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Institut für Nachrichtentechnik und Hochfrequenztechnik
Technische Universität Wien
Gußhausstraße 25/389
A-1040 Wien, Austria

Tel.: (+43 1) 588 01-ext.
Fax: (+43 1) 587 05 83
E-mail: sekinthf@email.tuwien.ac.at

Nebenstelle/
Extension

Sekretariat / Secretariate (Fr. Jarosch, Fr. Heigl, Fr. Stibli) 3530

❏ Automatische Codeerzeugung / Automatic Code Generation
Prof. Mecklenbräuker / Dr. Wess 3537, 3519

❏ Codierung und Datenübertragung / Coding and Data Communications
Prof. Weinrichter 3528

❏ Digitale Filter und Signalprozessoren / Digital Filters and Signal Processors
Dr. Doblinger 3527

❏ Digitale Signalverarbeitung / Digital Signal Processing
Prof. Mecklenbräuker 3537

❏ Hochfrequenztechnik / Radio Frequency Technology
Prof. Bonek, Prof. Scholtz 3536, 3545

❏ Mikrowellentechnik / Microwave Engineering
Prof. Magerl 3540

❏ Mobilkommunikation / Mobile Communications
Prof. Bonek 3536

❏ Optische Nachrichtentechnik / Optical Communications
Prof. Leeb 3553

❏ Sprachverarbeitung und Nichtlineare Signalverarbeitung /
Speech Processing and Nonlinear Signal Processing
Dr. Kubin 3512

❏ Zeit-Frequenz-Signalverarbeitung / Time-Frequency Signal Processing
Doz. Hlawatsch 3515



MITARBEITER DES INSTITUTS (STAND: 1.10.1996)
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Professoren:
O.Univ.Prof. Dr. Ernst Bonek
O.Univ.Prof. Dr. Wolfgang Mecklenbräuker
AO.Univ.Prof. Dr. Walter Leeb
AO.Univ.Prof. Dr. Gottfried Magerl
AO.Univ.Prof. Dr. Johann Weinrichter
Dozenten:
Univ.Doz. Dr. Franz Hlawatsch
AO.Univ.Prof. Dr. Arpad Scholtz
Beamte des wissenschaftlichen Dienstes:
Dr. Walter Ehrlich-Schupita
Universitätsassistenten:
Dipl.-Ing. Hans-Peter Bernhard
Dr. Gerhard Doblinger
Dipl.-Ing. Martin Hagenauer
Dipl.-Ing. Bernhard Ingruber
Dr. Gernot Kubin
Dipl.-Ing. Klaus Kudielka
Dr. Andreas Molisch
Dipl.-Ing. Heinz Novak
Dipl.-Ing. Wolfgang Pusch
Dipl.-Ing. Ralph Sucher
Vertragsassistenten:
Mag. Dipl.-Ing. Josef Fuhl
Dipl.-Ing. Anton Helm
Dipl.-Ing. Werner Kreuzer
Dipl.-Ing. Martin Schreiblehner
Wiss. Mitarbeiter:
Dipl.-Ing. Helmut Bölcskei
Dipl.-Ing. Stefan Fröhlich
Dipl.-Ing. Martin Gotschlich
Dipl.-Ing. Andras Kalmar
Dipl.-Ing. Wolfgang Konrad
Dipl.-Ing. Alexander Kuchar
Dipl.-Ing. Mathias Lang
Dipl.-Ing. Gerald Matz
Dipl.-Ing. Michael Rasztovits-Wiech
Dipl.-Ing. Martin Wachutka
Dr. Bernhard Wess
Dipl.-Ing. Peter Winzer

Bedienstete des nichtwissenschaftlichen
Dienstes:
Wolfgang Aue
Johann Enzinger
Monika Fritz
Manuela Heigl
Regine Hodza
Martha Jarosch
Ing. Walter Schüttengruber
Christine Skerbinz
Katalin Stibli
Friederike Svejda
Franz Vasina
Ing. Bernhard Wistawel
Zugeteilt dem Institut:
Hon.Prof. Dr. Hermann Ebenberger
Em.O.Prof. Dr. Günther Kraus
AO.Univ.Prof. Dr. Johannes Riegl
O.Prof. Dr. Gerhard Schiffner
O.Prof. Dr. Heinz Zemanek
Lehrbeauftragte:
Dr. Joseph Braunbeck
Dr. Peter Fröhling
Dr. Heinrich Garn
Dipl.-Ing. Helmut Geirhofer
Dipl.-Ing. Otto Horak
Dr. Markus Kommenda
Dr. Peter Kreuzgruber
Dr. Wolfgang Lothaller
Dr. Helmut Malleck
Mag. Dr. Bernhard Mayr
Dipl.-Ing. Bernhard Oehry
Dr. Peter Proksch
Dr. Alexander Renner
Dipl.-Ing. Paul Skritek
Im letzten Jahr sind folgende
Mitarbeiter ausgeschieden:
Irene Gattermann
Dipl.-Ing. Martin Birgmeier
Dipl.-Ing. Thomas Keznikl
Mag. Dr. Bernhard Mayr
Dipl.-Ing. Bernhard Oehry

Gastmitarbeiter:
José María Díaz-Nafría 04.96 - 10.96 Technische Hochschule, Bilbao, Spanien

Pauliina Erätuuli 01.96 - Technische Universtät, Helsinki, Finnland

Ben Green 07.96 - 08.96 Queens University, Belfast, UK

Juha Laurila 06.96 - Technische Universtät, Helsinki, Finnland

Fernando Lopez-de-Victoria 01.09.96 - 30.09.96 Cornell University, Ithaca, New York, USA

Khanh P. Nguyen 03.94 - HCMC University of Technology, Vietnam

Csaba Török 22.07.96 - 04.08.96 CEF Technical University, Kosice, Slowakei
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Im Bereich der digitalen Signalverarbeitung
bearbeiten wir derzeit die folgenden Schwer-
punkte: Zeit-Frequenz-Signalverarbeitung,
Nichtlineare Signal- und Sprachverarbeitung,
Digitale Filter und adaptive Systeme zur Sprach-
entstörung, sowie die Automatische Generierung
optimierter Programme für Signalprozessoren.

Zur Analyse und Verarbeitung instationärer
Signale wenden wir Zeit-Frequenz-Signaldar-
stellungen an. Im Rahmen zweier vom FWF
finanzierter Forschungsprojekte entwickeln wir
neue Z-F-Verfahren zur Analyse, Filterung,
Codierung und Detektion von Signalen. Einer-
seits arbeiten wir an statistischen Z-F-Verfahren
zur optimalen Filterung und Detektion, anderer-
seits an der Analyse und dem Entwurf überab-
getasteter ein- und mehrdimensionaler Filter-
bänke sowie deren Anwendungen auf die Kom-
pression von Audio- und Videosignalen.

Zunehmende Bedeutung erlangt die nicht-
lineare Signal- und Sprachverarbeitung sowohl
für die Modellierung als auch für die Signalprä-
diktion bei unterschiedlichen Anwendungsge-
bieten. Dabei werden neue Algorithmen aus der
Chaostheorie und der Informationstheorie
ebenso eingesetzt wie neurale Netze und nicht-
lineare adaptive Filter. Anwendungen realisieren
wir in der Sprachsynthese und Sprachcodierung,
der Fehlerverdeckung für Bild- und Sprach-
signale, der digitalen Übertragungstechnik und
der Analyse und Prädiktion von Lastkurven in
der Energieversorgung. Ein Teil dieser Projekte
wird mit Unterstützung des FWF, in Koopera-
tion mit der Industrie oder mit internationalen
Partnern (Bell Laboratorien, Cornell University)
durchgeführt.

Mit der stark gestiegenen Leistungsfähigkeit
integrierter digitaler Signalprozessoren eröffnen
sich immer mehr Anwendungen für den Einsatz
digitaler Systeme. Hierfür werden gegenwärtig
im Rahmen eines industrienahen FWF-Projekts
effiziente und flexible Entwurfsalgorithmen für
digitale Filter entwickelt. Ein weiteres For-
schungsgebiet umfaßt die Entstörung massiv
verrauschter Sprachsignale mit Hilfe von Filter-
bänken. Neben dem Entwurf von Multiraten-
filterbänken werden auch adaptive Algorithmen
zur Modifikation der einzelnen Teilbandsignale
entwickelt.

In the area of digital signal processing we
focus on the following topics: Time-frequency
signal processing, nonlinear signal and speech
processing, digital filters and adaptive systems
for speech enhancement, and automatic program
generation for signal processors.

We apply time-frequency signal representa-
tions to the analysis and processing of nonsta-
tionary signals. In the framework of two FWF
supported research projects, we develop new
time-frequency methods for the analysis,
filtering, coding, and detection of signals. On the
one hand, we work on statistical time-frequency
methods for optimal filtering and detection; on
the other hand, we investigate the analysis and
design of oversampled one- and multi-
dimensional filterbanks, as well as their
application to the compression of audio and
video signals.

Nonlinear signal and speech processing
receives growing interest for modeling purposes
and signal prediction in various application
scenarios. New algorithms from chaos theory
and information theory are instrumental tools as
are neural networks and nonlinear adaptive fil-
ters. We solve application problems in speech
synthesis, speech coding, error concealment for
image and speech signals, digital communica-
tions, and the analysis and prediction of load
profiles in energy management systems. Some
of these projects are carried out with support
from FWF, in cooperation with industry, or with
international partners (Bell Laboratories, Cornell
University).

The dramatic performance increase witnessed
by integrated digital signal processors opens ever
more application possibilities for digital systems.
For this purpose, efficient and flexible algo-
rithms for digital filter design are being devel-
oped in an industrially-oriented FWF project.
Another research area comprises the enhance-
ment of massively noise-corrupted speech sig-
nals with the help of filterbanks. Besides the
design of multi-rate filterbanks, a number of
adaptive algorithms is developed for the modifi-
cation of the subband signals.
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Die Leistungsfähigkeit moderner Signalpro-
zessoren kann nur durch effiziente Programme
wirklich ausgenutzt werden. Dazu entwickeln
wir Algorithmen für die automatische Umset-
zung von Datenflußgraphen in optimierte
Programme für Signalprozessoren. Auf diesem
Gebiet werden wir durch den FWF und die
OeNB unterstützt, es bestehen aber auch enge
Kooperationen mit Industriefirmen.

Im Bereich der Kanalcodierung untersuchen
wir Trellis-codierte Modulation für unterschied-
liche Kanäle (z.B. Fading-Kanäle) sowie fehler-
korrigierende Übertragungsverfahren, die an den
Frequenzgang des Kanals angepaßt sind. Wir
versuchen, das Prinzip der Turbo-Codes bzw.
der iterativen Decodierung auf Kanal angepaßte
Übertragungsverfahren anzuwenden. Im Bereich
der Quellencodierung testen wir verschiedene
Varianten der Datenkompression bei der
Bildcodierung und arbeiten an einer optimalen
Kombination von Quellen- und Kanal-
Codierung.

In der Mobilkommunikation arbeiten wir mit
der Post und Telekom Austria AG zusammen auf
den Gebieten Intelligente Antennen, Wellen-
ausbreitung, Funknetzplanung und digitale
Mobilfunksysteme (GSM, DECT, HiperLAN,
künftiges UMTS). Wir untersuchen die grund-
legenden Fehlermechanismen in Mobilfunk-
kanälen und spezifizieren im Rahmen eines EU-
Projekts, was an Mobilfunkkanälen mit welcher
Genauigkeit gemessen werden soll. An den
COST Aktionen 231 "Evolution of Land Mobile
Communications (Including Personal Communi-
cations)" und 259 "Wireless Flexible Personal-
ized Communications" nahmen und nehmen wir
aktiv teil. Die Einbindung in das ITG-Fokus-
projekt "Mobile Kommunikation" führt zu einem
intensiven Wissensaustausch mit deutschen
Hochschulen und Firmen. Die Spezialausbildung
in der Mobilkommunikation, zu der verschiedene
Bereiche des Instituts beitragen, zieht Studenten
aus ganz Europa an.

Auf dem Gebiet der Hochfrequenztechnik be-
schäftigen wir uns mit Sendeempfängern einer-
seits für Frequenzbänder bis zu mehreren GHz
und andererseits für Kurzwelle. In allen Fällen
steht der Einsatz digitaler Verfahren im Vorder-
grund. Selbstverständlich streben wir an, die
entwickelten Baugruppen hochintegrierbar zu
gestalten.

The exploitation of the full performance of
modern signal processors requires efficient pro-
grams. To meet this challenge, we develop algo-
rithms for the automatic conversion of data flow
graphs into optimal programs for signal proces-
sors. In this area, we receive support from FWF
and OeNB, and there exist close cooperations
with industrial companies.

In the area of channel coding we investigate
Trellis Coded Modulation for specific channels
(e.g. fading-channels) as well as error correction
methods combined with spectral shaping. We try
to adapt the principle of Turbo-Decoding to
channel matched data transmission methods. We
are furthermore testing several data compression
methods in connection with image coding and try
to combine source coding and channel coding in
an optimal way.

In the field of mobile communications, we
cooperate with the Austrian PTT on smart anten-
nas, wave propagation, on network planning,
and on digital mobile radio (GSM, DECT,
HiperLAN, future UMTS). We actively
contribute(d) to COST 231 "Evolution of Land
Mobile (Including Personal) Communications"
and 259 "Wireless Flexible Personalized
Communications". Our involvement in the ITG
project "Mobile Kommunikation" lead to
intensive mutual knowledge exchange with
German universities and companies. The
dedicated course plan in mobile communications
draws students from all over Europe.

In the domain of radio frequency technology
we deal with the exploitation of bands up to
several GHz on one hand and with shortwave
radio on the other. In both cases we employ
digital technology wherever possible. Our main
goal is to develop systems which are highly inte-
gratable.
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Im Bereich der Mikrowellentechnik stehen In-
dustrieaufträge zur Entwicklung von Mikrowel-
len-Anlagen im Vordergrund. Derzeit wird ein
Leistungsverstärker für 1,6GHz entworfen und
aufgebaut, der nach dem Prinzip der Beein-
flussung der Harmonischen arbeitet. Es werden
zwei unterschiedliche Konzepte untersucht, die
sich durch die Ansteuerung des Verstärkers von-
einander unterscheiden. Mit einem halbsinus-
förmig angesteuerten Verstärker wurde ein Wir-
kungsgrad von besser als 75% erreicht.

Auf dem Gebiet der Optischen Nachrichten-
technik  setzen wir zur Zeit zwei Forschungs-
schwerpunkte. Zum einen entwickeln wir im
Auftrag der Europäischen Weltraumbehörde
ESA eine optische, phasengesteuerte Antennen-
gruppe für Datenübertragungssyteme mittels
Laserlicht und untersuchen Wind-Lidar-
Empfänger. Zum anderen beteiligen wir uns an
den ACTS-Projekten "PHOTON" und "MOON"
der Europäischen Kommission, in denen Wel-
lenlängenmultiplexsysteme mit Datenraten von
10Gbit/s aufgebaut werden.

Our microwave group thrives on industrial
contracts for the development of microwave
systems. At present we design and build a power
amplifier for the 1.6GHz frequency range. We
use the concept of harmonic control amplifiers
with different input waveforms. With a half-
sinusoidally driven harmonic control amplifier
we obtained a power-added efficiency of better
than 75%.

In the area of optical communications we cur-
rently work in two main research areas. First,
we develop an optical phased array antenna to be
used in the European Space Agency’s (ESA)
intersatellite communication links and investigate
wind lidar receivers. Second, we participate in
the European Commission’s ACTS projects
"PHOTON" and "MOON", where wavelength-
multiplexed systems with data rates of 10Gbit/s
are implemented.
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PREISTRÄGER DES INSTITUTS / AWARDS (1.10.1995 - 30.9.1996)
                                                                                                                                                                                                                                             

Dipl.-Ing. Mathias Lang ÖVE/GIT-Preis 1995

Dipl.-Ing. Gerald Matz ÖVE/GIT-Preis 1995

ERNENNUNGEN UND EHRUNGEN / HONORS AND DESIGNATIONS
                                                                                                                                                                                                                                             

Prof. Dr. Wolfgang Mecklenbräuker

Ernennung zum korrespondierenden Mitglied der
Österreichischen Akademie der Wissenschaften
in der mathematisch-naturwissenschaftlichen
Klasse.

Prof. Dr. Wolfgang Mecklenbräuker

Elected as a corresponding member of the
Austrian Academy of Sciences (Section for
Mathematics and the Natural Sciences).

INSTITUT FÜR KOMMUNIKATIONSNETZE /
INSTITUTE OF COMMUNICATION NETWORKS
                                                                                                                                                                                                                                             

In den Räumen des Instituts ist seit 01.03.1996
auch das neu eingerichtete Institut für Kommu-
nikationsnetze (Inst. Vorstand: O.Univ.Prof. Dr.
Harmen R. van As) untergebracht. Diese Inte-
rimslösung soll die Zeit bis zur Adaptierung der
für dieses Institut zugesagten Räume in der
Favoritenstraße 9-11 überbrücken.

Since 01.03.1996 the recently established Insti-
tute of Communication Networks (Head: Prof.
Dr. Harmen R. van As) is accommodated within
the premises of the Institut für Nachrichten-
technik und Hochfrequenztechik. This interim
solution is planned to bridge the time period
needed for adaptation of premises at Favoriten-
strasse 9-11 designated to this new Institute.
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1. PFLICHTLEHRVERANSTALTUNGEN / MANDATORY COURSES
WS SS

Bonek: Wellenausbreitung 1 VO 2,0 —
Bonek mit Hagenauer: Wellenausbreitung 1 UE 1,0 —

Magerl: Wellenausbreitung 2 VO — 2,0
Magerl mit Kuchar: Wellenausbreitung 2 UE — 1,0

Bonek, Mecklenbräuker, Nachrichtentechnik Labor B LU 9,0 —
Seifert:

Bonek: Nachrichtentechnik Labor für TPH LU — 4,0

Leeb: Optische Nachrichtentechnik VO 2,0 —
Leeb mit Kudielka: Optische Nachrichtentechnik UE 1,0 —

Bonek: Hochfrequenztechnik 1 VO — 2,0
Bonek mit Novak: Hochfrequenztechnik 1 UE — 1,0

Geirhofer: Telekommunikationsnetze und -dienste VO — 1,5

Malleck: Vermittlungstechnik VO — 2,0

Mecklenbräuker: Signal- und Systemtheorie 1 VO 1,5 —
Mecklenbräuker mit Kubin: Signal- und Systemtheorie 1 UE 1,0 —

Mecklenbräuker: Signal- und Systemtheorie 2 VO — 1,5
Mecklenbräuker mit Doblinger: Signal- und Systemtheorie 2 UE — 1,0

Mecklenbräuker: Übertragungsverfahren 1 VO 2,0 —
Mecklenbräuker mit Bernhard: Übertragungsverfahren 1 UE 1,0 —

Mecklenbräuker: Übertragungsverfahren 2 VO — 2,0
Mecklenbräuker mit Hlawatsch: Übertragungsverfahren 2 UE — 1,0

Mecklenbräuker, Nachrichtentechnik Labor B LU 3,5 —
Bonek: für Computertechnik

Mecklenbräuker, Bonek, Nachrichtentechnik Labor A LU — 5,0
Seifert:

Scholtz: Hochfrequenztechnik 2 VO 2,0 —
Scholtz mit Ehrlich-Schupita: Hochfrequenztechnik 2 UE 1,0 —

Weinrichter: Einführung in die Nachrichtentechnik VO — 3,0
Weinrichter mit Sucher: Einführung in die Nachrichtentechnik UE — 1,5

Weinrichter: Grundlagen nachrichtentechn. Signale VO — 2,0
Weinrichter mit Birgmeier: Grundlagen nachrichtentechn. Signale UE — 1,0
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2. WAHLLEHRVERANSTALTUNGEN / OPTIONAL COURSES
WS SS

Bonek: EDV-orientierte Projektarbeit für ET AG 4,0 4,0

Bonek mit Molisch: Mobilkommunikation SV 2,0 —

Bonek, Weinrichter, Molisch: Mobilfunk KO — 3,0

Bonek, Weinrichter, Molisch: Mobile Radio Communications KO — 3,0

Braunbeck: Geschichte der Nachrichtentechnik VO 1,5 —

Doblinger: Signalprozessoren VO 1,5 —

Doblinger, Bernhard: Programmieren von Signalverarbei- SE — 1,5
tungsalgorithmen in C

Ehrlich-Schupita, Oehry: Meßgeräte der Hochfrequenztechnik A KO — 1,5

Fröhling, Renner: Numerische Methoden in der HF- und VO 1,5 —
Mikrowellentechnik

Garn: Elektromagnetische Verträglichkeit VO — 1,5
elektronischer Geräte

Garn: Elektromagnetische Verträglichkeit UE — 1,5
elektronischer Geräte

Hlawatsch: Time-Frequency Methods for VO 1,5 —
Signal Processing

Horak: Einführung in die Kryptologie VO 1,5 —

Kommenda: Ein- und Ausgabe von Sprache VO — 2,0

Kreuzgruber: Meßgeräte der Hochfrequenztechnik B KO 1,5 —

Kubin: Chaotic Signal Processing VO — 1,5

Kubin: Adaptive Signal Processing VO 1,5 —

Leeb: EDV-orientierte Projektarbeit für ET AG 4,0 4,0

Leeb: Kohärente optische Systeme VO — 1,5

Lothaller: Satellitennachrichtentechnik VO — 1,5

Magerl: Mikrowellenmeßtechnik SE 1,5 —

Magerl: Integrierte Mikrowellenschaltungen VO — 1,5

Magerl mit Ingruber, Oehry: EDV-orientierte Projektarbeit für ET AG 4,0 4,0

Mayr: Modulationsangepaßte Codierung VO — 1,5

Mecklenbräuker: EDV-orientierte Projektarbeit für ET AG 4,0 4,0
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WS SS

Mecklenbräuker: Ausgewählte Kapitel der VO 1,5 —
digitalen Signalverarbeitung

Mecklenbräuker, Birgmeier, Digitale Signalverarbeitung A SE 3,0 —
Doblinger:

Mecklenbräuker, Birgmeier, Digitale Signalverarbeitung B SE — 3,0
Doblinger:

Mecklenbräuker: Signalverarbeitung mit MatLab LU 3,0 —

Proksch: Phasenregelschleifen in der VO — 1,5
Nachrichtentechnik

Riegl: Radartechnik VO — 1,5

Scholtz: EDV-orientierte Projektarbeit für ET AG 4,0 4,0

Scholtz: Hochfrequenz-Schaltungstechnik VO — 1,5

Skritek: Computerunterstützter Schaltungs- VO — 1,5
entwurf

Weinrichter: EDV-orientierte Projektarbeit für ET AG 4,0 4,0

Weinrichter: Einführung in die Codierung VO 2,0 —

Weinrichter: Filter VO 1,5 —

Wess: Dimensionierung und Simulation SE — 1,5
analoger Filter

Zemanek: Computerentwicklungen in Nordamerika, VO 1,0 —
Europa, Japan

Zemanek: Abstrakte Computer-Architekturen VO 1,5 —

GASTVORLESUNGEN / GUEST LECTURES
                                                                                                                                                                                                                                             

Prof. Johannes Huber Informationstheorie und deren Anwendung VO — 2,0
Universität Erlangen-Nürnberg für die digitale Nachrichtenübertragung
März - Juni 1996

Prof. Johannes Huber Informationstheorie und deren Anwendung UE — 1,0
Universität Erlangen-Nürnberg für die digitale Nachrichtenübertragung
März - Juni 1996

Prof. Russell M. Mersereau Multidimensional Digital Signal Processing VO — 2,0
Georgia Institute of Technology
Dept. Electrical Engineering, Atlanta
August - September 1996
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Automatische Codeerzeugung / Automatic Code Generation
Code generation for digital signal processors.
Contact: M. Gotschlich Partner: SIEMENS Duration: 01.02.93 -
Automatic code generation for processors with parallel computational units.
Contact: B. Wess Partner: OeNB (Project: 5491) Duration: 15.07.95 - 30.09.96
Generation of optimized DSP assembly programs.
Contact: B. Wess Partner: FWF (Project P10701-ÖTE) Duration: 01.08.95 -
Digital signal processing for Cochlear implants.
Contact: S. Fröhlich Partner: Cochlear AG, Basel Duration: 01.04.96 -

Codierung und Datenübertragung / Coding and Data Communications
Coding techniques for fading channels.
Contact: B.J. Mayr Partner: FWF (Project P10294-ÖPY) Duration: 01.10.94 - 30.09.96
Error correcting codes with run-length limitation.
Contact: J. Weinrichter Partner: Doz. Farkas, TU Bratislava Duration: 01.07.95 - 15.10.95

Digitale Filter und Signalprozessoren /
Digital Filters and Signal Processors
FIR filter design by complex function approximation.
Contact: G. Doblinger Partner: FWF (Project P11133-ÖMA) Duration: 01.05.96 - 30.04.98

Digitale Signalverarbeitung / Digital Signal Processing
Digital signal processing in data transmission facilities.
Contact: W. Kreuzer Partner: ERICSSON Austria Duration: 01.10.93 -

Mikrowellentechnik / Microwave Engineering
High efficiency solid state power amplifier for L-band.
Contact: G. Magerl Partner: Hirschmann Electronic GmbH and ESA

Duration: 01.02.94 - 31.03.96
Harmonisch kontrollierter Verstärker mit hohem Wirkungsgrad.
Contact: G. Magerl Partner: FWF (Project P11422-ÖPY) Duration: 01.06.96 - 31.05.97

Mobilkommunikation / Mobile Communications
Evolution of land mobile (including personal) communications.
Contact: E. Bonek Partner: COST 231 Duration: 1989 - 04.96
Telecommunications.
Contact: E. Bonek Partner: PTA Duration: 1990-

Optische Nachrichtentechnik / Optical Communications
Optical phased arrays.
Contact: W. Leeb Partner: ESA-ESTEC Duration: 01.08.94 - 01.08.97
Coherent detection at low photon numbers (DELPHI).
Contact: W. Leeb Partner: ESA-ESTEC Duration: 01.03.96 - 30.04.97
Paneuropean photonic network (PHOTON).
Contact: W. Leeb Partner: European Commission Duration: 01.10.95 - 30.09.98
Management of optical networks (MOON).
Contact: W. Leeb Partner: European Commission Duration: 01.09.96 - 31.12.98
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Sprachverarbeitung und Nichtlineare Signalverarbeitung /
Speech Processing and Nonlinear Signal Processing
Acoustic signal generation for the text-to-speech system GRAPHON.
Contact: G. Kubin Partner: FWF (Project P9745-PHY) Duration: 01.11.93 - 31.01.96
Signal analysis and modelling using chaos theory methods.
Contact: G. Kubin Partner: FWF (Project P8779) Duration: 01.10.92 - 31.12.95
European network of excellence in language and speech (ELSNET).
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HLAWATSCH Franz Time-Frequency Analysis and Synthesis of Linear
Signal Spaces, with Signal Processing Applications

Linear signal spaces are of great importance in signal and system theory as well as for modern
signal processing methods. This thesis proposes a time-frequency (TF) analysis of linear signal
spaces, thereby combining the field of linear signal spaces with the field of TF analysis. Linear signal
spaces are no longer viewed merely as an abstract mathematical concept but as surfaces extending
over a joint TF plane. This new viewpoint is based mathematically on the introduction of the Wigner
distribution and ambiguity function of a linear signal space.

A detailed study of these two "TF space representations" is performed. Various results on the TF
localization of linear signal spaces are derived, including the extension of classical uncertainty
relations to linear signal spaces. A systematic method for the optimum TF synthesis or TF design of
linear signal spaces is also proposed.

Several signal processing applications of the Wigner distribution and ambiguity function of a linear
signal space are discussed. A major application of the Wigner distribution of a signal space is the
optimum design of TF filters, perfect-reconstruction TF filter banks, and TF basis systems. The
application of these methods in a stochastic signal enhancement and signal detection context is also
considered. Finally, it is shown that the ambiguity function of a signal space is relevant to the
radar/sonar problem of estimating the range and radial velocity of a slowly fluctuating point target.
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UHLIRZ Markus Adapting GSM for Use in High-Speed Railway
Networks

The Global System for Mobile Communication (GSM) has gained broad acceptance in Europe and
many other countries all over the world. Its international roaming capability allows to be reached
throughout any country supporting GSM while still using the same mobile equipment.

Several European countries have begun to build high-speed railway lines with passenger trains
operating at speeds around 300 km/h. High-speed rail links might soon play a major role in European
medium-range traveling. Today, international high-speed rail traffic is heavily handicapped by the
variety of national rail radio systems existing in different countries.

Therefore the International Union of European railroad operators (Union Internationale Chemins
des Fer, UIC) has in 1993 decided to build a supra-national rail radio network based on GSM
technology. The existing GSM standard needs to be enhanced by additional features such as Group
and Broadcast calls in order to comply with the needs and requirements of railroad operators. The
modified system must be capable of operating at speeds of up to 500 km/h. Passengers will also soon
demand mobile phone and other communication services while traveling in high-speed trains.
However, direct coverage from outdoor cells is impractible due to the topology of high-speed rail
lines, because they typically include numerous tunnels and artificial cuttings. A repeater system
mounted on the train is likely to suffer from the required high dynamic amplification range. Together
with the high speed this discourages using existing public GSM networks for either railroad internal
or passenger communications.

This theses proposes necessary modifications to the existing GSM standard in order to meet UIC’s
requirements for the new rail radio system. Consideration of network aspects leads to following
modifications of GSM protocols: i) accelerated call setup for group calls  ii) contention resolution for
subsequent speakers in group calls  iii) a priority setup service for urgent calls  iv) introduction of a
"connected mode" for listening mobiles in group and broadcast calls. We introduce the "Group
Downlink Channel" and the "Group Paging Channel" as new logical channels in GSM. Message flow
examples and measurement results illustrate and analyze the improvements to be achieved.

Radio aspects cover the characteristics of the railroad environment, radio wave propagation and
demodulation at high vehicular speed. Radio network planning becomes greatly simplified when
reduced to line coverage. We discuss some implementation aspects, taking advantage of the typical
railroad environment. An "Offline Handover" mechanism offers a better radio link reliability and less
critical timing constraints than conventional handover schemes. Using directional antennas on trains
improves the signal quality and signal-to-interference ratio.

We have identified by measurement an additional loss of approx. 30dB in signal level due to
metallized windows commonly used in modern trains. For passenger communications on high-speed
trains we propose a new solution named GSM-R, where "R" stands for "Rail". This overcomes the
problems of direct coverage from outdoor cells and repeaters. GSM-R introduces a new "Janus"
entity serving as the link between train and ground infrastructure. Seen from the network, Janus is a
fast-moving multiple mobile station. Seen from the mobiles onboard the train, it is part of the
transmission link towards the fixed network. GSM-R also includes a proposal for integration of
"moving cells" into an existing network.

Thus the concept of GSM-R presents a consistent approach of necessary modifications to the
existing specifications adapting GSM for use in high-speed railway networks.

MAYR Bernhard J. Codiertechniken für den Schwundkanal

This thesis deals with coding techniques for the fading channel. The construction methods
presented are adapted to the time variant structure of fading channel statistics which can vary between
the AWGN-channel and the Rayleigh fading channel depending on the existence of a line of sight
between the transmitter and the receiver. Following the landmark idea of Trellis Coded Modulation
(TCM) a number of time variant and time invariant multidimensional TCM with M-Phase Shift
Keying (MPSK)-symbols has been constructed. There are three theoretical results which made the
improvements feasible: First, a new construction method for subsets. The symbols in these sets have
larger free distance and/or a smaller number of nearest neighbors than the symbols of the usual
subsets. Second, a new TCM-construction method (the element-module method) which is based on
the state transition matrix of the codes. Third, an improvement bit-to-symbol mapping that minimizes
the number of bit errors per error event. Additionally, a new definition of TCM-complexity provides a
useful tool for the comparison of multidimensional TCM.
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Altogether more than 100 new TCM-codes with information rates from Rb = 0.375 to 3 bit per
symbol have been constructed and evaluated via Monte-Carlo simulation. The new codes outperform
the multidimensional MPSK-TCM codes and many binary coded systems given in the so far known
literature. For instance, a 2 dB coding gain compared to the R = 1/2 binary convolutional channel
code of speech data in the GSM-system has been obtained. The question whether time variant or time
invariant TCM performs better cannot be answered uniquely. While the time invariant TCM performs
a little better in terms of bit error ratio, the time variant TCM is less complex and offers more
flexibility in terms of information rate Rb due to its modular structure.

SCHREIBLEHNER Martin Coherent Optical Free-Space Multicarrier
Communication

This thesis investigates the performance of coherent optical multicarrier transmission systems for
space-borne laser communications. I summarize the performance limiting mechanisms for such
systems like shot noise, laser phase noise, circuit noise of the receiver frontend and crosstalk of
adjacent channels. After compiling various implementation alternatives for multicarrier transmitters as
well as for multicarrier receivers I describe an implementation of a dualcarrier experimental setup with
a channel distance variable between 15MHz and 150MHz. This system works at 2x8.45Mbit/s and
employs DPSK modulation of Nd:YAG ring lasers at 1.064µm. In the transmitter, the channel
distance is set by means of a synthesizer-stabilized optical PLL. In the receiver, a balanced frontend
based on a polarization-preserving fiber directional coupler, InGaAs photodiodes, and a 5mW local
laser oscillator transposes the optical input channels to a first intermediate frequency. To achieve good
channel separation and reliable simultaneous demodulation, conversion to a second and third
intermediate frequency is implemented. If only one channel carries information, a sensitivity of 3.2dB
above the shot noise limit is achieved. The crosstalk penalty depends on the optical channel distance,
on the channel selection filter, and the post-detection filter. For a channel distance of twice the data
rate I determined a crosstalk penalty of less than 2dB.

I investigated this power penalty due to crosstalk also numerically employing two different
simulation methods, one operating in the time domain and the second one in the frequency domain.
The latter approximates the crosstalk of the neighbor channel falling into the desired channel's
passband by a Gaussian probability density function. The results predicted from these two
simulations are in good agreement with the results measured in the experimental setup. Based on the
findings from theory and experiment I propose and characterize an operational optical multicarrier
receiver with 10 channels modulated at 25Mbit/s each.

SIMBÜRGER Werner Integrated Single-Chip Direct Conversion RF-
Transceiver

In the future in mobile communications the demand of the market will be high numbers of cheap
and simple to use but reliable mobile terminals which supply different mobile services with high
connectivity independent of the users location. Nevertheless new frequency bands for mobile radio
have been allocated. Today’s constant envelope modulation methods will be replaced by highly
spectrals efficient linear modulation methods combined with Frequency Domain Multiple Access
(FDMA), Time Domain Multiple Access (TDMA) and Code Division Multiple Access (CDMA)
transmission. Especially the future Universal Mobile Telecommunications Systems (UMTS) will be
the realization of a new generation of mobile communications technology for a world in which
personal services will be based on a combination of the support of various frequency bands, different
access methods (FDMA, TDMA, CDMA), variable data rates and different modulation methods. Thus
UMTS will require a revolution in radio air-interface design. Quadrature signal processing and direct
conversion is the promising method. An intelligent architecture of the RF- and as well of the baseband
signal processing section is necessary. The architecture group’s the required functions such that the
constraints of price, (die-)size, power consumption, weight and reliability are met.

This thesis presents the concept, circuit design, simulation- and measurement results of an entirely
new, fully functional integrated single-chip direct conversion transceiver RF-frontend. The chip
resulting from a first-Silicon run, contains    all    RF functions except the antenna and has been realized in
a bipolar 0.8µm/25GHz technology supplied by the semiconductor R&D laboratories of SIEMENS-
AG in Munich/Germany.
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The complexity of the integrated circuit is about 1100 transistors. It contains a complete DC-
1.5GHz RF-transceiver built up by a voltage controlled oscillator including AGC circuit, a dual
modulus prescaler (dividing by 64, 65, 128 and 129), phase shifter generating quadrature signals
(static 2:1 prescaler), a complete receiver and a complete transmitter. The receiver consists of a
preamplifier, variable gain amplifier and a quadrature down converter. The transmitter consists of a
quadrature up-converter, and a linear 2x0dBm medium power amplifier. An additional limiter
amplifier and quadrature FM detector is implemented testing the properties of heterodyne operation
mode. Further band-gap reference networks and power-down circuits are integrated.

All functions of the RF-transceiver are simulated with SPICE. Using special simulation techniques
evaluation of S parameters, intermodulation and compression characteristics and noise figure was
done. Simulation and measurement results show good to fair agreement, but only if the capacitances
caused by transmission lines on chip-depending on the layout structure - are included in the simulation
setup.

The chip is fully functional with a single supply voltage of 4V to 6V. For the direct conversion
mode the upper frequency limit is given by the static 2:1 prescaler in the phase shifter. The operation
limit is 3GHz in the first design. Therefore the transceiver in the direct conversion mode can be
operated from DC up to 1.5GHz. By spending more power at the critical divider stage the maximum
operating frequency was increased. The second Silicon run covers the frequency band from near DC
up to 2.2GHz. The maximum operation frequency of the on-chip prescaler is 4.4GHz.

Al BULISHI Ahmed Radio Propagation in the Gulf Region
and its Impact on GSM

The last few decades have seen a remarkable increase in the practical utilization of the radio
spectrum above 30MHz in the Arabian Gulf and Oman Area. This, in turn, has focused attention upon
the phenomena by which these radio waves are propagated, prevailing occurrences of ducting
condition causing mutual and co-channel interferences by propagating longer distances. As the radio
refractivity of the troposphere is of central concern, calculation of discete data on ducting from
meteorological measurements were carried out. Two equations are introduced in general form to
determine the minimum frequency for ground based duct and elevated duct respectively that can be
trapped in the existence of super refracting condition. Further, two computer programs based upon
these two equations and for the first order of mode are introduced to deliver specific characteristics
about ducting and obtain a statistical analysis of the probability of ducting of designated sites. The
first program in particular plots the ray tracing of the trapped frequency propagating to longer distance
due to the occurrence of superrefracting condition.

With this knowledge, the impact of this physical behavior to operating GSM in the Arabian Gulf
and Oman Area was investigated.

For Superrefractive Classification, a new factor KDucting has been introduced with the path loss
equation in the modeling approach. The values of K1,  K 2,  K 3 and K5 of this equation have been
derived, based upon curves of CCIR Report 567-3 figure 2. Numerical example of Kducting has also
been derived.

A measurement program of continuous wave field-strength and time-dispersion was conducted in
Oman at five sites in the Capital Muscat to quantify their effects on implementing GSM network. The
results showed that received signal strength exceeded the predicted values by minimum of 6dB and
maximum of 20dB. This could be considered as another factor confirming the existence of ducting
and its trapping impact on GSM frequencies. For the time-dispersive measurement, the average delay,
delay spread and maximum excess delay values are obtained. The maximum excess delay recorded
was 11.2µsec, which is below the maximum permitted GSM window value of 16µsec.

Thus, it can be concluded that the effect of ducting conditions has its impact on GSM network,
particularly for rural coverage in the Arabian Gulf and Oman Area, causing GSM frequencies being
trapped and propagated to longer distances, increasing the field strength of the received signal with
possible causes of mutual and co-channel interferences. These effects should be considered in any
GSM network planning in the Area.
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