Also, the spectrum overlay capability of
UWB signals offers the potential to alleviate problems related to finding and allocating new spectrum
resources on a world-wide scale. It is anticipated that the future Wireless World will include large numbers of
“intelligent devices” in the form of wireless transceivers built into appliances, sensors, beacons as well as
identification tags and the like. The envisaged scenarios of such networked “ambient intelligence” imply that
many of these devices will interact among themselves but also with their environment by exchanging various
types of information, including their geographic positions in support of context-aware applications, services
and even routing mechanisms. The prospect of a shortage in world-wide available spectrum resources and
the growing number of active wireless devices, combined with their potential to further aggravate
interference and electromagnetic exposure issues, favors the introduction of license-free systems based on
ultra-wide spectrum overlay concepts. UWB-RT has also been identified as a potential key technology to
enable the development of dynamic wireless networks that combine robustness, high resistance to
intentional attacks, communication and location features. UWB devices will help in filling the current
technical gaps towards the realization of the vision of a future Wireless World in the short-range space
where a variety of high data rate and/or location-centric applications interact seamlessly and wirelessly. The
commercial prospects and technical challenges to be overcome when developing and deploying UWB radio
systems have spurred a growing activity within the wireless industry and research institutions alike. Some
IST-FP5 projects are already focusing today on exploring the potential of low-power short-range UWB radio
devices; they will soon deliver indications for an initial exploitation path for this promising new technology.
However, there is a real need for a thorough study of its potential interoperation and coexistence with other
wireless systems. Thus, an extended and well coordinated approach to design, trial and integration activities
related to UWB-RT will significantly improve Europe's chances to be at the forefront of this revolutionary
technique. Such an approach can ensure that future users will enjoy the advantages and services as offered
by high-speed multimedia transmission and context-aware personalized UWB and other wireless devices.
Consequently, based on the strong interest of over 30 organizations, a coordinated and integrated European
research and development project of sufficient technical breadth is proposed – the Pervasive Ultra-wideband
Low Spectral Energy Radio Systems (PULSERS) Integrated Project (IP). Besides longer-term, more “risky”
research items, the primary objectives of the PULSERS-IP are defined to provide a platform that increases
Europe’s knowledge base, competitiveness and readiness for commercial exploitation of UWB-RT.
INTRODUCTION
Project PULSERS is concerned with specific short-range wireless devices and systems operating in the
context of Ambient Intelligence [1], [2] and – in a very similar sense – Pervasive Computing environments
[3], [4]. While short-range wireless applications demand ever higher data rates, we also observe an increase
in the numbers of low-rate devices, such as transceivers embedded in a variety of common appliances,
exchanging different information types, including their geographic or local positions. The resulting prospect
of a shortage in spectrum resources calls for license-free systems using spectrum overlay concepts. UWBRT is widely considered as a possible key technology enabling the reuse of existing spectrum bands. The
commercial prospects and the technical challenges to be overcome when developing and deploying UWB
radio systems have spurred a rapidly growing activity within the wireless industry and research institutions,
mainly in the United States of America (USA). Home, office, healthcare and also industrial environments are
becoming primary target markets for different systems supporting link distances of only a few tens of meters.
While dedicated data-centric links (up to several 100 Mb/s) are envisaged for distances up to a few meters,
use of low-rate links (down to several kb/s) in combination with precise position location and tracking is
considered possible over 100 m and more. UWB-RT is also considered a key technology for wireless
multimedia systems. In its First Report and Order, the FCC has stated: “Based on our review of the record,
we continue to believe that UWB technology offers significant benefits for public safety, businesses and
consumers. We anticipate that the authorization of UWB technology will create new business opportunities
for manufacturers, distributors and vendors that will enhance competition and the economy. We also find
that the use of this technology would promote spectrum efficiency by sharing frequencies with other services
without causing interference [5].” The FCC's decision of allowing commercial use of UWB radio devices is a
fundamental step forward in regulating spectrum allocation. Based on ETSI and CEPT activities related to
UWB-RT, a first European regulation for UWB radios is expected by 2004 [6], [7]; also, there are indications
that Japan and other Asian countries will follow.
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NEED AND RELEVANCE – OBJECTIVES AND MAIN TASKS
Need and Relevance – UWB-RT opens unique possibilities to combine data communication and positioning
capabilities within a single device [8]. The PULSERS-IP provides the opportunity to drive the regulatory and
standardization groups developing physical layer (PHY), medium access control (MAC) and networking
functions for short-range wireless systems that inherently support context-aware and personal services.
While these capabilities are not – or at best only poorly – supported by conventional narrow-band systems,
exploitation of UWB-RT technology will allow their implementation and commercialization. A standardization
group, the IEEE 802.15.3a ALT-PHY Study Group (SG3a), has started to work on a first PHY definition for
the support of multimedia and location-aware applications [9]. Some USA-based developers of UWB-RT are
currently leading the way in the design of PHY functions and, to a somewhat lesser degree, the MAC and
higher-layer functions required to support the application scenarios described above. A few very effective
pioneering individuals and companies have collectively generated an impressive amount of intellectual
property, including complete concept and prototype systems that sufficiently proved feasibility and benefits of
UWB-RT (e.g., see [10]). However, a large gap exists between the current level of the base technology and
the ultimately desirable state of widely available and highly integrated, cost/power efficient and standardized
circuits with small form factors, e.g., for integration into a variety of common home appliances as well as cell
phones, personal digital assistants, laptops and other devices. Thus, the potential benefits of UWB-RT to
various user groups – at the home, in public areas or at work – are significant, particularly in the areas of
communications, multimedia, ranging, sensing and public security as well as in mitigating problems related
to scarce spectrum resources [5]. Context-aware and multimedia services will advance the European
citizens' social and technical status and will bring forward new wireless business opportunities; these are
clearly major motivators and incentives to support a coordinated UWB-RT action in FP6 by means of the
PULSERS-IP.
Objectives and Main Tasks – PULSERS aims at integrating UWB-RT into the daily life of a large number of
European citizens by allowing new services and creating spaces for innovation and business opportunities.
To achieve these challenging goals, the group will have to work hard, aiming for low-cost and low power
UWB devices and protocols to allow a seamless integration and cooperation with other wireless personal
area networks, for example, such as Bluetooth, IEEE 802.11a/b, and IEEE 802.15.4. The research work will
be initiated by defining user scenarios and applications in the home, office and industrial user spaces. This
activity will also exploit the findings and results of previous IST projects to obtain a comprehensive set of
suitable network topologies, system architectures as well as system and PHY/MAC technology
requirements. An important aspect of the project will be to observe, help and support the evolving UWB
regulatory developments – primarily in Europe – and to contribute to (global) standardization efforts for
systems based on UWB-RT. This close relationship with regulators will provide the necessary inputs for the
core work areas, namely, the development of the enabling PHY and MAC technologies, including platforms
for flexible design and performance evaluation in smart environments. The envisaged core activities of the
project will integrate work in areas such as antenna systems, semiconductor and circuit technologies as well
as design issues related to “system on chip” (SoC) or “system on package” (SoP). Core activities also
include study of UWB signal propagation and modeling, the design and evaluation of signal processing and
coding algorithms, the analysis of adaptive architectures and modulations, investigations on the applicability
of multiple-input/multiple-output (MIMO) technology as well as quality of service (QoS) and security issues at
the PHY and MAC layers alike. Network layer issues (i.e., addressing, routing, mobility and topology
management) will also be considered, ideally in cooperation with related projects under FP6, e.g., projects
dealing with Ad-hoc Networking. Some aspects related to terminal reconfiguration might be addressed in
cooperation with specific Software Defined Radio (SDR) FP6 projects. PULSERS will build a consensus
towards broadly supported positions and agreements in matters of radio regulation and standardization of
UWB radio devices. Through a synergetic approach, all envisaged tasks will lead to the design, construction
and demonstration of working UWB prototype systems that are integrated in pilot intelligent environments.
The objectives of the PULSERS-IP will be achieved through a set of coordinated, main technical tasks:
• User Scenarios and Applications – Define new and perhaps unconventional user scenarios and applications which
leverage the unique advantages and properties offered by UWB-RT; deduce corresponding requirements on the
qualitative and quantitative PHY/MAC and higher layer specifications (e.g., for joint data and positioning applications).
• Performance and Algorithms – Perform a comparative performance analysis (theory, simulation and experiments) to
assess the merits of various coding, modulation, multiple-access and positioning schemes for UWB radio applications;
include pulsed and alternate (ultra-)wideband signaling methods, e.g., chirp [11], pulse-distance signaling and others.
• Interference and Coexistence – Determine interference and coexistence effects of – and on – UWB devices in
heterogeneous network situations; coordinate and cooperate with related organizations (e.g., ETSI/BRAN).
• Semiconductor and Circuit Technologies – Advancements in the use of high-speed, mixed-signal semiconductor
processes (e.g., CMOS, SiGe/BiCMOS, GaAs, InPh) and design methods, enabling high-volume, low-power and costeffective “system on chip” (SoC) or “system on package” (SoP) solutions for UWB radio devices (e.g., [12]).
• Implementation and Demonstration – Implement/demonstrate selected user scenarios in terms of UWB hardware
and specific software and application functions (e.g., data, positioning, sensing) in ambient intelligent environments.
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• Regulation and Standardization – Support a broad (global) consensus on UWB radio regulation and work towards
well consolidated proposals and submissions to international bodies standardizing UWB radio devices and services.

SCALE OF AMBITION AND CRITICAL MASS
Ambition – Project PULSERS intends to extend, complement and strengthen ongoing IST-FP5 projects and
efforts related to UWB-RT. It will build the necessary European synergy and vital coordinated support to
facilitate the introduction of unique and innovative (short-range) services offered by this new technology. The
results of existing IST projects will be effectively integrated with the new ideas and extended work plans of
PULSERS by following a reference roadmap and considering key criteria and requirements to ensure viable,
low-power, short-range wireless solutions. Technical work will range from high-speed circuit and antenna
technologies over signal processing and coding issues to medium access and ad-hoc network control. The
scope of PULSERS will also extend to alternate (ultra-)wideband radio systems (e.g., [11], [12]). In addition,
essential topics such as coexistence/interference issues and electromagnetic exposure concerns will be
addressed to make sure that the technology can be safely and seamlessly introduced into the marketplace.
Close coordination and direct cooperation between partners and related projects is a definite prerequisite for
achieving significant and timely advancements towards demonstrable viable UWB radio system solutions.
Project PULSERS has both the ambition and the flexibility to achieve synergetic effects among its objectives
and those pursued by other IST projects related to UWB-RT. This integrated project – collecting all major
interested parties in the European wireless industry, research institutions, user groups and administrations –
is expected to facilitate European - and perhaps even global - solutions for the regulation and
standardization of UWB radio devices. PULSERS will extend and include a variety of results and skills built
within the IST projects related to UWB-RT (e.g., UCAN [13], ULTRAWAVES [14], whyless.com [15], [16]).
Critical Mass – The European wireless industry and associated innovative wireless multimedia and contextaware services lag behind the very significant basic technological advances made, particularly during the
1990's, by a number of USA-based pioneering developers of UWB-RT. While these early developers were
initially funded by military and government agencies, they are now strongly focusing on the
commercialization path. Thus the USA has already a well established intellectual property, technical
expertise and development capacity in this emerging field. As of 2002, commercial UWB radio devices will
be able to operate in the USA within the spectrum range 3.1-10.6 GHz. Although similar regulatory efforts
have recently started to take place in Europe (e.g. within the ETSI-ERM/TG31 and CEPT/SE24 groups [7])
the USA's lead, particularly in the development of the base technology and standardization of UWB-RT, is
rather significant. Europe faces the challenge to quickly develop the critical expertise and know-how that will
allow effective development and deployment of UWB-RT-based services that are competitive on a global
scale. Thus, an integrated and well coordinated European UWB R&D effort of sufficient size and scope
appears necessary. By soliciting the active participation of academic and industrial organizations - including
small and medium-sized enterprises (SME's) - project PULSERS will be able to build the critical mass for
these R&D activities by providing the resources and expertise needed to achieve its ambitious goals.
NEED FOR COORDINATION AND INTEGRATION
Cooperation and synergy between PULSERS and related IST projects will increase the effectiveness in
attaining the critical mass necessary for Europe, as outlined above. This can be achieved, for example, by
the organization proposed in Fig. 1, based on the horizontal technical and coordinating vertical components.
Besides defining reference models and assuring compatibility with the visions of the Wireless World, the FP6
Coordination Function links the PULSERS project and related IST projects to assure integration of the
latter's results and the transition of their expertise into the new FP6 activities related to UWB-RT. This
coordination task and establishment of synergetic roadmap definitions could be done within PULSERS itself
or it could be provided by a different FP6 project entity, such as a large-scale WWRF-driven project [17],
[18]. The multi-disciplinary skill base assembled within PULSERS could be leveraged by combining it with
the skills, expertise and results that become available through other European projects related to UWB-RT.
The participants in PULSERS – of which some are already active in existing IST projects related to UWB-RT
– are willing and interested in collaborating closely to extend their influence and visions within the framework
of the PULSERS-IP. Consequently, the formation of an appropriate UWB-RT Cluster, coordinating related
IST-FP5/FP6 projects under the auspices of the European Commission, appears not only necessary but also
practical and feasible (see Fig. 1). Typically, the anticipated flexible organization of the PULSERS-IP will
enable industrial partners to lead in systems and prototype aspects of the proposed work while academic
partners will mainly lead in base technology investigations, concept studies and educational or training
activities. The need as well as the wish for close coordination and integration of UWB-related R&D activities
in Europe is very well demonstrated by the rather large and well balanced number of academic institutions
and industrial organizations – including SMEs and participants in related FP5 projects – that have expressed
their explicit interest for an active participation in the PULSERS-IP (see Table 1).
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European Commission

“UWB-RT Cluster”
Coordination Function (FP6)

PULSERS
Integrated Project (FP6/1.1.2.ii)

! Main Objectives
- achieve synergy & expand scope/results of other UWB projects
- raise European UWB-RT competitiveness to par with USA
- develop expertise & show realistic application trials of UWB-RT
- foster (global) consensus on regulatory and standards issues

! Main Tasks
- define system architectures and PHY/MAC concepts
- system design and performance analysis (incl. alternates)
- complete “antenna-to-application” designs; prototyping/testing
- show interoperability with other WLAN/WPAN (802.11, 802.15.4)

! Main Deliverables
- demonstration of complete systems enabling applications using
variable data rates or location tracking or both (“data+location”)
- consensus inputs to regulatory and standard organizations
- heterogeneous network design and trial (WLAN/WPAN/WBAN)

…

Existing European UWB-RT Projects (FP5)

! Main Objectives
- open mobile access network
- research scalable radio technology (UWB-RT), network resource trading
- UWB system demonstrator and ad-hoc networking/positioning in 4G

! Main Tasks
- from vision to models; economic & business scenarios and models
- simulation architecture; algorithmic design; sub-model creation/validation
- theoretical/experimental investigation of UWB-RT (PHY/MAC/NW)

! Main Deliverables
- legacy system analysis; economic model and business scenarios
- model for network resource manager concept (potentials of the radio
access technology, multiple access and radio resource sharing)
- air interface concept (including channel model) based on UWB-RT
- flexible UWB hardware platform; concept proof for multimedia and
location-aware ad-hoc networking

Figure 1 – Project PULSERS (FP6) and its proposed synergetic connection to existing FP5 projects related
to UWB-RT, whose main objectives, tasks and deliverables are extended and complemented by PULSERS.
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Table 1 – Organizations that have expressed an interest in participating in project PULSERS
(updated preliminary list as of August 20/September 9, 2002).
#

Organization

Contact Person

1

Aachen University of Technology
Aachen, GERMANY (DE)
ACORDE and DICOM
University of Cantabria, SPAIN (ES)
Ascom Systec AG
Maegenwil, SWITZERLAND (CH)
Catalonia University of Technology (UPC)
Castelldefels (Barcelona), SPAIN (ES)
CEA-LETI
Grenoble, FRANCE
Chalmers University of Technology
Göteborg, SWEDEN (SE)
CSEM
Neuchâtel, SWITZERLAND (CH)
Delft University of Technology
Delft, NETHERLANDS (NL)
Dresden University of Technology
Dresden, GERMANY (DE)
ENSTA
Paris, FRANCE (FR)
ETHZ - Swiss Federal Institute of Technology
Zurich, SWITZERLAND (CH)
GET/ENST
Paris, FRANCE (FR)
IBM Research, Tokyo Research Laboratory
Tokyo, JAPAN (JP)
IBM Research, Zurich Research Laboratory
Rüschlikon, SWITZERLAND
IHP-Innovations for High Performance Microelectronics
Frankfurt, GERMANY (DE)
Ilmenau University of Technology
Ilmenau, GERMANY (DE)
IMST GmbH
Kamp-Lintfort, GERMANY (DE)
Institute for Communications Research
Singapore, SINGAPORE (SG)
MEODAT GmbH
Ilmenau, GERMANY (DE)
Mitsubishi Electric ITE
Rennes, FRANCE (FR)
Motorola CRM
Gif-sur-Yvette, FRANCE (FR)
National Technical University of Athens
Athens, GREECE (GR)
Philips Research Laboratories
Redhill, Surrey, ENGLAND (UK)
Philips Semiconductors
Eindhoven, THE NETHERLANDS (NL)
Pulse Technologies
Moscow, RUSSIA (RU)
RadioLabs (University of Rome “Tor Vergata”)
Rome, ITALY (IT)
STMicroelectronics
Geneva, SWITZERLAND (CH)
Tality UK Limited
Cambridge, ENGLAND (UK)
Telefónica Investigación y Desarrollo,
Madrid, SPAIN (ES)
THALES Communications
Gennevilliers Cedex, FRANCE (FR)
University of Florence
Florence, ITALY (IT)
University of Karlsruhe
Karlsruhe, GERMANY (DE)
University of Linz
Linz, AUSTRIA (AT)
University of Oulu
Oulu, FINLAND (FI)
University of Rome “La Sapienza”
Rome, ITALY (IT)
VTT Electronics
Oulu, FINLAND (FI)
Wisair
Tel Aviv, ISRAEL (IL)

Prof. Dr.-Ing. Bernhard Walke
(walke@comnets.rwth-aachen.de)
Prof. Jose Luis Garcia
(jlgarcia@dicom.unican.es)
Dr. Johannes Maucher
(johannes.maucher@ascom.ch)
Dr. David Remondo-Bueno
(remondo@mat.upc.es)
Dr. Jean-René Lequepeys
(lequepeys@chartreuse.cea.fr)
Prof. Dr. Arne Svensson
(arne.svensson@s2.chalmers.se)
Dr. John Farserotu
(john.farserotu@csem.ch)
Prof. Dr. Ignas Niemegeers
(I.Niemegeers@its.tudelft.nl)
Prof. Dr.-Ing. habil. Adolf Finger
(finger@ifn.et.tu-dresden.de)
Prof. Alain Sibille
(sibille@ensta.fr)
Prof. Dr. Helmut Boelcskei
(boelcskei@nari.ee.ethz.ch)
Prof. Jean-Claude Bic
(bic@enst.fr)
Dr. Yasunao Katayama
(yasunaok@jp.ibm.com)
Dr. Walter Hirt *)
(hir@zurich.ibm.com)
Prof. Burkhart Dietrich
(dietrich@ihp-microelectronics.com)
Prof. Reiner Thomä
(tho@e-technik.tu-ilmenau.de)
Heinz Lüdiger
(luediger@imst.de)
Francois Chin
(chinfrancois@icr.a-star.edu.sg)
Dr. Peter Peyerl
(pey@meodat.de)
Laure Seguin
(seguin@tcl.ite.mee.com)
Jean-Noèl Patillon
(jean-noel.patillon@motorola.com)
Sofoklis A. Kyriazakos
(skyriazakos@telecom.ntua.gr)
Domenico Porcino *)
(domenico.porcino@philips.com)
Stefan Drude
(stefan.drude@philips.com)
Dr. Alexei F. Kardo-Sysoev
(alx@helen.ioffe.rssi.ru)
Prof. Francesco Vatalaro
(pulsers@radiolabs.it)
Philippe Rouzet
(philippe.rouzet@st.com)
Gerard Wimpenny
(gjw@tality.com)
Wsewolod Warzanskyj
(wwg@tid.es)
Serge Héthuin
(serge.hethuin@fr.thalesgroup.com)
Dr. Lorenzo Mucchi
(mucchi@lenst.det.unifi.it)
Prof. Dr. rer. nat. Friedrich Jondral
(jondral@int.uni-karlsruhe.de)
Prof. Andreas Springer
(a.springer@icie.jku.at)
Prof. Matti Latva-aho
(ian@ee.oulu.fi)
Prof. Maria-Gabriella Di Benedetto
(gaby@acts.ing.uniroma1.it)
Research Prof. Aarne Mämmelä
(aarne.mammela@vtt.fi)
David Yaish
(david.yaish@wisair.com)

2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
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