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FOREWORD

In a future information society, nations
which are strong in the area of informati
on technology will be able to assure jobs
and to create new and innovative work pla
ces. Information technology is crucial for
economic competitiveness on world mar
kets. Germany has a strong information
technology industry, and it is the mission
of the HHI to contribute to the strength
ening of this industry's competitiveness.

A fundamental goal of information tech
nology is to give users easy access to all
present and future information and com
munication services. Efficient networks and
terminal systems are the technological pre
conditions for this. In these areas the HHI
focuses on Photonic Networks, Mobile
Broadband Systems and Electronic Imag
ing Technology for Multimedia.

In order to improve the transfer of the
results to industry, and also because of the
increasing tendency of industry to contract
out its research, the HHI is at present in a
reorientation phase. Previously the Insti
tute's objective was mainly to perform ad
vanced research ahead of industrial devel
opment, but now the HHI aims to do
application-oriented research in direct
cooperation with industry or through re
search contracts. The HHI also endeavours
to make its potential available to firms
which work in areas not directly related to
those of the HHI, particularly to small and
medium enterprises.

In spite of the change of direction to
wards applications, the Institute must not
lose sight of its original mission for ad
vanced research. In fact, through c10ser
contact with the applications and by work
ing with industrial partners, it is possible to
focus better on areas of future funda
mental research.

Here we would like to thank all support
ers and friends of the HHI, as weil as all
partners from industry and research, for
their valued help and for their trust in uso
The management would like to thank in
particular the staff, who must be given
credit for the productivity of the Institute.

Berl,n, January 1998
Clernens Baack, Wolfgang Grunow

VORWORT

In einer zukünftigen Informationsgesell
schaft werden die Nationen in der Lage sein,
Arbeitsplätze zu sichern und neue innovative
Arbeitsplätze zu schaffen, die eine starke
Position auf dem Gebiet der Informations
technik einnehmen. Die Informationstechnik
ist entscheidend für die Wettbewerbsfähig
keit der Wirtschaft auf internationalen Märk
ten. Deutschland verfügt über eine leistungs
fähige informationstechnische Industrie. Es ist
Aufgabe des HHI, einen Beitrag zur Stärkung
der Wettbewerbsfähigkeit dieses Industriebe
reichs zu leisten.

Ein wesentliches Ziel der Informationstech
nik ist es, alle heutigen und zukünftigen Infor
mations- und Kommunikationsdienste den
Nutzern problemlos zur Verfügung zu stellen.
Technische Voraussetzungen dazu sind lei
stungsfähige Netze und Endsysteme. Auf die
sen Gebieten arbeitet das HHI in seinen
Schwerpunkten Photonik-Netze, Mobile Breit
bandsysteme und Elektronische Bildtechnik
für Multimedia.

Zur Verbesserung des Ergebnistransfers zur
Industrie, aber auch in Hinblick auf die
Tendenz der Industrie, Forschung in zuneh
mendem Maße auszulagern, befindet sich
das HHI in einer Umorientierungsphase. War
es bislang Aufgabe des Instituts, im wesentli
chen im Vorfeld der Industrieforschung zu
arbeiten, so versucht das HHI nun, eine an
wendungsnahe Forschung durch direkte Ko
operation mit der Industrie und durch
Auftragsforschung zu betreiben. Das HHI ist
bemüht, sein Potential auch solchen Firmen
nutzbar zu machen, deren Tätigkeitsfelder
nicht unmittelbar die des HHI berühren; dies
gilt insbesondere für KMU's.

Trotz dieser Hinwendung zur Anwendungs
nähe darf das Institut seine ursprüngliche
Mission der Vorfeldforschung nicht aus den
Augen verlieren. Durch größere Anwendungs
nähe wird es jedoch möglich, zusammen mit
den Industriepartnern die Felder zukünftiger
Vorfeldforschung schärfer zu fokussieren.

Allen Förderern und Freunden des HHI so
wie allen Kooperationspartnern aus Industrie
und Forschung sei an dieser Stelle für die ge
währte Unterstützung und das Vertrauen, das
sie uns entgegengebracht haben, gedankt.
Die Leistungsfähigkeit des Instituts ist das
Verdienst der Mitarbeiter, ihnen gilt der be
sondere Dank der Geschäftsführung.

Berlin, im Januar 1998
Clemens Baack, Wolfgang Grunow
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Mission, Activities, Personnel and
Financing

Information technology is of overriding
importance for the development and
strength of the economy. It is the key tech
nology on the road from an industrial soci
ety to an information society, and is itself a
leading branch of the economy, with high
growth rates world-wide. It is of crucial im
portance as the basis of global commercial
and private communications and for the
development of innovative multimedia
products for the information society.

The aim of research and development
activities at the Heinrich-Hertz-Institut
(HHI) is to further develop the principles of
information technology and to demon
strate, in partnership with industry, new
applications for new products.

The research areas pursued at the
Institute derivl'! from the following consid
erations. Telecommunication applications
and infrastructure stimulate each other.
The present situation is characterized by
an explosive increase in the use of the
Internet and mobile communication sys
tems, both by commercial users and in
creasingly by private users. As a result we
can assume that by the year 2010 the traf
fic in data and image services will be ten
times greater than the telephone traffic,
which will remain approximately steady. If
this is to come about, the capacity of the
present telecommunication infrastructure
must be enlarged significantly. Related to
this, existing networks will be modernized
using more efficient technologies. Optical
communication technology must be con
sidered for the installed network for techni
cal reasons, especially because of the enor
mous transmission capacities of glass fi
bres. The resulting challenge is to exploit
the possibilities of optical communication
technology in application areas, and to
turn research results and pilot projects into
industrial products. The HHI meets this
challenge through its projects centred on
the area of Photonic Networks.

Mobile communication is at present still
limited to narrowband applications, in
contrast to communication on the wired
network. But here too a need for broad
band transmission systems is developing.
The challenge for research is to develop
suitable system concepts, to establish the
technological principles, and to work

Ziel, Aufgaben, Personal und
Finanzierung \

Die Informationstechnik spielt eine her
ausragende Rolle für die Entwicklung und
Leistungsfähigkeit der Volkswirtschaft. Sie
bildet die Schlüsseltechnologie auf dem
Wege von der Industriegesellschaft zur
Informationsgesellschaft und ist selbst ei
ner der führenden Wirtschafuzweige mit
weltweit hohen Wachstumsraten. Heraus
ragend sind ihre Funktion als Basis für die
weltumspannende geschäftliche und priva
te Kommunikation und ihre Bedeutung für
die Entwicklung innovativer Multimedia
Produkte für die Informationsgesellschaft.

Das übergeordnete Ziel der F&E-Arbei
ten des Heinrich-Hertz-Instituts ist es, die
Informationstechnik in ihren Grundlagen
weiterzuentwickeln und, in Abstimmung
mit der Industrie, neue Anwendungen für
neue Produkte zu erschließen.

Die Forschungsthemen des Instituts er
geben sich aus den folgenden Überlegun
gen. Informationstechnische Anwendun
gen und Infrastruktur befruchten sich
wechselseitig. Derzeit ist die Situation
durch eine explosionsartige Zunahme der
Nutzung des Internet und mobiler Kom
munikationssysteme durch geschäftliche
und in steigendem Maß auch durch priva
te Anwender gekennzeichet. Auf der Basis
dieser Entwicklung ist davon auszugehen,
daß das Verkehrsaufkommen von Daten
und Bilddiensten im Jahr 2010 um das
zehnfache über dem etwa konstant blei
benden Telefon-Verkehrsaufkommen lie
gen wird. Um diese Entwicklung zu er
möglichen, ist eine erhebliche Kapazitäts
erweiterung der bestehenden Telekommu
nikationsinfrastruktur erforderlich. Damit
verbunden ist die Modernisierung beste
hender Netze durch den Einsatz leistungs
steigernder Technologien. Für die Festnet
ze kommt hierfür wegen der enormen
Übertragungskapazität der Glasfaser im
wesentlichen die optische Nachrichten
technik in Betracht. Daraus ergibt sich die
Herausforderung, die Anwendungsmög
lichkeiten der optischen Nachrichtentech
nik auszuloten und die in der Forschung
und in Pilotanwendungen erzielten Ergeb
nisse in Industrieprodukte zu überführen.
Diese Herausforderung greift das HHI mit
den Projektarbeiten im Schwerpunkt
Photonik-Netze auf.

Im Gegensatz zur Kommunikation über
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Corporate Bodies

The corporate bodies of the HHI are the
General Meeting, the Supervisory Board,
the Managing Directors and the Scientific
Technical Committee.

Members of the Supervisory Board for
this report period are:

Organe und Gremien

Die Organe der HHI GmbH sind die
Gesellschafterversammlung, der Aufsichts
rat, die Geschäftsführer und der Wissen
schaftlich-Technische Rat.

Dem Aufsichtsrat gehörten im Berichts
jahr folgende Mitglieder an:

Prof. Dr. J. Hesse, (chairman), Carl Zeiss, Oberkochen
MinDirig Dr. K. Rupf, (1 st vice-chairman), BMBF, Bonn
SenR P. Schuhe, (2nd vice-chairman), SenWissForsch und Kultur, Berlin
MinR J. Claus, Deutsche Telekom AG, Bonn
Prof. Dr. H. Berger, Technische Universität Berlin
ORR H.-D. Götze, SenFin, Berlin
Dr. H. Roehle, HHI, Berlin
MinDirig Dr. J. Sander, BMPT, Bonn
Dr. H. Venghaus, HHI, Berlin

The Scientific-Technical Committee is
comprised of heads of departments and an
equal number of elected members from
the Institute, and advises the Supervisory
Board and the Managing Directors on all
important scientific and technical matters.

Further, the HHI has appointed a
Scientific Advisory Committee of experts
from industry, the Deutsche Telekom AG
and the academic sector. Members of
the Scientific Advisory Committee for this
report period are:

Der Wissenschaftlich-Technische Rat ist
paritätisch mit Abteilungsleitern und ge
wählten Mitarbeitern des Instituts besetzt
und berät den Aufsichtsrat und die Ge
schäftsführung in allen wichtigen wissen
schaftlichen und technischen Fragen.

Die Gesellschaft beruft außerdem einen
Wissenschaftlichen Beirat aus Experten
der Industrie, der Deutschen Telekom AG
und des Hochschulbereichs. Dem Wissen
schaftlichen Beirat gehörten im Berichts
jahr folgende Mitglieder an:

Prof. Dr. G. Kohn, (chairman), Universität Stuttgart
Prof. Dr. J. Eberspächer, Technische Universität München
Dr. H. Eiseie, Alcatel-SEL AG, Stuttgart
Dr. H.-G. Junginger, Sony Europe GmbH, Fellbach
Prof. Dr. W. Klimek, DLR, Köln
Prof. Dr. E. Lüder, Universität Stuttgart
Prof. Dr. H. Melchior, ETH Zürich
Prof. Dr. U. Reimers, Technische Universität Braunschweig
Dr. W. Schilz, Philips GmbH, Aachen
Dr. B. Schwaderer, Bosch Telecom GmbH, Backnang
Prof. Dr. G. Siegle, Robert-Bosch GmbH, Bonn
Werner Späth, Siemens AG, Regensburg
Dr. K. U. Stein, Siemens AG, München
MinR W.-P. Ottenbreit (guest), Deutsche Telekom AG, Bonn
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Organisation and Contact Persons . Organisation und Kontaktpersonen

Directors . Geschäftsführer

Prof. Dr. C1emens Baack +49-30-31 002-200 baack@hhLde

Dr. Wolfgang Grunow +49-30-31 002-300 grunow@hhLde

Departments . Abteilungen

Optical Networks Dipl.-Ing. +49-30-31 002-455 walf@hhLde

Optische Netze Godehard Walf

Optical Signal Processing Dr. Hans-Peter Nolting +49-30-31 002-247 nolting@hhLde

Optische

Signalverarbeitung

Broadband Mobile Dr. Holger Boche +49-30-31 002-540 boche@hhLde

Communication Networks (trom 1/98)

Breitband-Mobilfunknetze

Materials Technology Dr. Norbert Grote +49-30-31 002-431 grote@hhLde

Materialtechnologie

Photonics Coordination

Koordination Photonik

Micro Fabrication Dr. Udo Niggebrügge +49-30-31 002-550 niggebruegge

Technology @hhLde

Strukturtechnologie

Integration Technology Dr. Herbert Venghaus +49-30-31 002-555 venghaus@hhLde

Integrationstechnologie

Image Processing Dr. Ralf Schäfer +49-30-31 002-560 schaefer@hhLde

Bildsignalverarbeitung

Human Factors Prof. Dr. Georg Boerger +49-30-31 002-210 boerger@hhLde

Anthropotechnik (until 9/97)
Dr. Thomas Sikora

(from 1/98) +49-30-31 002-210 sikora@hhi.de

Central Services . Zentrale Einrichtungen

Administration Dipl.-Ing. +49-30-31 002-310 mrowka@hhLde

Verwaltung Hartmut Mrowka

Planning Dr. Rolf Evers +49-30-31 002-399 evers@hhLde

Planung

Marketing Dr. Walter Döldissen +49-30-31 002-253 doeldissen@hhi.de

HHI REPORT 97 . PORTRAIT OF THE INSTITUTE· PORTRÄT DES INSTITUTS 1.<;





R & D Activities . F& EAktivitäten

HHI REPORT 97 17





R&D FIELDS

Photonie Networks

Topies and Results

Photonic networks are the backbone of
high capacity communication networks.
The photonic network is expected to ex
ploit the enormous bandwidths available
in optical fibres by the use of optical fre
quency-division multiplexing (OFDM) and
optical time-division multiplexing (OTDM)
techniques. Together with optical switch
ing, optical signal transmission will be able
to realize transparency and therefore ser
vice independence in the network. The
photonic network offers extremely broad
band transmission paths for all current and
future services.

The main objective of research in the
area of photonics at the HHI is to make
substantial contributions to the develop
ment of photonic networks. The following
main areas are being addressed:
• Development of network concepts for
the various layers of photonic networks 
the core, access and customer networks.
• Identification of the requirements for the
network elements and their photonic com
ponents, and also for the equipment need
ed to supervise the network.
• Investigation of the potential of optical
multiplexing techniques such as OFDM
and OTDM. The optimum combination of
both is of paramount importance.
• Determination of the length limitations
of the optical transmission paths in pho
tonic networks due to signal degradation
by the non-ideal network components.
• Investigations into the supervision and
control of the network (operation, admin
istration and maintenance - OAM).
• Development and fabrication of photon
ic components and subsystems.

The research area of photonic networks
is divided into the special ist areas Access
and Customer Network and Core
Network.

Aeeess and Customer Network

Research and development activities in
this area are concentrated on the use of
WDM techniques in the access network.

The goal is to develop and investigate sys
tem concepts and components for WDM
applications in the access network.

Research and development activities for
a WDM upgrade of an existing passive op
tical network (PON) are being carried out.
Work in this area is based on a system con
cept which gives a capacity increase with
out changing the glass fibre network struc
ture between the central office and the
Optical Network Units (ONUs) near the
subscribers. A WDM overlay of permanent
wavelength paths in the region of 1.5 ~m

is added to the passive optical access net
work. This also considerably improves the
protection against interference and eaves
dropping. The key elements used are ar
rayed waveguide gratings (AWGs) for vari
ous multiplexing, demultiplexing and rout
ing functions of the different wavelength
signals. In an experimental system AWGs
are used with the 100 GHz channel spac
ing proposed by the International
Telecommunication Union (ITU).

The HHI is developing and fabricating
such filters with various specifications using
Si02/Si technology. For example, 16 chan
nel AWGs at 100 GHz channel spacings
with fibre-to-fibre insertion losses of 5 dB
and crosstalks of less than -25 dB were re
alized. Also, an 8 channel AWG with a so
called flat top design was developed,
which is better suited for cascading be
cause of its nearly rectangular transfer
characteristic. The optical star coupler is
another key component needed for the
system concept introduced above for a
WDM upgrade of a PON, in addition to
the WDM multiplexer/demultiplexer. A
concept for combining both functions in
one component has been developed and
first devices have been fabricated. This de
vice functions as an AWG in one wave
length region and has the distribution
function of a star coupler in another re
gion.

For the upgrade of optical transmission
systems using WDM techniques it is neces
sary to use transponders to interface to an
existing system environment. A transpon
der consists of an optical receiver and an
optical transmitter which transmits at a
given wavelength. Depending on input
sensitivity and optical output power, signal
gain as weil as wavelength conversion can
be achieved with such an electro-optical
wavelength converter. In cooperation with
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industry, a modular bitrate-transparent
transponder without temporal regenera
tion which works over the range 100
Mbit/s to 2.5 Gbit/s has been developed.
For operation at fixed bit rates (e.g. SDH,
STM-16), electronic signal regeneration
and dock recovery circuitry can be added.
Furthermore, the transponder can also be
used in optical cross-connects and optical
add/drop multiplexers. The transponder is
provided with appropriate control and su
pervisory functions for indusion in a TMN
system.

Drop filters, which separate signals at
different carrier frequencies, are further key
elements in WDM systems. Such a compo
nent, in the form of active monolithically
integrated optoelectronic InP elements, is
being developed under the framework of
an ACTS project. The device consists of a
tunable, polarization-independent optical
filter, an optoelectronic detector and an
electronic preamplifier. A transfer charac
teristic with a bandwidth of 400 GHz
(3.2 nm) and a tuning range of 25 nm
was obtained with 20 dB crosstalk.

Bidirectional optoelectronic transceivers
are being developed for access network
applications. The overall objective is a
compact design suitable for mass produc
tion using monolithic integration tech
niques. This project is being carried out in
dose collaboration with partners from in
dustry. The HHI transceivers will also be
used in OFDM field trials in an ACTS pro
ject under the general direction of CNET
(France) and Telenor (Norway).

The use of selective area epitaxy tech
nologies is indispensable for the applica
tion of integration technologies based on
InP. To this end metalorganic (MO) MBE
technique is being further developed and
optimized in collaboration with a partner
from industry, the Walter Schottky Institute
in Munich, and the University of Ulm.

A four channel WDM transmitter with
200 GHz channel spacings is being devel
oped and fabricated, using technologies
mentioned above, to satisfy the require
ments of a partner from industry. The de
vice is to operate at 2.5 Gbit/s and the
channel frequency allocation scheme is
based on ITU proposals. During the past
year the main work was the development
of strained layer multi-quantum-well lasers
with high output powers.

Long wave DFB lasers are being fabricat-
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ed using solid source MBE for an R&D con
tract with an industrial partner. The subject
of this technology-oriented contract is the
development of DFB laser diodes for use in
bidirectional optical access networks.

A system test using new components is
only possible if these are available as com
plete modules. Mounting and connection
technology is therefore another important
focus of the technological activities.

Core Network

Work in this research area is concentrat
ed on high bitrate time division multiplex
ing (TDM) techniques, optical crosscon
nects and optically transparent networks.
With the high bitrate TDM technique, mul
tiplexing and demultiplexing may be per
formed either electrically (ETDM) or opti
cally (OTDM). Important issues are the
generation, modulation, detection and
synchronization of the optical signals.
Other topics for investigation are the im
pacts of the photonic components and fi
bre nonlinearities on the quality of the op
tical signals and techniques for dispersion
compensation.

Transmitters with integrated laser/mod
ulators (Iow chirp) and receivers with inte
grated waveguide diodes and high elec
tron mobility transistors (HEMT) for opti
mal impedance matching are being devel
oped for ETDM at 40 Gbit/s, mostly using
the NRZ modulation format. A laser/mod
ulator module which can be tuned over
several nanometres and which has a 3 dB
frequency of 18 GHz was built.

High bitrate receivers have been devel
oped for the wavelength region 1.3 to
1.5 IJm. They consist of waveguide-inte
grated PIN photodiodes and HEMTs to
amplify the electrical signals. The methods
used can in principle be used for the fur
ther development of optoelectronic inte
grated circuits (OEICs) up to the 100
Gbit/s regionThe OEIC receiver module
was successfully tested in a 20 Gbit/s sys
tem experiment by an industrial partner. In
a further development in cooperation with
an industrial partner, 40 Gbit/s detection
experiments have also been carried out
successfully.

The optical time division multiplexing
(OTDM) work indudes the investigation
and realization of optical subsystems which



can multiplex 1 to 10 Gbit/s optical signals
together to form 40 to 160 Gbit/s signals
(MUX), and subsequently demultiplex
them (DEMUX). RZ data signals generated
using modelocked lasers are generally used
for transmission.

Experiments in combining WDM and
TDM technology in a transmission system
with a total capacity of 160 Gbit/s gave
the following result. Four 40 Gbit/s signals,
which were generated from 10 Gbit/s data
streams using optical time division multi
plexing, were transmitted in four WDM
channels over 100 km of standard fibre at
a wavelength of 1.55 IJm. Dispersion com
pensation of all four WDM channels using
a common dispersion compensating fibre
was all that was needed for error-free
transmission.

Furthermore, comparative investigations
for 40 Gbit/s OTDM transmission at a
wavelength of 1.55 IJm via different types
of fibre (standard, "true wave", dispersion
compensating and dispersion shifted fibre)
have been carried out. Large distances
could be bridged without optical amplifi
cation by a combination of standard fibre
and dispersion compensating fibre.

Demultiplexing and "add-drop" func
tions in OTDM systems were successfully
performed with various nonlinear interfero
metric arrangements (Mach-Zehnder,
Michelson and Sagnac interferometers).
Monolithically integrated symmetrical
Mach-Zehnder interferometer components
with two additional branches for optical
signal control were successfully fabricated.
Optical semiconductor amplifiers are used
as nonlinear elements in the two branches
of the interferometer. These components
(PIC) have also been used for purely opti
cal wavelength conversion. BER measure
ments demonstrated error-free function
ing.

As an alternative for optical demultiplex
ing, the use of electro-optical Mach
Zehnder structures which use the quan
tum confined stark effect (QCSE) in MQW
structures is also being investigated.
Polarization-independent switching was
demonstrated in a strained quantum weil
structure involving tunnel barriers for the
light holes. Capacitively loaded travelling
wave structures, which are suitable for de
multiplexing up to 40 Gbit/s, are planned
for microwave contro!. This combination is
presently under development.

Signal degradation in optical networks
limits the transmission lengths of the opti
cal paths. Complete regeneration of digital
signals (3R - reamplification, reshaping
and retiming) can remove this limit. We
are working on methods and components
for partial regeneration (2R - reamplifica
tion and reshaping) or complete regenera
tion (3R) using optical signal processing.
Key components for 3R regeneration are
dock recovery and decision stages. Three
section RWG lasers have bistable character
istics if appropriately designed. A module
for dock recovery was built which operates
from below 5 to more than 20 Gbit/s. The
dock rate is continuously adjustable by
means of an electric current. Additionally,
we are investigating how specially devel
oped three-section RWG lasers may be
used as decision units. Because of the com
mon fabrication technology of the amplifi
er, dock recovery unit and decision unit, it
will be possible in the future to monolithi
cally integrate a 3R regenerator.

The exchange equipment for future
communication systems must be able to
switch optical frequency multiplexed sig
nals with very high bit rates. For this pur
pose suitable optical spatial, frequency,
and time switching stages are required.
The aim of this research work is exchange
equipment which allows the signals to be
switched by optical means. Optoelectronic
conversion in the signal path must be
avoided in order to overcome the speed
limits of electronic signal processing.

The properties of regenerator-free opti
cal communication networks are being in
vestigated theoretically as weil as experi
mentally under a contract with a network
provider. The essential elements in the
transport layer of such networks are the
transmission Iines, fibre amplifiers, and op
tical crossconnects. Non-ideal properties of
these components limit the transmission
lengths in the optical networks because of
signal degradation. The corresponding
transparency length diagrams can be used
to plan the transport layer of optically
transparent networks. The experimental
tests are in an eight channel WDM loop
test bed in which data packets at transmis
sion rates of up to 10 Gbit/s per wave
length channel circulate around a fibre
loop. Cascades of several transmission sec
tions, together with optically transparent
crossconnects, can be modelIed with this
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test bed, and the signal quality can be
measured as a function of the number of
crossconnects and of the fibre link lengths.
Methods for simulating signal propagation
in an optical path are being developed and
tested against the experimental measure
ments. For this we use the program pack
age BroadNeD, which will soon be com
mercially available.

Different realization strategies are being
investigated for the spatial switches in the
optical crossconnects or for protection
switching. One approach is based on the
use of liquid crystals in combination with
SiOiSi waveguides. The goal is the realiza
tion of total internally reflecting switches
which can be made in small sizes, which
need negligible control power and which
have digital switching characteristics.
Another strategy is to develop thermo-op
tically controlled switches using polymers.
Polymer materials are especially suitable
because of their large temperature coeffi
cients for the optical refractive index and
their low thermal conductivities, properties
which result in low switching powers.
During the past years various types of
switches have been developed, especially
interferometric directional coupler switches
(2 x 2) and switch matrices (4 x 4) as weil
as digital optical switches (1 x 2 and 2 x 2)
with very low optical crosstalk values.
Fabrication was based essentially on
PMMA material, which however has a low
temperature stability and a relatively large
opticalloss. Work is therefore concentrated
on the characterization and technology of
new polymer materials with hopefully im
proved properties.

Polymers were also investigated as po
tential materials for electro-optical and
non linear optical components. They might
be used for optical functions such as all
optical switching, frequency conversion
and parametric optical amplification.
Activities concluded during the reporting
year have shown that polarized polymers
with electro-optical coefficients of about
15 pm/V at 1.5 IJm and with adequate
long-term stability, and which are suitable
for the production of high frequency mod
ulators, can be fabricated. However, the
investigated polarized materials have not
yet proved so far to be suitable for all-opti
cal components based on phase matched
frequency doubling for signal wavelengths
around 1.5 IJm.
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Optical frequency converters can be
used in crossconnects in WDM systems to
minimize blocking and as interfaces be
tween the access and core networks. A
study entitled "Operation and Supervision
of Optical Frequency Converters in the
Frequency Stage of Optical WDM
Crossconnects" was made as part of a
commission by a network provider. In this
study the costs of operation and supervi
sion of transponders and optical frequency
converters based on cross gain modulation
and cross phase modulation were ana
lyzed. This topic is c10sely connected with
the problems of operation and mainte
nance (OAM) of the components and sub
systems in optical networks. An important
problem in this case is that the possibilities
for controlling the signal quality are very
limited, even when there are only very low
demands on the transparency of the opti
cal networks.

The application of WDM technology in
the core network with optical crosscon
nects at data rates up to 10 Gbit/s per
WDM channel is being investigated in the
ACTS project PHOTON, which is led by
Siemens. The HHI is responsible for the de
velopment and construction of a wave
length reference for the demonstrator as
weil as for system studies in this project.

The work towards high bit rate TDM
and WDM transmission technology is sup
ported by analytical investigations of the
signal quality as a function of the optical
path length in the photonic network. A se
ries of new program modules, which were
verified by comparison with system experi
ments, has been developed to model and
simulate the optical paths. First simulations
of optical crosstalk in crossconnects have
been successfully carried out.

Planning data for a photonic network
have been worked out in cooperation with
an industrial partner, who also commis
sioned this study. In order to c1early repre
sent all relevant system aspects, a network
model was developed which is weil suited
for investigating physical and functional
properties and with which the efficiency of
a photonic network can be shown. From
this we can conclude that it is possible to
completely connect all nodes of a network
the size of Germany in an optically trans
parent manner with individual wavelength
channels at up to 10 Gbit/s per channel.
However, the development step from



WDM point-to-point transmission to a
switchable WDM network is so large that
further development of the current glass fi
bre networks must occur in a number of
phases: point-to-point one channel, point
to-point multichannel with WDM, network
with fixed routing of WDM channels, net
work with protection switching capabilities
in the WDM domain, and finally a flexible
network with switching functions for all
channels in WDM crossconnects.

Most of the above activities are carried
out under the national research program
Photonik 11, which is supported by the
Federal Ministry for Education, Science,
Research and Technology. Between 1994
and 1998 the focus is essentially on optical
communication systems and techniques,
key components and key technologies.
The various topics are investigated by the
communications industry in cooperation
with research institutions and universities.
The scientific leadership of the research
program is shared between the Fraunhofer
Institute for Applied Solid-State Physics
(FhG-IAF) in Freiburg and the HHI.

Competencies

Investigation and development of architec
tures for photonic networks, development
of planning guidelines and studies of spe
cific problems of photonic networks

Characterization and testing of optical net
works and network components, induding
experiments on fibre loops,transmission ex
periments over large distances and field trials

Development of high rate optical WDM
systems (la Gbit/s per channel) and the
corresponding measurement methods

Investigation, design and development of
optical WDM LANs/MANs, optical access
networks and passive optical networks

Development of methods for the control
and supervision of networks

Development, application and verification
of simulation software for optical transport
networks

Design and development of optical sys
tems using heterodyning

Development of wavelength conversion
methods for WDM systems

Investigation and development of high
rate OTDM subsystems (la to 40 Gbit/s
and above), induding multiplex/demulti
plex and add/drop techniques

Development of methods for purely opti
cal dock recovery and signal regeneration
(2R and 3R)

Development of methods for the genera
tion of ultra short optical pulses

Optimization of methods of dispersion
management

Design and development of optical fre
quency reference equipment

Design and fabrication of transponders
and optical SDH front ends

Development, fabrication and characteri
zation of fibreoptic components

Development, fabrication and characteri
zation of methods and devices for PMD
compensation

Development, fabrication and characteri
zation of opto-electrical components and
photonic integrated circuits based on InP:
- Tunable lasers (DFB, DBR)

Multi-wavelength laser arrays
Optical amplifiers
Fast laser/modulator transmitters
Wavelength converters
Wavelength drop filters
Demultiplexers and add/drop multiplex
ers for OTDM applications
Components for optical dock recovery
and signal regeneration (self pulsating
lasers)
Integrated transceivers
Ultra-fast photodetectors (70 GHz)
High bit rate optical receivers with inte
grated MMIC preamplifiers
Optical microwave generators

Development and fabrication of thermo
optical switches and switch matrices with
minimal crosstalk using polymers.
Development and fabrication of planar
waveguide components in Si02/Si (e.g.
waveguide grating filters)
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Development and fabrication of passive
and of electrically controllable diffractive
optical components in Si02

Modelling of photonic components and
integrated circuits

Development, optimization and applica
tion of component technologies:
- Clean room laboratories (class 10/1 000)

Epitaxy (MOVPE, MBE, MOMBE) and the
characterization of InP-based semicon
ductor materials
Secondary ion mass spectroscopy (SIMS)
CAD/CAM of photolithography masks
Electron beam Iithography and optical
lithography
Dry etch processes (reactive ion etching,
ion beam etching) with endpoint detec
tion
Rapid thermal short time processing
Deposition of metal and dielectric layers
(evaporation, sputtering, plasma deposi
tion)
Optical coatings
Characterization and technology of opti
cal polymer materials
High resolution scanning electron mi
croscopy

Development and application of electrical
and optical mounting and connection
methods for components (flip chip bond
ing, high frequency packaging, laser weld
ing, fibre-chip coupling)
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Mobile Broadband Systems

Topics and Results

Wireless broadband communication
technology is presently of growing impor
tance because of the increasing demand
for mobility and the emergence of network
providers without direct access to the cus
tomers (the last mile problem). In addition
to the already established mobile radio
networks, there is increasing interest in
small size cellular systems, wireless local
loops and wireless local area networks
(LANs). These systems with data rates up
to 155 Mbit/s should be compatible with
ATM (asynchronous transfer mode).
Because of the existing frequency alloca
tion schemes, these new systems require
higher carrier frequencies, ranging from
the lower GHz range up several hundred
THz. The HHI believes that the importance
of mobile broadband communications in
the access and customer spheres will
match that of wired broadband links.

A main objective of research at the HHI
is to make substantial contributions to the
development of mobile broadband com
munication systems. The work concen
trates on the transport layer of communi
cation networks, Le. on transmission and
system-oriented aspects. Broadband wire
less local loops are being investigated as
weil as broadband wireless LANs and in
house systems. In detail, the following top
ics or projects are under investigation.

The HHI participates in the joint project
Integrated Broadband Mobile Communi
cation System (IBMS) under the framework
of the BMBF key development program
ATMmobil. The aim of this project is to de
velop a concept for future ATM-based
multimedia communications that includes
both indoor and outdoor environments in
a unified approach. This system should be
flexible with respect to the interfaces and
technologies and should allow various ac
cess types (e.g. cable, radio, infrared). It
should also offer variable bit rates and scal
able Quality of Service (QoS) according to
demand. The HHI is responsible for the de
sign of the inhouse network component of
this project.

Since ATM has its origin in wired envi
ronments, some effort is necessary to
maintain the QoS contract between user

and network during connection over time
varying wireless channels. Thus, the main
objectives include the development of suit
able concepts for QoS maintenance by
combining adaptive forward error correc
tion coding schemes with appropriate
wireless infrared and radio interfaces, as
weil as the design of inhouse backbone ar
chitectures and access schemes for wireless
ATM.
• A novel approach for an inhouse system
combining wired and wireless access has
been proposed. This takes advantage of
optical microwave generation techniques
and at the same time permits wired con
nections at low additional cost.
• To maintain the agreed QoS parameters
over time varying channels, a radio fre
quency (RF) modem that adapts to both
service and channel has been conceived.
Thus, a nearly constant transmission quali
ty can be obtained by continuous adapta
tion of the modulation and forward error
correction methods in conjunction with
automatic packet retransmission requests.
Some aspects of this concept have been
theoretically analyzed and simulated.
• A software demonstrator of the physical
transmission layer has been developed to
determine the influence of the RF transmis
sion on the bit error rate. This takes into
account the various channel parameters,
modulation methods and forward error
correction techniques.

For wireless infrared (IR) communica
tions, two approaches are presently under
investigation which exploit direct beam
line-of-sight and spot diffusing links. The
aim is to realize inexpensive and power-ef
ficient transceivers for data rates up to 155
Mbit/s. Both base station oriented systems
and ad hoc LAN systems with spot diffu
sion are under consideration. The system
performance and the power budget are
considerably improved by using a tracked
architecture. Array technologies for re
ceiver and transmitter will supersede the
use of mechanically moved optics.
• First laboratory experiments on an IR ad
hoc LAN have been carried out. The distri
bution of the transmitter power across the
cell was realized by diffuse reflection from
the ceiling (spot diffusion with diffusion
angle about 100 degrees). The receiver
optics (field of view less than one degree)
was directed towards the diffusing spot.
Error-free digital video transmission
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(140 Mbit/s, CMI) could be obtained over
a distance of 2 m with 20 mW transmitter
power and -39 dBm receiver sensitivity.

Weil known principles in the area of op
tical frequency division multiplexing are
being applied to broadband mobile com
munication systems operating in the 60
GHz band. These investigations are being
carried out within the framework of the
BMBF program Photonik 11. The aim is to
combine fibre-based low 1055 distribution
of broadband signals between control and
base stations with remote, cost-effective
microwave generation in low-cost base
stations. Using optical heterodyning and
the sideband injection locking technique,
low phase noise microwave signals can be
generated at very precise frequencies (ac
curacies in the Hertz range) and with great
frequency f1exibility. In contrast to other
optic/microwave techniques, external opti
cal modulators and amplifiers are not re
quired.
• Bidirectional transmission experiments
with a simplified mobile communication
system have been carried out at the HHI in
cooperation with our industrial partner
Bosch Hildesheim. The components of a
digital radio relay system were used and
two microwave carriers with high spectral
purity were generated simultaneously and
remotely by optical heterodyning, using
the above-mentioned principle. One of the
carriers at 62.2 GHz was OQPSK modulat
ed by the 155 Mbit/s data signal for the
down link, while the second carrier at 64
GHz was unmodulated and was used as an
LO signal for the uplink mixer in the base
station. This mixer was employed for the
down conversion of the uplink signal com
ing from the mobile station at 65.2 GHz,
so that conventional fibreoptic transmis
sion back to the control station can be
used. The connection between control sta
tion and base station was a 12.8 km stan
dard single mode fibre, and the span of
the radio link was about one metre.
• For two-channel transmission experi
ments the setup was augmented by a fur
ther injection locked laser. Two signals
were generated in the 62 GHz band, each
carrying a 155 Mbit/s OQPSK modulated
data signal. BER measurements at different
channel spacings showed that a minimum
spacing of less than 140 MHz was possible,
due to the high spectral efficiency (greater
than unity).
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• Highly efficient optic/microwave con
verters containing photodetectors and
MMIC amplifiers were developed in hybrid
technology for the 60 GHz band. This
work was carried out at the HHI in cooper
ation with FhG-IAF Freiburg, DASA and the
Hahn-Meitner Institute. Several converter
modules with different MMIC amplifier
chips have been completed for the fre
quency range from 50 to 70 GHz, and
have been tested in the experimental sys
tem.

Competencies

Design and development of optical mi
crowave generation systems

Development of optical millimetre wave
techniques for mobile communications in
the 60 GHz range

Design and development of IR inhouse
mobile communication systems

Development of hybrid concepts for inte
grated mobile communication systems

Sequence and system design for optical
CDMA

Design of combined channel coding and
equalization concepts for wireless ATM sys
tems



Electronie Imaging Teehnology for
Multimedia

Topies and Results

The R&D contributions of the HHI to this
research area are in the areas of Image
Processing and Terminal Systems and
Applications.

Image Proeessing

The HHI activities in the field of image
processing are concentrated on signal pro
cessing and coding for image services for
various applications and at various resolu
tions, on the realization of hardware
demonstrators, and on the design of VLSI
components. The image formats range
from QCIF (Quarter Common Image
Format) with 144 x 180 pels up to HDTV
with 1152 x 1920 pels. Typical applications
are VLBV (Very Low Bitrate Video) for mul
timedia communication at low bit rates,
TV and HDTV distribution and communi
cation, as weil as studio applications for
TV, HDTV and VLTV (VisionLike TeleVision).
One emphasis is on Multimedia Communi
cation on Integrated Networks and
Terminals (MINn, which is a collaborative
project sponsored by BMBF. Main topics of
this project are mobile communications
and terminals for mobile and stationary
multimedia services. The development of
the MPEG-4 standard for image and sound
compression plays a central role in MINT.

Pixel-oriented and block-oriented coding
methods, as standardized by MPEG
(Moving Pictures Expert Group), have
reached a certain degree of saturation in
performance. Substantial improvements
can only be obtained by applying "intelli
gent" coding schemes which use image
analysis and synthesis methods.

Such object and model based tech
niques are being initially developed for
VLBV coding (8-64 kbit/s), though with
certain restrictions on the image material
(e.g. the picture phone). However, these
techniques will also be applied to general
video sources in order to support wide
band broadcast services. The results of this
work have been presented to ISO-MPEG as
contributions to the specification of the
forthcoming MPEG-4 standard.

In addition to the development of com
pression algorithms themselves, the appli
cations of these methods in new interac
tive services is of crucial importance. Thus
the HHI is developing applications using
MPEG-4 for broadcast services via
DAB/DMB (Digital Audio/Multimedia
Broadcasting) and for interactive services
via ISDN or the Internet.
• A Netscape application was developed
using JAVA for interactive scene manipula
tion based on object-oriented MPEG-4
coding. This application supports user
functions such as remote loading of com
pressed video objects, showing the objects
in the local browser window, generation of
new video scenes by copying the objects
into a compositor window, and editing
(cut, paste, copy, magnify, etc.) of video
scenes in the compositor window. This ap
plication was exhibited at IFA '97 and
CeBIT '97, where it was awarded the sec
ond prize of a renowned computer maga
zine.
• A system for teleshopping in a virtual
shop was developed, in which the user can
dick real video objects (sales objects) on
the screen and call for additional informa
tion about them (price, size, colour, etc.).
The user can also view the objects from all
sides (3D models) or can request on-line
advice about them. This system was exhib
ited at IFA '97.

In the field of processing of moving 3D
sequences, the emphasis at the HHI is on
combined motion and disparity estimation
and compensation. These techniques can
be applied in the studio (3D production,
depth keying) as weil as for communica
tion purposes (3D video conferencing). In
particular, software and hardware develop
ment is being carried out for autostereo
scopic multi-viewpoint systems. These will
be applied in fields such as communica
tion, medicine, 3D program production
and industrial automation. As weil as gen
eral algorithmic investigations for disparity
estimation and intermediate image inter
polation, a real time system for the genera
tion of intermediate views is under devel
opment, in cooperation with other part
ners.
• A new method for the simple 3D repre
sentation of video objects was developed.
This "incomplete 3D" system transforms
the object photographed with two or
more cameras into a 2D object which can
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be compressed using the MPEG-4 stan
dard. The reconstruction at the receiver
can be achieved with a disparity map,
which can be transmitted as mask data in
an MPEG data stream. Thus an elegant sys
tem for 3D coding has been created which
can be applied within the existing MPEG-4
syntax.

The development of methods for image
processing in the studio and in lV re
ceivers using computer simulations has
played an important role in the HHI over
many years. Important topics have been
motion estimation, interpolation of inter
mediate pictures, format conversion and
noise reduction. Advances in algorithms
and microelectronics now allow these
methods to be integrated onto a single
chip.
• A method of motion estimation and for
mat conversion which is outstanding for its
high performance and low complexity has
been developed. It allows the conversion
of 24/25 Hz (film) or 50/60 Hz interlaced
(video) input sequences to output se
quences at arbitrary frame rates up to
120 Hz, in either interlaced or progressive
formats. This achievement forms the basis
of joint chip developments with semicon
ductor manufacturers.

Interactive search and selection of video
and audio information will be of great im
portance for the successful introduction of
future multimedia services. In order to
make it possible to search for non-text
based content, for instance over the
Internet, a standardized Multimedia Con
tent Description Interface (MPEG-7) is to
be developed within the MPEG framework.
Work has started on image analysis, image
characterization and image indexing.

The development of new transmission
concepts and methods for mobile multi
media communication and the develop
ment of new concepts, features and user
interfaces for stationary and mobile termi
nals play central roles in work under the
framework of the collaborative project
Multimedia Communication on Integrated
Networks and Terminals (MINT).

It is the objective of the work carried out
at the HHI to contribute major compo
nents to the collaborative MINT demon
strator, including an MPEG-4 decoder with
the system demultiplexer, an MPEG-4 sys
tem multiplexer as weil as systems for de
coding and displaying 3D images.
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Furthermore, these components must be
integrated into the terminals, which may
be based on PCs (laptops or notebooks),
workstations, set-top units or mobile DAß
receivers built into cars. Also, laboratory
tests and field trials must be carried out.

To achieve this objective, concepts for
the realization of the above components
must be developed taking into account fu
ture technologies and products. Since sig
nal processing, such as image compression
and format conversion, will eventually be
done using audio/video (AN) processors,
investigations are underway into how
these algorithms can be performed on
such processors, possibly together with co
processors. The results of these investiga
tions will also benefit the EUREKA/MEDEA
project MPEG fo(u)r Mobiles, which began
in 1997.

Moreover, for all types of terminals user
friendly graphical interfaces are under de
velopment. These interfaces include con
ventional remote control devices as weil as
speech input.
• The initial concepts and prototypes
("0bjects on Demand", MPEG-2 com
pressed 3D video on CD-ROM, and an in
teractive user interface including speech
input) were presented to the general pub
lic at IFA '97.

Recent advances in image compression
(MPEG-2) and in digital transmission
methods (DVß standards) allow the intro
duction of cinema-like film and video dis
tribution services over satellite and cable.
These services include movies, live events
and commercial presentations, which may
be transmitted to small electronic cinemas,
ordinary cinemas, entertainment centres,
universities, hotels and possibly to individ
ual subscribers. DVß techniques will be
used for transmission over satellite and ca
ble, and MPEG-2 will be used for image
and sound compression. In particular, the
HHI is providing an MPEG-2 HDlV de
coder, which involved the development of
a 1-chip decoder. The decoder is to be
presented to the general public in Europe
(within the framework of the ACTS project
CINENET), as weil as in Japan and the USA,
at the beginning of 1998.



Terminal Systems and Applications

Multimedia techniques should enable
the interactive and simultaneous access to
information in different modalities (image,
audio, text, etc.). A5 a consequence, multi
media user interfaces should be designed
to support natural and familiar forms of in
formation exchange. Here the task is to
develop new concepts for the realization of
novel, useful, user friendly, attractive and
non-tiring multimedia applications, which
might then find their way into the market
place.

R&D work at the HHI in this field covers
the development of interactive 3D user in
terfaces and the user-oriented design and
evaluation of selected communication and
information services. Other work is devot
ed to the development of new display
technologies, especially autostereoscopic
image repraduction methods and full
colour light emission using electralumines
cence. Also included is the development of
a read/write head for high rate data trans
mission using the new storage medium
DVD.

The efficiency of user interfaces for infor
mation-rich applications benefits fram the
use of 3D imaging technologies. The HHI
is therefore developing autostereoscopic
displays for the reproduction of 3D scenes
that allow the unlimited presentation of in
formation in a way that is matched to the
human eye.

Three basic functions in natural viewing
must be involved when viewing the dis
play - Le. the limited depth of focus, the
coupling between accommodation and
convergence of the Iines of sight, and the
change of perspective with a change of
viewing position (dynamic perspective). To
do this it is necessary to introduce a syn
thetic depth of focus, coupled with a dy
namic adaptation, of the focal plane to the
plane of fixation. Moreover it is necessary
to provide intermediate views in praper
perspective. The positions of the eyes and
of the fixation point in space must be
known to contral these functions. Image
processing algorithms as weil as special
optical components and video-based mea
suring methods have been developed for
these purposes. The functions mentioned
above have been implemented and
demonstrated in an autostereoscopic
workstation display with a gaze-contralled

user interaction space instead of a mouse
controlled user surface.
• The user friendliness of the concepts
"virtual communication space" and "gaze
contrai" has been demonstrated.
• New measuring methods to determine
eye position and line of sight were devel
oped. These meet the practical require
ments for measurement speed and preci
sion.
• First steps for the construction of a
"Depth of Interest Display" using synthetic
depth of focus were undertaken.
• A platform-independent visual operating
system ("virtual communication space")
was conceived and partially implemented
using JAVA and VRML.
• A novel 3D operating system with gaze
contral based on the workstation operat
ing system UNIX and the Virtual Reality
Software dVS was conceived and success
fully implemented. The system was pre
sented to the public at IFA '97 and has had
a very positive response in the technical
press.

A high degree of user friendliness in an
information application can only be
achieved if the design of the user interface
is based on a reliable analysis of user re
quirements. Methods for analyzing user re
quirements and determining usability were
further developed and are available to the
public, and especially to the ACTS project
groups.
• The HHI offers this service in cooperation
with its partners in the ACTS project
Usability in ACTS (USINACTS). The HHI has
implemented a help service with abulIetin
board on human factors topics in the Web.

3D imaging has praved to be a very use
ful technology in studio-based video con
ferencing. Similar advantages mayaiso be
expected for desktop multipoint confer
encing, which is a particularly appropriate
form of conferencing for dispersed work
groups in an organization. We have there
fore also investigated the benefits of spe
cific 3D technologies for workplace systems,
in particular undistorted repraduction of
motion parallax and object geometry, eye
contact, perceptually correct 3D image
mixing, and remote 3D pointing.
• A perceptual experiment has shown that
the divergence between accommodation
and convergence that arises with stereo
scopic methods hardly influences the rep
resentation of motion parallax.
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• Initial experiments with mlxlng 3D im
ages show that images with greater depth
should be positioned in the upper part of
the screen and images with less depth in
the lower part.
• Several different methods for remote 3D
pointing have been developed and tested
for user friendliness. It was shown that
with these methods a conventional com
puter mouse can be used for pointing in
stereoscopic presentations.

One important aspect of interpersonal
communication is informal communica
tion. This term refers to the spontaneous
and usually confidential chats held outside
structured conferences, e.g. at coffee
breaks or at other accidental meetings.
Since informal communieations have a
positive significance for both the individu
als and the organization, there is a need to
find ways of providing technological sup
port for informal communieation in dis
persed workgroups. It is especially impor
tant to find ways of representing non-ver
bal signals such as eye contact or similar
non-verbal interactions.
• A survey of potential users of teIecooper
ation systems has shown that informal
communication is regarded as indispens
able in many work-related situations.
• A limited inhouse field experiment with
an Internet relay chat system resulted in a
list of requirements for technical systems
to support informal communication.
• A multipoint workplace video conferenc
ing system was implemented which makes
it possible to have individual eye contact
between all partners.

R&D work at the HHI on autostereo
scopic displays concentrates on the lentic
ular screen method, but the field lens prin
ciple is also being investigated. The devel
opmental goals are to create compact dis
plays based on either matrix panels (for
desktop applications) or large format back
projection displays (for simulators or other
special applications). Both types are in
tended for single users. In an autostereo
scopie display the direction of the light
beams must change as the user moves,
and new tracking principles are being de
veloped to achieve this.
• In the past, direct view display panels
combined with lenticular sheets had to be
used in the portrait orientation, which
makes image conversion necessary. This
was required because only in this orienta-
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tion were the three colour sources for each
pixel vertically aligned, thus making it pos
sible to project their light through the cor
responding lenslet into the eye of the user.
We have eliminated this restriction by a
new lenticular lens structure (the "colour
multiplex method"). Standard landscape
format images can now be presented.
• A prototype of a new large screen back
projection display was constructed. The
screen consists of a sandwich arrangement
of a single lenticular sheet and a diffusing
plate. The lentieular screen uses the colour
multiplex method. A movable projection
system, which can change the positions
and relative distances of the projected im
age points, is used for tracking.
• The light bundles in a lenticular screen
display are separately aligned for each pix
el column. By contrast, the fjeld lens prin
ciple aligns the light in a global fashion
through a single large field lens, with an
individual LC panel for each eye. A display
based on this principle was set up. Its high
resolution is very attractive, as is its large
crosstalk attenuation. Naturally, the thick
ness of a field lens display is considerably
greater than that of a lenticular display.
This display is being tested in a 3D multi
point communication experiment.
• The spatial resolution of autostereo
scopic lenticular displays is limited by the
achievable precision in registering the im
age and lens rasters. If tracking is done by
moving a lenticular screen relative to the
display panel, the achievable registration
precision is reduced compared to that of a
fixed arrangement. In order to combine
the advantages of a fixed arrangement
with the possibility of tracking, a robot
arm has been developed whieh adjusts the
entire displayas the viewer moves in such
a way that its position and orientation rela
tive to the viewer remain constant.
• In cooperation with a partner from in
dustry, the HHI has developed a prototype
of a very compact high resolution au
tostereoscopic display with lens raster
tracking for medicinal applications. This
system was demonstrated at the HHI stand
at IFA '97.

In the search for new display principles,
the HHI is concentrating on high voltage
electroluminescence. In spite of the very
promising results obtained in the past us
ing the "colour-by-white" principle, opti
mization of the blue primary colour is still



needed, since it still does not match the re
quired EBU primary value.
• Improvements of SrS:Ce thin film elec
troluminescent device performance were
achieved by applying a new charge com
pensation method for Ce3+ dopants in the
phosphor layer preparation process. The
result is a blue shift of the emission spec
trum of about 10 nm, together with an in
creased luminous efficiency of up to
2 Im/W. Initial white emitting
SrS:Ce/ZnS:Mn display prototypes, of size
10 cm x 10 cm and with aresolution of
128 x 128 pixels, demonstrated the potential
of colour-from-white display applications.

As weil as display technology, data stor
age is also an essential component of mul
timedia systems. The Digital Versatile Disk
(DVD), which has just started to go to
market, is based on the principle of the op
tical disk, but has a considerably larger
storage capacity (currently 9 GB) as weil as
fast data access (exceeding 10 Mbit/s) and
the option of re-writability.
• In order to extend the conventional opti
cal reading head of a CD player for simul
taneous reading and writing of informa
tion on a DVD with several storage layers,
the possible replacement of the conven
tional optics by light, multifunctional
Diffractive Optical Elements (DOEs) is un
der investigation. These are computer gen
erated and are produced by microstructur
ing techniques.

Competencies

Development of algorithms and hardware
architectures for image and sound com
pression (MPEG-2, MPEG-4)

Development of algorithms and hardware
architectures for 2D and 3D image analysis
and synthesis using motion and stereo in
formation

Development of applications based on
MPEG-2/4/7 and JAVA for interactive ser
vices over the Internet, DVB/DAB/DMB or
ISDN

Development of 3D display technologies

Conception and evaluation of user inter
faces for multimedia applications using
VRML, JAVA, and dVS

Analysis and optimization of communica
tion terminals and services on the basis of
human factors criteria

Development of video-based pattern
recognition and photogrammetry meth
ods

Modelling and development of integrated
circuits for image processing

Design and construction of experimental
systems for the development of video
based communications applications and
for testing and demonstrating new com
munication technologies and hardware ar
chitectures

Analysis of human sensory and sensorimo
tor functions in relation to communication
applications

Expertise in desktop computer graphics
design

Research in the area of high voltage elec
troluminescence (SrS:Ce, ZnS:Mn)

Development of multilayer electrolumines
cent structures, blue-emitting phosphors,
full colour flat displays and transparent dis
plays

Development of diffractive optical ele
ments for read/write heads of optical disks
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F& E-SCHWERPUNKTE

Photonlk-Netze

Themen und Ergebnisse

Basis leistungsfähiger Kommunikations
netze sind photonische Netze, die mit Hilfe
von optischen Frequenz- und Zeitmulti
plextechniken die außerordentlich hohe
Bandbreite von Lichtwellenleitern nutzen.
In Verbindung mit dem optischen Schalten
der Transportwege ermöglicht die optische
Nachrichtenübertragung transparente und
damit diensteunabhängige Netze. Mit ei
nem Photonik-Netz werden also für alle
heutigen und zukünftigen Dienste sehr
breitbandige Transportwege bereitgestellt.

Ziel des HHI ist es, mit seinen
Forschungsarbeiten maßgeblich zur Ent
wicklung des Photonik-Netzes beizutragen.
Folgende Themen werden schwerpunkt
mäßig behandelt:
• Entwicklung von Netzkonzepten für die
verschiedenen Ebenen des Photonik
Netzes, nämlich Core Network, Access
Network und Customer Network.
• Ermittlung der Anforderungen an die
Netzelemente und deren photonische
Komponenten sowie an Einrichtungen zur
Überwachung des Netzbetriebs.
• Untersuchung des Potentials optischer
Multiplexverfahren wie der Frequenz- und
der Zeitmultiplextechnik, wobei der opti
malen Kombination beider Multiplexver
fahren eine besondere Bedeutung zu
kommt.
• Ermittlung der Längenbegrenzung opti
scher Pfade in photonischen Netzen, die
durch nichtideale Netzkomponenten und
die daraus resultierende Signaldegradation
begrenzt wird.
• Untersuchungen zur betrieblichen Über
wachung, Steuerung und Regelung von
Netzen (Operation, Administration and
Maintenance: OAM).
• Entwicklung und Herstellung zugehöri
ger photonischer Komponenten und Sub
systeme.

Der Forschungsschwerpunkt Photonik
Netze gliedert sich in die Fachgebiete
Access und Customer Network sowie Core
Network.
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Access und Customer Network

Die Forschungs- und Entwicklungsarbei
ten konzentrieren sich auf den Einsatz der
WDM-Technik im Access Network. Ziel ist
es, Systemkonzepte und Komponenten für
WDM-Anwendungen im Access-Network
zu entwickeln und zu untersuchen.

Es werden Forschungs- und Entwick
lungsarbeiten zum WDM-Upgrade eines
bestehenden passiven optischen Netzes
(PON) durchgeführt. Hierbei wird auf ei
nem Systemkonzept aufgebaut, das eine
Kapazitätserweiterung ohne Änderung der
Glasfasernetzstruktur zwischen der Zentra
le und den teilnehmernahen Optical
Network Units (ONU) erlaubt. Das passive
optische Zugangsnetz wird mit einem
WDM-Overlay von permanenten Wellen
längenpfaden im Bereich 1,5 IJm versehen,
was gleichzeitig den Schutz gegen
Störungen und Abhören erheblich ver
bessert. Zentrales Baueleme.nt ist ein
Arrayed Waveguide Grating (AWG), das
zum Multiplexen, Demultiplexen und zum
Routen der Signale unterschiedlicher
Wellenlänge eingesetzt wird. In einem
Experimentalsystem werden AWGs ent
sprechend dem von der International
Telecommunication Union (ITU) vorge
schlagenen 100-GHz-Kanalraster verwen
det.

Derartige Filter werden im HHI mit
unterschiedlichen Spezifikationen auf der
Si02/Si-Materialbasis entwickelt und her
gestellt. So wurden 16-Kanal-AWGs mit ei
nem Kanalabstand von 100 GHz, einer
Einfügedämpfung von Faser zu Faser von
5 dB und einem Nebensprechen von
< - 25 dB realisiert. Desweiteren wurden
ein 8-Kanal-AWG mit einem sogenannten
Flat-Top-Design entwickelt, dessen ange
nähert rechteckförmige Durchgangscha
rakteristik besser für eine Kaskadierung ge
eignet ist. In dem zuvor dargestellten
Systemkonzept für den WDM-Upgrade ei
nes PONs ist neben dem WDM
Multiplexer/Demultiplexer der optische
Sternkoppler eine weitere Schlüsselkompo
nente. Es wurden ein Konzept zur
Vereinigung beider Funktionen in einer
Komponente, d.h. der Funktionen eines
AWGs für den einen Wellenlängenbereich
und die Verteilfunktion eines Sternkopplers
für einen anderen Wellenlängenbereich,
entwickelt und erste Komponenten herge
stellt.



Bei dem Upgrade von optischen Über
tragungssystemen mit Hilfe der WDM
Technik ist es notwendig, diese mit Hilfe
von Transpondern an eine bereits existie
rende Systemumgebung zu adaptieren.
Ein Transponder besteht aus einem opti
schen Empfänger und einem optischen
Sender, der auf einer vorgegebenen
Wellenlänge sendet. Je nach Eingangs
empfindlichkeit und optischer Ausgangs
leistung kann mit einem solchen elektro
optischen Wellenlängenkonverter neben
der Wellenlängenumsetzung auch eine
Signalverstärkung erreicht werden. In
Kooperation mit der Industrie erfolgte die
Entwicklung eines modularen Transpon
ders, der ohne zeitliche Regeneration bitra
tentransparent von 100 Mbit/s bis
2,5 Gbit/s arbeitet. Für den Betrieb bei
festen Bitraten (z.B. SDH, STM-16) kann ei
ne elektronische Signal- und Taktrückge
winnung eingefügt werden. Weiterhin ist
der Transponder auch in optischen Cross
Connects und optischen Add/Drop
Multiplexern einsetzbar. Für die Einbin
dung in ein TMN-System ist der Trans
ponder mit entsprechenden Steuer- und
Überwachungsfunktionen versehen.

Eine weitere zentrale Komponente in
WDM-Netzen sind 'Drop' Filter, die einzel
ne Wellenlängenkanäle aus dem KanaIen
semble herausfiltern können. Eine solche
Komponente in Form eines aktiven, mono
lithisch integrierten optoelektronischen
Bauelements auf InP-Basis wird im Rahmen
eines ACTS-Vorhabens entwickelt. Sie be
steht aus einem abstimmbaren, polarisa
tionsunabhängigen optischen Filter, einem
optoelektronischen Detektor und einem
elektronischen Vorverstärker. Für eine
Durchlaßcharakteristik mit 20 dB Neben
sprechen wurde eine Filterbreite von
400 GHz (3,2 nm) und ein Durchstimm
bereich von 25 nm erreicht.

Für den Einsatz im Access-Bereich wer
den bidirektionale optoelektronische
Wandler (Transceiver) entwickelt. Dabei
wird ein monolithisch integrierter, kom
pakter und für die Massenfertigung geeig
neter Aufbau angestrebt. Das Vorhaben
wird in enger Zusammenarbeit mit
Industriepartnern durchgeführt. Darüber
hinaus sollen Transceiver des HHI im
Rahmen eines ACTS-Projekts unter Feder
führung von CNET (Frankreich) und
Telenor (Norwegen) in OFDM-Feldversu
chen eingesetzt werden.

Für die Integrationstechniken auf InP
Basis stellt die flächenselektive (lokale)
Epitaxie einen unverzichtbaren Herstel
lungsschritt dar. Deshalb wird hierfür das
metallorganische (MO)MBE-Verfahren in
enger Zusammenarbeit mit einem Indu
striepartner sowie der Universität Ulm und
dem Walter-Schottky-Institut München
weiterentwickelt und optimiert.

Ferner wird, basierend auf obiger
Technologie, nach Spezifikationen eines
Industriepartners, ein WDM-Transmitter
mit 4 Kanälen im Abstand von 200 GHz
entwickelt und hergestellt. Die Lage der
Frequenzkanäle entspricht den ITU
Vorschlägen, die Bitrate soll bei 2,5 Gbit/s
pro Kanal liegen. Arbeitsschwerpunkt war
im vergangenen Jahr die Entwicklung von
Strained-Layer Multi-Quantum-Well Lasern
mit hoher Ausgangsleistung.

In einem F&E-Auftrag eines Industrie
partners werden langweilige DFB-Laser auf
der Basis der Feststoffquellen-MBE herge
stellt. Gegenstand dieses technologieorien
tierten Auftrages ist die Entwicklung von
DFB-Laserdioden für den Einsatz in bidirek
tionalen optischen Anschlußnetzen.

Ein systemmäßiger Test und Einsatz von
Bauelementen ist nur möglich, wenn diese
in Form von kompletten Modulen vorlie
gen. Die Aufbau- und Verbindungstechnik
ist daher ein weiterer bedeutender
Schwerpunkt der technologisch orientier
ten Arbeiten.

Core Network

Die Arbeiten in diesem Fachgebiet sind
auf die Themen höchstbitratige Übertra
gung im Zeitmultiplex (TDM), optischer
Crossconnect und optisch transparentes
Netz ausgerichtet. Für die höchstbitratige
Übertragung (TDM) kann das Multiplexen
und Demultiplexen sowohl elektrisch
(ETDM) als auch optisch (OTDM) erfolgen.
Wichtige Aufgaben sind dabei die
Generierung, Modulation, Detektion und
Synchronisation der optischen Signale.
Weitere Untersuchungspunkte sind der
Einfluß von photonischen Netzkompo
nenten und Faser-Nichtlinearitäten auf die
Qualität der optischen Signale sowie die
Techniken der Dispersionskompensation.

Für die ETDM-Technik bei 40 Gbit/s wer
den Transmitter mit integriertem
Laser/Modulator (geringer Chirp) und
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Empfänger mit integrierten Wellen leiter
dioden und High-Electron-Mobility
Transistoren (HEMT) für die optimale
Impedanzanpassung entwickelt. Die Über
tragung erfolgt vornehmlich mit NRZ
Signalen. Ein Laser/Modulator-Modul, das
im Bereich einiger nm abstimmbar ist und
eine 3 dB-Grenzfrequenz von 18 GHz auf
weist, wurde aufgebaut.

Hochratige Empfänger werden für den
Wellenlängenbereich 1,3 bis 1,55 IJm ent
wickelt. Sie bestehen aus wellenleiter-inte
grierten PIN-Photodioden und HEMTs zur
Verstärkung der elektrischen Signale. Das
dafür verwendete Bauelementkonzept er
laubt prinzipiell eine stetige Fortentwik
klung der zugrundeliegenden optoelektro
nischen integrierten Schaltung (OEIC) bis
in den 100 Gbit/s-Bereich. Die als Modul
aufgebauten Empfänger-OEICs wurden in
20 Gbit/s-Systemexperimenten eines Indu
striepartners erfolgreich getestet. In einem
weiteren Schritt sind zusammen mit einem
Industriepartner erfolgreiche 40 Gbit/s
Detektionsexperimente durchgeführt wor
den.

Die Arbeiten zur optischen Zeitmulti
plextechnik (OTDM) beinhalten die
Untersuchung und Realisierung optischer
Subsysteme, die in der Lage sind, optische
Signale von 1 bis 10 Gbit/s zu einem 40
bis 160 Gbit/s-Signal zusammenzufassen
(MUX) und anschließend wieder rein op
tisch zu demultiplexen (DEMUX). Zur
Übertragung werden hier vornehmlich mit
modengekoppelten Lasern generierte RZ
Signale verwendet.

Experimentelle Untersuchungen zur
Kombination von WDM- und TDM
Technik in einem Übertragungssystem mit
der Gesamtkapazität von 160 Gbit/s zeig
ten folgendes Ergebnis. 40 Gbit/s-Signale,
generiert aus 10 Gbit/s-Datenströmen im
optischen Zeitmultiplex, wurden in 4
WDM-Kanälen über 100 km Standardfaser
bei einer Wellenlänge von 1,55 IJm über
tragen. Dabei war eine gemeinsame
Dispersionskompensation für alle 4 WDM
Kanäle mittels dispersionskompensierender
Faser ausreichend, um eine fehlerfreie
Übertragung zu gewährleisten.

Ferner wurden vergleichende Untersu
chungen zur 40 Gbit/s OTDM-Übertra
gung bei einer Wellenlänge von 1,55 IJm
über verschiedene Fasertypen (Standard
faser, "True-Wave"-Faser, dispersionskom
pensierender Faser und dispersionsverscho-
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bene Faser) durchgeführt. Ohne optische
Zwischenverstärkung konnten die größten
Entfernungen mit einer Kombination aus
Standardfaser und dispersionskompensie
render Faser überbrückt werden.

Für Demultiplex- und "Add-Drop"
Funktionen in OTDM-Systemen wurden
verschiedene nichtlineare Interferometer
anordnungen (Mach-Zehnder-, Michelson-,
Sagnac-Interferometer) mit optischen
Halbleiterlaserverstärkern als monolithisch
integrierte Komponenten hergestellt und
erfolgreich eingesetzt. Monolithisch inte
grierte symmetrische Mach-Zehnder Inter
ferometer Bauelemente mit zwei zusätz
lichen Abzweigen zur optischen Signal
kontrolle wurden erfolgreich hergestellt.
Als optisch nichtlineares Element werden
optische Halbleiterverstärker in jedem der
zwei Arme des Interferometers eingesetzt.
Diese Bauelemente (PIC) wurden weiterhin
für eine rein-optische Wellenlängenkon
version eingesetzt. BER Messungen zeigten
eine fehlerfreie Funktion.

Alternativ werden zum optischen
Demultiplexen elektro-optische Mach
Zehnder Strukturen untersucht, in denen
der Quantum Confined Stark-Effekt (QCSE)
in MQW-Strukturen ausgenutzt wird. Für
eine verspannte Quantenfilmstruktur mit
Tunnelbarrieren für die leichten Löcher
wurde polarisations-unabhängiges Schal
ten demonstriert. Für die Mikrowellen
steuerung sind kapazitätsbelastete Lauf
feldleitungen vorgesehen, die für das
Demultiplexen bis 40 Gbit/s geeignet sind.
Die Kombination wird zur Zeit bearbeitet.

Die Signaldegradation in optischen
Netzen führt zu einer Längenbegrenzung
der optischen Pfade. Durch vollständige
Regeneration der digitalen Signale (3R, re
amplification, reshaping, retiming) kann
diese Begrenzung überwunden werden.
Mit Hilfe der optischen Signalverarbeitung
werden Verfahren und Komponenten ent
wickelt, die es erlauben, digitale optische
Signale teilweise (2R, reamplification,
reshaping) oder völlig (3R) zu regenerie
ren. Schlüsselkomponenten der 3R
Regeneration sind die Taktrückgewinnung
und Entscheiderstufen. 3-Sektions-RWG
Laser zeigen bei geeignetem Design eine
bistabile Charakteristik. Es wurde ein
Modul zur Taktrückgewinnung aufgebaut,
das im Bereich von unter 5 bis über
20 Gbit/s arbeitet. Die Taktrate ist über ei
nen Strom kontinuierlich einstellbar.



Darüber hinaus wird untersucht, inwie
weit speziell entwickelte 3-Sektions-RWG
Laser auch als Entscheider verwendet wer
den können. Die technologischen Gemein
samkeiten dieser Verstärker, Taktextrak
tions- und Entscheiderstufen ermöglichen
in der Zukunft die monolithische
Integration eines optischen 3R-Regenera
tors.

Die Vermittlungseinrichtungen zukünfti
ger Kommunikationssysteme müssen opti
sche Frequenzmultiplexsignale und sehr
hochratige Signale durchschalten können.
Hierzu sind entsprechende optische Raum-,
Frequenz- und Zeitstufen erforderlich. Ziel
der Forschungsarbeiten sind Vermittlungs
einrichtungen, die eine Durchschaltung
der Signale mit optischen Mitteln ermög
lichen. Hierdurch sollen zum einen opto
elektrische Wandlungen im Signalweg ver
mieden und zum anderen Geschwindig
keitsgrenzen überwunden werden, die die
elektronische Signalverarbeitung setzt.

Im Auftrag eines Netzbetreibers werden
die Eigenschaften von regeneratorfreien
optischen Kommunikationsnetzen sowohl
theoretisch als auch experimentell unter
sucht. Die wesentlichen Elemente in der
Transportebene solcher Netze sind die
Übertragungsstrecken, Faserverstärker und
optischen Crossconnects. Nichtideale Ei
genschaften dieser Komponenten führen,
bedingt durch Signaldegradation, zu einer
Begrenzung der Übertragungslänge im op
tischen Netz. Entsprechende Transparenz
längendiagramme können als Grundlage
für die Planung der Transportebene op
tisch transparenter Netze dienen. Die ex
perimentelle Überprüfung erfolgt in einem
achtkanaligen WDM-Ringtestbed, in dem
Datenpakete mit einer Übertragungsrate
von bis zu 10 Gbit/s pro Wellenlängenka
nal in einem Faserring umlaufen. Mit dem
Ringtestbed kann die Kaskadierung mehre
rer Übertragungsabschnitte in der Zusam
menschaltung mit optisch transparenten
Crossconnects nachgebildet und die
Signalqualität als Funktion der Anzahl der
durchlaufenen Crossconnects und der
Faserstreckenlänge bestimmt werden. Es
werden Methoden zur Simulation der
Signalausbreitung im optischen Pfad ent
wickelt und mit den experimentellen
Messungen überprüft. Dafür kommt das
Programmpaket BroadNeD zum Einsatz,
das demnächst kommerziell erhältlich sein
wird.

Bei der Entwicklung von Raumschaltern
für optische Crossconnects oder für das
Schalten von Ersatzwegen werden unter
schiedliche Realisierungswege verfolgt:

Ein Ansatz basiert auf der Verwendung
von Flüssigkristallen in Verbindung mit
SiOz/Si-Wellenleitern. Ziel ist die Realisie
rung von Totalreflexionsschaltern, die
kompakt aufgebaut werden können, quasi
leistungslos steuerbar sind und eine digita
le Schaltcharakteristik aufweisen. Als zwei
ter Weg wird auf der Basis von Polymeren
die Entwicklung thermo-optisch steuerba
rer Schalter verfolgt. Polymermaterialien
eignen sich hierfür besonders wegen ihres
großen Temperaturkoeffizienten des opti
schen Brechungsindexes und der geringen
Wärmeleitfähigkeit. Dies sind Eigenschaf
ten, die insgesamt zu kleinen Schaltlei
stungen führen. In den zurückliegenden
Jahren wurden unterschiedliche Schalter
typen, namentlich interferometrische
Richtkopplerschalter (2 x 2) und -matrizen
(4 x 4) und digital optische Schalter (1 x 2,
2 x 2), mit sehr niedrigen optischen
Crosstalk-Werten entwickelt. Die Herstel
lung basierte dabei im wesentlichen auf
dem Material PMMA, das eine geringe
Temperaturstabilität und eine relativ hohe
optische Dämpfung aufweist. Deshalb kon
zentrieren sich die Arbeiten nun mehr auf
die Charakterisierung und Technologie
neuer Polymermaterialien, von denen ver
besserte Eigenschaften erwartet werden.

Polymere wurden auch als potentielle
Materialien für elektrooptische und nichtli
near optische Bauelemente untersucht.
Damit könnten optische Funktionen wie
optisch-optisches Schalten, Frequenzum
setzung oder parametrische optische
Verstärkung realisiert werden. Die
Arbeiten, die im Berichtsjahr abgeschloss
sen wurden, haben gezeigt, daß gepolte
Polymere mit elektro-optischen Koeffizien
ten von etwa 15 pm/V (@1 ,5 ~m) und aus
reichender Langzeitstabilität hergestellt
werden können, die zur Herstellung hoch
frequenter Modulatoren geeignet sind. Für
optisch-optische Bauelemente auf der Basis
phasenangepaßter Frequenzverdopplung
erwiesen sich jedoch die bisher untersuch
ten Polungsfarbstoffe für Betriebswellen
längen um 1,5 ~m als ungeeignet.

Optische Frequenzumsetzer können für
Crossconnects in WDM-Systemen zur
Verminderung der Blockierung und als
Interface zwischen Access- und Core-
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Network eingesetzt werden. Im Rahmen
eines Auftrages eines Netzbetreibers wurde
eine Studie mit dem Titel "Betrieb und
Überwachung von optischen Frequenz
konvertern in der Frequenzstufe optischer
WDM-Crossconnects" angefertigt. In der
Studie wurde der Aufwand für Betrieb und
Überwachung von Transpondern und opti
schen Frequenzkonvertern analysiert, die
auf Kreuzverstärkungsmodulation bzw.
Kreuzphasenmodulation (XPM) basieren.
Die Aufgabensteilung steht in engem
Zusammenhang mit der Problematik von
Betrieb und Wartung (Operation and
Maintenance (OAM» der Komponenten
und Subsysteme in optischen Netzen. Als
wichtiges Problem erweist sich hier, daß
selbst bei sehr geringen Anforderungen an
die Transparenz der optischen Netze die
Möglichkeiten zur Kontrolle der
Signalqualität sehr stark eingeschränkt
sind.

Die Anwendung der WDM-Technik im
Core Network mit optischen Crosscon
nects bei Datenraten bis zu 10 Gbit/s pro
WDM-Kanal wird in dem von der Firma
Siemens geführten ACTS-Vorhaben
PHOTON untersucht. Das HHI ist mit der
Entwicklung und dem Aufbau der
Wellenlängenreferenz für einen Demon
strator sowie mit Systemstudien an dem
Vorhaben beteiligt.

Die Arbeiten zur höchstbitratigen TDM
und zur WDM-Übertragungstechnik wer
den unterstützt durch analytische
Untersuchungen der Signalqualität als
Funktion der optischen Pfadlänge im
photonischen Netz. Für das Modelling und
die Simulation von optischen Pfaden wur
den eine Reihe von neuen Programmodu
len entwickelt, die im Vergleich mit
Systemexperimenten verifiziert werden
konnten. Erste Simulationen zur Untersu
chung des optischen Nebensprechens in
Crossconnects wurden erfolgreich durch
geführt.

Im Auftrag und in Kooperation mit ei
nem Industriepartner wurden Planungsda
ten für ein Photonisches Netz erarbeitet.
Für eine übersichtliche Darstellung aller re·
levanten Systemaspekte wurde ein
Netzmodell entworfen, an dem sich physi
kalische und funktionale Eigenschaften gut
untersuchen lassen und mit dem die
Leistungsfähigkeit eines photonischen
Netzes gezeigt werden kann. Zusammen
fassend kann der Schluß gezogen werden,
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daß die optisch transparente Vollverma
schung aller Knoten eines Netzes mit der
Flächenausdehnung Deutschlands über
einzelne Wellenlängenkanäle mit bis zu
10 Gbit/s pro Kanal möglich ist. Der
Entwicklungsschritt von einer WDM-Punkt
zu-Punkt Übertragung hin zu einem schalt
baren WDM-Netz ist allerdings so groß,
daß die Weiterentwicklung von derzeitigen
Glasfasernetzen in folgenden Phasen gese
hen wird: Punkt-Punkt einkanalig, Punkt
Punkt mehrkanalig mit WDM, Netz mit
starrem Routing von WDM-Kanälen, Netz
mit Ersatzschaltungen im WDM-Bereich
und schließlich ein flexibles Netz mit
Schaltfunktionen für alle Kanäle in WDM
Crossconnects.

Ein Großteil der oben beschriebenen
Aktivitäten wird im Rahmen des nationalen
Forschungsprogramms Photonik 11, geför
dert vom Bundesministerium für Bildung,
Wissenschaft, Forschung und Techologie,
durchgeführt. Während der Laufzeit
1994 - 1998 zählen optische Kommunika
tionssysteme, die optische Verbindungs
technik sowie Schlüsselkomponenten und
-technologien zu den wesentlichen
Schwerpunkten. Die Themen werden von
der nachrichtentechnischen Industrie zu
sammen mit Forschungseinrichtungen und
Universitäten bearbeitet. Die wissenschaft
liche Federführung des Forschungspro
gramms teilen sich das Fraunhofer Institut
für Angewandte Festkörperphysik (FhG
IAF), Freiburg, und das HHI.

Kompetenzen

Untersuchung und Entwicklung der
Architekturen photonischer Netzwerke,
Erstellung von Planungsrichtlinien und
Studien zu spezifischen Problemen photo
nischer Netzwerke

Charakterisierung und Test von optischen
Netzwerken und Netzwerkelementen ein
schließlich Experimenten an ringförmigen
Fasertrassen, Übertragungsexperimente
über große Längen und Feldversuche

Entwicklung von hochratigen optischen
WDM-Systemen (10 Gbit/s pro Kanal) und
entsprechenden WDM-Meßtechniken

Untersuchung, Entwurf und Entwicklung
von optischen WDM-LANs/MANs, opti-



schen Netzen im Teilnehmerbereich und
passiven optischen Netzwerken

Entwicklung von Verfahren zur Steuerung
und Überwachung von Netzwerken

Entwicklung, Anwendung und Verifikation
von Simulations-Software für optische
Transportnetzwerke

Entwurf und Entwicklung von auf
Heterodyn-Techniken beruhenden opti
schen Systemen

Entwicklung von Verfahren der Wellenlän
genkonversion für WDM-Systeme

Untersuchung und Entwicklung von hoch
ratigen OTDM-Subsystemen (10 bis
40 Gbit/s und häher) einschließlich
Multiplex/Demultiplex- und "Add/Drop"
Techniken

Entwicklung von Verfahren zur rein opti
schen Taktrückgewinnung und Signalre
generation (2 Rund 3 R)

Entwicklung von Methoden zur Erzeugung
ultrakurzer optischer Pulse

Optimierung von Verfahren zum Disper
sionsmanagement

Entwurf und Entwicklung von optischen
Frequenzreferenz-Geräten

Entwurf und Herstellung von Transpon
dern und optischen SDH-Frontends

Entwicklung, Herstellung und Charakteri
sierung von faseroptischen Komponenten

Entwicklung, Herstellung und Charakteri
sierung von Verfahren und Geräten zur
PMD-Kompensation

Entwurf, Herstellung und Charakterisie
rung von optoelektronischen Bauelemen
ten und photonisch integrierten Schaltun
gen auf der Basis von InP:
- abstimmbare Laser (DFB, DBR)
- Multi-Wellenlängen-Emitter

(Laser-Arrays)
- optische Verstärker
- schnelle Laser/Modulator-Transmitter
- Wellenlängen-Konverter
- Wellenlängen-"Drop"-Filter

- Demultiplexer und "Add/Drop"
Multiplexer für OTDM-Anwendungen

- Bauelemente zur optischen
Taktrückgewinnung und Signalrege
neration (selbstpulsierende Laser)

- integrierte Transceiver
- ultra-schnelle Photodetektoren

(70 GHz)
- hochbitratige optische Empfänger mit

integriertem MMIC-Vorverstärker
- optischer Mikrowellengenerator

Entwicklung und Herstellung von ther
mooptischen Schaltern und Schaltmatri
zen mit geringem Nebensprechen auf
der Basis von Polymeren

Entwurf und Herstellung von planaren
Wellenleiterkomponenten in Si02/Si (z.B.
Wellenleitergitter-Filter)

Entwurf und Herstellung von passiven
und von elektrisch steuerbaren diffrakti
ven optischen Elementen in Si02

ModelIierung von photonischen Bauele
menten und integrierten Schaltungen

Entwicklung, Optimierung und Anwen
dung von Bauelement-Technologien:
- Reinraumlabore (Klasse 10/1 000)

Epitaxie (MOVPE, MBE, MOMBE) und
Charakterisierung von InP-basierenden
Halbleitermaterialien
Sekundärionen-Massenspektrometrie
(SIMS)
CAD und Herstellung von Photolitho
graphie-Masken
Elektronenstrahl-Lithographie und
optische Lithographie
Trockenätzprozesse (reaktive Ionen
ätzung, Ionenstrahlätzung) mit End
punkterkennung
thermische Kurzzeitprozessierung
Deposition von Metall- und
Dielektrika-Schichten ( Aufdampfung,
Sputtern, Plasma-Deposition)
optische Beschichtungen
Charakterisierung und Technologie
von optischen Polymermaterialien
hochaufläsende Rasterelektronen
mikroskopie Entwicklung und
Anwendung von elektrischen und
optischen Aufbau- und Verbindungs
techniken für Bauelemente (Flip-Chip
Bonden, Hochfrequenz-Gehäusung,
Laserschweißen, Faser-Chip-Kopplung)
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Mobile Breitbandsysteme

Themen und Ergebnisse

Mit dem Wunsch nach verstärkter
Mobilität einerseits und mit dem Auftreten
neuer Netzbetreiber ohne direkten Zugang
zu den Teilnehmern andererseits gewinnt
die Mobilkommunikationstechnik stark an
Bedeutung. Neben den bekannten Mobil
funknetzen rücken zunehmend die klein
zelligen Mobilfunksysteme, der drahtlose
Teilnehmeranschluß sowie drahtlose In
housekommunikationssysteme in das Blick
feld des Interesses. Derartige Systeme mit
Übertragungsraten bis zu 155 Mbit/s müs
sen ATM-tauglich sein. Unter Berücksichti
gung des bestehenden Frequenzvertei
lungsplanes führt dies zu höheren
Sendefrequenzen, die sich ausgehend von
den heutigen Frequenzen im unteren GHz
Bereich bis zu einigen 100 THz (Licht) er
strecken können. Das HHI geht davon aus,
daß die breitbandige Mobilkommunikation
im Access- wie auch im Customer-Bereich
eine ebenso große Bedeutung wie die
breitbandige leitungsgebundene Kommu
nikation erlangen wird.

Ziel des HHI ist es, mit seinen
Forschungsarbeiten zur Entwicklung breit
bandiger Mobilkommunikationssysteme
maßgeblich beizutragen. Die Arbeiten soll
len sich hauptsächlich auf die Transport
ebene, d.h. auf die Übertragungstechnik
und Systemtechnik konzentrieren. Dabei
werden sowohl der breitbandige drahtlose
Teilnehmeranschluß als auch breitbandige
drahtlose LANs und Inhouse-Systeme be
trachtet und folgende Themen bzw.
Vorhaben bearbeitet:

Im Rahmen des BMBF-Förderschwer
punktes ATMmobil ist das HHI an dem
Verbundvorhaben Integriertes Breitbandi
ges Mobilkommunikationssystem (IMBS)
beteiligt. In dem Vorhaben wird ein
Systemkonzept für künftige ATM-basieren
de Multimediakommunikation entwickelt,
das die Bereiche innerhalb und außerhalb
von Gebäuden (indoor und outdoor) in ei
nem gemeinsamen Ansatz betrachtet. Das
System soll flexibel bezüglich der einge
setzten Technologien sein, eine Vielzahl an
Zugängen (z.B. Kabel, Funk oder Infrarot)
erlauben und je nach Bedarf verschiedene
Bitraten und Quality-of-Service (QoS)
Parameter bereitstellen. Unter Leitung des
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HHI wird der Inhouse-Systemanteil entwik
kelt. Da ATM ursprünglich für die drahtge
bundene Übertragung entwickelt wurde,
müssen bekannte Konzepte erweitert wer
den, um die zu Beginn einer Verbindung
zwischen Nutzer und Netzwerk ausgehan
delten QoS-Parameter auch über zeitvari
ante drahtlose Kanäle aufrechtzuerhalten.
Die Projektziele beinhalten somit die
Entwicklung geeigneter Konzepte zur
Sicherung der Übertragungsgüte auf den
Funkstrecken durch günstige Kombination
von adaptiven Kanalcodierungen mit an
gepaßten Modulations- und Zugriffsver
fahren für Infrarot- und Funkübertragung
sowie die Entwicklung der Inhouse-Netz
architektur.
• Es wurde ein neuer Ansatz für ein
Inhouse-System mit drahtlosen und lei
tungsgebundenen Zugängen vorgeschla
gen, das die Vorteile einer optischen
Erzeugung der Funksignale nutzt und dar
über hinaus auch leitungsgebundene
Interfaces bei geringem zusätzlichen
Aufwand integriert.
• Zur Gewährleistung der vereinbarten
QoS-Parameter wurde ein dienste- und ka
naladaptives Funkmodem konzipiert, das
durch ständige Anpassung von
Modulation und Fehlerschutz sowie ggf.
durch Paketnachforderungen eine weitge
hend konstante Übertragung sichern soll.
Teilaspekte des Konzepts wurden theore
tisch und simulativ untersucht.
• Ein Software-Demonstrator für den phy
sical layer wurde geschaffen, mit dem der
Einfluß von Funkkanälen auf die
Bitfehlerwahrscheinlichkeit unter verschie
denen Randbedingungen (KanaIparame
ter, Modulation, Fehlerkorrektur) unter
sucht werden kann.

Bezüglich drahtloser Infrarotkommunika
tion werden derzeit zwei Ansätze unter
sucht, die auf Konzepten mit direkter
Strahlausbreitung und diffuser Strahlaus
breitung mit direkter Sichtverbindung ba
sieren. Es ist das Ziel, kostengünstige und
leistungseffiziente Transceiver zu realisie
ren, wobei Datenraten von 155 Mbit/s an
gestrebt werden. Es werden sowohl
Systeme mit Basisstation als auch ad-hoc
LANs betrachtet, die ohne Basisstation aus
kommen und auf der diffusen Reflektion ei
nes Lichtflecks beruhen. Die Systemeigen
schaften und die Leistungsbilanz werden
beträchtlich durch Anwendungen eines
Nachführsystems verbessert. Array-Tech-



nologien der Sende- und Empfangsele
mente können später mechanisch bewegte
Teile ersetzen.
• Für ein ad-hoc LAN wurde in einem er
sten Laborversuch die Verteilung des
Sendesignals durch diffuse Reflexion an der
Decke realisiert (Spot Diffusing mit einem
Streuwinkel '" 100 Grad). Die Empfänger
optik (Gesichtsfeld < 1 Grad) wurde auf
den Reflexionspunkt ausgerichtet. Mit
20 mW Sendeleistung und einer Empfän
gerempfindlichkeit von -39 dBm konnte
ein Videosignal (140 Mbit/s, CMI codiert)
fehlerfrei übertragen werden.

Für die kostengünstige Erzeugung und
Verteilung von Mikrowellensignalen in zell
lularen Breitband-Funknetzen werden im
Rahmen des BMBF-Förderschwerpunktes
Photonik 11 Methoden der optischen
Frequenzmultiplextechnik untersucht. Das
Ziel ist, neben der verlustarmen glasfaser
gebundenen Übertragung von Breitband
signalen zwischen den Kontroll- und Basis
stationen auch die für die Funkübertra
gung erforderlichen Mikrowellensignale im
60 GHz-Band in aufwandsarmen Basissta
tionen mit optischen Mitteln zu erzeugen.
Für die Mikrowellenerzeugung wird das
optische Heterodynprinzip angewandt,
wobei die optischen Signale zweier DFB
Laser überlagert werden. Mit Hilfe der
"Seitenband Injection Locking"-Technik
werden quarzstabile, phasenrauscharme
Mikrowellensingnale mit einer
Einstellgenauigkeit im Hertz-Bereich gene
riert. In der Kontrollstation werden nur we
nige Mikrowellenkomponenten benötigt,
die auf Grund des optischen Vervielfa
chungsprinzips lediglich für moderate
Mikrowellenfrequenzen (bis 4 GHz) ausge
legt sein müssen. Im Gegensatz zu ande
ren Verfahren zur optischen Mikrowellen
erzeugung werden keine externen Modu
latoren und optischen Verstärker benötigt.
• Am HHI wurden in Kooperation mit un
serem Industriepartner Bosch-Hildesheim
bidirektionale Übertragungsexperimente
mit einem vereinfachten experimentellen
Mobilfunksystem durchgeführt. Dafür wur
den Komponenten eines kommerziellen
Digitalrichtfunksystems eingesetzt und mit
dem genannten optischen Verfahren die
Mikrowellenträger erzeugt. Ein Mikrowel
lensignal bei 62.2 GHz wurde für die Über
tragung von 155 Mbit/s Datensignalen im
OQPSK-Format von der Basisstation zum
Teilnehmer (Downlink) generiert und ein

zweites bei 64 GHz für den Rückkanal
Mischer in der Basisstation. Mit diesem
Mischer wurde das von der Mobilstation
kommende Datensignal bei 65.2 GHz
(Uplink) auf eine niedrige Trägerfrequenz
umgesetzt, so daß eine einfache optische
Übertragung von der Basisstation zurück
zur Kontrollstation möglich ist. Kontroll
und Basisstation wurden mit einer 12.8 km
langen Standard Monomodefaser verbun
den, mit der Funkstrecke wurde '" 1 m
überbrückt.
• Für Zweikanaluntersuchungen wurde
der experimentelle Aufbau mit einem zu
sätzlichen Laser erweitert. Damit wurden
zwei Mikrowellensignale im 62.0 GHz
Band erzeugt. Jedes war mit 155 Mbit/s
Datensignalen im OQPSK-Format modu
liert. Fehlerratenmessungen bei variablem
Kanalabstand ergaben wegen der hohen
spektralen Effizienz> 1 minimale Abstands
werte von< 140 MHz.
• Am HHI werden in Kooperation mit der
FhG-IAF-Freiburg, der DASA und dem
Hahn-Meitner Institut Optik/Mikrowellen
Konverter als hybrid integrierte Module für
das 60 GHz-Band mit hoher Konversions
effizienz entwickelt. Es wurden mehrere
Konvertermodule mit unterschiedlichen
MMIC-Verstärkern im Frequenzbereich 50
bis 70 GHz fertiggstellt und bei Übertra
gungsversuchen im Experimentalsystem
eingesetzt.

Kompetenzen

Entwurf und Entwicklung von Systemen
zur optischen Mikrowellenerzeugung

Entwicklung von optischen mm-Wellen
Techniken für die Mobilkommunikation im
60 GHz-Bereich

Entwurf und Entwicklung von IR-Mobil
kommunikationssystemen für den Betrieb
innerhalb von Gebäuden

Entwicklung von hybriden Konzepten für
integrierte Mobilkommunikationssysteme

Sequence-Entwurf und Systementwicklung
für optisches CDMA

Entwurf von kombinierten Kanalcodie
rungs- und Entzerrungskonzepten für
drahtlose ATM-Systeme
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Elektronische Bildtechnik für
Multimedia

Themen und Ergebnisse

Die F&E-Beiträge des HHI zu diesem
Schwerpunkt sind den Fachgebieten
Bildsignalverarbeitung und Endsysteme
und Anwendungen zuzuordnen.

Bildsignalverarbeitung

Die Aufgaben im Themenbereich Bild
signalverarbeitung sind auf Signalaufberei
tung, -verarbeitung und Codierung für
Bilddienste unterschiedlichster Auflösun
gen und Anwendungen sowie auf die
Realisierung von VLSI-Komponenten und
Hardwareaufbauten (Demonstratoren) aus
gerichtet. Die Bildformate reichen vom
QCIF (Quarter Common Image Format)
mit 144 x 180 Bildpunkten bis hin zum
HDTV mit 1152 x 1920 Bildpunkten. Typi
sche Anwendungen sind VLBV (Very low
bitrate video) für niedrigratige Multimedia
kommunikation, . TV- und HDTV-Verteil
und Kommunikationsdienste sowie Studio
applikationen für TV, HDTV und VLTV
(VisionLike TeleVision). Ein Schwerpunkt
der Arbeiten liegt bei der Multimedia
kommunikation auf integrierten Netzen
und Terminals (MINn, einem vom BMBF
geförderten Verbundprojekt. Die Haupt
ziele dieses Projekts liegen bei der
Mobilkommunikation sowie bei den
Benutzerplattformen für mobile und statio
näre Multimediadienste. Dabei steht der
sich Z.Z. entwickelnde Bild- und Tonkom
pressionsstandard MPEG-4 im Mittelpunkt.

Bildpunkt- und bildblockbasierte Codier
verfahren, wie sie Z.Z. beispielsweise bei
MPEG-2 zur Anwendung kommen, haben
eine gewisse Sättigung ihrer Leistungsfä
higkeit erreicht. Wesentliche Verbesserun
gen können nur von den sogenannten in
telligenten Codierverfahren erwartet wer
den, die sich Methoden der Bildanalyse
und Bildsynthese bedienen.

Solche objekt- und modellbasierten
Techniken werden einerseits für die
Bildübertragung mit extrem niedrigen
Datenraten (8... 64 kbit/s) entwickelt, wo
bei das Bildmaterial jedoch eingeschränkt
ist (z.B. auf Bildtelephonie). Andererseits
sollen solche Techniken auch für allgemei-
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nes Bildmaterial eingesetzt werden, um
auch breitbandigere Videoverteildienste
mit abzudecken. Die Ergebnisse dieser
Arbeiten werden bei ISO-MPEG (Moving
Pictures Expert Group) eingebracht, wo
durch Beiträge zur Spezifizierung des zu
künftigen MPEG-4 Standards geleistet wer
den.

Neben der Entwicklung der Kompressi
onsalgorithmen spielt die Anwendung die
ser Verfahren für neue interaktive Dienste
eine entscheidende Rolle. So werden im
HHI auf MPEG-4 basierende Applikationen
für Broadcast-Dienste über DAB/DMB
(Digital Audio/Multimedia Broadcast) und
für interaktive Dienste über ISDN sowie
über das Internet entwickelt.
• Unter Verwendung von JAVA wurde eine
Netscape-Applikation für die interaktive
Szenenmanipulation auf Basis der objekt
basierten MPEG-4 Codierung entwickelt.
Diese Applikation unterstützt Nutzerfunk
tionen wie das "Fernladen komprimierter
Videoobjekte", das "Anzeigen der Objekte
im lokalen Browser-Fenster", die "Gene
rierung neuer Videoszenen durch Kopieren
der Objekte in ein Compositor-Fenster"
und das "Editieren (Cut, Paste, Copy,
Magnify etc.) der Videoszenen im
Compositor-Fenster". Diese Applikation
wurde auf der IFA '97 und auf der
CeBIT '97 ausgestellt und erhielt dort den
2. Preis einer renommierten Computerzeit
schrift.
• Es wurde ein System zum Teleshopping
in einem virtuellen Laden entwickelt, in
dem reale Videoobjekte (Verkaufsobjekte)
vom Nutzer auf dem Bildschirm angeklickt
werden können. Auf diese Weise kann der
Nutzer Zusatzinformationen (Preise, Grös
se, Farbe usw.) zu den Objekten abrufen,
sich die Objekte von allen Seiten betrach
ten (3D-Modelle) oder eine On-line
Beratung für diese Objekte aufrufen. Dieses
System wurde auf der IFA '97 ausgestellt.

Im Bereich der Verarbeitung bewegter
3D-Sequenzen liegt der Schwerpunkt bei
der kombinierten Bewegungs- und
Disparitätsschätzung sowie -kompensation.
Anwendungen für diese Techniken erge
ben sich sowohl im Studiobereich (3D
Produktion, depth-keying) als auch bei der
Bildkommunikation (3D-Videokonferenz).
Im speziellen werden Soft- und Hardware
entwicklungen für ein autostereoskopi
sches Multi-Viewpoint-System durchge
führt, das für die Bereiche Kommunikation,



Medizin, 3D-Programmproduktion und
Automatisierung im industriellen Bereich
eingesetzt werden soll. Neben grundlegen
den algorithmischen Untersuchungen im
Bereich Disparitätsschätzung und Zwi
schenbildinterpolation soll in Zusammen
arbeit mit einigen Kooperationspartnern
ein Gerät zur Echtzeit-Zwischenperspekti
venberechnung aufgebaut werden.
• Ein neues Verfahren zur einfachen 3D
Darstellung von Videoobjekten wurde ent
wickelt. Dieses "Incomplete 3D" genannte
System wandelt das mit zwei oder mehre
ren Kameras aufgenommene Objekt in ein
2D-Objekt um, das dann entsprechend
dem MPEG-4 Standard komprimiert wer
den kann. Die Rekonstruktion in ein 3D
Objekt ist empfangseitig mit Hilfe einer
Disparitätenmappe möglich, die als
Maskendaten innerhalb eines MPEG-4
Datenstroms übertragen werden kann.
Somit wurde ein elegantes System zur 3D
Codierung geschaffen, das sich innerhalb
der bestehenden MPEG-4-Syntax anwen
denläßt.

Im Rahmen langjähriger Arbeiten wur
den am Heinrich-Hertz-Institut wesentliche
Komponenten für die Bildsignalverarbei
tung im Studio und in Fernsehempfängern
auf der Basis von Rechnersimulationen ent
wickelt. Wesentliche Arbeitspunkte betra
fen die Bewegungsschätzung, die Zwi
schenbildinterpolation, die Formatumsetz
ung und die Rauschreduktion. Fortschritte
bei der Algorithmenentwicklung und in
der Halbleitertechnologie erlauben es nun,
derartige Systeme auf einem Chip zu inte
grieren.
• Es wurde ein Verfahren zur Bewegungs
schätzung und Formatkonversion entwik
kelt, das durch seine hohe Leistungsfähig
keit und durch seine geringe Komplexität
besticht. Mit dem entwickelten Verfahren
können ausgehend von 24/25 Hz (Film),
50 Hz oder 60 Hz (Video) Eingangsse
quenzen im Zeilensprung Ausgangsse
quenzen mit beliebigen Bildwiederholfre
quenzen ~ 120 Hz in progressiver oder in
Zeilensprungdarstellung erzeugt werden.
Die erreichten Ergebnisse bilden die
Grundlage für gemeinsame Chipentwick
lungen mit Halbleiterherstellern.

Für die erfolgreiche Einführung zukünfti
ger Multimediadienste wird die interaktive
Suche und die Auswahl von Video- und
Audioinformationen eine entscheidende
Bedeutung gewinnen. Um nun die Suche

nach nicht textbasierten Inhalten z.B. über
das Internet zu ermöglichen, soll im
Rahmen von MPEG ein standardisiertes
"Multimedia Content Description Interface
(MPEG-7)" geschaffen werden. Erste
Arbeiten zur Bildanalyse, Bildcharakterisie
rung und Bildindizierung wurden aufge
nommen.

Im Rahmen des BMBF-Verbundprojekts
Multimediakommunikation auf integrierten
Netzen und Terminals (MINT) stehen die
Entwicklung neuer Übertragungskonzepte
und -verfahren für die mobile Multimedia
kommunikation und die Entwicklung neu
er Konzepte, Features und Bedienerober
flächen für stationäre und mobile Multi
media-Benutzerplattformen im Mittel
punkt.

Ziel der Arbeiten im HHI ist es, Kern
komponenten zum Gesamtdemonstrator
des Verbundprojekts zu liefern. Solche
Kernkomponenten sind Einrichtungen zur
MPEG-4-Decodierung inklusive Systemde
multiplex, ein MPEG-4 Systemmultiplexer
sowie Einrichtungen zur Decodierung und
Darstellung von 3D-Bildern. Darüber hin
aus müssen alle o.g. Einrichtungen in die
zu entwickelnden Plattformen, die auf
Basis von PCs (Laptop/Notebook), Work
stations, Set-Top-Units oder mobilen DAB
Empfängern im Fahrzeug bestehen, inte
griert werden, und es müssen Systemtests
im Labor und im Feld durchgeführt wer
den.

Hierfür sollen Konzepte zur Realisierung
dieser Komponenten unter Berücksichti
gung zukünftiger Technologien und
Produkte entwickelt werden. Da langfristig
Signalverarbeitungsverfahren wie Bildco
dierung und Formatkonversion auf soge
nannten A/V-Prozessoren (Audio/Video)
ablaufen werden, sollen Untersuchungen
vorgenommen werden, wie sich die ge
nannten Verfahren auf solchen Prozessoren
bzw. in Verbindung mit Co-Prozessoren re
alisieren lassen. Die Ergebnisse dieser
Untersuchungen sollen auch in das EURE
KA/MEDEA-Projekt "MPEG fo(u)r Mobiles",
das in 1997 begonnen wurde, einfließen.

Darüber hinaus sollen für alle Terminal
typen bedienfreundliche graphische Be
nutzeroberflächen geschaffen werden, die
auch die Verwendung von Fernbedienun
gen und Spracheingabe mit berücksichti
gen.
• Erste Konzepte und Prototypen
("Objects on Demand", "MPEG-2 kompri-
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miertes 3D-Video von der CD-ROM",
"interaktive Benutzeroberfläche incl.
Spracheingabe") wurden auf der IFA '97
der breiten Öffentlichkeit präsentiert.

Die Fortschritte bei der Bildkompression
(MPEG-2) und bei den digitalen Übertra
gungsverfahren (DVB-Standards) erlauben
die Einführung kinoähnlicher Film- und
Videoverteildienste unter Verwendung der
Satelliten- und Kabelübertragung. Zu den
Programmarten gehören Spielfilme, Live
Übertragungen und kommerzielle Präsen
tationen, die an elektronische Kleinkinos,
an Kinos, an Unterhaltungsstätten, an Uni
versitäten, an Hotels und u.U. an indivi
duelle Teilnehmer übertragen werden soll
len. Für die Übertragung über Kabel und
Satellit sollen Techniken entsprechend den
DVB-Standards eingesetzt werden und für
die Bild- und Tonkompression MPEG-2
Verfahren. Das HHI hat den Aufbau des
MPEG-2 HDTV-Decoders übernommen,
wobei insbesondere ein 1-Chip-Decoder
entwickelt wurde. Der Decoder soll Anfang
1998 sowohl in Europa (im Rahmen des
ACTS-Projekts CINENET) als auch in Japan
und den USA der breiten Öffentlichkeit
präsentiert werden.

Endsysteme und Anwendungen

Die Multimediatechnik soll den interakti
ven und gleichzeitigen Zugriff auf Infor
mationen in unterschiedlichen Modalitä
ten (Bild, Ton, Text ete) ermöglichen.
Multimediale Benutzerschnittstellen sollen
dadurch besonders für natürliche Formen
des Informationsaustauschs geeignet sein.
Hier stellt sich die Aufgabe, technologische
und anwendungspraktische Konzepte zu
erarbeiten und zu realisieren, mit denen
neue multimediale Anwendungen möglich
werden, die zweckmäßig, benutzerfreund
lich, attraktiv und ermüdungsfrei sind und
somit den Weg in den Markt finden können.

Die F&E-Arbeiten des HHI zu diesem
Themenbereich umfassen die Entwicklung
interaktiver 3D-Benutzerschnittstellen und
die nutzergerechte Gestaltung und Erpro
bung ausgewählter Kommunikations- und
Informationsdienste. Sie umfassen weiter
die Entwicklung von Displaytechnologien
zur autostereoskopischen Bildwiedergabe
und zur vollfarbigen Lichtemission auf der
Basis von Elektrolumineszenz und die
Entwicklung eines Schreib-/Lesekopfes für
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die hochratige Datenübertragung des neu
en Speichermediums DVD.

Die Effizienz von Benutzerschnittstellen
für informationsreiche Anwendungen läßt
sich durch die Verwendung von 3D-Bild
techniken steigern. Für die Reproduktion
dreidimensionaler Szenen werden deshalb
am HHI autostereoskopische Bildwiederga
beverfahren entwickelt, die eine uneinge
schränkte und augenverträgliche Informa
tionsdarsteIlung ermöglichen.

Die natürlichen Funktionen der begrenz
ten Schärfentiefe und der Kopplung zwi
schen Akkommodation und Konvergenz
der Blicklinien sowie die Aspektverände
rungen bei Änderungen des Betrachter
standortes (Dynamische Perspektive) müss
sen auch bei der Displaybetrachtung wirk
sam werden. Diese Forderung läßt sich
mithilfe einer synthetischen Schärfentiefe,
verbunden mit einer dynamischen Anpas
sung der Schärfenebene an die Ebene des
Fixationspunktes sowie mit der Darstellung
perspektivisch korrekter Zwischenansichten
erfüllen. Zur Steuerung dieser Funktionen
müssen die Positionen der Augen und des
Fixationspunktes im Raum bekannt sein.
Die hierzu erforderlichen Bildsignalverar
beitungsverfahren sowie spezielle optische
Komponenten und videobasierte Meßver
fahren wurden entwickelt. Eine Demon
stration der genannten Funktionen erfolgt
auf einem autostereoskopischen Arbeits
platz-Display, bei dem statt einer Maus-ge
steuerten Benutzeroberfläche ein Blick
punkt-gesteuerter Benutzer-Interaktions
raum verwendet wird.
• Die Benutzerfreundlichkeit der Konzepte
"virtueller Kommunikationsraum" und
"Blicksteuerung" wurde nachgewiesen.
• Neue Ansätze zur Messung von Augen
position und Blickrichtung wurden entwik
kelt und den praktischen Erfordernissen
hinsichtlich Meßgeschwindigkeit und
Genauigkeit angepaßt.
• Erste Schritte zum Aufbau eines "Depth
of Interest Display" mit synthetischer
Schärfentiefe wurden unternommen.
• Ein plattformunabhängiges auf JAVA und
VRML basierendes Betriebssystem ("virtuel
ler Kommunikationsraum") wurde konzi
piert und zum Teil implementiert.
• Auf Basis des Workstation-Betriebssy
stems UNIX und der Virtual Reality
Software dVS wurde ein neuartiges 3D-Be
triebssystem mit Blicksteuerung konzipiert
und lauffähig implementiert. Das System



wurde auf der IFA '97 der Öffentlichkeit
präsentiert und fand eine sehr positive
Resonanz in der Fachpresse.

Eine hohe Benutzerfreundlichkeit einer
informationstechnischen Anwendung setzt
u.a. voraus, daß der Entwurf der Benutzer
schnittstelle auf Ergebnissen einer zuver
lässigen Analyse der Benutzerbedürfnisse
basiert. Die erforderlichen Analysemetho
den sowie Methoden zur Ermittlung nut
zungsrelevanter Merkmale (Usability-Test)
wurden weiterentwickelt und stehen der
Öffentlichkeit, vor allem den ACTS
Projektgruppen, zur Verfügung.
• Diesen Service erbringt das HHI gemein
sam mit Partnern des ACTS-Vorhabens
"Usability in ACTS (USINACTS)". Das HHI
hat einen Help Service mit einem Bulletin
Board zu Human Factors Themen im
WWW eingerichtet.

Im Rahmen von am HHI durchgeführten
Kommunikationsexperimenten mit Studio
Videokonferenzen haben sich 3D-Bildtech
niken als nützlich für die Erhöhung der
Telepräsenz und Effektivität erwiesen.
Entsprechende Vorteile werden auch bei
Multipoint-Desktop-Konferenzen erwartet.
Diese Kommunikationsform bietet sich vor
allem bei räumlich verteilten Arbeits
gruppen an. Da diese Kommunikations
form in Zukunft weiter an Bedeutung ge
winnen wird, wurde der Nutzen von 3D
Techniken auch für Arbeitsplatzsysteme
untersucht. Dabei ging es u.a. um eine un
verzerrte Wiedergabe von Bewegungspa
rallaxe und Objektgeometrie, um wahr
nehmungsmäßig konfliktfreie Bildmi
schung sowie um 3D-Fernzeigen.
• Ein Wahrnehmungsexperiment ergab,
daß die bei stereoskopischen Verfahren
auftretende Trennung von Akkommoda
tion und Konvergenz kaum Einfluß auf die
Wiedergabe der Bewegungsparallaxe hat.
• Erste Versuche zur Mischung von 3D-Bil
dern zeigten, daß Bilder mit größerem Tie
fenvolumen im oberen und Bilder mit ge
ringerem Tiefenvolumen im unterem Bild
schirmbereich positioniert werden sollten.
• Es wurden verschiedene Verfahren zum
3D-Fernzeigen entwickelt und in Nutzer
experimenten hinsichtlich ihrer Benutzer
freundlichkeit überprüft. Es zeigte sich, daß
beim Einsatz solcher Verfahren eine nor
male Computermaus zum Zeigen in ste
reoskopischen Darstellungen verwendet
werden kann.

Ein wichtiger Aspekt zwischenmensch-

licher Kommunikation ist die informelle
Kommunikation. Gemeint sind damit die
spontanen und überwiegend vertraulichen
Gespräche z.B. am Rande von Konferen
zen, bei Kaffeepausen oder bei anderen zu
fälligen Begegnungen. Da diese Formen
der Kommunikation eine positive Bedeu
tung für den einzelnen Mitarbeiter ebenso
wie für das Unternehmen haben, wird für
verteilte Arbeitsgruppen nach technischer
Unterstützung der informellen Kommuni
kation gesucht. Besondere Bedeutung hat
dabei die Wiedergabe non-verbaler Signa
le, wie z.B. Blickkontakt, oder entsprechen
der Surrogate.
• Eine Befragung potentieller Nutzer von
Telekooperationssystemen ergab, daß in
formelle Kommunikation in vielen Arbeits
zusammenhängen als unverzichtbar ange
sehen wird.
• Ein kleiner lnhouse-Feldversuch mit Hilfe
eines Internet-Relay-Chat-Systems führte
zu einer Liste von Anforderungen an tech
nische Systeme zur Unterstützung infor
meller Kommunikation.
• Es wurde ein Multipoint-Arbeitsplatz
Videokonferenzsystem aufgebaut, das indi
viduellen Blickkontakt zwischen allen
Gesprächspartnern ermöglicht.

Die FEiE-Arbeiten des HHI an autostereo
skopischen Displays konzentrieren sich auf
Linsenrasterverfahren. Als Nebenthema
wird auch das Feldlinsenverfahren unter
sucht. Entwicklungsziele sind der Aufbau
kompakter Displays auf der Basis von
Matrixdisplay-Panels für Desktopanwen
dungen und von großformatigen Rückpro
jektionsdisplays für Simulatoren oder ande
re Spezialanwendungen. Die Verfahren
sind jeweils für einen Betrachter vorgese
hen. Bei autostereoskopischen Displays
müssen die Strahlenbündel bei Betrachter
bewegungen nachgeführt werden. Dazu
werden neue Trackingverfahren entwickelt.
• Bisherige Direktsichtdisplay-Linsenraster
anordnungen mußten im Hochformat be
trieben werden (dabei ist Bildsignalkon
version erforderlich), damit die dann
untereinanderliegenden drei Farbpunkte
eines Pixels mithilfe des zugeordneten
Linsenelements in das Betrachterauge ab
gebildet werden können. Diese Einschrän
kung konnte jetzt durch eine neue
Linsenrasterstruktur ("Farbmultiplex-Ver
fahren") überwunden werden. Es können
jetzt normgerechte Querformat-Bilder
dargestellt werden.
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• Der Prototyp eines neuen Großbild
Rückprojektionsdisplays wurde aufgebaut.
Der Bildschirm besteht aus einer Sand
wich-Anordnung aus einem Einfach-Linsen
rasterschirm und einer Streuscheibe. Das
Linsenraster arbeitet nach dem Farbmulti
plex-Verfahren. Zum Tracking dient eine
bewegliche Projektionsoptik, mit der die
Lage und der gegenseitige Abstand der pro
jizierten Bildpunkte verändert werden kann.
• Während die Linsenrastertechnik auf ei
ner bildpunktweisen Ausrichtung des Be
leuchtungsstrahlenganges auf das Betrach
terauge basiert, erfolgt beim Feldlinsen
prinzip die Lichtausrichtung global durch
eine große Feldlinse. Ein solches Verfahren
wurde aufgebaut; es besticht durch eine
hohe Auflösung (für jedes Auge ist ein indi
viduelles LC-Panel vorhanden) und durch
hohe Übersprechdämpfung. Naturgemäß
ist die Bautiefe bei Feldlinsendisplays je
doch erheblich größer als bei Linsenraster
displays. Das Display wird Z.Z. in einem
3D-Multipointkommunikationsexperiment
getestet.
• Die örtliche Auflösung autostereoskopi
scher Linsenrasterdisplays ist durch die be
herrschbare Präzision der Registrierung
von Bildpunkt- und Linsenrastern be
grenzt. Verwendet man zum Tracken ein
Linsenraster, das gegenüber dem Display
panel bewegt werden kann, so verringert
sich die erreichbare Registrierungsgenau
igkeit verglichen mit einer starren
Anordnung. Um die Vorteile der starren
Anordnung mit einer Trackmöglichkeit zu
verbinden, wurde ein Robotarm entwik
kelt, der bei Betrachterbewegungen das
gesamte Display so nachführt, daß dessen
Position und Orientierung relativ zum
Betrachter konstant bleiben.
• Die Zusammenarbeit des HHI mit einem
Industriepartner resultierte im Aufbau des
Prototypen eines sehr kompakten, hoch
auflösenden autostereoskopischen Displays
mit Linsenrastertracking für medizinische
Anwendungen. Eine Demonstration erfolg
te am HHI-Stand auf der IFA '97.

Bei der Erforschung neuer Displayprinzi
pien konzentriert sich das HHI auf die
Hochfeldelektrolumineszenz. Obwohl in
der Vergangenheit mit dem "Farbe aus
Weiß" -Konzept vielversprechende Resulta
te erzielt werden konnten, ist noch eine
Optimierung des Blaufarbtons, der noch
nicht den geforderten EBU-Werten ent
spricht, erforderlich.
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• Verbesserungen des Verhaltens von
SrS:Ce Dünnfilm-Elektrolumineszenz-Struk
turen konnten durch Anwendung eines
neuen Verfahrens zur Ladungskompensa
tion von Ce3+ Dotierungen im Präpara
tionsprozeß der Phosphorschicht erreicht
werden. Damit wird eine Blauverschiebung
des Emissionsspektrums um ca. 10 nm bei
gleichzeitiger Erhöhung der Lichtausbeute
auf 2 Im/W erreicht. Erste weiß emittieren
de SrS:Ce/ZnS:Mn-Display-Prototypen mit
10 cm x 10 cm Größe und einer Auflösung
von 128 x 128 Pixeln demonstrierten das
Anwendungspotential von Farbe-aus
Weiß-Displays.

Neben der Displaytechnologie ist die
Datenspeicherung eine wesentliche Kom
ponente in Multimediasystemen. Hier steht
die auf dem Prinzip der optischen Disk be
ruhende Digital Versatile Disk (DVD) mit
deutlich erhöhter Speicherkapazität von
derzeit 9 GB bei schnellem Datenzugriff
(> 10 Mbit/s) und der Option der Wieder
beschreibbarkeit vor der Markteinführung.
• Für die Erweiterung des herkömmlichen
optischen Lesekopfes eines CD-Spielers auf
das simultane Auslesen und Einschreiben
der Informationen einer DVD mit mehre
ren hintereinanderliegenden Speicher
schichten wird der Ersatz konventioneller
Optiken durch leichte, multifunktionale
"Diffraktive Optische Elemente" (DOEs)
untersucht. Diese werden computergene
riert durch Mikrostrukturierungstechniken
hergestellt.

Kompetenzen

Entwicklung von Algorithmen und
Hardwarearchitekturen zur Bild- und
Tonkompression (MPEG 2, MPEG 4)

Entwicklung von Algorithmen und
Hardwarearchitekturen zur 2D- und 3D-
Bildanalyse und Synthese auf der
Grundlage von Bewegungs- und
Stereoinformation

Entwicklung von Anwendungen auf Basis
von MPEG-2/4/7 und JAVA für interaktive
Dienste im Internet, über DVB/DAB/DMB
oder über das ISDN

Entwicklung von 3D-Displaytechnologien
Konzeption und Bewertung von Benutzer
schnittstellen für Multimediaanwendungen



auf der Basis von VRML, JAVA, MSDL und
dVS

Analyse und Optimierung von Kommuni
kations-Endgeräten und -Diensten nach
anthropotechnischen Kriterien

Entwicklung von videobasierten Musterer
kennungs- und Photogrammetrieverfahren

ModelIierung und Entwurf von integrierten
Schaltkreisen für die Bildsignalverarbeitung

Entwurf und Aufbau von Experimental
systemen für die Entwicklung von videoba
sierten Kommunikationsanwendungen
und für Test und Demonstration neuer
Kommunikationstechnologien und neuer
Hardwarearchitekturen

Analyse sensorischer und sensomotorischer
Funktionen des Menschen mit Bezug zu
Kommunikationsanwendungen

Expertise in Desktop Computer Graphics
Design

Forschung auf dem Gebiet der Hochfeld
Elektrolumineszenz (SrS:Ce, ZnS:Mn)

Entwicklung von Vielschicht-Elektrolumi
neszenzstrukturen, blau emittierenden
Phosphoren, vollfarbigen Flach-Displays,
transparenten Displays

Entwicklung von Diffraktiven Optischen
Elementen für den Schreib-/Lesekopf einer
Optischen Disk
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R & D PROJECTS . F&E-PROJEKTE

-----

Project Projekt Project Manager· Provider of

Projektleiter Grant/Contrac-

phone . Telefon tor· Förderer/

email Auftraggeber

Period .Laufzeit

-----
Photonie Networks Photonik-Netze

OFDM-LAN with Optical OFDM-LAN mit Godehard Walf BMBF

Filters, PHOTONIK 11, optischer Filtertechnik, +49(0)30-31002-455 4/94 - 3/98
PHOTONIK 11, walf@hhLde

2 Subprojects: 2 Teilprojekte:
----- ---

1) OFDM-LAN/MAN 1) OFDM-LAN/MAN Fritz-Joachim Westphal

+49(0)30-31002-288
westphal@hhLde

2) Optically Transparent 2) Optisch transparente Jürgen Saniter

Interconnection of Zusammenschaltung +49(0)30-31002-288
OFDM Networks von OFDM-Inselnetzen saniter@hhLde

----
Frequency Selective Frequenzselektive Helmut Heidrich BMBF

Tunable Receiver OEICs abstimmbare Empfänger- +49(0)30-31002-538 4/94 - 3/98
Based on Indiumphos- OEICs auf Indiumphos- heidrich@hhLde

phide for OFDM Systems, phid-Basis für OFDM-

PHOTONIK 11 Systeme, PHOTONIK 11

Broadband Lightwave Broadband Lightwave Niraj Agrawal EU

Sources and Systems, Sources and Systems, +49(0)30-31002-510 9/95 - 8/98
ACTS BLISS ACTS BLISS agrawal@hhi.de

Helmut Heidrich

+49(0)30-31002-538
heidrich@hhLde

WDM Transmitter PIC WDM-Transmitter-Chip Frank Fidorra HHI

for Industrial für den industriellen +49(0)30-31002-538 5/96 - 4/97
Applications Einsatz fidorra@hhLde

-----
Selective Area MOMBE Flächenselektive MOMBE Harald Künzel BMBF

for Laser/Waveguide für die Laser/Wellenleiter +49(0)30-31002-546 1/95 - 3/98
Integration, Integration, kuenzel@hhLde

PHOTONIK 11 PHOTONIK 11

Fabrication of Long- Herstellung langweiliger Agnostis Paraskevopoulos Industry

Wavelength Lasers Laser auf der Basis der +49(0)30-31002-527 7/95 -12/97
Using Solid Source MBE Feststoffquellen MBE paraskevopou los@hhi.de

-----
Integrated Waveguide Integrierte Wellenleiter- Berndt Kuhlow HHI

Components on Si02/Si komponenten auf +49(0)30-31002-448 4/94 - 3/98
for OFDM Systems Si02/Si-Basis kuhlow@hhi.de

für OFDM-Systeme

-- --
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Plasma Etching Tech- Plasmastimulierte Ätz- Margit Ferstl State of Berlin

niques for Micro-Optical techniken für mikrostruk- +49(0)30-31002-430 10/96 - 5/98
Elements with Highly turierte optische Elemente ferstl@hhLde

Precise Profiles for mit hoch präzisen Profilen

Miero Systems für die Mikrosystem-

technik

Components and Sub- Komponenten und Sub- Hans-Georg Weber BMBF

systems for Optical Time systeme für die optische +49(0)30-31002-443 4/94 - 3/98
Division Multiplexing, Zeitmultiplextechnik, hgweber@hhLde

PHOTONIK 11, PHOTONIK 11,

2 Subprojects: 2 Teilprojekte:

1) Subsystems for Optical 1) Subsysteme für die Hans-Georg Weber

Time Division optische Zeitmultiplex- +49(0)30-31002-443
Multiplexing technik hgweber@hhLde

2) Semiconductor Laser 2) Halbleiterverstärker- Niraj Agrawal

Amplifier Components komponenten für OTDM- +49(0)30-31002-510
for OTDM Applications Anwendungen agrawal@hhi.de

Photonic Technologies Photonic Technologies Detlef Hoffmann EU

for Ultra High Speed for Ultra High Speed +49(0)30-31002-454 9/95 - 8/98
Information Highways, Information Highways, hoffmann@hhLde

ACTS HIGHWAY ACTS HIGHWAY

High Bit Rate Receiver Höchstfrequente Heinz-Gunter Bach BMBF

OEICs Based on InP, Empfänger-OEICs auf +49(0)30-31002-503 4/94 - 3/98
PHOTONIK 11 InP-Basis, PHOTONIK 11 bach@hhi.de

---
Investigations on a Untersuchungen zu Bernhard Strebel Industry

Regenerator Free einem regeneratorfreien +49(0)30-31002-586 5/96 -4/97
Optical Network optischen Netz strebel@hhLde

Frequency Stage in the Frequenzstufe im Erwin Patzak Industry

Optical WDM optischen WDM- +49(0)30-31002-514 5/96 - 4/97
Crossconnect Crossconnect patzak@hhi.de

Paneuropean Photonic Paneuropean Photonic Clemens v. Helmolt EU
Transport Overlay Transport Overlay +49(0)30-31002-506 9/95 - 8/98
Network, ACTS PHOTON Network, ACTS PHOTON helmolt@hhLde

Metropolitan Optical Metropolitan Optical Dirk Trommer EU

Network, ACTS METON Network, ACTS METON +49(0)30-31002-526 9/95 - 8/98
trommer@hhLde

Nonlinear Optical Polungsoptimierung Simona Bauer-Gogonea BMBF

Polymers for Waveguide sowie elektrische und +49(0)30-31002-447 5/94 - 4/97
Devices: Optimisation optische Grundlagenun- sbauer@hhLde

of Poling and Electrical tersuchungen für nichtli-

and Optical Characteriza- near optische Polymer-

tion, MaTech Wellenleiterbauelemente,

MaTech
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48

Si02/Si Waveguide Si02/Si-Welienleiter- Elmar Schulze HHI
Switches Using Liquid schalter mit LC-Schichten +49(0)30-31002-522 1/97-12/98
Crystal Layers schulze@hhi.de

Architectures in Optical Architekturen in losef Giglmayr BMBF

Networks, PHOTONIK 11 optischen Netzen, +49(0)30-31002-366 4/94 - 3/98
PHOTONIK 11 giglmayr@hhi.de

InP-Based Micro- InP-Based Micro- Harald Künzel EU

Mechanical Tunable Mechanical Tunable +49(0)30-31002-546 1/97-12/99
and Selective Photo- and Selective Photo- kuenzel@hhi.de

detector for detector for

WDM-systems WDM-systems

Transponders Transponder lürgen Saniter Industry

for 2,5 Gbit/s für 2,5 Gbit/s +49(0)30-31002-288 12/97 - 10/98
saniter@hhi.de

Development of Basic Entwicklung technolo- Helmut Heidrich Industry

Technological Processes gischer Basisverfahren +49(0)30-31002-538 3/97 -12/04
and Components und Bauelemente heidrich@hhi.de

Arrayed Waveguide Arrayed Waveguide Berndt Kuhlow Industry

Grating Filters Grating-Filter +49(0)30-31002-448 7/97 -12/98
kuhlow@hhi.de

Active Resonant Gitterwellenleiter-Struktur Hans-Georg Weber BMBF

Grating-Waveguide für den Einsatz in einem +49(0)30-31002-443 7/97 - 6/00
Structures for Rapidly modengekoppelten hgweber@hhi.de

Tuning Semiconductor Halbleiterlaser mit WeIlen-

Lasers with no Moving längendurchstimmbarkeit

Elements ohne mechanisch

bewegliche Elemente

Planning Guidelines for Planung Ernst-Jürgen Bachus Industry

Photonic Networks Photonisches Netz +49(0)30-31002-457 7/96 - 3/98
bachus@hhi.de

Mobile Broadband Mobile
Systems Breitbandsysteme

Integrated Mobile Integrierendes breit- Godehard Walf BMBF

Broadband System bandiges Mobilkommu- +49(0)30-31002-455 10/96 - 6/00
nikations-System, walf@hhi.de

2 Subprojects: 2 Teilprojekte:

1) Integrated Mobile 1) Integrierendes breit- Kay Iversen

Broadband System bandiges Mobilkommu- +49(0)30-31002-522
-Inhouse nikations-System Inhouse iversen@hhi.de

2) Broadband Mobile 2) Breitbandiges Mobil- Clemens v. Helmolt

Communication kommunikationssystem +49(0)30-31002-506
System Based on IR auf Infrarotbasis helmolt@hhi.de

---
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Optical Millimetre-Wave Optische Mikrowellener- Gerd Großkopf BMBF

Generation for Mobile zeugung für die +49(0)30-31002-317 4/94 - 3/98

Communication, Mobilkommunikation, grosskopf@hhLde

PHOTONIK 11 PHOTONIK II

Optoelectronic Optoelektronischer Heinz-Gunter Bach NaFög

Converter OEIC for Wandlerschaltkreis für +49(0)30-31002-503 4/97 - 4/99

38/60 GHz as 38/60 GHz als Bestand- bach@hhi.de

Component for Future teil zukünftiger inte-

Integrated Antenna grierter Antennenbasis-

Base Stations for stationen für die

Mobile Communication Mobilkommunikation

Optical Time Delay Optische Verzögerungs- Erwin Patzak Industry

Network netzwerke +49(0)30-31002-514 7/97 -1/99
patzak@hhLde

Electronlc Imaglng Elektronische
Technology for Bildtechnik
Multimedia für Multimedia

Decoding and Signal Pro- Decodier- und Signalver- Peter Stammnitz BMBF

cessing Systems for Net- arbeitungseinrichtungen +49(0)30-31002-570 1/96 - 12/98

work Independant Multi- für die netzübergreifende stammnitz@hhLde

media Communication Multimediakommunikation

AV Processors for Net- AV-Prozessoren für die Maati Talmi BMBF

work Independant Multi- netzübergreifende Multi- +49(0)30-31002-293 1/96 -12/98

media Communication mediakommunikation talmi@hhLde

VLBV for Multimedia VLBV für Multimedia- Thomas Sikora BMBF

Services over Mobile dienste in Mobilfunk- +49(0)30-31002-622 7/94 - 6/97

and Data Networks und Datennetzen sikora@hhLde

New Multimedia Services New Multimedia Services Peter Kauff EU

Using Analysis Synthesis Using Analysis Synthesis +49(0)30-31002-15 9/96 - 5/97

3D, ESPRIT NEMESIS 3D, ESPRIT NEMESIS kauff@hhLde

Mobile Multimedia Mobile Multimedia Minhua Zhou EU

Systems, Systems, +49(0)30-31002-616 10/95 - 8/98

ACTS MOMUSYS ACTS MOMUSYS zhou@hhi.de

Architectures, Software Architectures, Software Thorsten Selinger EU

and Hardware for MPEG4 and Hardware for MPEG4 +49(0)30-31002-404 10/95 - 9/98

Systems, ACTS EMPHASIS Systems, ACTS EMPHASIS selinger@hhLde

Realisation of 3D Realisierung von virtuellen Peter Kauff Industry

Environments with 3D-Umgebungen mit +49(0)30-31002-615 11/96 - 10/97

Integrated Streaming integrierten Objekten kauff@hhLde

Objects

Package for New Opera- Package for New Opera- jens-Rainer Ohm EU

tional Autosteroscopic tional Autosteroscopic +49(0)30-31002-617 9/95 - 8/98

Multiview Systems and Multiview Systems and ohm@hhLde

Applications, ACTS Applications, ACTS
PANORAMA PANORAMA
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Cinema Films and Live Cinema Films and Live Ulrich Höfker EU
Events via Satellite and Events via Satellite and +49(0)30-31002-569 9/95 - 8/97
Cable Networks, Cable Networks, hoefker@hhLde

ACTS CINENET ACTS CINENET

Object Based Motion Objektorientierte Bewe- jens-Rainer Ohm Industry
Estimation for Up- gungsvektorschätzung für +49(0)30-31002-617 8/96 - 7/97
Conversion and Image Up-Conversion und ohm@hhi.de

Quality Improvement Bildqualitätsverbesserung

Videocompression and Videokompression und Peter Kauft BMBF
-Presentation for -präsentation für +49(0)30-31002-615 1/97 -12/99
Interactive Services interaktive Dienste kauft@hhLde

(VPID) (VPID)

Integration and Pflege und Optimie- Minhua Zhou Industry
Optimization of the rung des MPEG-4- +49(0)30-31002-616 4/97 -1/98
MPEG-4 Video Videoverifikations- zhou@hhLde
Verification modells
Model of MOMUSYS von MOMUSYS

MPEG-4 Fo(u)r MPEG-4 Fo(u)r Ralf Schäfer Industry
Mobile Communi- Mobile Communi- +49(0)30-31002-560 7/97 - 6/98
cations - M4M cations - M4M schaefer@hhi.de

MPEG-4 for Mobile MPEG-4 für Mobile Thomas Sikora BMBF
Multimedia Service Multimedia-Dienste +49(0)30-31002-622 7/97 - 6/00

sikora@hhLde

Virtual Interactive Virtueller T-Punkt mit Peter Kauft Industry
Video Shop - VITO - Online-Fachberater +49(0)30-31002-615 10/97 - 5/98

im Internet-VITO kauft@hhLde

Coding of Contour- Codierung von Kontur- jens-Rainer Ohm DFG
and Surface Data und Oberflächendaten +49(0)30-31002-617 10/97 - 9/99
Using Wavelets unter Verwendung ohm@hhLde

von Wavelets

Development of an Erstellung eines Maati Talmi Industry
Evaluation Board Evaluierungsboards +49(0)30-31002-293 9/97 - 6/98

talmi@hhi.de

Package for New Opera- Package for New Opera- Siegmund Pastoor EU

tional Autostereoscopic tional Autostereoscopic +49(0)30-31002-345 9/95 - 8/98
Multiview Systems and Multiview Systems and pastoor@hhLde

Applications, Applications,
ACTS PANORAMA ACTS PANORAMA

Approaches for Gaze- Verfahren zur blickge- Siegmund Pastoor BMBF
Controlled Interactions steuerten Interaktion mit +49(0)30-31002-345 1/95 -12/98
with Autostereoscopic autostereoskopischen pastoor@hhLde

Multimedia-Displays Multimedia-Displays

Telepresence in the Telepräsenz am Lothar Mühlbach BMBF

Workplace Arbeitsplatz +49(0)30-31002-237 8/94 - 6/98
muehlb@hhLde
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User Interfaces for Cross- Benutzerschnittstellen für Thomas Meiers BMBF

Network and Cross- netz- und diensteüber- +49(0)30-31002-218 1/96 - 12/98
Service Multimedia greifende Multimedia- meiers@hhi.de

Applications, MINT anwendungen, MINT

Usability in ACTS, Usability in ACTS, Lothar Mühlbach EU
ACTS USINACTS ACTS USINACTS +49(0)30-31002-237 7/96 - 12/98

muehlb@hhLde

Autostereoscopic Single Autostereoskopische Reinhard Börner BMBF

User Monitors with Einpersonen-Monitore +49(0)30-31002-259 4/96 - 3/00
Tracking Systems mit Trackingsystem boerner®hhLde

Evaluation of the Global Evaluation der Global Jens Faber Industry

Learning Platform of the Learning Plattform der +49(0)30-31002-235 5/97 - 1/98
Deutsche Telekom AG Deutschen Telekom AG faber®hhLde

Full Colour Electrolumi- Vollfarb-Elektrolumines- Karl-Otto Velthaus BMBF

nescence Based on 11 a-VI a zenz auf der Basis von +49(0)30-20377-326 7/95 - 6/98

Compounds I1 a-VI a-Verbindungen velthaus@hhi.de

---
Next Generation Colour Next Generation Colour Karl-Otto Velthaus EU
Electro-Iuminescent Electroluminescent +49(0)30-20377-326 11/96 - 10/99
Displays, ESPRIT ELDISP Displays, ESPRIT ELDISP velthaus@hhLde

New S+S:Ce,Mn,Ag New S+S:Ce,Mn,Ag Karl-Otto Velthaus Industry

multi-source deposition multi-source deposition +49(0)30-20377-326 10/97 - 9/98

process for Active- process for Active- velthaus@hhi.de

Matrix Electro- Matrix Electro-

luminescent-Devices luminescent-Devices

Diffractive Optical Diffraktive Optische Berndt Kuhlow TH Darmstadt

Elements for a Write/ Elemente für den +49(0)30-31002-448 10/96 - 12/99

Read Optical Pickup Schreib/Lesekopf kuhlow@hhLde

of a Disk einer optischen Disk

-- -
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H.-G. BACH, D. HOFFMANN
AND H. G. WEBER

PROGRESS IN 40 Gb/s TDM
TECHNIQUES

Abstract

Key aspects of the progress in 40 Gb/s
TDM techniques are reviewed. The further
development of electrical TDM is demon
strated in the light of a monolithic InP
based photoreceiver for Ä = 1.55 IJm. Its
optoelectronic conversion capabilities for
40 Gb/s RZ and NRZ modulated PRBS data
streams are demonstrated. In addition, a
combination of optical TDM and WDM
with four wavelength channels each carry
ing 40 Gb/s, giving a total bitrate of
160 Gb/s, is presented.

1. Introduction

Consumers will make increased use of
multimedia with the transition to the infor
mation age. The demand for more infor
mation such as video, text, images and
voice will result in an explosion in traffie.
This development can already be observed
in the growing traffic on the Internet.
Based on this observation, technology
roadmaps which have been developed in
Japan forecast transmission rates of
100 Mb/s to the home and 5 Tb/s for the
backbone network systems by the year
201 O. The total capacity of all installed fi
bres will rapidly be exhausted. To fill the
gap between this enormous bandwidth
demand and the data rates now installed
(64 kb/s to homes and 622 Mb/s to
2.5 Gb/s in the network), a large amount
of research and development is required.

Different approaches are possible for up
grading the existing networks. They can
be categorized in terms of multiplexing
type (Time division Multiplexing (TDM)
and Wavelength Division Multiplexing
(WDM), signal format (RZ and NRZ), sin
gle channel bitrate, dispersion accommo
dation and fibre types. An optimum com
bination of advanced photonic and elec
tronic processing technologies must be
found. A future network will in principle
consist of the parts sketched in Fig. 1. The
individual channels are in electronic format

and at a moderate bitrate. Using TDM
techniques, data channels are transported
and switched on the basis of time slots.
This requires switching and signal process
ing in the picosecond range for high-speed
TDM systems. Current research is trying to
determine the optimum bitrate at which
the transition from electrical TDM (ETDM)
to optical TDM (aTDM) should take place.
The TDM channels at different wave

lengths can further be combined by WDM.
At the receiving end a corresponding de
multiplexing operation must be per
formed.

This paper focuses on two aspects of the
progress towards high capacity and high
speed transmission systems. Firstly, a
monolithic InP-based photoreceiver for
Ä = 1.55 IJm is presented and its opto
electronic conversion capabilities for
40 Gb/s RZ and NRZ PRBS data streams
are demonstrated. With such a device the
applicability of ETDM, which is a standard
technique in lower bitrate systems, is ex
tended to higher bitrates which actually
can only be achieved by aTDM. Secondly,
a combination of aTDM and WDM is pre
sented that allows a total bitrate of
160 Gb/s.

Such an aTDM approach is presently
the only way to investigate 40 Gb/s TDM
transmission. It allows us to make initial
studies of transmission-related aspects and
of the Iimitations of high speed RZ trans
mission over long fibre links. The question
about which kind of multiplexing is best
can not be answered yet. It depends on
the properties of the devices and their in
teractions in the chosen system.

Fig.1.
Schematic of the
transmission system
at the transmitter
end. The receiver
reverses these
operations.
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2. Ultra-Broadband InP-Based
Photoreceiver for 40 Gb/s
Detection

2.1 Background

Advanced TOM transmission systems op
erate at bit rates up to 40 Gb/s to manage
increasing traffic on fibre-based communi
cation networks. Although non-return to
zero (NRZ) coding is widely applied [1], re
turn to zero (RZ) modulation promises ad
vantages with respect to the achievable
transmission length with standard fibres
[2]. In either case ultra-broadband front
ends are needed for optoelectronic (OE)
signal conversion.

A monolithic InP-based optoelectronic
receiver (Rx) is presented. lt replaces a
commercially available photodiode in a
40 Gb/s detection experiment in a step
towards a 40 Gb/s opto-electronic inte
grated circuit (OEIC) technology. The re
ceiver OEIC comprises a waveguide-inte
grated photodiode and a travelling wave
amplifier (TWA) providing additional signal
amplification. lts OE power transfer func
tion includes the spectral range of a
40 Gb/s NRZ data stream. In a detection
experiment with an OTOM RZ PRBS mo
dulated source, direct detection of the re
ceived 40 Gb/s pulse sequence by the InP
based photoreceiver is demonstrated. The
design of the complete receiver module is
described as weil as its signal conversion
properties for 40 Gb/s TOM applications.

2.2 Optoelectronic receiver design
for fast TDM systems

For TOM transmission systems which
support the synchronous digital hierarchy
(SOH) standard, photoreceivers are needed
which exhibit a flat gain characteristic
down to some 10kHz to ensure the trans
mission of the frame synchronization of
the synchronous transport modules. The
components of a photoreceiver (photodi
ode and amplifier stage) should have both
good power linearity and flat conversion
properties within the frequency span of
the bit rate. Furthermore a group delay
time scatter within ±15 % of the bit period
and an output reflection factor less than 
10 dB over the full bandwidth are desir
able [3]. The polarization sensitivity should
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not exceed about ±1 dB, to compensate
for the loss of polarization orientation in
standard fibres and to allow for some po
larization scrambling of stringed bits in op
tical multiplexing experiments.

2.3 Monolithic photoreceiver

The photoreceiver OEIC comprises a
photodiode with integrated optical wave
guide [4] and a HEMT-based travelling
wave amplifier, both monolithically inte
grated on a semi-insulating InP substrate
[5]. The layer stack of the evanescent field
coupled GalnAs pin-photodiode is opti
mized to achieve an internal quantum effi
ciency of about 85 % for photodiodes with
a size of 5 x 20 ~m2. The electrical 3 dB
bandwidth, which is limited by the transit
time, amounts to 35 GHz. Optical mea
surements show an overall external quan
tum efficiency of 30 % with almost polar
ization-insensitive behaviour (within
±1 dB). The AlinAs/GalnAs HEMT layers
are regrown by MBE after locally removing
the photodiode layers [5]. Further techno
logical details of the fabricated photore
ceiver OEIC, with dimensions approxi
mately 1 x 3 mm2, are provided in [3].

The amplifier stage is built according to
a travelling wave scheme for the envisaged
40 Gb/s applications. The TWA has a fifth
order lowpass transimpedance function
similar to a Bessel filter, which satisfies the
demands of digital system applications.
The amplifier has a transimpedance of
40 dBQ and a bandwidth of 28 GHz [6].
The photoreceiver OEIC is mounted in a
one square inch pigtailed module. It is op
erated with a 2 V TWA drain voltage and a
photodiode reverse bias of 1 V.

Fig. 2 shows the power transfer frequen
cy response of the receiver module as weil
as of the receiver OEIC, as determined by
optical heterodyne measurements at a
wavelength of 1.55 ~m. The OEIC has a
bandwidth of about 28 GHz, while the Rx
module has a slightly smaller bandwidth of
about 26 GHz. This demonstrates the
good transmission behaviour of our copla
nar packaging technology, which provides
nearly flat gain characteristics up to the
range of 28 to 36 GHz (d. Fig. 2). High
power saturation of the dc and RF pho
tocurrent responses is not observed up to
photocurrents of 1.5 mA [4].



2.4 Signal detection capability for
NRZ modulation at 40 Gb/s

Fig.2.
Frequency responses
of the InP receiver
OEIC (dotted line)
and the pig-tailed pin
TWA Rx module (ful!
line).

length 27-1 to 231 _1) is either used directly
as a test pattern or is connected to an opti
cal fibre delay-line multiplexer (OTOM) to
interleave the pulses to create a 40 Gb/s
RZ signal. The multiplexer consisted of
three cascaded optical 1:1 fibre splitters
forming two Mach-Zehnder interferome
ters with a three bit period (75 ps at 40
Gb/s) and a six bit period path difference.
Oue to the use of splitters, which do not
preserve the polarization state, the 40 Gb/s
signal was formed by bit pulses with four
different states of polarization (SOP).

Fig. 3 shows the eye pattern of our
monolithic InP-based photoreceiver mod
ule at 40 Gb/s when receiving the RZ
modulated 27-1 PRBS data pattern. The av
erage optical input power was approxi
mately +3 dBm. The eye pattern is invert
ed to be comparable to a standard photo
diode detection scheme. The TWA gain
block exhibits about 6 dB insertion gain. A
conversion factor of the Rx module of
about 30 mV/mW is achieved.
Furthermore, the bit pattern is changed to
NRZ type due to the receiver bandwidth
limitation in relation to the bit rate of
40 Gb/s. However, this facilitates thresh
old detection when the decision circuit re
ceives an appropriate lowpass filtered NRZ
signal. Some residual polarization sensitivi
ty of the receiver is observed according to
the different states of polarization in the bit
stream. The eye pattern quality turned out
to be almost insensitive to the PRBS pat
tern length up to a length of 231.1, which
proves that the Rx module and bias T have
corners at sufficiently low frequencies.

I I I. I l
... InP receiver GEie

r--:-:..:~ r--:.:..: ..... .... ....
-3dB - '\ +" ••••
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o
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In order to demonstrate the signal con
version capability of the receiver OEIC for
40 Gb/s NRZ data, the spectral energy
contents of an input optical PRBS of
128 bit length was determined by an FFT.
The most important spectral information
for 40 Gb/s data reconstruction are con
tained in frequencies up to 27 GHz. Thus,
the original optical and the converted op
toelectronic spectra are fairly dose to each
other. By integration of the noise up to
40 GHz, the 1.55 I-Im sensitivity of the Rx
OEIC to the optical power inside the feed
ing waveguide is calculated to be
-14 dBm, induding a chip-internal photo
diode conversion efficiency of 75 %.

2.5 OTDM RZ modulated signal
source and detection experiment
at 40 Gb/s

To demonstrate experimentally the
high-speed optical signal conversion prop
erties of the photoreceiver, the Rx module
was fed by the signal from an OTOM
source setup, which was originally devel
oped for 10 and 40 Gb/s RZ test signal
generation and subsequently extended to
a 40 Gb/s OTOM transmission system. A
mode-Iocked erbium fibre ring laser (ML
EFRL) served as a 10 GHz optical pulse
source (8 ps full width half maximum
(FWHM) pulse width) at f... = 1548 nm [7].
The output pulse train was connected to a
lithium niobate Mach-Zehnder interfero
meter (MZI), which was used as the data
modulator. The modulator was driven by a
10 Gb/s NRZ pattern generator. At the
MZI output the 10 Gb/s RZ signal (PRBS,

10ps/div

Fig.3.
Measured eye pattern
of the photoreceiver
module at 40 Gb/s
receiving an RZ
modulated PRBS data
pattern of length 27

1. Scales:
x-axis 10 ps/div,
y-axis 20 mV/div.
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Fig. 6 shows the BER measurements for
each of the four WDM channels. The re
ceived power was measured at the output
of the 100 km transmission line as indicat
ed in Fig. 4. The data presented were tak
en for a PRBS of length 27-1 for compari
son with the simulations. However, the
performance exhibited minimal pattern
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The 4 x 40 Gb/s data signal was then
transmitted over 100 km of standard fibre
(DSMF = 17 ps/nm/km at A = 1551 nm,
a = 0.25 dB/km, dD/dA = 0.07 ps/nm2/km).
The dispersion compensating fibre
(L = 17.5 km, DDCF = -97 ps/nm/km at
A = 1551 nm, a = 0.5 dB/km,
dD/dA = -0.28 ps/nm2/km) was placed at
the receiver. A tunable optical filter
(FWHM = 2 nm) followed the DCF to se
lect one of the four 40 Gb/s WDM chan
nels. Note that no individual dispersion
compensation of the WDM channels was
applied.

Fig. 5 shows the optical spectra of the
four WDM channels at the output of the
transmission line. The widths (FWHM) of
the optical pulses at the input of the de
multiplexer (semiconductor laser amplifier
in a loop mirror - SLALOM) va ried between
4.5 ps and 8 ps depending on how close a
channel was to the optimum wavelength
for dispersion compensation. This opti
mum wavelength was chosen to be at
about 1551 nm. A comparison of the mea
sured pulse widths with the calculated
pulse broadening over the fibre span veri
fied the total fibre dispersion and its slope.
The selected channel was then demulti
plexed in the time domain using a
SLALOM-based all-optical demultiplexer
[13], and the demultiplexed 10 Gb/s data
signal was fed into the 10 Gb/s receiver.

We describe in the following 4 channel x
40 Gb/s unrepeatered OTDM transmission
over 100 km of standard fibre. This tech
nique, which uses a combination of TDM
and WDM, seems to be more advanta
geous than pure TDM transmission in in
creasing the transmission capacity of stan
dard fibre. To compensate chromatic dis
persion of the fibre (about 16 ps/nm/km at
1.55 ~m) one may use dispersion compen
sating fibre (DCF) [8-10], chirped fibre
gratings [11] or mid-span spectral inver
sion [12]. In this experiment we use DCF
for compensating the fibre chromatic dis
persion.

The experimental set up is shown in
Fig. 4. The four WDM channels Al to A4
were generated by two modelocked semi
conductor lasers (FWHM = 1.3 ps) and a
spectral slicing technique based on an ar
rayed waveguide grating (AWG). The AWG
was fabricated in our laboratory (channel
spacing 2 nm, FWHM = 0.9 nm). Using
this technique, optical pulses (FWHM =
4.0 ps) at four different wavelengths Al to
A4 with a wavelength spacing of 2 nm
were generated. The four pulse trains were
coupled together into one intensity modu
lator (10 Gb/s, PRBS, length 27-1 and
231.1). Each of the four 10 Gb/s data sig
nals was then multiplexed four times by a
fibre delay-line multiplexer. To ensure a
40 Gb/s PRBS 27-1 data stream, the bit se
quences were shifted against each other
by 63.5 and 31.75 bit periods in the multi
plexer. Finally we obtained four 40 Gb/s
OTDM single polarization WDM channels
at wavelengths Al to A4'

3. 4 Channel x 40 Gb/s
unrepeatered OTDM transmission
over 100 km of standard fibre

Fig.4.
Setup for the

4 x 40 Gb/s
experiment.

Hg. 5.
Optical spectra of the
four WDM channels,
each at 40 Gb/s. The

measured pulse
widths at the output

of the transmission
line are also shown.
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length dependence (within 1 dB) for
lengths up to 231-1 [9]. From the error rate
performance of the system, both before
and after the transmission, we can see that
the transmission penalty (at BER = 10.9) is
about 3 dB. This penalty was attributed to
the dependence of the demultiplexer on
the pulse width and on the variation in the
performance of the receiver due to the
spectral shape. The demultiplexer had an
optimum performance for pulse widths
less than 4 ps. As in [9], the penalty was
investigated as a function of the optical
power at the input of the SMF. As com
pared to single channel transmission, there
was no additional penalty due to non linear
effects for four channel transmission with a
total fibre-coupled input power up to
20 dBm.
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4. Conclusions

Two key aspects of 40 Gb/s TDM tech
niques were investigated. Firstly, an InP
based monolithically integrated photore
ceiver module for A = 1.55 ~m was suc
cessfully operated at a bit rate of 40 Gb/s
in an OTDM generation and detection ex
periment. It replaced commercially avail
able high-speed photodiodes and has t~e

benefit of a 6 dB internal signal gain.
Secondly, we reported unrepeatered da

ta transmission of four WDM channels,
each carrying a 40 Gb/s OTDM signal,
over 100 km ot standard fibre (non-disper
sion-shifted tibres). A single piece ot dis
persion compensating tibre was used tor
dispersion post-compensation ot all tour
WDM channels. Both experiment and nu
merical calculation showed that inter
channel crosstalk due to tour wave mixing
(FWM) is negligible.
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B. STREBEL AND B. KUHLOW

APPLICATION OF
WAVELENGTH MULTIPLEXERS IN
WDM NETWORKS

Abstract

1. Transparent optical
crossconnects

OXCs are allocated at the nodes of trans
parent core networks. The architectures of
these OXCs have been investigated world
wide. Fig. 1 shows one scheme for a trans
parency-supporting Oxc.

(R) C : (re) configuration
R : restoration
OAM : operation and maintenance
WDM: wavelength division multiplex

The OXC has two levels. The lower one
is the so called fibre OXC, which consists
of space switches used for routing com
plete optical carrier bundles for reconfigu
ration and restoration. Switching of the in
dividual optical carriers in the wavelength
domain and connecting to the local and
higher node levels is performed at the sec
ond node level, called the wavelength
OXC. Multiplexers and demultiplexers are
positioned at the input and output to split
the carrier bundles into the individual carri
ers and to combine them again. This leads
to the OXC architecture shown in Fig. 2,
which is being researched at the HHI.

Input WDM signals are demultiplexed
and routed in a central space switching
matrix. After an (optional) wavelength
conversion and apower levelling stage,
the signals are combined to form new car
rier bundles. This architecture exhibits
good modularity and scalability for the re
alization of nodes of medium size.

The input carrier splitting in a WDM
crossconnect is performed in wavelength
demultiplexers, and the output carrier
bundling is done by wavelength multiplex
ers. Multiplexers and demultiplexers are
commonly built of arrayed waveguide
grating (AWG) filters [2, 3] or multilayer in
terference (MI) filters [4]. A signal in the
core network traverses a cascade connec
tion of crossconnects until arriving at the

Optically transparent WDM networks
need wavelength multiplexers and demul
tiplexers for combining and splitting the
optical channels. The HHI has developed 8
and 16 channel AWG WDM multiplexers
with flattened transmission characteristics.
They are compared with different types of
commercially available wavelength multi
plexers and demultiplexers with regard to
their amplitude and group delay charac
teristics. The bit error rate performances of
10 Gbit/s NRZ signals are measured after
cascading these devices 30 times in an op
tical loop testbed. Furthermore, in a four
channel 10 Gbit/s transmission experi
ment the penalty increase caused by
crossconnects containing AWGs is investi
gated.

1. Introduction

Transparent optical networks [1] use the
wavelength division multiplex (WDM)
technique for a high transmission capacity
and an effective network restoration capa
bility. The individual channels carry infor
mation with bit rates of up to 10 Gbit/s.
The routing of data streams is performed
in optical crossconnects (OXCs). Within
the OXCs the signal paths are routed in
the space and wavelength domains in a
circuit switching manner.

A WDM signal traverses aseries connec
tion of fibre trunks and crossconnects in
the core network until arriving at the desti
nation point. This leads to a cascade of
OXC paths, consisting of multiplexers,
demultiplexers, space switches and wave
length converters. The cascadability per
formance of these OXC paths and their
components is evaluated here, both ex
perimentally in a loop testbed and theo
retically using numerical simulation soft
ware.

WDMtt

==:::1
1(" fiber

crossconnect
(R)e, R,OAM

Fig.1:
Transparency
supporting
crossconnect.
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2. WDM multiplexers with
optimized transmission
characteristics

The grating is realized by monomode
channel waveguides with constant path
length (phase) difference ~L = m. Ac be
tween adjacent waveguides, where Ac is
the device central wavelength in the grat
ing waveguides and m is the grating order,

destination point. This leads to a cascade
of multiplexers and demultiplexers in a
transparent optical network, giving for ex
ample a passband narrowing effect [5, 6]
and therefore resulting in transparency
length limitations [7].

which is typically in the range of 80 to 240
for WDM AWGs with 100 GHz or 200 GHz
channel spacing.

The AWG reproduces the input field
with a wavelength dependent shift at one
of the output waveguides, which corre
spond to the different wavelength chan
nels. Therefore, the spectral response of
the DEMUX is the convolution of the input
image at the output side with the output
waveguide mode (and vice versa for the
MUX). A Gaussian response results if
monomode input and output waveguides
and stigmatic imaging are used. This lay
out has the lowest possible transfer loss
and the lowest crosstalk. But from the
point of view of system applications it has
some important drawbacks, e.g. wave
length fluctuations will lead to signal level
fluctuations in the net. A solution which
guarantees cascadability must first of all
exhibit a flattened spectral response.

Various approaches to flattened filter
characteristics have been published. Some
approaches use multimode waveguides at
the input and/or output or multimode in
terference (MMI) structures including horn
structures [9, 10] or a Y-junction [1 1]), and
some use various methods of image blur
ring, either by small modulations of the
grating path lengths or by varying the
grating end positions in order to form mul
tiple separated images at the output wave
guides [12, 13]. All these methods are in
herently accompanied by a certain amount
of additional loss, which is proportional to
the desired passband broadening.

We have investigated various flattened
AWGs as weil as standard AWGs with
Gaussian filter characteristics for 8 and 16
channels with 200 GHz and 100 GHz
channel spacings, respectively. All were

output
waveguides

arrayed waveguides
120

input
waveguides

Wavelength multiplexers and demulti
plexers (MUX/DEMUX) are the fundamen
tal components for WDM network systems
and have attracted considerable research
interest. A most promising solution for
such devices is the phased array invented
in 1988 by M.K. Smit [8]. Basically it is an
optical grating spectrograph realized with
planar waveguides. It consists of an ar
rayed waveguide grating (AWG) connect
ed to input and output waveguides
through focussing slab regions on both
sides in a Rowland circle configuration, as
shown in Fig. 3.

Fig.3:
Layout of an arrayed

waveguide grating
filter.
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fabricated in silica technology on PIRI sub
strates.

A very promising solution for flattened
filter characteristics is the use of MMI
structures at the AWG input. Fig. 4 shows
the transmission behaviour of an eight
channel 200 GHz AWG with MMI struc
tures at all eight input waveguides, which
generate the next higher symmetrie wave
guide mode as weil as the fundamental
mode. Compared with the Gaussian filter,
the flattened filter has an increased 3 dB
bandwidth (about 120 GHz instead of
about 65 GHz), but at the expense of a
greater insertion loss (9 dB instead of
6 dB). Crosstalk is also slightly increased.

modulated in an external Mach-Zehnder
modulator with a 9.953 GHz sine wave
and sent to the multiplexer input. The
multiplexer output is connected to a high
speed direct-detection receiver. After de
tection and amplification the envelope sig
nal is narrowband filtered. The amplitude
and phase q>(A) of this sine wave are com
pared to a reference signal in a microwave
transition analyzer working as a high speed
vector voltmeter. The phase shift of this
wave is directly proportional to the group
delay t(A) of the multiplexer:

q>(A)
t(A)= - 360. 9.953 GHz = -0.2791 ps· q>(A)

~#
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\ \ \ \ \ \

J I A~'" .f' P j11 "1 f\ f\
''1 1Ij ., V\

o
co -5
"0 -10

§ -15
'iij

.~ -20

~ -25
~ -30

-35
1545 1550 1555

wavelenglh I nm

1560

The cascadability of multiplexers is mea
sured in the fibre loop testbed shown in
Fig. 6. Here an externally modulated
10 Gbit/s ASK NRZ 2' s_1 PRBS signal is
cut into data bursts and fed into a loop
consisting of 75 km of dispersion-shifted fi
bre (DSF), two EDFAs and the wavelength
multiplexers and demultiplexers. After
each round trip apart of the data signal is
coupled out for bit error rate (BER) mea
surement.

9.953 GHz

Hg. 4:
Transmission
characteristic of a
flattened eight
channel200 GHz

AWG.

wavelenglh
(de)mulliplexer eh 1

A("A)
ß"A = 2 nm
slep width:

0.06 nm
i

8=20 GHz 80 d8

referenee_
1--------------------; eh 2

(r("A)

9.953 GHz

3. Measurement of multiplexer
transmission characteristics

For the initial characterization of multi
plexers, the amplitude and group delay
characteristics are measured as a function
of wavelength detuning from the pass
band centre frequency. The measurement
setup is shown in Fig. 5. Light delivered by
an external cavity laser (ECL) is amplitude

mierowave

transition

analyser

4. Transmission characteristics of
different multlplexers

Four different types of multiplexers and
demultiplexers (Fig. 7) have been tested
with a 10 Gbit/s NRZ data signal in a loop
testbed. The results are compared after
30 round trips.

The multiplexer performances (Figs.
8a-d) show the relative optical amplitude

Fig. S:
Setup for measuring
the amplitude and
group delay of
multiplexers.
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Fig.6:
Optical loop for

testing the
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length
multiplexers and

demultiplexers.

Fig.7:
Technical data of the

tested wavelength
multiplexers and

demultiplexers.

type 1 type 2 type 3 type 4
(MI) (AWG) (AWG) (AWG)

channel spacing 1.6 nm 1.6 nm 1.6 nm 2 nm

bandwidth 1 dB 0.88 nm 0.41 nm 0.82 nm 0.50 nm
3 dB 1.10 nm 0.60 nm 1.12 nm 0.82 nm

insertion loss 2.5 dB 3.4 dB 9.6 dB 4.0 dB

polarization
dependent ~ 0.05 nm ~0.05 nm ~0.02 nm ~0.21 nm
shift of center frequence

MI : multilayer interference
AWG: arrayed waveguide grating

transfer characteristics A(LU) in the upper
graph and the group delay T(~A.) as a func
tion of wavelength detuning ~A. in the
lower graphs. The MI (de)multiplexer has a
nearly flat 3 dB pass band greater than
1 nm, but its group delay has positive and
negative slope regions (dispersion). This
property makes a cascade of these devices
very sensitive to transmitter wavelength
variations. The AWGs have either constant
(Fig. 8b) or nearly zero group delay slopes
(Figs. 8c,d). Therefore the amplitude char
acteristic of an AWG cascade determines
its sensitivity to transmitter wavelength
variations, since a constant dispersion can
be compensated.

BER curves at 10 Gbit/s were measured
as a function of the wavelength detuning
of the signal (relative to the filter centre

frequency) for back-to-back and 30 loop
round trips, both with and without multi
plexers. The resulting penalty (Fig. 9)
shows that the signal degradation is influ
enced not only by the amplitude behaviour
of the device, but also by its group delay.
Type 3 has a broad amplitude passband
characteristic and a constant group delay
slope compared to those of type 2, which
result in a greater detuning tolerance. By
contrast, type 1 has nearly the same ampli
tude passband as type 3, but has two dif·
ferent group delay slopes with opposite
signs, which results in only half the detun
ing tolerance. The penalty curve of type 4
cannot be directly compared to those of
the other filters because of its wider chan
nel spacing and a polarization-dependent
centre frequency shift of ±0.21 nm. Since
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Fig.8:
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delay curves of four
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6. Conclusions

Fig.9:
Penalty of 30
cascaded multiplexers
versus detuning for
BER =10-9.
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5, 10 and 15 round trips. Penalties at
BER = 10-9 with and without OXCs are
shown for up to 15 round trips with a total
trunk length of 1175 km in Fig. 10b. The
average penalty caused by inserting the
OXCs in the transmission line is less than
0.2 dB per OXC, mainly caused by the
broadband noise due to the additional ED
FA gain in the loop.

Multiplexing in WDM crossconnects for
splitting up optical carrier frequency bun
dies and for combining them is best per
formed by AWGs. AWGs exhibit the best

the polarization was adjusted for optimum
transmission during the loop experiment,
type 4 only appears to be more tolerant of
wavelength detuning.

In another loop experiment a four chan
nel 10 Gbit/s WDM transmission over 15
OXCs separated by 78.3 km dispersion
compensated standard single-mode fibre
trunks was demonstrated. The OXC path
consisted of a 1 x 8 AWG demultiplexer
and multiplexer, an 8 x 8 fibre switching
matrix and variable attenuators. The AWGs
are characterized by a constant group de
lay slope of -2 ps/nm and a 1 dB band
width of 90 GHz.

The loop included 78.3 km of standard
single mode fibre (SMF), 12.8 km of dis
persion-compensated fibre (DCF) and the
OXC path (Fig. 10a). The transmitter sig
nals (A. = 1549.32 to 1554.13 nm with
200 GHz spacing, 10 Gbit/s NRZ, 215-1
PRBS) were decorrelated by 20 km SMF
and then fed into the loop. The SMF, DCF
and OXC input powers were adjusted to
o dBm, -2 dBm and +3 dBm per channel,
respectively. The BER was measured after

5. WDM transmission over optical
crossconnects
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group delay characteristics, which is im
portant for cascading them in transparent
optical networks. In a cascade of crosscon
nects containing these AWGs a penalty of
less then 0.2 dB per OXC was found,
mainly caused by EDFA noise. Up to 15
crossconnects could be inserted in a fibre
trunk with a length of 1200 km, which is
sufficient for an average nation-wide trans
parent optical network in Europe.
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R. EGGEMANN AND E. PATZAK

OPERATION, ADMINISTRATION
AND MAINTENANCE (OAM) IN
PHOTONIC NETWORKS

Abstract

The problems of Operation, Adminis
tration and Maintenance (OAM) of optical
networks and their relationship to the
transparency of these networks are dis
cussed. As an example of how complex
the operation of network elements can be,
the necessary monitoring and control units
for the operation of interferometric optical
frequency converters are described.

Introductlon

There is no doubt that optical frequency
division multiplexing (OFDM) will form the
backbone of the next generation of optical
networks world wide. This technique
makes it possible to meet the requirements
for higher capacity for the foreseeable fu
ture while retaining the currently installed
fibres. At the same time it increases the im
portance of automatic failure recovery and
maintenance, since the breakdown of an
OFDM link even for a short time can cause
huge economic losses.

The situation is even more serious be
cause the demands of users for quality and
reliability of transmission services have
grown, and also because there is an aspira
tion towards bit rate transparency or even
complete independence from modulation
format, line coding, clock frequency and
transmission format.

For the network operator this means
that all cost savings gained by OFDM will
be eaten up by the extra costs of opera
tion and maintenance unless there is an
automatic fault recovery system installed
which can monitor and restore every de
cline in signal quality or every breakdown
of an optical channel. There is an absolute
urgency for international standardization
of operation and maintenance procedures
because the network operators want to be
independent of special suppliers.

1. Problems of OAM In transpar
ent photonie networks

The supervision of a maintenance entity
in a photonic network is quite a difficult
task, and the difficulties will increase with
the degree of transparency. We define
transparency as the ability of the network
to transport specified classes of signals.
The fewer restrictions there are, the more
transparent is the network. A clear de
scription of the concept of transparency is
given in an article by Bischoff [1].

Ideal photonic paths would be com
pletely transparent and all possible kinds
of optical signals could be transmitted
through the network. Short optical fibres
are quite close to this ideal. At longer
lengths the transparency of the fibre is
limited due to losses, dispersion, polariza
tion mode dispersion and non linear ef
fects (e.g. self phase modulation, cross
phase modulation and four wave mixing),
and perhaps also by the noise of the opti
cal amplifiers that may be necessary.

It is nevertheless desirable to extend the
high degree of transparency of the fibre it
self to the whole network, but network el
ements like optical amplifiers, add/drop
multiplexers and optical crossconnects will
put limits on the transparency. It is there
fore necessary to decide early on which
signals are allowed in the network. This
decision determines which components
can be implemented and it also deter
mines which methods for supervision of
the network and for failure detection and
localization are available. A proposal for
which signals transparency has to be guar
anteed is shown in figure 1. It represents a
possible compromise between transparen
cy and OAM requirements.

According to this proposal the signal in
the network is restricted in the following
ways:
• The signals are digital, binary, ASK mod
ulated.
• All bitrates up to a maximum bitrate are
allowed. The maximum bit rate defines a
bit rate class.
• The wavelength is restricted to the gain
range of fibre amplifiers.
• The signals are continuous (no burst-Iike
signals).

Several authors have recently discussed
the problems of OAM in photonic net
works [2], [3], [4].
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optical window OFA-band 1480· 1300 + 850 +
1580 nm ... nm ... nm

type of signal digital analog

modulation binary ternary multi-
levels level

modulation ASK FSK PSKformats

numbers of numbers of
line coding oand 1 CMI 5B/6B oand 1

equal not equal

bit rate < 700 MbiUs < 2,5 GbiUs < 10 GbiUs > 10 GbiUs

type of continuous burstwise
transmission signals signalsFigure 1:

Allowable signals in
an optical network.
The transparency is

restricted to the free
choice of the

transmission format
and the maximum

bitrate.

o transparent

o not transparent

A maintenance philosophy for telecom
munication networks is given in the ITU
Recommendation M.20 [5]. Operation and
maintenance of optical networks must also
follow these guidelines. The problems of
operation and maintenance in optical net
works are strongly linked to the require
ment of transparency of the network. A di
rect measurement of the signal quality is
the best way to detect any degradations in
the network. Even rather modest require
ments on transparency of the optical net
work reduce the possibilities of controlling
the signal quality. Methods such as estima
tion of bit error rate by parity bits, as used
in digital networks, are not possible.

This imposes stringent requirements on
the operational reliability of all parts of the
equipment. The components have to be so
reliable that the few possible measure
ments of signal quality (power, wave
length) and control of the operational pa
rameters must be sufficient to guarantee
proper operation. Active components such
as optical amplifiers and frequency con
verters are especially critical elements.
They may fail because of ageing, for exam
pie, in which case control parameters have
to be readjusted or the component has to
be replaced.

OFA: optical fiber amplifier

ASK: amplitude shift keying

FSK: frequency shift keying

PSK: phase shift keying

CMI: coded mark inversion

One can distinguish between three situa
tions for digital signals:
• The bit stream cannot be observed and
the bit rate is not known. In this case only
analogue optical quantities, such as optical
power, optical spectrum or optical signal
to-noise ratio, can be observed. This situa
tion arises with the proposed degree of
transparency allowing bit rate c1asses
« 0.7,2.5 or 10 Gbit/s).
• The bit rate is known and timing recov
ery can be performed. Then the bits can
be synchronously sampled and the extinc
tion ratio and signal-to-noise ratio at the
bit centre can be measured. Also the com
plete eye diagram can be recorded. It is
even possible to estimate the error rate, us
ing assumptions about the probability dis
tributions of the pulse fluctuations.
• The transmission format is known (e.g.
SDH), as in digital networks. In this case
additional information can be added to
the signal to estimate the error rate. In
principle this works as folIows: The trans
mitter counts the zeros and ones in a cer
tain time interval (block) and sends this in
formation as part of a header to the receiv
er. The receiver also counts and compares
the results.

To improve the operational safety we
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could consider introducing test signals in
paths in the crossconnect which are cur
rently not in operation. Nevertheless the
evaluation of signal quality in transparent
networks is very indirect and rough.
Whether it is adequate is still not clear.

2. Cross phase modulation fre
quency converters

There have been many review articles on
optical frequency converters [6], [7], [8],
[9], so we omit here detailed descriptions
of their characteristics.

Figure 2 shows the structure of a Mach
Zehnder Interferometer (MZI) frequency
converter that was developed and built at
the HHI. In this configuration there is an
optical amplifier in each interferometer
arm and the MZI is formed with symmetric
couplers. The input data signal is coupled
via one of the outer couplers in one of the
two amplifiers, which changes its index of
refraction and detunes the interferometer.
The probe signal at th"e desired output
wavelength is thereby modulated. Because
the modulation is performed by optical da
ta light due to the phase modulation of
the probe light, frequency converters Iike
this one are called "cross phase modula
tion" (XPM) converters.

By a suitable selection of the amplifier
operation point there will be nearly zero
output power if no signal power is inject
ed, and the interferometer will be switched
to transparent if there is signal power.

Apart from the transponder, which is de
scribed in more detail in aseparate contri
bution to this report, only frequency con
verters based on cross gain modulation
(XGM) and cross phase modulation (XPM)
in semiconductor optical amplifiers are

data signal at A, ..

oe
JLfL

data signal at A,

c::::::J semiconductor optical amplifier

close to implementation in optical WDM
networks. These optical frequency convert
ers process only intensity modulated digi
tal signals, with a maximum bit rate of
10 Gbit/s. This is the degree of trans
parency proposed in figure 1.

Any further extension of the transparen
cy (e.g. allowing frequency modulated sig
nals) excludes the implementation of XGM
and XPM frequency converters or direct
detection transponders. It would be neces
sary either to exclude frequency conver
sion completely or to use coherent fre
quency converters based on four wave
mixing, difference frequency generation or
similar effects.

3. Optical crossconnects with
frequency converters

The possible expenditure for surveillance
and control of a technical entity depends
on its location. The number of optical
crossconnects will be low, with a spacing
of possibly more than a hundred kilome
tres, and they will be situated at the main
switching nodes of the network. The fre
quency converters in optical WDM cross
connects will be located in an environment
where complex measurement equipment
is locally available, so that the supervisory
system can be situated near the crosscon
nect. This is in contrast to the operation of
optical "in-line" amplifiers, which have no
direct access to the supervisory system via
electrical interfaces. In this case additional
supervisory channels must be provided,
but these are not necessary for the fre
quency converters.

For the discussion of the XPM frequency
converter we will assume that it is imple
mented in a crossconnect, like the one

CW signal at A,..

>-< 3dB coupler

Figure 2:
Structure of an MZI
frequency converter
developed at HHI.
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Optical WDM

crossconnect with the
essential components

forOAM.

p: optical power meter
OHR: overhead receiver TMN interface
OHT: overhead transmitter
OSA: optical spectrum analyzer
TMN: telecommunication management network

t: temperature

control unit

depicted in figure 3, which consists of the
following components:
• Input amplifier
• Optical wavelength demultiplexer
• Power adjustment
• Space switching matrix
• Frequency converter
• Optical wavelength multiplexer
• Output amplifier

At the input and output of the cross
connect there are controlled fibre ampli
fiers, which compensate for losses on the
link or in the crossconnect. Following the
input amplifier the wavelengths are sepa
rated by ademultiplexer. The powers in
the single carriers are then equalized, to
compensate for different channel powers.
They are then switched to the correct out
put port of the switching matrix. Either
each output is connected to a frequency
converter (as in the figure) or the crosscon
nect has a pool of frequency converters
which are switched into the signal path as
required. The single carriers are again
wavelength multiplexed and then fed into
a controlled output amplifier, which ampli
fies the power to the prescribed level.

Control and supervision of all functions
in the crossconnect are performed in a
control unit. There are three main tasks of
the control unit:
• Monitoring of the integrity of the input

and output data streams.
• Extraction, interpretation and processing
of the overhead channels.
• Control of the complete hardware of the
crossconnect, monitoring of its proper op
eration, display of malfunctions, and de
Iivery of status information to the TMN
system.

4. Operation of a
Mach-Zehnder interferometer
frequency converter

Fig. 4 shows a MZI frequency converter
together with the necessary equipment for
monitoring and controlling its operation.
The basic point is that the complete fre
quency converter consists of many more
elements than just the frequency converter
chip. The figure demonstrates that many
parameters have to be monitored and con
trolled to operate a frequency converter.

This converter does not have the main
drawbacks of the simpler cross gain modu
lation frequency converter, which are in
version of the data signal and a large fre
quency chirp. But it needs extra control
and monitoring units, especially for the in
put amplifier, which is indispensable with
this form of frequency converter because
of its small input dynamic range « 3 dB).
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Figure 4:
A XPM frequency
converter with all
essential components
forOAM.

In addition the gain of the amplifier has to
be adjusted for an optimum operating
point, depending on the input wave
length. For each input wavelength the
control unit has to read the control value
for the gain from a table and send it to the
controller. For each input and output am
plifier a tracking filter for the ASE also has
to be provided and controlled.

At least one of the currents through the
optical amplifiers on the converter chip
must be adjusted according to the input
wavelength. This also has to be automati
cally performed by the control unit. The
input power has to be controlled accord
ing to the dynamic range requirements.
The temperature and currents of the con
verter chip and the current of the pump
laser also have to be controlled. Finally, the
power and the optical frequency of the
output signal have to be tuned via the
temperature of the pump laser. All con
trolled parameters, as weil as the input
wavelength, have to be monitored.

Conclusion

We have tried to explain the problems of
operation and maintenance in transparent
optical networks, using the MZI frequency

converter as an example of how complex
the monitoring and control of a single ele
ment can be. It is shown that the MZI fre
quency converter needs optical pre and
post amplifiers, which have to be adjusted
for each individual input wavelength. Also,
the adjustments of currents and tempera
ture of the converter chip itself increase
the complexity of the practical operation.
Taking all this into account, it seems that
the transponder is a less costly solution.

The problem of operation and mainte
nance in optical networks does not depend
on the type of frequency converter, but is
due to the difficulty or impossibility of di
rect measurement of the signal quality,
which in turn is caused by the required
transparency. Frequency converters as ac
tive components are especially critical ele
ments in this respect.
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C.M. WEINERT, B. STREBEL
AND R. FREUND

NUMERICAL SIMULATIONS OF
OPTICAL PATHS AND
VERIFICATION BY EXPERIMENT

Abstract

The main steps in the numerical simula
tion of optical paths are discussed.
Verification of the numerical methods by
fibre loop measurements shows that mod
elling has to be done in close interplay
with measurements of the important para
meters of the various network compo
nents. Furthermore, simulation of the sig
nal degradation along the optical path re
quires efficient numerical tools for
estimation of the bit error rate.

BNeD GmbH, a spin-off of HHI. BroadNeD
supports the physical level simulation with
a module Iibrary, including models for all
components that are necessary to simulate
an optical WDM core network. These
models are carefully tested and evaluated
in order to deliver results that are compa
rable to experimentally obtained ones. The
simulation environment Ptolemy is used as
a platform for BroadNeD. This environ
ment offers a huge number of different
simulation paradigms that can be mixed
within one overall simulation. Ptolemy has
the potential to become the standard sim
ulation environment in the future.

In this article, we will show the interplay
between numerical simulation and experi
mental verification, ranging from measure
ments and modelling of the individual
components to a description of a complete
optical transmission experiment.

Introduction

Numerical simulation of optical transmis
sion lines is of increasing importance for
the design and understanding of optical
telecommunication systems. During recent
years a number of numerical simulation
tools have been developed and are used
worldwide to study the numerous effects
found in optical fibre propagation and to
give guidelines for the design of the opti
cal paths. The central feature of all these
programs is an efficient numerical solution
of the nonlinear Schrödinger equation to
simulate light propagation along the fibre.
In addition, a large variety of numerical
models has been developed to simulate
optical transmitters, receivers, amplifiers,
filters, switches, crossconnects and wave
length converters.

An example of such a simulation tool is
BroadNeD, which is a software simulation
tool for the analysis and optimization of
broadband communication systems. It is
currently used by major telecommunica
tion providers as weil as system manufac
turers, and is developed and marketed by

1. Numerical simulation 01
optical paths

Fig. 1 shows in schematic form the three
main blocks of a typical optical transmis
sion system.

The transmitter consists mainly of the
laser, modulator and bit generator. The re
ceiver includes the photodiode, optical
and electrical filters and amplifiers. The
centre box shows the optical transmission
path including fibres, fibre amplifiers and
filters.

A fundamental problem of all simula
tions of an optical path is insufficient
knowledge of the performance of its indi
vidual components. The component para
meters may sometimes be taken from data
sheets, but most of them have to be ex
tracted from specific measurements. The
main task of numerical simulation is to find
out which are the decisive parameters of a
component that limit its transmission
properties. In order to have an efficient nu
merical simulation, the numerical model of
each component has to be powerful
enough to include all relevant effects, but

Fig.1.
Schematic of an
optical transmission
system.

Transmitter:
Optical Transmission Une: Receiver:

laser, modulator fiber, amplifiers, filters photodiode, optical and elec-
bit pattern generator trical filters and amplifiers
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simple enough to guarantee a fast simula
tion of the total optical path. In addition,
reliable and simple measurement tech
niques are needed for characterizing the
individual components.

Laboratory transmission experiments
supported by a numerical simulation are
important steps towards the design of op
tical transmission systems. The last phase
will be a field experiment to validate the
rules derived from laboratory experiments
and simulations. A problem of higher com
plexity is the design of a complete optical
network, since it also includes, besides the
optical transmission behaviour, the dy
namic properties induced by the switching
of optical channels as weil as the operation
and maintenance functions. Here we will
focus on laboratory experiments, mainly
made with a loop set-up, and the accom
panying numerical simulations.

2. Optical loop experiments

Experiments for characterizing the trans
mission in an optical path are performed
with a fibre loop set-up [2]. Fig. 2 shows
the configuration for a single channel ex
periment with bit rates up to 10 Gbit/s.
The carrier wave is modulated by a PRBS
NRZ signal, split into signal bursts and in
jected into the fibre loop. The loop con
sists of two EDFAs, a 15 nm filter and
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78.3 km standard single-mode fibre (SMF)
with a dispersion of D = 17 ps/nm/km. The
fibre input power is 0 dBm. For a compari
son between uncompensated and com
pensated fibre trunks, an additional disper
sion compensating fibre (DCF) of 13.8 km
length and a further EDFA delivering a
DCF input power of -2 dBm could be in
serted.

3. Component parameters

In a first step all network components
are measured separately by standard
methods for obtaining the parameters
which describe the operation of the isolat
ed component. Some results are collected
in Table 1. The amplitude and time delay
characteristics of the filters are also mea
sured for inclusion in the calculations. The
modulator chirp parameter a is deter
mined by connecting the modulator to
SMF sections of different lengths, since the
chirp together with dispersion results in a
pulse steepening or pulse broadening.
Thus, the pulse evolution is observed dur
ing transmission experiments and fitted to
numerically calculated pulse evolutions to
obtain the chirp parameter.



Wavelength

Linewidth of the external cavity laser

Extinction ratio of the modulator

Rise time of the pulse

Chirp parameter of the modulator

Signal to noise ratio after the modulator

SMF fibre dispersion

SMF fibre dispersion slope

DCF fibre dispersion

DCF fibre dispersion slope

EDFA noise figure

Nonlinear fibre index

4. Back-to-back experiment and
numerical BER estimate

In the second step, simulations and mea
surements of back-to-back bit error rates
(BER) are compared. In this case the receiv
er is directly connected to the transmitter,
and the validity of numerical models con
taining the previously extracted compo
nent parameters of the transmitter and re
ceiver components can be tested.

The BER is the most important parame
ter for characterizing the quality of digital
transmission. It is defined as the number of
incorrectly detected bits divided by the to
tal number of detected bits. Therefore, nu
merical simulations of BER are a fundamen
tal problem of simulation, since the BER re
quirements for an optical path are
expected to be between 10-9 and 10-12.

Direct simulation of these small bit error
rates requires bit streams with huge
lengths. Even the fastest current comput
ers would take weeks of computation time
for handling such data.

For a less time consuming simulation,
the BER is estimated by the Q-factor
method [1]. The principle is shown in Fig.
3, where the current distribution at the
photodiode output is drawn separately for
the "0" and "1" bits. The variances 0"0 and
0"1 are caused by degradation of the binary
signal during transmission. These distribu
tions can be approximated in many cases
by probability density functions which are
described by only a few parameters. For
example, probability density functions Iike
those in Fig. 3 can be assumed to be
Gaussian, which are defined by their

1554.13 nm

0.1 MHz

13 dB

32 ps

-0.43

38 dB

17 ps/nm/km

0.072 ps/nm2/km

-96 ps/nm/km

-0.21 ps/nm2/km

5 dB

2.610-16 cm2/W

BER= m~n Herfc[<'~;Dl+erfc[D-~o>]}

means and standard deviations. These pa
rameters can be evaluated with sufficient
accuracy from only 103 - 104 sampies.
Then the optimum decision value D, the
minimum BER and the corresponding Q
factor can be estimated.

Obviously, for a Q-factor estimate the
physical processes leading to the signal
degradation must be known in order to es
timate accurately the shape of the proba
bility density function. If, for example, the
main disturbance is amplifier noise, a
Gaussian probability distribution is a good
approximation. From this example it be
comes apparent that the assumptions un
derlying a simulation have to be verified by
comparing an experiment with the numer
ical simulation.

The Q-factor method was tested by sim
ulation of the BER dependence of a 5 Gb/s

Table 1:
Parameters for the
simulation of a
10 Gbit/s fibre loop.

Fig.3.
BER estimation by the
Q-factor method.
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5. Simulation of the fibre loop
experiment

back-to-back transmitter-receiver combina
tion. Fig. 4 shows that the measured results
(squares) and the simulation (continuous
line) are in very good agreement. This shows
that the assumption that the main source of
degradation is white Gaussian noise in the
amplifier results in a good description of the
noise process.
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Laser frequency noise is proportional to
the laser linewidth [4]. This laser linewidth
was measured for two lasers, and was
0.1 MHz for the ECL and 90 MHz for a
DFB laser. Using these lasers together with
an external modulator, 5 Gbit/s transmis
sion experiments were performed with
the fibre loop setup. The BER curves for
313 km of 5MF (four round trips) are plot
ted in Fig. 5 (symbols are measured data,
lines show the simulation). It is seen that
for aBER of 10-9 the DFB laser leads to an
additional penalty of more than 7 dB.

We also show in Fig. 5 the results of
measurement and simulation for four
round trips of 5MF with dispersion com
pensation by 13.8 km of DCF. As predicted

Transmitter parameters such as laser
linewidth and transmitter chirp are a
source of signal degradation during propa
gation. Minimum degradation is obtained
with narrow linewidths and a small or neg
ative chirp parameter a. Transmitters con
sisting of ECLs (External Cavity Lasers) and
an external MZI modulator (Mach
Zehnder Interferometer) meet these re
quirements, but are very expensive. It is
therefore desired to use low cost transmit
ter components such as directly modulat
ed lasers or lasers with integrated elec
troabsorption modulators (EAM).

The intensity modulated signal suffers
additional frequency modulation because
of phase noise and chirp. Fibre dispersion
converts this frequency modulation (FM)
into amplitude modulation (AM), which
leads to an additional system penalty.
However, theory predicts that the undesir
able effects on the signal vanish if the fibre
dispersion is compensated.

6. Signal degradation due to
transmitter propertles

-32-44

~
@.-7
~

-9

-5

In the final step the complete fibre loop is
simulated. The results for an amplitude shift
keyed (A5K) directly detected transmission
experiment at 5 Gbit/s after five round trips
are shown on the right side of Fig. 4. Again
the squares indicate the measured BER, and
the dashed curve shows the BER calculated
using the Q-factor method discussed in the
foregoing.

In this case we obtain poor agreement be
tween the calculated and measured results,
with the calculations indicating aBER floor.
This is because of the erroneous application
of the Q-factor method to NRZ bit strings in
dispersive transmission lines. 5hort pulses are
more affected by dispersion than longer
pulses, so that in the case of NRZ coding a
1-bit borded by two O-bits is broadened
more than al-bit that has another 1-bit as a
neighbour. These effects lead to bit pattern
dependent intersymbol interference (151). It
has been shown [3] that for a correct appli
cation of the Q-factor method the pattern
dependent 151 has to be considered; Le. the
noise probability density calculation has to
be done separately for 8 different patterns of
a central bit with its nearest neighbours
(000, 100, 001, 101, 010, 110, Oll, 111).
The solid curve in Fig. 4 includes this 151 cor
rection and exhibits good agreement with
the experimental results.

Fig.4.
Measured (squares)
and simulated (solid

lines) BERs for the
back-to-back

experiment. Also
shown (at right) are
the results of a five

round trip
experiment.

Fig.5.
Measured (symbols)

and simulated (lines)
BERs for 313 km of

SMF with and
without dispersion
compensation, for

laser Iinewidths of 0.1
and 90 MHz.
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by theory, no penalty due to the laser
linewidth is observed. It follows that for
dispersion compensated fibre trunks, lasers
with large linewidths suffer no signal
degradation in directly detected ASK trans
mission systems.

Next, the effect of chirp has been inves
tigated by numerical simulation. In Fig. 6
the maximum chirp parameter tolerable
for SMF transmission is shown as a func
tion of SMF length, with bit rate as para
meter. In addition, ranges for the chirp of
a directly modulated laser, an EAM and an
MZI modulator are shown. It is seen that
10 Gbit/s transmission with directly modu
lated lasers is only possible over a distance
of less than 20 km.

~
E
!!!
1lI
0.
0.

:.c:
tJ

10 100 1000 10000
length of SMF I km

In the case of dispersion compensation,
the chirp is also no limitation for the trans
mission length. For single-channel trans
mission there remain limitations due to the
combined effects of amplifier noise and
the nonlinear effect of self phase modula
tion. For multichannel WDM transmission
an additional degradation results from
nonlinear cross phase modulation and
from four wave mixing.

Conclusion

Because of the high complexity of opti
cal paths, a step-by-step strategy for the
design and numerical simulation of optical
transmission lines has to be developed. We
have discussed the three main steps of
such a simulation: parameter extraction
and modelling of the isolated components,
simulation of the back-to-back measure
ment, and simulation of the complete op
tical path.

Furthermore, we have shown that an er
ror estimate by the Q-factor method is the
only efficient simulation method if the
measured BER is to be compared with the

calculations. For this method it is necessary
to make assumptions about the probability
density functions describing the distribu
tions of the O-bits and 1-bits, and it is es
sential to verify these assumptions by com
paring the simulation with an experiment.

The numerical simulation strategy has
been verified by comparison with 5 Gbit/s
loop measurements. Furthermore, the ef
fects of transmitter frequency noise and
chirp on signal degradation in directly de
tected ASK transmission systems have been
investigated. Increased laser linewidths and
chirp parameters lead to additional system
penalties for propagation in the standard
SMF trunk, but do not affect dispersion
compensated fibre trunks.
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Fig. 6. Required chirp
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ferent bit rates.
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J. SANITER AND
F.-J. WESTPHAL

TRANSPONDERS FOR WDM
SYSTEMS

Abstract

A modular transponder for multi-chan
nel optical systems up to 2.5 Gbit/s has
been developed and realized at the
Heinrich-Hertz-Institut (HHI) Berlin. The
transponder is controlled and supervised
by a processor and c::an be integrated into
existing Telecommunication Management
Networks (TMNs). Various applications
and specifications for transponders are dis
cussed. Experimental results are given for
the operation of the transponder in a sys
tem environment.

Introduction

WDM technology is becoming of in
creasing importance in the core network of
public telecommunication systems. The
possibility of creating flexible, efficient and
economic networks by integrating WDM
technology into existing fibre infrastruc
tures is already being taken advantage of
in countries where Iimited transmission ca
pacities exist. Yet even in countries where
existing fibre infrastructures have proven

sufficient in the past, foreseeable transmis
sion capacity bottlenecks caused by in
creasing communication traffic require
technical solutions, which WDM technolo
gy provides.

The use of transponders as network ele
ments, as weil as the implementation of
WDM technology in optical transmission
systems, is of increasing significance.
Transponders, also calied translators, allow
for the adaptation of signals of arbitrary
wavelengths to those used by the WDM
system. Optical solutions for wavelength
conversion are currently the topic of global
research [1, 2], yet it is difficult to estimate
how soon prototypes fit for production will
emerge. Instead, the telecommunication
industry has taken a strong interest in op
toelectronic transponders because of their
ready commercial availability. They can be
optimized for various applications and can
be easily integrated into network monitor
ing and management systems.

The basic principle of an optoelectronic
transponder is i1lustrated in figure 1. An
optical signal of arbitrary wavelength is re
ceived by an optoelectronic receiver. After
being regenerated electronically, the signal
is then routed to a transmitter that retrans
mits the signal using a fixed and stabilized
wavelength. This process is monitored by
electronic controlling and supervision cir
cuits. The functionality provided by these
circuits, including an appropriate micro
controller, is also calied OAM functionality

receiver clock regenerator
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Figure 1:
Block diagram of an
optoelectronic
transponder with 2R
or 3R regeneration
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(Operation, Administration and Mainte
nance). These circuits are connected to the
Telecommunication Management Network
(TMN). As a result, the TMN can directly
monitor and control the transponder as a
network element.

Transponders are used in various appli
cations:

• As mentioned above, when undergoing
an optical point-to-point WDM upgrade,
the specified optical interfaces of the WDM
system must be maintained. In most cases
the existing terminal equipment has to be
integrated into the new WDM system, for
economic reasons. Optical signals in this
terminal equipment are frequently not
compatible with the optical interfaces of
WDM systems and must therefore be con
verted using a transponder.
• Topologies for the most efficient upgrad
ing of existing point-to-point connections
to future optical networking standards are
currently being discussed. With ring
topologies, such as those under discussion
for implementation in city and urban ar
eas, individual access networks are con
nected to the ring network using optical
add/drop multiplexers. By installing
transponders between these add/drop
multiplexers and the access networks, the
optical interfaces of these multiplexers can
be maintained.
• Optical cross connects (OXCs) for trans
parent WDM systems are under investiga
tion in first field trials. An OXC for a trans
parent optical network essentially contains
a spatial stage and a frequency stage. As
long as no reliable optical solutions are
available for frequency or wavelength con
version, transponders can be used to per
form these functions in the frequency
stages of OXCs.
• Wide area or international optical net
works operated by different network
providers will probably be divided into
subnetworks. This will ease the operation
and management of networks. If signal re
generation or wavelength conversion is re
quired at interfaces between subnetworks,
transponders can be used.

Because of the relevance of transpon
ders for the short term implementation of
advanced optical transmission systems and
optical networking, a modular transponder
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concept suitable for system experiments
has been developed and realized in the
Photonik 11 project BP 437/2 at the
Heinrich-Hertz-Institut.

Transponder developed at HHI

From a system engineering and eco
nomic point of view, a multitude of differ
ent variations is possible in the applications
mentioned above. Individually optimized
solutions are appropriate for each case.
The three separate functional blocks of a
transponder (receiver, electronic regenera
tor and transmitter) are therefore realized
as individual modules. The most significant
specifications of the developed transpon
der are:

• Input Sensitivity: The optical input sensi
tivity and the dynamic range of the
transponder are important system parame
ters. For most applications a receiver sensi
tivity in the order of -20 dBm and a dy
namic range of approximately 20 dB is suf
ficient. For an application in a ring
network, a HHI transponder equipped with
an APD receiver achieved a sensitivity of
-30 dBm.
• Bitrate: Depending on the application,
either a fixed bitrate or a bitrate range
must be specified. The HHI transponder
can be operated either within a bitrate
range ("bitrate-transparent" between
100 Mbit/s and 2.5 Gbit/s) or at a fixed
bitrate according to the SDH hierarchy.
Electronic data and dock regenerator
modules, wh ich can be inserted between
the receiver and the transmitter modules,
are available for SDH bitrates of 622 Mbit/s
and 2.5 Gbit/s.
• Transmitter Specifications: The most im
portant parameter for the transmitter spec
ification is the wavelength of the output
signal. Currently, two types of laser mod
ules are commercially available that com
ply with the proposed 100 GHz optical
frequency spacing recommended by the
ITU. One uses the laser current for direct
modulation, and can be used for "Iong
haui" (80 km) or "very long haui"
(120 km) transmission without in-Iine am
plifiers at data rates up to 2.5 Gbit/s.
Another available type is an electroabsorp
t,ion laser module with an integrated elec
troabsorptive modulator. This laser is
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Photo of the modular
rack-mounted
transponder.
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compared to back-to-back
with clock recovery:

• Penalty after 106 km,
compared to back-to-back
without clock recovery:

Conclusion

suitable for multi-channel systems with in
line amplifiers and allows transmission dis
tances above 120 km. The transponders
developed at the HHI are operated with di
rectly modulated DFB laser diodes.

By using control and supervision circuits
in modules which are interconnected to a
central processor, the HHI transponder can
be controlled as a network element by a
TMN. Because the optical input power of
the receiver module is supervised, it is pos
sible to implement Automatie Power
Shutdown (APS), as recommended by the
ITU. In the receiver and transmitter mod
ules the processing of pilot tones (useful for
the identification of optical channels) is pos
sible, but has not yet been implemented.

Up to eight receiver, regenerator or
transmitter modules can be placed in a
19" rack in arbitrary combinations.
Additionally the rack contains the central
processor and a local panel for operating
the transponder (see figure 2). All basic
operational parameters of the modules are
preset by hardware which predefines
points of operation. If the communication
between the central processor and the
modules is interrupted, these predefined
points of operation are used and basic op
eration is guaranteed.

The transponders were tested and char
acterized at 2.5 Gbit/s with PRBS se
quences with a length of 223-1. The fol
lowing results were obtained at aBER of
less than 10-9:

• Optical input power:
• Optical output power:
• Dynamic range:
• Penalty after 106 km,
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M. HAMACHER, H. HEIDRICH
AND R. KAISER

PHOTONIC APPLICATION SPECIFIED
INTEGRATED CIRCUITS (PHASICs)
FOR PHOTONIC NETWORKS

Abstract

PHASICs encompass optical, optoelec
tronic, electro-optic, and electronic build
ing blocks forming a new category of ICs
with broad innovative and economic po
tential. HHI's approach to the develop
ment of a generic, extendable integration
process for the fabrication of various possi
ble PHASIC architectures is summarized.
Using this concept, not only high volume
components such as bi-directional WDM
transceivers for FSAN applications can be
produced, but also lower volume devices
for diverse high performance applications.

1. A new category of ICs: PHASICs

The implementation of Full Services
Access Networks (FSAN), including optical
paths to the subscribers such as FTTC/B/H
(Fibre-To-The-Curb/Building/Home), will
demand the availability of high volume,
low cost photonic modules for the sub
scriber links, as weil as lower volume prod
ucts for optical functions in the optical
nodes. Special high performance photonic
modules will be required in the core net
work, e.g. for WDM functions, ultra-high
bitrate TOM optical multiplexing or de
multiplexing, or 3R regenerator operation.

Ongoing cost reductions are envisaged,
starting from current commercially avail
able micro-optic or fibre optic versions (1 st

generation), continuing through hybrid as
semblies on a Planar Lightwave Circuit (2nd

generation), and finally ending with
monolithic versions as the 3rd generation.
The potential cost reduction with mono
Iithic versions is mainly determined by
their low packaging effort, which in the
long term is the essential cost minimizing
factor in photonic module fabrication.

The optical and electronic properties of
semiconductor compound materials based
on InP can be "engineered" to form vari
ous kinds of components which can per
form optoelectronic/electronic-optic con-

version, passive or electrically controllable
waveguiding, and all optical functions.
More than that, the technology offers the
ability to integrate monolithically on a sin
gle chip a selected mixture of all of the dif
ferent basic building blocks. A new catego
ry of ICs with broad innovative and eco
nomical potential arises: Photonic
Application Specified Integrated Circuits
(PHASICs).

Of course - as in Si ASIC technology 
one advantage is that the chip processing
costs can be shared by the available dices
on a wafer, so that PHASICs are an eco
nomical solution for smaller chip sizes. But
furthermore, both medium sized PHASICs
and also larger optical board setups be
come attractive - in the latter case, the
photonic and/or optoelectronic functions
are concentrated in the PHASICs and the
purely optical interconnections are on the
optical board. The reason for this is that
the optical coupling effort to the "outside
single mode fibre world" is much greater
than the electronic packaging effort.

The development of a potentially high
volume PHASIC, an optical bi-directional
WOM transceiver, has started to evaluate
its feasibility for future mass production.
This PHASIC processing will be based on a
generic integration process with the po
tential to be extended to the open family
of PHASICs at lower production volume
with higher performance specifications. It
could also be extended to realize special
functions, such as high performance ultra
high bitrate devices and all optical signal
processing functions which are physically
restricted to PHASICs. Of course, these
lower volume PHASICs will have a chance
of becoming products only after the estab
lishment of production facilities for high
volume fabrication.

costs

chip area

Fig.1.
Application fields
of PHASICs.
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2. PHASIC development at HHI

Based on its broad experience in InP
technology, HHI is developing key III-V
semiconductor components based on indi
um phosphide for implementation in opti
cal telecommunication networks. Two
main activities in this work package are:
(1) the development of different PHASIC
architectures to explore their physical feasi
bility and their potential for economical
commercial fabrication, and (2) to develop
reproducible technological tools and inte
gration concepts for economical parallel
full-wafer processing (this is analogous to
the activities in microelectronic Si ASIC
technology).

A variety of PHASICs is currently under
development at HHI, including wavelength
multiplexers and demultiplexers, convert
ers, bi-directional optical WDM transceiver
components [1], functional devices includ
ing multi-gain sections for use as 3R regen
erators etc. [2], optical millimeter-wave
generators [3], laser modulator compo
nents for transmission up to 40 Gbit/s,
waveguide-integrated 70 GHz PIN photo
diodes [4], 40 Gbit/s photodetector/ampli
fier devices [5], and optical multiplexers
and demultiplexers for applications up to
the 0.1 Tbit/s range [6].

semiconductor device fabrication. Such a
versatile process enables the fabrication on
each wafer of either many of the same
kind of chips or of a variety of customer
designed chips. Thus, it will also be possi
ble to reduce both the development effort
and the time schedule for new application
specific components.

2.1 HHl's advanced generic PHASIC
process

The basic idea of a "generic, extendable
integration concept" means the availability
of a single, economical and simply upgrad
able fabrication process for the integration
of different optical, optoelectronic, electro
optical and/or electronic building blocks
into different high performance PHASICs
with diverse functionalities. A PHASIC fabri
cation technology based on a first genera
tion of such a generic integration process
was demonstrated at HHI in 1994/1995
with the parallel fabrication of polarization
insensitive (polarization diversity) hetero
dyne receiver PHASICs, optical microwave
generator PHASICs, simple bi-directional
optical transceiver PHASICs and discrete
tunable 4-section DBR lasers on a single
semi-insulating InP wafer [7].

Generic Integration Process

butt
coupling

waveguide single mode laser electronics
network (opt. amplifier) (transistor, ... )

semi-insulatingl n-doped
buffer I substrate

fibre
Fig.2.

Schematic showing
PHASIC building

blocks (optical spot
size transformer,

photodetector,
waveguide network,

DFB laser, and
electronics).

For future economical fabrication of po
tentially high volume PHASICs (e.g. bi-di
rectional optical transceivers and optical
millimeter-wave generators), as weil as for
the fabrication of various high perfor
mance, lower volume candidates (e.g.
wavelength multiplexers and demultiplex
ers, and lasers with integrated modula
tors), HHI is developing a generic, extend
able integration process based on standard
equipment generally used for commercial

Since then, HHl's generic integration
concept has been updated in terms of
process effort, flexibility, performance, and
yield, relying on a practical technology
with the following key features:

• Versatility to enable the fabrication of
various PHASICs with different functionali
ties, including spot size transformers for
optimum fibre/chip coupling.
• Flexible, widely independent choice and
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Typical enhanced re
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area regrowth steps - have so far been
performed by MOVPE. It is weil known
that selective area MOVPE produces en
hanced regrowth ("rabbit ears") and varia
tions in the material composition in the
vicinity of masked areas. These effects de
pend strongly on the geometric dimen
sions of the masked areas and degrade the
optical and electrical device properties and
cause problems with microstructuring.
During the past year it became evident
that the MOMBE growth technique will be
the better choice for future economical
PHASIC fabrication (whenever butt cou
pling schemes utilizing selective area re
growth techniques are applied). By using
MOMBE, the problems with MOVPE that
are described above are almost eliminated
(d. Fig. 3).

All regrowth steps for the required semi
conductor layers - including the selective

optimization of the integrated subele
ments or building blocks.
• Integration of a ridge waveguide laser in
stead of aburied heterostructure laser by
using a butt coupling scheme and selective
area epitaxial regrowth.
• Integration of photodetectors in the IC
waveguide by utilizing evanescent field
coupling (chosen because of its technolog
ical simplicity).
• Use of semi-insulating, Fe-doped
GalnAsP/lnP waveguide layers and InP sub
strate material in order to minimize para
sitic capacitances and leakage currents,
and thus electrical crosstalk.
• Application of "Iight baffles" for optical
crosstalk suppression.
• Application of thin etch stop layers or
etch control layers for accurate dry and
wet chemical etching.
• Minimum number of semiconductor lay
er growth steps.
• Largely simultaneous processing of the
IC building blocks.
• Device and technology development in
close cooperation with industrial partners
(Siemens, Bosch Telecom) to benefit from
the existing commercial fabrication of
qualified discrete lasers and photodetec
tors.

First demonstration
of HHI's generic
integration
process

Recent: ~ , c;;;?Subcomponent ~
developements . ~
& technological
approaches

TRx-PHASIC n-wavelength
WDM-Tx-PHASIC

customer designed
PHASICs

Future:
Selective aera
MOMBE

high volume
PHASIC fabrication

~
low volume parallel fabrication

of different PHASICs

Hg. 4.
Technology imple
mentations from first
demonstration to
future exploitation.
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Furthermore, MOMBE enables better
uniformity in layer thickness and material
composition, higher doping concentra
tions in regrown semiconductor layers and
considerably lower regrowth temperatures,
reducing the dangers of degradation (e.g.
in strained layer MQW sections) and of dif
fusion between previously grown doped
layers. More details on MOMBE are given
in the article "Selective MOMBE: Improved
Fabrication Technology for PHASICs".

2.2 Building blocks for PHASIC
fabrication based on a generic
integration process

INTEGRATED LASER: In the earlier PHA
SIC approach, based on the first genera
tion of a generic integration concept, 4
section planar buried heterostructure
(PBH) DBR tunable lasers were integrated.
For the integration of a BH laser by butt
coupling, the IC waveguide layers have to
be grown selectively around the masked
laser stripe. If the regrown IC waveguide
layers have to be semi-insulating, there is a
danger of degradation of the BH laser per
formance by aging effects - possible long
term migration effects of Fe ions into the
active laser section may cause reduced
laser performance. In order to circumvent
these aging effects, a process was devel
oped for the integration of a ridge wave
guide (RW) laser structure. However, this
process had to be modified for the applica
tion of selective area MOVPE because the
masked laser areas are much larger than
those for BH lasers. Nevertheless, by using
a novel etching process to form the larger
masked RW laser areas, good waveguide
layer regrowth suitable for integration ap
plications has been achieved.

An ideal lateral alignment of the RW
laser ridge with the IC waveguide is guar
anteed by a special formation process us
ing the laser metallization and a dielectric
as mask materials.

The validity of the developed integration
process was demonstrated with the fabri
cation of integrated 1.5 ~m and 1.3 ~m

Strained Layer (SL) MQW Fabry-Perot (FP)
lasers consisting of an active and a passive
section. The RW laser ridge in the active
section is butt coupled to a semi-insulating
Fe-doped rib waveguide in the passive sec
tion, as described above.
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Measurements on discrete 1.3 ~m FP SL
MQW RW lasers fabricated by this process,
but consisting only of the active laser sec
tion, and also on the same RW laser struc
tures fabricated using our conventional
technology (for comparison), have shown
that the subsequent selective area MOVPE
process has almost no influence on the
basic laser characteristics (threshold cur
rent, output power, external quantum effi
ciency). The basic laser layers were grown
at Siemens in Munich. The characteristics
of the FP lasers including both the active
and the passive section are only slightly
different from those of the discrete devices
described earlier, indicating the quality of
the butt joint interface.

In addition, the generic character of the
integration process was verified by the in
tegration of Complex Coupled (CC) DFB
lasers by Siemens. The basic characteristics
of the DFB lasers including the butt joint
and a semi-insulating passive waveguide
section are again comparable to those
from which the butt joint was c1eaved off.

Furthermore, initial 1.5 ~m FP RW SL
MQW lasers have been successfully inte
grated by using the same processing but
utilizing selective area MOMBE. Butt cou
pling efficiencies of 50 to 74% between
the active FP laser and the passive section
have been achieved, according to first
measurements. A performance degrada
tion due to the integration was not ob
served.

WAVEGUIDE-INTEGRATED PHOTO-
DETECTOR: The benefits of waveguide-in
tegrated photodetectors with evanescent
field coupling are a relatively simple inte
gration process and small size, which re
sults in good RF characteristics. Areas in
the range of some 100 ~m2 and fabrica
tion on a semi-insulating waveguide and
substrate platform give the lowest possible
capacitances (~ 60 fF), and consequently
very large possible electrical bandwidths
[4] (cf. the article "Progress in 40 Gbit/s
TDM Techniques"). In addition to the ben
efit of large bandwidth, fabrication of bal
anced photodetectors is also possible, as
demonstrated in the heterodyne receiver
with integrated balanced photodetector
and JFET amplifier units [7].

Another advantage of waveguide-inte
grated PIN photodetectors is the possibility
of implementing a wavelength-selective
function into such a component by



placing a waveguide absorber in front of
the photodetector using a so-calied "win
doweffect" (d. next section, Fig. 5b).

By proper choice of the absorber materi
al in the photodetector and of the inte
grated waveguide absorber/filter, signals at
two different wavelengths (with a separa
tion greater than 0.1 IJm) can be detected
separately, or one of them can be sup
pressed. This new kind of device will be in
tegrated in the optical transceiver de
scribed in the next section.

OPTICAL SPOT SIZE TRANSFORMER:
The crucial requirement of chip area mini
mization for sharing factor maximization
and thus processing cost optimization de
mands waveguides with highly confined
optical fields in the waveguide network.
These waveguides allow the incorporation
of small bend radii within the PHASICs, but
do not match the optical field of the fibre
or the moderately confining waveguides of
an optical board.

An integrated optical spot size trans
former (SST) is indispensable for economi
cal fibre/chip packaging as weil as mount
ing of PHASICs on an optical board. The
SST must be localized at the PHASIC inter
face due to the need to ensure horizontal
and vertical alignment tolerances larger
than ±1 IJm for passive, reliable and thus
economical single mode coupling of
PHASICs to the external "single mode fibre
world".

The adiabatic transformation of a single
mode optical field is achallenging task.
Depending on the type of PHASIC under
consideration, the SST has to perform si
multaneous mode matching, for either
one or more closely spaced wavelengths
(separated typically by a few nanometers)
located within the same spectral window
(2nd or 3rd optical window), or for different
wavelengths Iying in both spectral win
dows. In addition, polarization-insensitive
operation has to be achieved for arbitrary
states of polarization. The latter situation
poses ademanding requirement for bi-di
rectional optical WDM transceiver PHASICs
using wavelengths of 1.3 IJm and 1.5 IJm
for the upstream and downstream trans
missions in optical access network links.

HHI's SST architecture uses a vertical
ramp at the input/output port of the chip,
in combination with the insertion of sever
al thin layers (calied "guiding layers") of
quaternary GalnAsP material embedded in

InP beneath non-buried rib waveguides
[8]. By properly adjusting the thicknesses
of the layers and their separations, a wave
guide may be formed which serves as a fi
bre-matched waveguide for both the
1.3 IJm and 1.5 IJm wavelengths. That is,
an additional epitaxial regrowth step is not
necessary, which would be a cost factor
and which could also degrade previously
fabricated building blocks, including pn
junctions.

Dry etching technologies for the fabrica
tion of vertical waveguide ramps are under
development, using either shadow-mask
etching or a semi-transparent mask with
varying density within a two-dimensional
matrix with 0.08 IJm holes [9]. Fibre/chip
coupling losses of -3 dB, including a -1 dB
penalty for vertical and horizontal align
ment tolerances of ±2 IJm, have been
demonstrated with both of these tech
niques. The process now has to be ma
tured for inclusion into the generic integra
tion process.

ELECTRONICS: Approaches for the inte
gration of electronics, e.g. [5], are de
scribed in the article "Progress in 40 Gbit/s
TOM Techniques".

3. Application of the generic
integration process: bi-directional
optical WDM transceiver PHASICs

A first candidate for a high volume fabri
cation is a bi-directional optical WDM
transceiver PHASIC for the access network.
The implementation of Full Services Access
Networks (FSAN), including optical paths
to the subscribers such as mC/B/H, will
require millions of low cost bi-directional
full-duplex WDM transceiver (TRx) compo
nents that are able to receive and transmit
optical data via a single fibre [10].
Ongoing cost reductions are envisaged,
starting from current commercially avail
able micro-optic TRx devices (1 st genera
tion), continuing through hybrid assem
blies on a Planar Lightwave Circuit (2nd

generation), and ending up with the
monolithic PHASIC version as the 3rd gen
eration [11].

Bi-directional transceiver PHASICs will be
a first vehicle to promote the installation of
PHASIC production Iines, with the poten
tial for extension to the production of the
open family of PHASICs with lower
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production volumes and either higher per
formance specifications and/or special
functions. The TRx PHASICs basically con
sist of a RW SL MQW DFB laser, a wave
guide router network (duplexer), a pho
todetector with integrated waveguide ab
sorber for residual light suppression, and a
spot size transformer at the input/output
port of the chip.

The demand to minimize the chip area
for economical commercial fabrication in
creases the challenge to achieve the re
quired electrical and optical crosstalk sup
pression. The electrical crosstalk is mini
mized by using semi-insulating substrate
and waveguide material to avoid leakage
currents and parasitic capacitances within
the chip, and by ensuring sufficient on
chip distance between the laser and pho
todetector. On-chip light baffles are used
to suppress the optical crosstalk due to
residual unguided stray light from the inte
grated laser with its mW power level.

The waveguide router (duplexer) is used
both to connect the laser and photodetec
tor with the fibre port and to guarantee
the required optical suppression of the
residual light in the photodetector (e.g.
the minimum targeted receiver power in
the fibre is -34 dBm at a specified transmit
ter power in the fibre of -4 to +4 dBm).

The smallest, and thus most promising
and economical solution at this time is an
architecture including a wavelength-insen-

Fig.5.
SEM photographs of

transceiver
subcomponents:

(a) Ridge waveguide
(RW) MQW laser/net

work butt joints;
(b) 1.5 J.Im

photodetector with
integrated 1.3 J.Im

waveguide absorber.
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sitive Y-branch router in combination with
a wavelength-selective photodetector
building block. For a 1.5/1.3 I-Im TRx,
residual laser light suppression is per
formed by using a quaternary absorber
material (Q-1.4) with a wavelength-equiv
alent bandgap of 1.4 I-Im in the photode
tector. Experimentally we achieved an ex
tinction ratio of 27 dB. The complemen
tary 1.3/1.5 I-Im TRx has a Q-1.4
waveguide absorber located in front of the
1.5 I-Im photodetector. An SEM photo
graph of such a structure is shown in Fig.
Sb. The efficiency of this set-up is so large
that crosstalk suppression data even
greater than 40 dB have been verified.

With optimization of this concept, it will
be possible to achieve small 1.3/1.5 I-Im
TRx devices with crosstalk suppression data
meeting the FSAN specifications [12]. The
target for the roadmap up to the year
2000 is the fabrication of small TRx
PHASICs with a physical area in the range
of 0.5 mm2. Under these circumstances
the TRx PHASIC can exploit the advan
tages of sharing the processing costs by
the parallel processing of two thousand
chips per 2" wafer, as weil as the mini
mization of packaging effort and improved
reliability of the monolithic chip.
Consequently, TRx PHASICs will reduce the
photonic module cost compared to planar
hybrid assemblies incorporating antireflec-

1.3 I-Im absorber 1.5 I-Im photodetector

InP:Fe(or S) substrate



tion coated (AR), flip-chip-mounted laser
and photodetector chips with integrated
SST on a Planar Lightwave Circuit.

Conclusions

Do we need a PHASIC technology for
the complete monolithic integration of all
possible optical, optoelectronic, and elec
tronic building blocks now that Photonic
Lightwave Circuit technology is being im
plemented for production?

Of course we do, because in the long
term the main cost driving factor in pho
tonic module fabrication, the packaging
effort, can be reduced essentially only by
PHASIC technology. In addition, a large
variety of PHASIC functions can be devel
oped quicker and at reduced costs if the
PHASIC fabrication is based on an opti
mized generic integration process.

HHI has demonstrated the versatility of
its first generic integration process with the
parallel fabrication of heterodyne receiver,
millimeter-wave generator and plain trans
ceiver PHASICs in 1994/95. Now, based
on an updated generic integration process,
the development of bi-directional optical
transceiver PHASICs as initial high volume
products has been started to evaluate its
feasibility for future mass production as
weil as for the fabrication of high perfor
mance photonic modules at lower vol
umes.
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H. KÜNZEL

SELECTIVE MOMBE: IMPROVED
FABRICATION TECHNOLOGY
FOR PHASICs

Abstract

MOMBE offers a combination of the
characteristics of the MBE and MOVPE
growth techniques. Under the framework
of a collaborative project involving all ma
jor national research groups active in the
field of MOMBE, including HHI, the po
tential of this technique for producing ad
vanced InP-based photonic components
was thoroughly investigated. Work at HHI
has concentrated on embedded selective
area growth, with the focus on the imple
mentation of butt coupled laser-wave
guide structures, which form a key inte
gration cell for almost any photonic inte
grated circuit.

Introduction

Metalorganic molecular beam epitaxy
(MOMBE) represents the latest growth
technology for (IIIV compound semicon
ductors and combines the advantages of
both of the established epitaxial methods
used today: molecular beam epitaxy (MBE)
and metalorganic vapour phase epitaxy
(MOVPE). As in MOVPE, gaseous sources,
in particular metalorganic compounds of
the group 111 elements, are employed
which are practically non-exhaustible and
which allow for an easy and accurate con
trol of mass flows. These gases are convert
ed into non-interacting atom beams in an
ultra high vacuum environment, as in con
ventional MBE.

It is this combination of metalorganic
precursors and MBE conditions which
gives MOMBE its unique, nearly ideal
growth performance for selective area de
position, a key growth step in the fabrica
tion of photonic integrated circuits (Pies).
Moreover, MOMBE ofters distinct advan
tages from the economic point of view,
partly because of its excellent growth uni
formity and reproducibility, which results
in high yields, and partly because of its ex
ceptionally low consumption of source

materials. Associated with this are ecologi
cal advantages in terms of reduced work
ing hazards and low amounts of toxic
waste.

Under the framework of the national
photonics program, all major German re
search groups active in the field of
MOMBE have collaborated c10sely to in
vestigate its potential for producing InP
based device structures. As weil as demon
strating epitaxial material highly suited for
advanced devices (1 ], the superiority of the
MOMBE technique for selective growth in
versatile and compact photonic applica
tion specified integrated circuit (PHASIC)
designs has also been demonstrated.

Work performed at HHI in this joint pro
ject has focussed on the systematic im
provement of selective area growth of
InP/GalnAsP structures to achieve vertical
sidewalls, suppressed irregular vertical
growth and controlled lateral growth. In
particular, work has concentrated on the
selective deposition of Fe-doped semi-insu
lating waveguides (WG) and their integra
tion with a ridge waveguide (RW) laser
diode using the butt coupling scheme.

1. Selective area growth

Selective area growth refers to a growth
mode where layers are deposited in ex
posed areas on a wafer that is otherwise
masked by a dielectric film on which no
deposition is to occur. MOMBE ofters prac
tically ideal selective growth behaviour be
cause of the absence of gas phase related
diffusion eftects. This kind of selectivity
cannot be achieved with MBE because of
the use of elemental source materials.
MOVPE, on the other hand, suffers from
diffusion effects giving rise to lateral non
uniformities in alloy compositions and
growth rates near masked areas, extending
over distances of up to several hundred
micrometers.

Although the latter effects can be used
to advantage for specific device applica
tions, MOMBE is regarded as the tech
nique of choice for selective material depo
sition whenever uniform layer growth up
to the edges of the masked areas is re
quired. This growth performance, being
inherent to MOMBE, proves also to be in
dependent of the mask geometry, thus
making possible the compact integration
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of various device structures on the same
wafer. Furthermore, besides enabling the
formation of InP/GalnAsP layer structures
with excellent selectively grown lateral in
terfaces, the fairly low deposition tempera
tures, which are at least 100-200D C below
those of MOVPE, help reduce dopant diffu
sion effects and temperature induced in
termixing of multiple quantum wells
(MQW).

Selective area epitaxy may be either pla
nar selective area growth or embedded se
lective growth. In the former case selective
deposition is performed onto a bare
masked planar surface, whereas in the lat
ter case selective infill growth (i.e. deposi
tion into spatially very Iimited etched
grooves) and the usual embedded growth
(relatively large area selective deposition
around structured devices) are of concern.

way local deposition of conducting semi
conductor material in an otherwise semi
insulating matrix is possible. This can be
used in novel design concepts to achieve
highly doped buried contact layers, electri
cal isolation of different integrated opto
electronic devices, or a reduction of para
sitic elements.

Recently, the large potential of selective
MOMBE growth has been proven by the
successful application to new device struc
tures. MQW stripe lasers were selectively
deposited side by side using planar selec
tive growth, and the characteristics of the
processed devices appeared to be compa
rable to those fabricated from convention
ally grown material deposited in the same
run [2].

Selective infill growth was used to
achieve low ohmic current access to the

Fig.1:
Scanning electron

micrographs
of the (01-1) c1eavage

plane of:
(a) GalnAs deposited

by planar selective
MOMBE;

(b) InP selectively
infilled by MOMBE.

Fig. 1 represents the present status at
HHI of selective MOMBE for these different
types of locally restricted deposition. In
Fig. 1a a representative rectangular cross
section of a planar selectively grown
GalnAs layer is shown which features a
perfect horizontal surface in conjunction
with vertical sidewalls and a low vertical
growth rate. Planar selective growth offers
the possibility of depositing spatially isolat
ed device structures to form, for example,
arrayed devices.

In Fig. 1b selective infill growth of InP is
depicted, and demonstrates nearly perfect
flat growth contours in the whole grooved
area, as indicated by the inserted marker
layers. To this end, the lateral growth rate
had to be reduced such that non-planar
growth at the groove boundary is mini
mized, but at the same time preserving
contact with the surrounding matrix to
give a void-free vertical interface. In this
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collector and base layers in heterostructure
transistors (HBTs), and resulted in a fully
planar device [3]. Moreover, infilled collec
tor layers can help reduce the extrinsic ca
pacitance associated with the base/collec
tor overlap. This was demonstrated on
DHBTs which were fabricated using
MOMBE selective infill growth of the InP
collector and MBE regrowth of the base
and emitter. First functional devices have
been presented [4].

Selective infill growth makes feasible
laser formation inside optical waveguide
structures in PICs. For demonstration,
MQW lasers were realized which did not
suffer from the infili growth process, and
laser-waveguide butt joints were achieved
[5] with characteristics equivalent to those
made with the inverse integration scheme
used at HHI, as described in the following.



2. Laser-waveguide butt joint

In PHASICs optical waveguides (yVG)
serve to interconnect optical devices on
the chip. The butt joint concept has been
favoured for connecting waveguides to
these devices, since it allows independent
optimization of the individual elements.
Selective embedded MOMBE has been op
timized in order to achieve continuous lat
eral contact of the regrown WG with the
active devices as weil as minimization of
the spatial separation between neighbour
ing active and passive WG regions. It also
completely suppresses irregular vertical
growth at the mesa edges and eliminates
enhanced growth in the butt joint region.

Fig. 2a shows the present status reached
in the selective deposition of an InP-based
WG structure adjacent to an ridge wave
guide (RW) laser. It can be seen that a
practically ideal growth profile with a con
tinuous interface region has been
achieved. Furthermore, uniformity of the
alloy composition, even in the near vicinity
of the vertical interface, has recently been
verified [6].

More specifically, 1.55 IJm emitting
MQW lasers were butt coupled to a selec
tively MOMBE-grown semi-insulating (Fe
doped) passive section [7]. Dopant incor
poration was evaluated using spatially re
solved secondary ion mass spectroscopy
(SIMS). With the Fe concentration in the
semi-insulating WG adjusted to be in the
mid 1016 cm-3 range, the Fe incorporation
at the laser site was deduced to be below
the SIMS detection limit, thereby ruling

out any marked Fe movement towards the
laser. Mapping of the Fe count rate reveals
a sharp lateral doping interface between
the laser and WG section.

500 IJm long laser diodes were coupled
to passive sections of different lengths. Fig.
2b shows representative light output vs.
laser current (Pli) characteristics for
380 IJm and 980 IJm long passive WGs,
along with a reference curve of a laser
without a WG section. The Pli characteris
tics show the expected trend of increasing
thresholds with increasing WG length.
While for the reference laser the threshold
amounts to about 11 mA, an increase by
some 30% to about 15 mA is obtained
with a 600 IJm long passive section.
Similar performance has been obtained as
with recent results with lasers grown in a
passive WG matrix [5], which shows that
both approaches are equally suited for
laser-waveguide integration.

3. Conclusions

MOMBE represents the preferred
method for the selective growth of InP
based layer structures, unless specific fea
tures inherent in MOVPE are to be exploit
ed. Practically ideal selective growth be
haviour can be achieved, with no marked
fluctuations of thickness or alloy composi
tion near vertical regrowth interfaces.
These features of MOMBE allow the imple
mentation of compact and versatile device
structures, even on the same chip.

Under the framework of a collaborative

4

Fig.2:

~
Butt coupled

E laser-waveguide joint:-'5 (a) scanning electrona.
'5 2 micrograph of the0

L passive: (01-1) c1eavage plane
O~m in the vicinity of the

380~m butt joint;
980 ~m (b) Pli characteristics

0
of the integrated laser

0 50 100 150 as a function of the

current I mA
length of the passive
WG section.
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project involving all major national re
search groups engaged in MOMBE, Fe
doping to form semi-insulating layers and
selective embedded growth have been in
tensively studied at HHI. The application of
these processes to integrated laser-wave
guide structures using the butt coupling
scheme, which represents a crueial build
ing block for PICs, has advanced to the
stage that MOMBE can now be employed
for the fabrication of demanding compo
nents such as monolithically integrated
transceivers.

Acknowledgments

The work presented in this article was
supported by grants from the German
Ministry for Education, Seience, Research
and Technology (BMBF) under contract
number 01 BP 469/9 and from the State of
Berlin. The responsibility for the contents
rests exclusively with the author.

References

[1] E. Veuhoff, "Potential of MOMBE
(CBE) for the production of photonic
devices in comparison with MOVPE",
J. Crystal Growth, accepted for publication.

[2] M. Keidler, D. Ritter, H. Baumeister,
M. Druminski and H. Heinecke,
"Planar selective area growth of DH
laser structures using hydride, tertiary
butyl and ditertiarybutyl group V pre
cursors in MOMBE", J. Crystal Growth,
accepted for publication.

[3] F. Alexandre, D. Zerguine, P. launay,
]. L. Benchimol, M. Berz, B. Sermage,
D. Komatitsch and M. ]uhel, "Quasi-planar
GaAs heterojunction bipolar transistor
device entirely grown by chemical beam
epitaxy", ]. Crystal Growth, 136, 235 (1994)

[4] S. Schelhase, ]. Böttcher, R. Gibis,
P. Harde, A. Paraskevopoulos and
H. Künzel, "Selective infill MOMBE of
lnP:Si n+/n--Iayers for buried collector
DHBTs", ]. Vac. Sei. Technol., accepted for
publication.

[5] B. Torabi, H. Kratzer, A. Nutsch,
G. Tränkle and G. Weimann, "Butt joined

16 HHI REPORT 97 . SELECTED ACHIEVEMENTS . PHOTONIC NETWORKS

integrated GalnAsP MQW laser and
waveguide grown by selective eBE",
Proc. 1997 IPRM, Cape Cod/USA (1997),
IEEE Catalogue #97CH36058, ISSN #1092
8669, pp. 661-664.

[6] M. Wachter, U. Schöffel, M. Schier and
H. Heinecke, "lateral coupling of
InP/GalnAsP/lnP structures by selective
area MOMBE", ]. Crystal Growth,
175/176, 1186 (1997).

[7] H. Künzel, P. Albrecht, S. Ebert, R.
Gibis, P. Harde, R. Kaiser, H. Kizuki and S.
Malchow, "MOMBE growth of semi-insu
lating GalnAsP(Ag=1.05 IJm):Fe optical
waveguides for integrated devices",
Proc. 1997 IPRM, Cape Cod/USA (1997),
IEEE Catalogue #97CH36058, ISSN #1092
8669, pp. 432-435.



R.-P. BRAUN, G. GROSSKOPF,
D. ROHDE, F. SCHMIDT,
D. TROMMER, A. UMBACH
AND G. UNTERBÖRSCH

BIDIRECTIONAL BROADBAND
MOBILE COMMUNICATIONS AT
60 GHz USING OPTICAL SIDEBAND
INJECTION LOCKING

Abstract

Bidirectional 155 Mbit/s OQPSK signal
transmission with remotely generated mi
crowaves and optical heterodyning is re
ported. Two microwave carriers in the
62 - 64 GHz band are generated, one of
which is modulated by the downlink data
while the other is unmodulated and used
as a local oscillator signal for the uplink
mixer in the base station. Using sideband
injection locking, the generated millimeter
waves have quartz accuracy and low phase
noise « -100 dBc/Hz at 1 MHz).

A waveguide-integrated photodetector
on InP with 0.3 A/W responsivity and ap
proximately 70 GHz bandwidth was devel
oped. It was used as an optic/millimeter
wave converter (OMC) for the optical gen
eration of a 64 GHz signal. Linear
operation of the photodetector is demon
strated up to +10 dBm optical power level.

1. Introduction

Several millimeter-wave frequency bands
between 26 and 70 GHZ are being consid
ered for broadband wireless access systems
in order to avoid spectral congestion in
lower frequency bands. These systems
may employ a combination of optics and
millimeter-wave techniques, which ofters
several advantages. Such optical millime
ter-wave systems include millimeter-wave
components in the radio link between the
mobile station (MS) and the base station
(BS). They also include optical compo
nents which are used in the BS and in the
control station (CS) for the broadband
low-Ioss connection and for generating
millimeter-wave signals.

Especially in future cellular systems oper
ating at frequencies in the 60 GHz band,
the costs of the numerous base stations
should be kept as low as possible [1].

Therefore the generation and control of
the millimeter-wave signals for both the
uplink and the downlink direction should
be carried out in a centralized manner in
the CS, thus obviating the need for mil
limeter-wave oscillators and modulators in
the BSs. Instead, solely optoelectronic
conversion is required to form a millime
ter-wave signal by heterodyning the trans
mitted optical signals.

In this paper we report on experiments
with optical heterodyning to generate the
millimeter-wave signals. In general the re
sulting microwave carriers have phase
noise due to the spontaneous emission
and absorption of photons in the cavities
of the semiconductor lasers. However, by
applying sideband injection locking the
phase noise of the optically generated mi
crowave carriers was cancelled.
Bidirectional 155 Mbit/s data transmission
in the 60 GHz band was achieved using
the oftset quadrature phase shift keying
(OQPSK) modulation format.

A photodetector was developed for the
optic/millimeter-wave converter (OMC) in
the BS. This has a bandwidth of more
than 50 GHz and a wide dynamic range,
thus minimizing the requirements for mil
Iimeter-wave amplification in the BS.

2. Stable optical source and
transmission experiments

Various heterodyne methods have been
investigated for the optical generation of
millimeter-wave signals, since the transmis
sion span of systems using intensity modu
lation is limited due to fibre dispersion. In
principle the optical waves can be generat
ed either by two separate lasers (multiple
optical source technique [2]) or by one
laser (single optical source technique). In
the latter case special arrangements are
needed; e.g. the modulation sideband
technique [3], dual mode lasers [4], FM
modulated or externally phase-modulated
lasers together with fibre dispersion, har
monic upconversion in non linear lasers [5],
mode-Iocked lasers, or pulsed lasers [6, 7].
Simultaneous upconversion of several
channels in millimeter-wave subcarrier sys
tems using a single optical modulator is
demonstrated in [8].

The experimental setup which we used
for the bidirectional data transmission ex-
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Fig.1.
Experimental setup.
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64 GHz signal is determined solely by the
quality of the synthesizer signal.

Because the frequency spacing between
LDS and LDR was 64 GHz, the lower mod
ulation sideband appeared at the desired
frequency for the downlink
fdown = 62.2 GHz. The residual carrier at
64 GHz was used as the local oscillator sig
nal (fMIX) for the uplink mixer (UM) in the
BS. The two signals were separated using
a diplexer (DIP). The downlink signal
spectrum shown in Fig. 4a was transmitted

For the data transmission experiments
we used components of a commercially
available digital radio-relay system (Bosch)
containing OQPSK modulating and de
modulating modules for 155 Mbit/s data
signals and millimeter-wave components
in the 62 - 66 GHz range. For the down
link at fdown = 62.2 GHz the CMI coded
data signals (pseudo random binary se
quence PRBS, word length 223_1) were fed
to the OQPSK modulator. The modulated
output signal was upconverted to a
1.8 GHz carrier, which modulated LDS di
rectly via its injection current. Due to the
injection locking, LDS was modulated by
its optical phase. After optoelectronic con
version in the BS we measured the OQPSK
modulation spectrum and the residual car
rier at the OMC output (Fig. 3).

periments in the 60 GHz band is shown
Fig. 1. Two Distributed FeedBack (DFB)
lasers (I.. = 1.54 ~m), designated as signal
laser (LDS) and reference laser (LDR), were
used for generating the millimeter-wave
signal by optical heterodyning. The fre
quency spacing of the two lasers was
64 GHz. The two optical waves were
combined and transmitted via a standard
single mode fibre (SMF) to the OMC in the
BS.

We developed and implemented two
types of OMCs. A firstly hybrid integrated
device [9] comprising a backside illuminat
ed photodiode combined with a 60 GHz
MMIC amplifier and secondly a p-i-n diode
which was evanescently coupled to the
feeding strip loaded waveguide, is de
scribed in section 3.

The lasers were frequency stabilized and
the phase noise was cancelled by applying
sideband injection locking [10, 11]. For
this purpose a master laser LDM was mod
ulated by a synthesizer signal (05Cl,
f = 3.2 GHz) via its injection current, emit
ting a broad optical line spectrum. The
slave lasers LDS and LDR were injection
locked to the +1 Oth and -10th modulation
sidebands, respectively, with a frequency
spacing equal to 64 GHz. Due to the cor
relation of the phase noise components, a
millimeter-wave signal with high spectral
purity and with very narrow linewidth
« 1 Hz) was obtained. Single sideband
(SSB) phase noise measurements were car
ried out at 64 GHz using a spectrum ana
Iyzer (curve a in Fig. 2). For comparison,
the phase noise of an electronically gener
ated signal was also measured (curve b).
The synthesizer signal which modulated
the LDM at 3.2 GHz was upconverted to
64 GHz using an HP 50-75 mm wave
source module. The results show that the
phase noise of the optically generated

Fig.2.
Single sideband (SSB)

phase noise versus
frequency offset at

64 GHz.
Curve a - optically
generated carrier;

Curve b - electronical
Iy synthesized signal.
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to the mobile station (MS). It was convert
ed to the uplink radio channel frequency
at 65.2 GHz by a mixer and a synthesizer
(OSC3, f = 3 GHz) and retransmitted back
to the BS. The spectrum of the uplink sig
nal is shown in Fig. 4b. The UM converted
the uplink signal down to 1.2 GHz using
the optically generated LO signal from the
second DIP output. This signal was ap
plied to the receiver containing the OQPSK
demodulator. This signal could be used to
modulate a laser of a conventional fibreop
tic transmission link from the BS back to
the CS in a future complete radio-over-fi
bre system.

20 dB horn antennas (antenna spacing
'" 1 m). The input powers at the OMC for
the optical waves of LDS and LDR were
-7.8 and -10.2 dBm, respectively. At aBER
of 10·9 only small penalties « 2 dB) for the
receiver sensitivity were measured, and an
error tloor was not observed.

Sideband injection locking correlated the
phase noise components of LDS and LDR.
As can be seen in Fig. 6, a path difference
between the signals of the two slave lasers
caused a decorrelation of the noise terms,
resulting in an increased BER. At optimum
adjustment of ~L the phase noise was
< -100 dBc/Hz for offsets greater than
0.5 MHz, resulting in aBER< 10-9. In mil
limeter-wave systems the chromatic fibre
dispersion may limit the transmission
length. Predistortion in the time domain,
by matching ~L in the optical transmitter
to the fibre dispersion, increases the trans
mission span. At 60 GHz the dispersion of
5 km SMF can be compensated by
~L = 1 cm.

Fig.3.
Millimeter-wave
spectrum at the OMC
output.

Fig.4.
(a) Downlink signal
spectrum at 62.2 GHz
m~asured at the
mobile station.
(b) Retransmitted

uplink signal
spectrum converted
to 65.2 GHz measured
at the base station.
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BER versus electrical
power at the OQPSK
receiver input.
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155 Mbit/s, PRBS.
Curve a (open circles):
back-ta-back
measurement.
Curve b (filled circles):
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In order to demonstrate the high quality
of the optical microwave transmission and
generation, bit error rate (BER) measure
ments were carried out (Fig. 5). The setup
comprised a standard single mode fibre
between CS and BS and a radio link using
horn antennas or specially designed anten
nas for the indoor environment [12]. The
BER is plotted as a function of the electrical
power incident on the OQPSK demodula
tor, which was varied using an attenuator.
Curve a shows the results of a back-to-back
BER measurement when the OQPSK mod
ulator and demodulator were connected
directly by a coaxial cable. Curve b gives
the BER values after transmission over
12.8 km of fibre plus the free space down
link and uplink between MS and BS using
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Fig.6.
BER versus path
difference ~l at
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decorrelation of the
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3. Optic/millimeter wave
converter

A key component of radio-over-fibre sys
tems is the OMC, which dominates the
cost of the BS. It consists of a high speed
photodetector, a low noise preamplifier,
filters, and apower amplifier for feeding
the BS antenna. The photodetector must
be able to detect the beat signal between
the received optical waves. In the above
mentioned experiments we used a hybrid
integrated device comprising a backside il
luminated photodiode and a 60 GHz
MMIC amplifier. Due to the 20 dB gain of
the MMIC amplifier, its responsivity was
greater than 2 A/W at 62.5 GHz. A variety
of problems concerning the millimeter
wave interconnections had to be tackled
when packaging the hybrid OMC module,
which would lead to increased costs in a
practical system [9].

Therefore a photodetector was devel
oped that offers the potential for mono
Iithic integration together with millimeter
wave components on InP, and hence a
cost effective packaging technology. In
the following we describe the photodetec
tor, which was fabricated from GalnAsP
and GalnAs layers which were lattice
matched to InP and grown by Metal
Organic Vapour Phase Epitaxy. The device
is formed by a p-i-n diode evanescently
coupled to a feeding strip loaded wave
guide. This concept has been proven to
provide both a high bandwidth and a high
conversion efficiency [13]. Furthermore,
the uniform distribution of the light ab
sorption over an extended region in these
detectors leads to the capability of han-

dling high optical input powers without
suffering from carrier-induced field screen
ing effects [14]. In order to reduce the re
quirements for the packaging, an on-chip
bias network is built in an MMIC compati
ble process, which biases the photodiode
without an external bias tee. An integrat
ed 50 Q load resistor matches the system
impedance.

The waveguide integrated photodetec
tors are characterized using on-wafer prob
ing techniques under illumination by a
lensed singlemode fibre. At a wavelength
of 1.55 IJm an internal quantum efficiency
of 85 % was achieved. The polarization
dependence of the responsivity is less than
± 0.5 dB. Taking into account the fibre-to
chip coupling and waveguide propagation
losses, the resulting external responsivity
amounts to 0.3 A/W.

The small signal equivalent circuit model
elements of the photodetector were deter
mined by S-parameter measurements in
the frequency range from 45 MHz
50 GHz. Due to the optimized contact
layout the series resistance Rs is only 3 Q.

The p-n junction capacitance Cpd amounts
to 40 fF, whereas the parasitic capacitance
of the contact pads is found to be 18 fF.
Taking into account the 50 Q impedance
of the system environment, these values
lead to an RC bandwidth of 100 GHz. This
value is almost equal to the bandwidth
given by the transit time as given by the
intrinsic layer thickness (fu = 110 GHz), so
that an optimum overall bandwidth of
70 GHz is estimated. The frequency re
sponse was determined using a hetero
dyne setup. The electrical output signal is
recorded with a 50 GHz spectrum analyzer
and an additional external mixer for the
range from 50 to 75 GHz. The frequency
response turns out to be flat within the
scatter of the data up to a frequency of
70 GHz, even at a low bias voltage of
-0.5 V.

This photodetector was used in the
OMC system described above. Its system
performance was demonstrated by the
successful generation of a 64 GHz carrier
modulated with a 155 Mbit/s OQPSK data
load [15]. In the same setup, the power
handling capability was evaluated using an
additional EDFA. Fig. 7 shows the photo
diode output power obtained after correc
tion for losses in the electrical signal path
to the spectrum analyzer. At a bias volt-
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age of -0.5 V a slight compression of less
than 1 dB can be observed at input power
levels above +7 dBm. If the bias voltage is
increased to -1 V, the microwave output
signal increases linearly with the input
power up to an optical power of +10 dBm.
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4. Conclusions

155 Mbit/s data signals in the OQPSK
format were transmitted in both the
downstream and upstream directions in a
simplified experimental mobile communi
cation system using optically generated
microwave carriers in the 60 GHz band.
Functions such as frequency generation,
frequency selection, signal processing, and
network management are remotely per
formed in the control station in this cen
tralized concept of a broadband mobile
communication system. Despite the possi
bly rough environment of the base station,
millimeter-wave carriers with superior
characteristics can be optically generated.

Fig.7.
Power Iinearity of the
photodetector
measured at 64 GHz.

Hg. 8.
Photograph of a
photodetector
module and miero
graph of a detector
die (not to scale).

A millimeter-wave compatible packaging
technology was developed which consists
of coplanar waveguides on TMM sub
strates, V-connectors at the output port,
and a fibre pigtail at the input port. Fig. 8
shows a prototype module together with a
micrograph of a photodetector die. The
frequency response of the module is
shown in Fig. 9. The 3 dB bandwidth is
about 70 GHz, so that the detector mod
ule is capable of creating millimeter-wave
signals over the entire frequency range of
interest.

Hence very simple, low cost base stations
can be built, and even the control station

-650"..........,1!-:O..........,2~0..........,3~O~4~0..........,5,f:O..........,6,f:O........,,7,f:-JO

frequency (GHz)

Fig.9.
Frequency response
of a photodetector
module measured
with a heterodyne
setup.
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requires only cheap, standard components
for moderate microwave frequencies.

Heterodyning the optical signals of two
laser diodes ofters great flexibility for the
microwave frequency, which is simply giv
en by the frequency spacing of the two
lasers. Additionally, with sideband injec
tion locking the slave lasers are multifunc
tional elements - they are used as an opti
cal filter and an amplifier, and also act as a
phase modulator whose required modula
tion rate is determined by the maximum
system bitrate. Bandwidth-efficient broad
band modulation can be applied because
of the low phase noise. In contrast to oth
er optical microwave generation tech
niques, e.g. optical harmonic upconver
sion or mode locking, the advantage of
this technique is that the optical power is
concentrated entirely in the two optical
waves, so that it is a very efficient mi
crowave generation technique which is al
so suitable for long distances without
degradation due to fibre dispersion. The
most important prerequisite for the imple
mentation of pico-cellular mobile commu
nication systems is the availability of low
cost components, which is achieved by us
ing photonic integrated circuits.

Furthermore a newly developed pho
todetector operating in the range from 0
to 70 GHz was presented. This has the po
tential for monolithic integration on InP to
gether with a millimeter-wave amplifier,
and was successfully tested in the system
environment. Power Iinearity up to an in
put power of 10 mW was proven. This
value is about a factor of ten higher than
the maximum optical power which can be
handled by commercially available high
bandwidth photodetectors with surface or
backside illumination.
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S. PASTOOR AND J. L1U

HEAD AND GAZE CONTROLLED
INTERACTIONS WITH A
3D MULTIMEDIA COMPUTER

Abstract

This artiele describes a new type of intel
ligent and interactive graphic human-com
puter interface for future multimedia com
puters. Key elements are a sophisticated
3D visual operating system, an autostereo
scopic display and video-based head and
gaze trackers. These enable intuitive, visu
ally controlled (non-command) user inter
action with a computer.

Introduction

Graphical human-computer interfaces
(HCls) applying windows, icons, menus
and mouse pointers have considerably
simplified the use of computer programs
compared with the use of purely text-ori
ented input and output techniques.
However, strictly 2D surfaces present obvi
ous restrictions; e.g. when several applica
tions run simultaneously, overlapping win
dows make it more difficult to watch the
screen and to follow its contents. In this
context, 3D displays Iiterally offer one
more dimension to visualize the data flow
and the interplay of programs, e.g. in
complex multimedia applications. Humans
are able to perceive and unambiguously
interpret spatial structures without any ad
ditional mental effort. Thus, stepping into
the third dimension will make it possible to
provide documents, video images, applica
tion programs, databases, and networked
computers with a clearer and more easily
readable viewing structure.

To fully exploit the potential of 3D visu
alization techniques, we propose a novel
intelligent and interactive HCI that "under
stands" the user's intentions and helps the
user to navigate and manage his/her infor
mation resources intuitively. This means
that we propose to give the computer
"eyes" to watch the user and to anticipate
his/her wishes immediately, without wait
ing for a direct command from the key
board or mouse pointer (non-command
based interaction).

The system's key elements are an au
tostereoscopic (free-viewing) 3D display, a
graphical 3D user interface, a camera to
sense the head's position and motion
(head tracker), and equipment to measure
the direction of the user's gaze (gaze track
er). The autostereoscopic display elimi
nates the need for 3D viewing glasses and
gives the user a genuine representation of
images produced either directly by the 3D
visual operating system or by a stereo
camera (for video conferences).

For example, with the head tracker a
simple movement of the user's head could
be sufficient to open the view of a docu
ment hidden behind a visually overlapping
foreground object (dynamic perspective).
Simultaneously, the gaze tracker deter
mines the user's current point of fixation,
so that looking at the formerly hidden doc
ument could, for example, pull it eloser to
the user so that its content becomes more
easily readable. Moreover, the gaze tracker
could adjust the process of image render
ing so that only the object being looked at
appears in full focus - objects out of the
user's gaze would be temporarily consid
ered unimportant and therefore shown out
of focus to help them fade from the view
er's perception (active accentuation). This
effect mimics the Iimited depth of focus
range of the human eye. Human factors
experiments have shown that viewing
comfort is substantially improved when
the depth of focus of the 3D representa
tion is dynamically linked to the user's cur
rent point of fixation (1, 2].

In a current research project, a first pro
totype of the envisaged system was imple
mented and shown with its basic features
running in full operation at the
International Broadcasting Exhibition 1997
in Berlin.

1. System overview

Fig. 1 illustrates the basic arrangement
of the system with the autostereoscopic
display and interface components. Two
video cameras are mounted at the front of
the autostereoscopic display. One camera
serves for the head tracking and video
communication, and the other is used for
sensing the user's gaze direction. A novel
3D visual operating system (VOS) supports
the 3D representation of programs, data
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Fig.1.
Basic components of

the proposed system.

Fig.2.
Spreadsheet

application
underVOS.

and video images as weil as the user's in
teractions with the system. The key com
ponents are discussed in detail in the fol
lowing sections.

IR-LEDs &
gaze-camera

2. Visual operating system

A core element of the proposed user in
terface is a new operating system based on
the concepts of both object-oriented pro
gramming (in terms of adaptation and the
use of already available program functions)
and visual programming (in terms of the
display of software modules). This means
that users can use a graphie editor to cre
ate and "program" their entire environ
ment and applications by simply linking
appropriate object-oriented software mod
ules together. Compared to conventional
visual programming tools, the proposed
system builds on the advantages of 3D vi
sualization to allow a elearly structured
representation of the interconnected pro
gram modules.

By interpreting the user's point of fixa
tion in the context of an application, the
system can launch applications, show (or
establish) connections between data ob
jects, or download a hyperlinked docu
ment from the Internet. If the system an
swers quickly and precisely, the user will
forget that the computer is watching
him/her. The user gets the feeling of com
municating with an intelligent and respon
sive system that reacts to his/her intentions
even before they are expressed [3-6].

Imagine a file system where you see sev
eral boxes (directories) with files inside.
The user looks at one of these boxes in the
background, resulting in the creation of a
pipeline connecting a "selector" to the rel
evant directory box. There is a tray above
the selector where the user is able to view
the table of contents of the selected direc-

tory box. Having read the file names, the
user turns his/her view to one of the appli
cation program icons shown on rotating
tool boxes (see upper part of the screen
snapshot in Fig. 2). The relevant applica
tion program starts immediately (in this
example it is a spreadsheet application). A
long arm reaches out of the selector and at
the end of this arm the spreadsheet ap
pears, showing the data contained in the
file where the user last looked. Viewing the
spreadsheet makes the application come
eloser to the user. Its position and size can
also be relocated by means of a conven
tional input device Iike a mouse. Looking
at a graphic column in the 3D bar diagram
causes its internal data structure and rela
tionships to be illustrated and reflected in
the content of the table (the marked line
in the table at the lett).

•1
"I

I
I
I,
I

3. Autostereoscopic display

Because the computer evaluates the
user's gaze, the proposed system requires
a 3D display without polarizing glasses or
any head gear oceluding the user's eyes.
Autostereoscopie 3D displays [7] are based
on the concept of directional multiplexing,
which means that the different perspective
views are visible only from a Iimited num
ber of fixed viewing positions. When the
user positions his/her head so that the eyes
are within the viewing zone, both views
are immediately fused to create the illusion
of a 3D space. For practieal reasons, such
displays must have a tracking mechanism
to optieally address the eyes, both at a
fixed eye position and also when the user's
head moves.

Fig. 3 shows the optical principle of a 3D
display made in cooperation with Carl
Zeiss. This display uses a movable lenticu-
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Fig.3.
A lenticular screen
allows the separation
of viewed 3D images
created in a
raster-scan mode.

Fig.4.
Principle of a
projection-type dual
lenticular screen 3D
display.

translucent
diffusing plate screen shift for

\

lateral and fronk.1
head tracking

X

t
front lenticular screen

stereo-
projector

back lenticular
screen -...

Fast and robust detection and tracking
of the user's head position are required,
both for optical addressing by the au
tostereoscopic display and for user interac
tion with the system. In this project, much
eftort has gone into realizing video-based
non-intrusive head tracking methods [8].
The 3D head position (more precisely, the
3D positions of both eyes) is tracked con
tinually using the video signals from the
head camera. There are two essential steps
in this process.

In the first step, the user's individual skin
colour is learnt interactively by the com
puter and used as a basic feature for the
detection of the face in the video image.
After the facial region is located, the
colour, foreground/background and mo
tion information are combined and evalu
ated to keep track of the face when the
user moves his/her head.

In the second step, the user's eyes must
be found within the defined facial region.
As humans periodically blink to lubricate
their eyes, the natural, non-user-controlled
c10sing of the eyelids is analyzed to locate
the eyes. The eye regions are registered
and stored as a reference pattern for the
subsequent algorithm to use when track
ing the eye positions after head move
ments. The darkest part in the eye pattern
marks the position of the pupils.

The performance of the head tracker is
demonstrated in Fig. 5. Figs. 5(a) to (c)
show some extreme conditions with
strong variations in size and orientation of
the head. Fig. 5(d) shows that the position
of the head is correctly detected even when
partially occluded, and Fig. 5(e) i1lustrates
that the head is still correctly detected
when additional persons enter the scene.

4. Head tracker

play has also been developed in coopera
tion with Philips Optics and Cybertron
GmbH. The display uses a dual lenticular
screen with 1000 lenses each and two LCD
projectors (Fig. 4). The cylindrical lenses of
the back lenticular screen serve to form an
array of left-right image stripes on an inter
mediate diftusing plate. The front lenticu
lar screen has the same lens pitch as the
back screen, which causes the two stereo
half images to be channelled to the left
and right eyes in specific viewing zones.
Again, the front lenticular screen is shifted
mechanically in the lateral and frontal di
rections to follow the head movement.

lar screen to optically address the eyes over
an extended viewing zone. The lenticular
screen (made by Philips Optics) is placed
in front of an LCD screen. The left and
right image contents are simultaneously
displayed in columns side by side. As a re
sult, columns 1, 3, 5, 7, etc. (labelIed "R"
in Fig. 3), display the information for the
right eye, while columns 2, 4, 6, 8, etc. (Ia
belled "L"), display the information for the
left eye. Since the lenticular screen has a
directional selectivity in the horizontal
plane, the colour primitives of the LCD
panel have to be aligned vertically one
above the other in order to avoid colour
separation of the RGB components.
Because in commercial LCD panels the
colour primitives are aligned horizontally,
the LCD panel used in this display is rotat
ed by 90 degrees. The lenticular plate sep
arates the two stereo pictures for the view
er's eyes. Depending on the user's head
movements, the lens plate is mechanically
adjusted to the left and right as weil as in
the frontal direction.

A high-resolution projection-type 3D dis-

lateral & frontal
tracking

lenticular
screen
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Fig.5.
The video-based head
tracker is able to cope

with a range of
difficult imaging

conditions.

Fig.6.
Eye patterns stored

and used to find the
eye positions in

images.
(The patterns have

been enlarged for the
purpose of printing.)

Fig.7.
The eyes are detected

and tracked in a
sequence of video

images.

(d)

The use of user-specific skin colour in
conjunction with appropriate scene analy
sis (separation of the foreground and back
ground scenes) has been proven to be an
appropriate technique for tracking the face
in real time. In a working environment
with near-constant Iighting conditions, the
face detection process can be terminated
after both eyes have been found, and the
information about the eye pattern is suffi
cient for tracking. Fig. 6 shows an example
of the stored eye patterns.

The tracking algorithm which was devel
oped had to overcome difficulties such as
high noise and poor camera resolution
etc., since a special high-quality video
camera is not used for head tracking in our
system. A robust tracking result has been

(e)

achieved. The automatically detected eye
regions are marked in the video image in
Fig. 7. After localization of both pupils in
an image, their positions in 3D space can
be derived if the interocular distance of the
user and the camera parameters are
known.

The user's 3D eye positions must be
known for three purposes: (1) for the au
tostereoseopic display to optieally address
the user's eyes; (2) to adapt the 3D per
speetives of the graphie output to the
user's view point; and (3) to aim the gaze
eamera at one of the user's eyes in order
to get a zoomed image for precise gaze
deteetion.

The aecuraey of the head-traeking algo
rithm depends strongly on the resolution
of the head camera and the traeking range
(eamera angle). The neeessary tolerances
are particularly small for the autostereo
seopie display to correetly address the
user's eyes. The accuraey of our system
setup is about 2-3 mm in the lateral diree
tion and about 1 cm in the frontal diree
tion, whieh meets the requirements of the
autostereoscopic display.

5. Gaze tracker

The gaze traeker measures the eye
movements and estimates the user's eur
rent point of fixation [9]. The fixation point
is defined as the interseetion of the line of
sight of one eye (gaze direetion) with the
surfaee of the object being viewed in

08 HHI RE PORT 97 . SELECTED ACHIEVEMENTS . ELECTRONIC IMAGING ...



The gaze camera has to be tilted and
panned to keep the eye being tracked at
the centre of the image if there are head

stereoscopic space. This information is
used to interpret the user's intention for
non-command interactions and to enable
(fixation dependent) dynamic depth of fo
cus.

We have opted for the cornea-reflex
method because of its high precision and
stability and because it is non-intrusive.
The viewer's eye is illuminated with low-in
tensity infrared light. An array of infrared
LEDs is mounted at a distance from the
optical axis of the gaze camera. As a result,
the pupil appears as a black circular re
gion. The centre of the pupil and the re
flection of the light from the cornea are
found relatively rapidly due to a new algo
rithm that ofters about 20 measurements
per second on a standard 5GI/02 worksta
tion without dedicated D5Ps. There is a
monotonic relationship between the vec
tor pointing from the centre of the pupil to
the centre of the light reflection (eye vec
tor) and the user's gaze direction. After
calibration, the gaze direction can be ex
actly derived from the eye vector.

Fig. 8 shows a prototype of the gaze
camera used in our lab, which is based on
the 50NY EVI-D31 videoconference cam
era. The picture of the eye with marked
positions of the pupil and the reflected
light is illustrated in Fig. 9.

~.",F:'I .
.:1.,--
'I~,/
~
~.. _-

I
I

I

movements. These movements cause
changes of the eye vector and the calculat
ed gaze direction, even when the user's
absolute point of fixation remains un
changed. In order to ensure exact mea
surements for any head position, we have
introduced a novel head-fixed transforma
tion technique that compensates for mea
surement errors caused by head move
ments [10]. This way, the viewing direc
tion can be estimated with aprecision of
about 004 degrees.

Conclusions

We have designed and developed a
powerful visual operating system running
on a 3D multimedia workstation in combi
nation with an autostereoscopic display.
The system enables intuitive, non-com
mand (visually controlled) interactions and
hence opens for the user a totally new di
mension in working with a computer. The
first prototype has recently been demon
strated to the public. Our future work will
focus on the optimization of the overall
system performance and on extensions of
the system's functionality. However, cus
tomized and application-specific low-cost
versions (e.g. a down-scaled version for
traditional 2D displays) are regarded as a
means for speeding up the commercializa
tion of the proposed concept.
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R. SCHÄFER

MPEG-4 - A NEW COMPRESSION
STANDARD FOR INTERACTIVE
APPLICATIONS AND SERVICES

Abstract

The Moving Pictures Experts Group
(MPEG), which produced the MPEG-1 and
MPEG-2 video and audio compression
standards, is at present developing the
MPEG-4 standard. MPEG-4 targets interac
tive multimedia applications and will be
come a standard in early 1999. As weil as
an increased compression efficiency,
MPEG-4 will also offer content-based func
tionality; i.e. the possibility of accessing
and manipulating individual objects in the
picture. Furthermore, MPEG-4 will offer
possibilities for efficient video storage and
for transmission over poor audio and video
channels at bit rates between 5 kbit/s and
4 Mbit/s. This paper gives an overview of
the state of the art of MPEG-4 develop
ment, concentrating especially on video
content-based functionality, which is so
important for interactive applications.

1. Introduction

Against the background of the rapid
convergence of the telecommunications,
computer and N/film industries, and fol
lowing on the successes of digital televi
sion, interactive graphic applications and
the World Wide Web, the Moving Pictures
Experts Group (MPEG) initiated the stan
dardization phase of MPEG-4 in 1994. The
target of this phase is to specify the algo
rithms and tools for the compression and
flexible representation of audio-visual data,
so as to fulfil the requirements of future in
teractive multimedia applications and ser
vices [1]. To achieve this, universal and ef
ficient methods for coding audio-visual da
ta, called audio-visual objects (AV objects
or AVOs) are being developed. In particu
lar, the future MPEG-4 standard should
have the following features [2]:

• Universal accessibility and robustness in
extremely error prone environments.
• New interactive functionalities, such as
the possibility of user interaction when

presenting audio-visual material ("com
positing").
• The hybrid coding of natural and syn
thetic AV objects (Synthetic Natural Hybrid
Coding - SNHC).
• Increased compression efficiency com
pared to previous standardized methods.
• The possibility of "downloading" de
coder tools.
• Simultaneous use of data from different
sources.
• Support for communication between
several participants.
• Integration of real-time applications and
non-real-time (stored) applications.

To achieve these objectives, a set of cod
ing tools for audio-visual objects support
ing a great variety of functionalities is be
ing developed. To complement these, a
syntactic description of the coded objects
is also under development.

Work in MPEG is distributed among the
ten groups shown in Table 1 to finish The
Committee Draft has been finished in
November 1997 and it is planned to final
ize the standard by the end of 1998. It
should then become an International
Standard in january 1999.

2. Requirements of the MPEG-4
standard

The so-calied "requirements" underlie
the entire MPEG-4 development process.
These have been established for all aspects
of the future MPEG-4 standards - i.e. for
systems, audio, video and SNHC [3].

As an example, Table 2 gives the 16 sys
tems requirements. These incidentally give
an idea of the breadth in which systems
aspects are covered. Compared with the
first requirements document, most cuts
have been made to the first point, flexibili
ty - functionalities such as remote loading
of composition scripts and the dynamic
configuration of tools in the decoder, in
c1uding their reconfiguration during the
communication process, are no longer to
be apart of the 1998 standard, but will be
developed at a later stage. As regards sys
tem-level compatibility, backward compat
ibility to MPEG-1, MPEG-2 and H.324 is re
quired, although at present it is not certain
whether this can be achieved.

For each "profile" of MPEG-4 (see be-
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1. Requirements Requirements specification for the MPEG-4 (and MPEG-7) standard

2. DSM Development of standards for interfaces between Digital Storage
Media and servers or subscribers

3. Systems Development of standards for multiplexing separately coded audio
and moving picture data and associated information

4. Video Development of standards for coding natural video

5. Audio Development of standards for coding natural audio

6. SNHC Synthetic Natural Hybrid Coding - development of standards for
joint coding of natural and synthetic audio and video

7. Test Subjective evaluation of the quality of coded audio and video
material

8. Implementation Evaluation of the complexity of coding methods and the
establishment of limits of their realizability

Table 1:
Workgroups of the

Moving Picture
Experts Group.

9. Liaison

10. HoD

Relations with other committees

Head of Delegations - consulting committee for general questions

Table 2.
System

requirements.

low), an individual set of video, audio and
systems requirements is set up, which this
profile has to fulfi!. MPEG-4 profiles are
therefore defined in terms of their require
ments.

Flexibility

Multiplexing of audio, video and
other data

Compositing of audio and video
objects (AV objects)

Remote loading of AV objects

User interaction

Interoperability between different media

Compatibility

Robustness with regard to transmission
errors

Object-based manipulation and editing
at bit stream level

Security and copy protection

Multipoint operation

Associated information for AV objects

Delay times

Configuration modes

Prioritization of AV objects

Dynamic resource management

3. Building blocks of the MPEG-4
standard

The philosophy of the MPEG-4 stan
dard is based on audio-visual objects (AV
objects or AVOs). AV objects can be real
or synthetically generated, and can in
their turn consist of sub-objects. For in
stance, a person in a video scene may be
a video object, while head and Iimbs
could be sub-objects. The speech spoken
by the person and the background noises
can be audio objects.

"Tools" are defined for processing (e.g.
compression). These tools can be applied
using the MPEG-4 Syntactic Description
Language (MSDL). Examples of tools in
c1ude the DCT, motion compensation,
and methods of synchronizing video and
audio. Several tools can be combined to
form "algorithms", and an algorithm can
also consist of several other algorithms
(see Fig. 1). Examples of algorithms are
hybrid DCT coding of video and Code
Excited Linear Prediction (CELP) coding
of audio.

A "profile" is a special set of tools
and/or algorithms that fulfils a given set
of requirements [4]. As with MPEG-2,
there can be different levels within one
profile (e.g. the maximum video resolu
tion) - however, these are not yet com
pletely defined. The specification of a
profile at a particular level is called a
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"conformance point". The specifications
are thoroughly tested at the conformance
points, and they then constitute the nor
mative parts of the MPEG-4 standard. So
far the "Iow delay profile" and the "main
profile" for video, audio and systems
have been defined for MPEG-4. There are
also an "interactive profile" for video and
a "speech profile" for audio.

OOOOOtOOIS
\//\/
D L algorithms

I
level 3 §
level 2 \ profiles

level 1
conformance point

3.1 Low delay profile

The low delay profile is intended main
Iy for real time communication and su
pervision applications. Levelland Level
2 of this profile have 50 far been defined
at the system level. Level 1 supports only
four AV objects, whereas Level 2 allows
for 16 AVOs. For video a defined picture
quality at least equal to that of H.263 is
required at 24 kbit/s. At this data rate it
must, for instance, be possible to recog
nize a face and its emotional expression,
to recognize sign language, to read a
text, and to lip-read. The video format
QCIF/QSIF must be supported at Level 1.
CIF/SIF should also be supported at
Level 1, and CCIR 601 may be support
ed, whereas at Level 2 both CIF/SIF and
CCIR 601 must be supported. For audio
the sampling rate is 16 kHz, with the
bandwidth of the (speech) signal be
tween 50 and 7000 Hz. Up to 16 audio
objects are supported. The sound quality
is to be better than that of G.722,
MPEG-1 or MPEG-2 under the same con
ditions, but the envisaged bit rates have
not yet been stipulated.

3.2 Main profile

The main profile covers distribution ser
vices, and was therefore initially called the
"broadcast profile". It supports up to 1024
objects and is to be compatible at the sys
tem level with MPEG-1 and MPEG-2 as
weil as with the relevant ITU standards for
digital broadcast services. All video formats
up to HDTV and all chrominance resolu
tions (4:2:0, 4:2:2, 4:4:4) are supported.
Scanning can be done with or without line
interlacing. At present 3 bitrate modes
with limits of 1.5, 4 and 8 Mbit/s are pro
posed. However, on principle it should also
be possible to use higher bit rates up to
100 Mbit/s for transparent quality, or for
multiview or VR applications.

1.5 Mbit/s are intended for mobile mul
timedia services, 4 Mbit/s for TV (CCIR
601), and 8 Mbit/s for high quality appli
cations or high resolutions.

A picture compression efficiency at least
twice that of all current standard methods
(Le. MPEG-1 and MPEG-2 [5]) is targeted.
However, it is 50 far not certain that this
can be achieved for arbitrary video materi
al. Mono, stereo and multi-channel audio
are supported, with planned bit rates up to
150 kbit/s per channel.

4. The system level of MPEG-4

The systems part of the MPEG-4 stan
dard describes a system for communica
tion of audio-visual information. This
means that on the transmission side such
information is composed, compressed and
multiplexed into one or several bitstreams,
and on the receiver side these streams are
demultiplexed, decompressed, assembled
in a compositor and finally presented.

At the receiver it is possible for the user
to influence the presentation interactively.
For this purpose mechanisms are described
which allow for the integration of natural
and synthetic objects and which make it
possible to multiplex and synchronize the
individual AV objects. For this purpose a
two layer multiplex system was intro
duced, as shown in Figure 2 [6]. An ele
mentary stream (ES) is produced for each
AV object. Elementary streams with the
same service quality requirements (QoS)
are combined in the FlexMux Layer to
form FlexMux Streams. This layer also pro-

Fig.1.
Tools, algorithms,
profiles, levels and
conformance point.
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vides mechanisms for dock recovery and
for synchronization of the different AVOs.

The TransMux Layer is not specified in
MPEG-4, but existing transport protocols,
such as IP (UDP), ATM (AALS) or MPEG-2
(TS), can be used. The DSM-CC (Digital
Storage Media - Command and Control)
Multimedia Integration Framework (DMIF)
is being developed for connecting MPEG-4
terminals with each other and for connect
ing with or controlling storage media.
DMIF offers a number of tools for operat
ing MPEG-4 terminals over heterogeneous
networks, induding tools for navigation,
for accessing tables of contents and data,
for downloading applications, and for con
necting with other terminals.

The main components of an MPEG-4
terminal are shown in Figure 3. Transport
streams from the network are fed to suit-

able FlexMux Demultiplexers, which gen
erate the elementary streams. These are
the inputs to appropriate decoders, which
reconstruct the AV objects. At the same
time scene scripts are generated, which
can be interactively changed by the user.
Finally the scene on the display (video) or
in the room (audio) is assembled with a
compositor.

5. MPEG-4 audio

MPEG-4 will offer methods for the com
pression of natural (speech, sound) and
synthetically generated audio signals. For
bit rates of 2 to 6 kbit/s parametric coding
schemes are used. For medium data rates
ranging from 6 to 24 kbit/s, CELP technol
ogy will be used, and for higher data rates
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(above 16 kbit/s) spatial frequency meth
ods, such as vector quantization or AAC
codes, will be used. Details of these methods
can be obtained from the literature [7, 8].

6. Synthetic Natural Hybrid Coding

SNHC functionalities which the future
MPEG-4 standard will support are for the
present limited to:
• Animation of faces
• Integration of text and graphie overlays
• Text-to-speech (TTS) decoding
• Sound script based audio synthesis

(e.g. MIDI based)

• Audio eftects

In addition, at the system level there will
be a "Binary Format for Scenes" (BIFS),
which is based on VRML 2.0. BIFS is for the
description of 2D or 3D scenes, and at first
will consist of only a subset of VRML 2.0
which is relevant to MPEG-4, and which
will possibly be modified or extended [9].

A set of animation parameters is defined
for the animation of faces. This set is inde
pendent of the face models used, which
are not standardized. Face definition para
meters are specified to calibrate the mod
els, such as "3D Feature Points", 3D nets,
texture maps and personal features. A ze
ro-tree based wavelet coding method [10],
which allows for scalability up to 32 steps,
is planned to compress the texture maps.
Since block artefacts are avoided, this type
of coding, which can also be used for the
compression of individual images, ofters a
better quality than DCT, especially when
bit rates are low.

7. MPEG-4 video

MPEG-4 will ofter not only efticient
video compression, but also content
based functionalities not included in
MPEG-1 or MPEG-2. The basic concept of
these functionalities is iIIustrated in Figure 4.
The scene consists of a background and
several foreground objects, which are en
coded in such a way that the receiver can
decode the individual objects separately
and manipulate them at presentation
time. For example, they can be mixed
with objects from a second scene, as also
shown in Figure 4.

The MPEG-4 video algorithms will prob
ably support all functionalities already in
MPEG-1 and MPEG-2, in particular the
possibility of efticiently compressing rec
tangular images.

A basic division into bit rates and func
tionalities, as oftered by the current verifi
cation model of MPEG-4, is shown in
Figure 5. At the lower end there is a VLBV
(Very Low Bitrate Video) basic algorithm,
whieh ofters tools for applications be
tween 5 and 64 kbit/s. This supports
video-formats up to CIF and frame rates
up to 15Hz. The main applieations for this
basic algorithm are low delay real time
communication, robust transmission over
poor (mobile) channels and universal ac
cess to databases with fast forward and
backward search operations.

The same functionalities are oftered by
the Higher Bitrate Video Core (HBV Core),
which supports spatial and temporal reso
lutions up to CCIR 601, and which also
provides additional tools for the coding of
interlaced video. For the coding of rectan
gular images, tools similar to those of
MPEG-1, MPEG-2 and H.263 are used

contour
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(upper part of Figure 6). Since it is neces
sary to code objects of arbitrary form for
the content-based functionalities, coding
tools such as Padding (1 1] and the Shape
Adaptive DCT (12] are provided in the
Extended Core (Iower part of Figure 6).

Figure 7 shows a detailed block diagram
of the current MPEG-4 video verification
model. This is a conventional hybrid DCT
structure, but augmented by further
blocks. There is a block for contour coding
and there are also a number of prediction
modes supported:
• Conventional motion compensated and
block-based (8x8 and 16xl 6 blocks) pre
diction.
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• Global motion compensation using
affine motion parameters.
• Static and dynamic sprite prediction for
the background.

Although increased compression effi
ciency is not the main target of the MPEG
4 standardization, MPEG-4 will offer effi
cient coding at bit rates between 5 kbit/s
and 4 Mbit/s or higher, so that a signifi
cantly larger range than with MPEG-1 and
MPEG-2 will be covered. At low data rates
between 5 kbit/s and 100 kbit/s the quality
will be better than that of H.263, while at
high data rates between 1 and 4 Mbit/s a
quality better than that of MPEG-2 is tar
geted. This improved compression efficien
cy is mainly achieved by the following
measures:
• Improved slice layer and macroblock lay
er syntax.
• Switched 8x8 and 16x16 motion com
pensation, which allows for more precise
prediction.
• Block-overlapping motion compensa
tion, which reduces block artefacts at low
data rates.

• Global motion compensation for scenes
with global camera motion.
• Postfiltering to avoid ringing and block
artefacts.

In addition MPEG-4 supports so-ca lied
sprite prediction. If the background does
not change for the entire coded scene, it is
sufficient to transmit the background once
at the beginning of the scene, and subse
quently only the foreground objects need
to be coded (static sprites). If the back
ground changes slowly - for example, if
new parts are added to the background,
which need to be coded - one speaks of
dynamic sprites. For some scenes these
methods can achieve compression gains as
high as 10 compared with MPEG-2.

Other techniques that are still being in
vestigated within the framework of the
core experiments, but which are not yet
part of the verification model, concern:
• The '/4 pel compensation, which pro
vides a higher quality mainly at high data
rates and with certain image types, but
which requires considerably higher de
coder complexity [15].
• The quadtree-based motion compensa
tion method, which compensates for the
motion of larger segments. This method

has advantages especially at low data
rates, but is very costly to implement [16].
• Texture coding using matching pursuits,
a method also suitable for low data rates.
Instead of coding with a DCT, temporal
prediction errors are decomposed into a
set of separable Gabor functions, which
are stored in a type of dictionary. This
method therefore resembles vector quanti
zation [1 7].

8. Summary

This article gives an overview of the
state-of-the-art of MPEG-4 standardization
in mid 1997. This standard supports algo
rithms and tools for the coding of natural
and synthetic video, audio and speech as
weil as for the flexible representation of au
dio-visual data on terminals. The main ap
plication area of MPEG-4 will be interactive
multimedia communication, for which a
number of content-based functionalities
are provided.

For video compression a basic algorithm
based on a hybrid DCT with motion com
pensation, similar to MPEG-1 and MPEG-2,
is provided. Furthermore, tools are provid
ed which enable objects of arbitrary shape
to be coded, as weil as other tools for the
efficient prediction of global motions as
weil as static and dynamic background
scenes (sprites).

MPEG-4 will support video compression
at data rates between 5 kbit/s and 4 Mbit/s,
and so covers a larger application field
than MPEG-1 or MPEG-2. While at low da
ta rates it will be possible to obtain a better
picture quality than with H.263, it is un
likely that it will be possible to code gener
al TV material between 1 and 2 Mbit/s
without 1055 of quality. It is therefore not
expected that MPEG-4 will supersede the
MPEG-2 standard which is now being in
troduced for digital TV. Instead, MPEG-4
will find its main applications in the mobile
area (DAB/DMB, DECT, GSM, UMTS) and
the Internet.
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J.-R. OHM

FORMAT CONVERSION FOR
MULTIMEDIA TERMINALS

Abstract

Format conversion of standard interlaced
television signals is necessary for most mul
timedia terminal types. To render video
signals with high quality on a PC or work
station monitor, a progressive display for
mat is required, with a frame frequency
equal to the frequency of the monitor. For
flicker-free lV using advanced display
types, either a conversion to progressive
format or to a higher-frequency interlaced
format is necessary.

High-quality format conversion must be
based on motion-compensated frame in
terpolation techniques. HHI has developed
low-complexity motion estimation and in
terpolation algorithms for this purpose.
These methods are suitable for one-chip
realization of realtime format conversion
from CCIR 601 interlaced video input into
either progressive or interlaced output sig
nals, supporting a wide range of different
frame rates.

For future interactive multimedia appli
cations, it will be necessary to perform for
mat conversion based on video objects in
stead of complete image frames. For this
purpose, a scene segmentation must be
performed, which can be used to enhance
the quality of motion estimation and im
age interpolation.

1. Introduction

In conventional television, the video sig
nal is recorded, transmitted and displayed
using an interlaced scanning scheme,
where the even and odd Iines of an image
frame are arranged in two successive fields
(Fig. 1). This method is a compromise be
tween bandwidth requirements and image
quality, and is still the most common tech
nique for video production, which means
that literally all video signals come in this
format. The field frequency is either 50 Hz
(e.g. in Europe) or 60 Hz (e.g. in
US/Japan). When the signal is displayed on
a lV screen, the same temporal delay
between even- and odd-Iine fields is ob-

served. Some well-known artifacts like line
flicker and Moire patterns are only caused
by the use of interlaced acquisition and
display.

field2

field 1

field 2

field 1

In a progressive video format, alliines of
a frame are captured and displayed at the
same time. There are good reasons to mi
grate from interlaced to progressive video,
especially with the advent of digital televi
sion, where data compression and band
width reduction can be done by more so
phisticated techniques than just omitting
parts of the signal:
• Progressive displays are more
comfortable for the observer ;
• Modern displays, Iike graphics-adapter
driven computer monitors, flat-screen
panel or projection displays, are
progressive anyway;
• Graphics, that are now often mixed with
video signals, are produced on computers
with a progressive scan raster;
• Movie material has always been captured
as a sequence of simultaneous full-image
frames by film cameras;
• lnteractive manipulation and mixing of
video signals can be done with less
artifacts;
• Extraction of still images from a video
sequence is possible even when the scene
is moving.

Format conversion is required in the fol
lowing applications:
• For presentation on multimedia terminals
(PC or workstation monitors), it is neces
sary to convert video signals to progressive
format with frame frequency equal to the
repetition frequency of the graphics
adapter;
• For presentation on high-end lV sets,
which also include wall-mounted flat-panel
displays, a higher frequency than in
conventionallV equipment is used. Again,

Fig.1.
Video scanning in an
interlaced raster.
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it depends on the type of the display
whether format conversion to progressive
or higher-rate interlaced signal is
necessary;
• For standards independence
(display/record of 50 Hz or 60 Hz video),
any one of these formats must be
convertible into the other;
• In multimedia, simultaneous presenta
tion and also mixing of animated graphics
and natural video is usual. In multimedia
production, the complete presentation
may consist of 50 Hz and 60 Hz video and
graphics components. Before display, all
signals must be converted to the same
format.

It can be concluded that the display
characteristics have most impact on the re
quired format. On the other hand, unlike
TV, where displays were at least nationally
standardized, multimedia data will be pre
sented on various displays with different
resolution, repetition and raster character
istics. Hence, for representation of multi
media data, it is most convenient to retain
the original format (the format in which
data were captured) as long as possible,
and perform conversion immediately be
fore display is performed. This requires the
realization of high-quality real-time format
conversion devices. These should prefer
ably be one-chip implementations in order
to be integrated with low cost onto the
graphics adapter board or into the TV
chassis.

For the purpose of video signal format
conversion, it is necessary to interpolate
unknown sampies from the available video
signals:

frame 3

• Deinterlacing leaves the repetition fre
quency as it is, and produces the missing
lines (shown as dotted lines in Fig. 1) for a
conversion to a progressive video signal
(50 Hz or 60 Hz). In this case, it is possible
to use sampies which were taken by a
camera exactly at the same time as the
output line to be produced. However,
even in this case it is useful to acquire
information from temporally-neighbored
fields, because high vertical frequencies are
not fully represented in the actual field. For
best results, a motion-compensated dein
terlacing filter should be applied, wh ich
takes into account the motion shift from
one field towards another.
• In the case of frame or field interpola
tion, which is necessary when an upcon
version of frame or field rate has to be per
formed, all the interpolated information
has to be acquired from temporally-pre
ceding or -succeeding fields. This cannot
be performed without motion compensa
tion, because a simple field or frame repe
tition is undesirable to avoid jerky move
ments. An example of interpolation with
each two additional images between origi
nally-captured image frames is shown in
Fig.2.

A motion-compensated format conver
sion system processes the interpolated in
formation along the motion trajectory,
which can be found by estimation of the
displacement shift between the available
fields. Hence, the two main components of
such a system must fulfill the following re
quirements:
• The motion estimator must produce a
highly-reliable dense motion vector field;

original image

Fig.2.
Video presentation

after format
conversion.

frame 1
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however, no high-complexity algorithm
can be used, because format conversion
has to be performed in real time within the
multimedia terminal.
• The interpolator should be able to toler
ate occasional wrong results of the motion
estimator. This can be done by application
of error-tolerant filters, or by the introduc
tion of a special fall back mode, which can
be switched according to a reliability
check.
• Because video can also contain material
from a scanned movie film, where the
temporal position within the video signal
does not coincide with the real capture
time, it is necessary to include a special
movie mode detection.

For interactive applications, where the
user can change the contents of the scene,
and for scene mixing/composition from
several video objects or graphics compo
nents, it is necessary to perform the format
conversion separately for each video ob
ject. This can be accomplished either by
using preliminary-available information, or
by combination of the above-mentioned
techniques with a segmentation proce
dure.

The organization of this contribution is
as folIows. Section 2 describes a new low
complexity motion estimation scheme,
called hybrid recursive motion estimation,
which was developed at HHI for the pur
pose of motion-compensated format con
version. Section 3 is about the error-toler
ant techniques for deinterlacing and inter
mediate image interpolation, which are
based on median filters with fallback
switching capability. Section 4 is dedicated
to the aspect of object-based format con
version. Section 5 shows some results and
examples, and section 6 concludes.

2. Hybrid recursive motion
estimation

Historically, there are two main ap
proaches in motion estimation, namely
block matching schemes [1] and schemes
based on the optical flow principle [2]. In
block matching, a sparse motion vector
field is generated on a block-by-block ba
sis. To select the best vector, the minimum
of a cost function (e.g. the absolute-valued
displaced block difference) is searched us-

ing a set of candidate displacement vec
tors. The optical-flow principle is based on
the analysis of spatial and temporal gradi
ents in the video signal, which are used to
solve a minimization problem, delivering
the optimum motion vectors. Optical-flow
based schemes are mostly applied on a
pixel-by-pixel basis, and hence directly
produce dense motion vector fields. For
both c1asses of motion estimators, very effi
cient implementations exist, which are
based on recursive techniques, exploiting
the high coherence within the motion vec
tor field. Block-recursive matching [3] uses
block motion vectors already calculated
(e.g. in the previous frame or at surround
ing positions in the present frame) as can·
didates for the current search, allowing
then some improvement by testing one or
more additional vector(s). Pixel-recursive
gradient-based motion estimation [4] takes
the value at an adjacent pixel position as a
starting point, and calculates an update
term (possibly in an iterative procedure) to
end up with the final motion vector.

For format conversion applications, the
motion vector field produced by the esti
mator must obey the following constraints:
• It should be homogeneous, which means
that abrupt changes should be avoided,
unless an object border is present;
• It must be dense (pixel-wise defined).

Homogeneity of the field is a by-product
of recursive schemes, if the recursion is
based on immediate neighbors. Block
matching, however, produces a sparse
motion field (unless a strong overlap of
blocks is used), and requires some mini·
mum block size. On the other hand, block
matching estimates are usually stable and
reliable. The optical-flow field is dense by
nature, which means that individual mo
tion vectors are defined at each pixel posi
tion. Hence, optical-flow schemes have the
potential to capture changes in the motion
vector field, as they occur at object edges,
with pixel accuracy; however, these
schemes are quite sensitive to noise in
many cases.

The hybrid recursive motion estimation
developed at HHI is a combination of both
estimator types. The goal is to retain the
advantages of pixel-recursive and block-re
cursive approaches in order to obtain a
low-cost estimator with high reliability and
fast convergence of the recursive estima-
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tion process at object edges. As in block
matching, a sparse block-based motion
vector field is estimated, which is interpo
lated atterwards to calculate the dense
field as required for format conversion fil
tering. The pixel-recursive technique is
used to find an additional candidate vector
for the recursive block matching, which
helps to derive the correct motion shitt at
object edges, where discontinuities in the
motion vector field are present. The main
operation can be divided into four stages:
1. Determine an optimum start vector by
block matching, comparing 3 candidate
vectors fram previously-pracessed blocks.
2. Use this start vector for the pixel recur
sion within the area of the block.
3. Select an additional update vector by
performing a number of pixel recursions
4. Determine the best motion vector by
block matching, comparing the start
vector and the update vector.

Fig. 3 shows the block diagram of the
complete system. The finally-selected vec
tor is written into the vector memory, and
then used as possible candidate for up
coming blocks.

During block recursion, the blocks are
pracessed in a meander-like scan, where

"./
'" "J
r

'" ,
./

r

'" "./

the recursion within the block slices alter
nates fram lett to right and fram right to
lett (see Fig.4). For estimation, three candi
dates are tested. These are (see Fig. 5):
1. A temporal predecessor, which comes
fram a position displaced by the motion
shitt estimated in the previous frame;
2. A vertical predecessor, which is a vector
from the block immediately above;
3. A horizontal predecessor, which is in the
lett-to-right scan a lett-neighbored vector,
and in the right-to-Iett scan a right-neigh
bored vector.

As a criterion, we use the minimum ab
solute value of Displaced Block Difference
(DBD) to select the candidate. If motion

Fig.5.
Vector candidates in

a) left-to-right scan
b) right-ta-Ieft scan.

a)

field t-1 fjeld t

temporal
predecessor

fjeld t-1

b)

fjeld t
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estimation is applied on a field basis, as it is
the usual case with interlaced video input,
we use a combined DBD criterion, which
takes into account the DBDs between the
actual field and two predecessors. This
measure hel ps to avoid wrong estimates
caused by interlaced sampling, because
the best correspondence for the actual
field will be found either in a temporal-pre
ceding field with same, or with opposite
parity, depending on the amount of verti
cal motion.

Among the vectors found by updates
during pixel recursion, only one is selected,
which within the block exhibits the small
est Displaced Pixel Difference (DPD) at its
own position. Only for this one vector, the
DBD is calculated over the whole block
again. If that DBD is smaller than the one
produced with the start vector, the vector
selected from the pixel recursion update
process will be the final vector for the
whole block; otherwise, the start vector is
retained. An example with block size 4 x 4,
and pixel recursion updates performed at
8 positions, is shown in Fig. 6. A special
low-complexity procedure for pixel-recur
sion update calculation was developed in
this context, which makes the scheme a
good candidate for low-complexity hard
ware realization.

The interpolation system described in
the next section employs two fallback
modes, wh ich are global fallback and local

fallback. Basically, the action performed
during interpolation is the same in both
modes (repetition of the nearest 50/60 Hz
frame instead of frame interpolation);
however, the criteria for switching these
modes are different. A simple fallback
analysis is done already at the time of mo
tion estimation, wherein the criterion used
is the DBD obtained for the particular
block with the finally-selected vector,
which is compared to a specified threshold
value.

Due to the recursive structure of the al
gorithm, scene changes need special at
tention, because false motion estimations
may propagate temporally through several
images of a sequence. If a scene change is
detected, zero vectors are used instead of
temporal predecessor candidates. Scene
change and movie mode detection are
based on the analysis of the Undisplaced
Field Difference (UFO) between two adja
cent fields.

The hybrid motion estimator generates a
sparse block motion vector field with a
grid spacing of MxN pixels horizontally
and vertically. In order to produce a dense
(pixel-wise defined) vector field, as re
quired by the motion-compensated up
conversion filter, a median-based erosion
technique [5] is used. Herein, a value of
the dense field is generated component
wise from the three nearest block vectors.
The virtual position of the vectors is as-

)

direction of recursion

previous vector

~ ;OdOI,

1;\
final vector

Fig.6.
Pixel recursion within
one block.t

r---~P i>
~ [7- -

I-~ ~. ....................-1
p p-I-

I
start vector
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3. Error-tolerant upconversion
filters

75 Hz

50 Hz

100 Hz

be generated at time instants where no
spatial support (no really-acquired image
information) is available.

In many cases, a format-converted se
quence consists of frames or fields of both
types, and a periodicity can be observed
where some of the frames or fields are
deinterlaced ones, and others are interpo
lated ones. This is shown in Fig. 8 for the
cases of motion-compensated 75 Hz and
100 Hz upconversion from a 50 Hz input
signal. Motion can only be estimated at
the temporal positions of the original
50 Hz sequence; in order to interpolate in
termediate images, it is necessary to scale
the motion shift according to the respec
tive temporal position. In the 75 Hz case,
each third frame can be generated by
deinterlacing, while the remaining ones
must be produced by intermediate image
interpolation. With 100 Hz, the method of
output frame generation alternates be
tween deinterlacing and intermediate in
terpolation. With respect to motion com
pensated filtering, the intermediate inter
polation is the more critical case, because
wrong motion estimation effects irre
versibly wrong placement of certain parts
in the intermediate image. Hence, an
analysis of the reliability of motion estima
tion is of extreme importance.

It is possible to apply motion-compen
sated interpolation concepts in combina
tion with different filter types. The most

b)

0 0 0 0

0 'y~ 0

0 10 0 0

0 0 0 0

a)

41

Upconversion performs generation of a
frame or field sequence with higher frame
or field repetition rate from an interlaced
or progressive input sequence. The un
known data to be generated are most like
Iy related to known data by the estimated
motion trajectory. Hence, one of the most
important measures in upconversion is the
application of motion compensated filter
ing techniques. With respect to unknown
data generation, two main tasks have to
be fulfilled:
• Generation of unknown lines to convert
an interlaced sequence to progressive for
mat (deinterlacing). In this case, only the
missing Iines of a field have to be generat
ed, which is the more simple case, because
interpolation has spatial support from the
same time instant.
• Generation of unknown frames or fields
to produce a sequence with changed repe
tition rate (intermediate image interpola
tion). In this case, unknown data have to

sumed to be at the center of the block,
which is no true pixel position. Each step
of median erosion generates a field with
doubled number of vectors horizontally
and vertically. In the case of 4 x 4 blocks,
the dense field is available after two steps.
The first step produces a vector field with
grid spacing of 2 x 2 pixels as an interme
diate result (Fig. 7a), which is then used to
generate the pixel vectors (Fig. 7b). In
Fig. 7, the positions marked with "." are
from the lower-resolution input raster,
while the pixels marked with "0" are the
result of the erosion process. Three thin
lines mark the values that are used for me
dian calculation at a specific pixel position.
Only at the last step, the generated values
coincide with true pixel positions.

Fig.8.
Time positions of

frames in 50, 75 and
100 Hz sequences.

Fig.7.
Values used in median
interpolation for gen

eration of dense
vector field.
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popular concepts are linear filters and non
linear filters, especially median filters
among the latter dass. Median filters have
the desirable property, that the sharpness
of the interpolated frames or fields is only
gradually affected, because the value ob
tained is always an original value selected
among different input values. The con
cepts that were investigated here for inter
mediate image interpolation are mostly
based on median filters, but in addition
some linear filter elements have been in
corporated.

Our interpolation concept can be used
to interpolate fields or frames, virtually at

the deinterlaced image fram the original
nearest to t' (either t-2 or t-1) is output;
• In all other cases, the motion-compen
sated interpolation image is output, unless
the motion estimation within a specific
area was dassified as unreliable by the 10
cal fallback decision; in the latter case,
again the deinterlaced version from the
original nearest to t' is output in that area;
• To avoid artifacts at the transitions
between local fallback- and non-fallback
areas, a blending filter is applied perpen
dicular to the transition positions, which
coincide with block borders of the motion
estimation.

Fig.9.
Structure of the
error-tolerant system
for upconversion.

output
field or
frame t'

final
composition

deinterlacing

intermediate
image
interpolation

r····~~;~··~·~~~;;~~···· ..]i----~

i motion J,'..·.·.·.·.~.·e.·.·.·.;.;.~.·.·.~.·.·.·i.·.;.;.~.· ~~~~~ _'r-!.,.------'

L. =~~.~~.~.~~.~.~ ji----~
input
field t

any frame rate, with the upper limit de
pending on the pracessing capability of
the available hardware. The block diagram
of the whole format conversion system is
shown in Fig. 9. Herein, the dotted blocks
indicate those elements that were already
described in section 2. Interpolation is per
formed with one fjeld delay after motion
estimation. While motion estimation is per
formed between fields t, t-1 and t-2, the
conversion filter performs generation of an
intermediate image t' anywhere between
fields t-2 and t-1, or deinterlaces one of
these fields, using the motion vector esti
mated one time period earlier. For this
purpose, it is necessary to scale the motion
vectors, depending on the relative position
of t' between both original fields. The vec
tor memory necessary anyway for recursive
block matching also can be used to realize
the one-field delay between estimation
and up-conversion. The last block of the
figure, which performs final composition of
the format-converted output, has the fol
lowing functions:
• If t' coincides with one of t-2 or t-1, or if
it is very near to one of these, it is output
as deinterlaced image;
• If the global fallback mode is switched,

Deinterlacing is based on a 3-tap medi
an filter. Two of the values are from the
same fjeld, the pixels above and below the
one which should be generated, while the
third is taken either from the subsequent
field (if deinterlacing is performed in field
t-2, as shown in Fig. 10) or fram the pre
ceding field (if deinterlacing is performed
in field t-1). The origin of this third value
takes into account the motion shift. It is ei
ther an existing value, if the motion shift
between the two fields is by an even num
ber of pixels (Fig. 10a), or a value Iinearly
interpolated fram the two values above
and below, if the motion shift is by an odd
number of pixels (Fig. 10b).

For intermediate image interpolation, a
weighted median filter is applied, which is
fed by values fram fields t-2 and t-1.
However, the geometry of this filter highly
depends on the configuration, whether
the scaled vectors point to available or
missing Iines within the fields t-2 and t-1.
One possible case is shown in Fig. 11,
which contains both filter geometries with
the apprapriate weight factors. Since the
median calculation requires an odd num
ber of input va lues, one already-calculated
value fram the image t', which is posi-
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Fig.10.
D D D DDeinterlacing a with

motion shift by even
D D D Dnumber b with

motion shift by odd t·2 t-1 t-2 t·1
a) b)

number of pixels.

position to
be interpolated

Fig.11.
Median filter for

intermediate image
interpolation configu
ration, where the vec
tor points to an avail-

able Une in field t-1,
and to a not-available

Une in field t-2.

available
line

missing
line

~~:ilable~

field t-2

tioned top-Ieft from the pixel to be inter
polated, is used additionally.

In movie mode, pairs of subsequent
fields that are input to the interpolator ei·
ther do not have a temporal shift (if they
are from the same frame), or exhibit the
full frame-motion shift. The original input
was a progressive sequence with 24 Hz
frame rate, but the even and odd Iines of
the frames are separated into two fields.
This fact has to be taken into regard dur
ing motion estimation, because fields from
the same time frame will show no differ
ence caused by motion. Motion is then es
timated by the hybrid recursive estimator
only from an even field towards the next
even field, or from an odd field towards
the next odd field, such that always the
frame motion is estimated. Deinterlacing is
performed as simple combination of two
fields originating from the same time

GJ available
line

I I missing
line

available
line

missing
line

available
line

field t-1
scaled vectors

frame, and intermediate image interpola
tion is always applied between two fields
deriving from different time frames.

4. Object-based format conversion

Aigorithms for motion-compensated for
mat conversion described so far are based
on block motion vector estimation, even
though the motion vector field is made
"dense" by median erosion. The disadvan
tage is an inaccuracy of motion estimation
near object boundaries. At these positions,
we can expect discontinuities in the mo
tion vector field, and an occluded area
(Fig. 12a), which will only by occasion co
incide with block boundaries (Fig. 12b).
Furthermore, the block-recursive matching
algorithm, though its convergence is
speeded up by the pixel recursion in the
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hybrid estimator, is not guaranteed to find
the correct vector in only one step at an
object boundary. One of the greatest
problems occuring with moving objects is
the occlusion of background parts, which
has as a consequence that certain areas
will not exist in one of the two images that
are compared during motion estimation.
Within these areas (indicated as shaded re
gions in Fig. 12), motion estimation is ex
tremely unreliable with both block-match
ing and optical-flow approaches.

such that object-based conversion to the
display format can be performed separate
Iy for each object, optionally each with dif
ferent input format. Finally, all objects are
composed together, taking into account
the mutual occlusion.
• If object-based conversion shall be ap
plied to full-screen images, which are not
separated into objects, a real time segmen
tation of the scene is necessary. With today
technology, only low-complexity segmen
tation [6] or edge-detection algorithms

a) b)

Fig.12.
a) Discontinuity of
the motion vector
field at an object
border.
b) Missing coind
dence between block
and object borders.

One of the consequences of inaccurate
motion estimation are possible artifacts
during interpolation. Though these arti
facts are somewhat compensated by intro
duction of the local fall back mode, this
leads to less sharpness in the generated
images, and in some cases parts of the un
covered background move with the fore
ground object. It is not straightforward to
define the correct motion within covered
or uncovered background areas, as it is
shown in Fig. 13a. In the ideal case, the
motion of adjacent background areas can
be extended into the covered/uncovered
area, and instead of interpolation from
both images, only extrapolation either from
the preceding (for the covered case) or from
the subsequent frame (for the uncovered
case) has to be performed (see Fig. 13b).

The knowledge about object borders
can be acquired by different ways, de
pending on the target application of ob
ject-based format conversion:
• Multimedia screen presentations are
often composed from different visual com
ponents, Iike full-screen or partial-screen
video, single video objects, graphics, text.
In this case, positions and motion of the
single components are exactly known,

can be used for this purpose. Of course, if
object border detection fails, or wrong
vectors are used in the occluded areas,
new artifacts may appear. Results given in
the next section show, that additional
quality can be gained by application of
such techniques. Herein, it is necessary
again to define a fall back mode which
switches back to the conventional interpo
lation in the cases of unreliable segmenta
tion or unreliable motion estimation.

Object-based format conversion tech
niques have potential applications for mul
timedia applications with arbitrarily-shaped
visual objects, and in additional options de
manding for high quality, like on-line
slow-motion generation from a video sig
nal.

5. Results and examples

The format conversion system based on
hybrid recursive motion estimation and
motion-compensated frame interpolation
results in a noticeable increase in quality,
when compared to static format convert
ers for typical video scenes. Fig. 14 shows
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an example, where simple field merging
and frame repetition (so-calied "frame
grabber" technique) is compared to mo
tion-compensated frame generation. The
example of Fig. 14b shows the case of
deinterlacing, which means that the origi
nal temporal position of the image is not
changed. In the case where the temporal
position has to be shifted, the error-toler
ant intermediate image interpolation
scheme is applied, which usually results in
similar high quality. However, in rare cases,
where the motion estimation has signifi
cantly failed, some isolated frames may still
bear artifacts, as shown in Fig. 15a. This is

indeed barely visible, if the frames are dis
played in original high speed (e.g. 75 Hz),
because human vision is insensible to these
fast detail changes. If, however, up-con
verted frames have to be displayed with
lower speed, as it would be necessary in a
slow-motion application, artifacts in isolat
ed frames become highly visible. Fig.15b
shows, how the object-based interpolation
scheme can overcome this problem at the
expense of higher complexity.

Fig.14.
Up-conversion of

interlaced video fields
to progressive frames

(deinterlacing).
a) Frame grabber

technique
b) Motion-compen

sated technique.
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Fig.15.
Comparison of
conventional (block
based) and object
based intermediate
image interpolation.
a) isolated frame
where conventional
error-tolerant inter
polation has failed
b) enhancement by
object-based scheme.

6. Conclusions

As the results show, it is possible to real
ize format conversion systems with low
camplexity, which produce sufficiently
high quality for multimedia terminals with
arbitrary display refresh rates and progres
sive or interlaced display scans. For this
purpose, it is highly necessary to use mo
tion-compensated up-conversion tech
niques. Expenditures of computational
power for the motion estimation prace
dure, which is the most demanding task in
such systems, can be highly reduced by
use of appropriate algorithms like hybrid
recursive motion estimation, without sub
stantial loss in quality of estimation results.
An error-tolerant intermediate-image inter
polation scheme can cape with false mo
tion estimates, as they may occasionally
occur, if a full-frame video sequence is dis
played with original speed. For advanced
multimedia applications, which require
composition of arbitrarily-shaped video ob
jects or slow-motion display fram video se
quences, it will be necessary to use more
sophisticated up-conversion techniques,
like the object-based methods also intro
duced in this report.
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Optical Amplifiers and Their Applications
(OM '97), (Victoria, Canada), july 21-23,
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1997, Techn. Dig. WB3, pp. 216-219.

S. Diez, C. Schmidt, R. Ludwig,
H. G. Weber, K. Obermann13, S. Kindt13,

I. Koltchanov13 and K. Petermann13,

Semiconduetor Optical Amplifiers for
Frequency Conversion and Fast Optical
Switching (invited), IEEE joum. of SeI.
Topics in Quant. Electr., Nonlinear Devices
for AII-Optical Signal Processing, vol. 3,
no. 5, pp. 1131-1145, Oct. 97.

A. Ehrhardt13, C. Caspar, H.-M. Foisel and
B. Strebei, Field transmission experiment
of chirped 4 x 2.5 Gbit/s WDM signals
over 135 km and 4080 km single
channel transmission over dispersion
compensated standard single-mode
fibre trunks, Proc. 23rd Europ. Conf. on
Optical Communications (ECOC '97),
(Edinburgh, UK), Sept. 22-25, 1997, vol. 3,
pp. 251-254.

M. Ferstl, Reactive Ion Etching: A versa
tile tool for Diffraetive Optics, Proc. EOS
Topical meeting on Diffractive Optics,
(Savonlinna, Finland), july 1997, vol. 12,
pp. 210-211.

F. Fidorra, B. Kuhlow, M. Möhrle,
H. Heidrich, j. Saniter and F.-j. Westphal,
WDM in the access network and key
komponents, HHI Annual Report 1996,
pp. 79-87, Berlin, 1997.

H.-M. Foisel, B. Strebel and J. Vathke,
Transparency in optical networks, Europ.
Conf. on Networks and Optical
Communications (NOC 97), (Antwerp,
Belgium), June 17-20,1997, vol. 111,
pp. 39-46.

D. Franke and N. Grote, Evaluation of de
feet densities on LP-MOVPE grown
InGaAsP in dependence of InP substrate
type, 7th Europ. Workshop on Metal
Organic Vapour Phase Epitaxy (EW
MOVPE) (Berlin, Germany), june 8-11,
1997, paper G4.

R. Freund and B. Strebei, Numerical
analysis of transparency limitations in
optical core networks, Europ. Conf. on
Networks and Optical Communications
(NOC 97), (Antwerp, Belgium),
June 17-20, 1997, vol. 111, pp. 88-93.



]. Giglmayr, Principles of all-optical
switching fabrics with minimum number
of stages, Proc. Spring Topical Meeting:
Optics in Computing (Lake Tahoe, USA),
March 1997.

]. Giglmayr, Reduction of parallelism in
optical O(l)-switches, Proc. Conf.
Information Sciences and Systems (155'97)
(Baitimore, USA), March 1997.

J. Giglmayr, Self-routing in 2-D shuffle
networks with dimension-dependent
switches, Proc. 4th Int. Cont. on Massively
Parallel Processing Using Optical
Interconnections (MPPOI'97) (Montreal,
Canada), June 1997.

J. Giglmayr, New directions in modelling,
analysis and design of WDM 1 OFDM
networks: (I) Optical Switching, Proc.
Working Conference on Optical Network
Design and Modelling (Wien, Austria).

N. Grote, Halbleiterlaser - Schlüssel
komponenten für die optische
Kommunikationstechnik
(Semiconductor lasers - key components
for optical communication systems),
Laser 97, 1/97, Quadrat b-Verlagsgesell
schaft, pp. 16-19, 1997.

N. Grote, Der laser in optischen
Kommunikationssystemen (Semicon
ductor lasers for optical communica
tions), Naturwissenschaftliche Rundschau,
50. Jahrgang, Heft 10/1997.

P. Gunning15, J. K. Lucek15, D. Nesset15,
J. V. Collins15, C. W. Ford15, D. Pitcher15,
K. Smith15, D. Cotter15, E. Jahn,
N. Agrawal and AS. Siddiquil 6, Optical
TDMA LAN incorporating packaged
integrated Mach-Zehnder interferome
ter channel selector, Electron. lett., vol.
33, no. 16, July 31,1997, pp. 1404-1406.

Th. Hermes, U. Hilbk, J. Saniter and
F.-J. Westphal, PON with WDM overlay,
Proc. of the European Conf. on Networks
& Optical Communications, Vol.
Broadband Access Networks (NOC '97)
(Antwerp, Belgium), June 1997,
pp. 200-204.

Th. Hermes, U. Hilbk, ]. Saniter and
F.-J. Westphal, High capacity upgrade of

a PON allowing graceful growth and
selective OTDR measurements of
individual fiber links at the central
office, Conf. Proc. 8th Intern. Workshop
on Optical/Hybrid Access Networks
(Atlanta, USA), March 1997, P. 23.

U. Hilbk, Th. Hermes, J. Saniter and
F.-J. Westphal, Passive, High Capacity
Upgrade of a PON by means of
Wavelength Routers and WDM
Techniques, Proc. IEEE Colloquium on
WDM technology and applications
(London, UK), Feb. 1997, pp. 3.1-3.5.

J. Hörer and E. Patzak, large-signal analy
sis of all-optical wavelength conversion
using two-mode injection-Iocking in
semiconductor lasers, IEEE ]ourn. of
Quant. Electron., vol. 33, no. 4,
April 1997, pp. 596-608.

M. Jäger17, G. I. Stegeman17, S. Bauer6,

S. Bauer-Gogonea6, W. Brinker, S. Yilmaz
and W. Wirges, Poling and characteriza
tion of photonic waveguide devices for
efficient second-harmonic generation,
Sol-Gel and Polymer Photonic Devices
Critical Reviews, M.P. Andrews and 5.1.
Najafi (eds.) SPIE Press, vol. CR86,
pp. 322-340, Engineering and
Instrumentation 1997, (San Diego, USA),
July 27-Aug. 1, 1997.

R. A. Kaind(18, S. Lutgen18, M. Wörner18,
T. Elsässer18, A Hase and H. Künzel,
Ultrafast dynamics of nonlinear inter
subband absorption in n-type modula
tion-doped GalnAslAllnAs quantum
wells, Proc. Intern. Cont. on
Nonequilibrium Carrier Dynamics in
Semiconductors, (Berlin, Germany), 1997,
Phys. Stat. Sol. (b), 204, pp. 212-214,
1997.

R. A Kaind(18, S.lutgen18, M. Wörner18,
T. Elsässer18, A Hase and H. Künzel,
Coherent intersubband polarizations in
a quasi-two-dimensional electron
plasma studied by femtosecond four
wave-mixing in the mid-infrared, Proc.
Intern. Cont. on Nonequilibrium Carrier
Dynamics in Semiconductors, (Berlin,
Germany), 1997, Phys. Stat. Sol. (b), 204,
pp. 27-30, 1997.

R. Kaiser, P. Albrecht, M. Hamacher,
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H. Heidrich, R. Löffler and W. Rehbein,
Oevelopment of monolithically integrat
ed transceivers on InP suitable for com
mercial applications within optical com
munication access networks (invited),
Canadian Semiconductor Technol. Conf.
(Ottawa, Canada), Scientific Program,
p. 53, Aug. 1997.

N. Keil, H. H. Yao, C. Zawadzki, M. Bauer5

and C. Uhlig5, Polymeric digital optical
space switching modules, Proc. European
Conf. on Networks and Optical
Communications (NOC 97), (Antwerp,
Belgium), June 17-20, 1997, Conf. Dig.,
val 3, pp. 280-285.

N. Keil, H. H. Yao and C. Zawadzki,
Optical switches in polymers (invited),
Polymere Optische Fasern (POF '97),
(Hawaii, USA), Conf. Dig., pp. 115-118,
1997.

H. Kizuki, In situ processing of III-V semi
conductors: milestones and future
prospects (invited), 7th Europ. Workshop
on Metal-Organic Vapour Phase Epitaxy
(EW MOVPE) (Berlin, Germany), June 8-11,
1997, paper DO.

U. Krüger, K. Krüger and C. v. Helmalt,
Quasi continuous tunable fiber-ring
laser applied as local oscillator in an ab
solute calibrated spectrometer for WOM
systems, ]. Lightw. Technol., JLT-15
(1997), val. 15, pp. 628-635.

J. F. Kuhmann, C. H. Chiang, P. Harde,
F. Reier and W. Oesterle, Pt thin-film met
allization for fluxless FC-bonding using
SnPb (60/40) solder bump metallurgy,
11 th Europ. Microelectronics Conf.,
(Venice, Italy), May 14-16, 1997,
pp. 385-392.

J. F. Kuhmann, A. Preuss, B. Adolphi,
K. Maly, T. Wirth, W. Oesterle, W. Pittroff,
G. Weyer and M. Fanciulli, Oxidation and
reduction of eutectic SnPb, InSn and
AuSn: a knowledge base for f1uxless
solder bonding applications, 47th ECTC,
(San lose, USA), May 18-21, 1997,
pp. 120-126.

H. Künzel, P. Albrecht, S. Ebert, R. Gibis,
R. Kaiser, H. Kizuki and S. Malchow,
MOMBE growth of semi-insulating
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GalnAsP (Ag =1.05 J,Jm): Fe optical
waveguides for integrated photonic
devices, Proc. 9th Intern. Conf. on Indium
Phosphide and Related Materials (IPRM
97), (Hyannis, USA), 11-15 May, 1997,
IEEE Catalog #97CH36058,
ISSN # 1092-8669, p. 66.

H. Künzel, S. Ebert, R. Gibis, R. Kaiser,
H. Kizuki and S. Malchow, Selective
MOMBE growth behaviour at the lateral
interface of waveguides/laser butt
joints, 7th Europ. Workshop on Metal
Organic Vapour Phase Epitaxy
(EW MOVPE) (Berlin, Germany), June 8-11,
1997, paper C6.

H. Künzel, S. Ebert, R. Gibis, P. Harde,
R. Kaiser, H. Kizuki and S. Malchow,
MOMBE grown GalnAsP
(Ag =1.05/1.15 J,Jm) waveguide for laser
integrated photonic Ies, 6th Intern. Conf.
on Chemical Beam Epitaxy and Related
Growth Techniques, (ICCBE-6 Tagung),
(Montreux, Switzerland), Sept. 8-10, 1997,
J. Crystal Growth, in press.

K.-D. Langer, Technische Entwicklungen
in der Telekommunikation 1996
(Technical advances in telecommunica
tions 1996), Jahrbuch Telekommunikation
und Gesellschaft 1997, Prof. H. Kubicek et
al. (Editors), R. v. Decker's Verlag
Heidelberg, pp. 422-431, 1997.

R. Ludwig, S. Diez, L. Küller, A. Erhardt13,

W. Pieper and H. G. Weber, A tunable
femtosecond modelocked semiconduc
tor laser for applications in OTOM-sys
tems, IEICE Transaction Japan, Special
Issue on Ultrashort Optical Pulses (in
press).

R. Ludwig, W. Pieper, H. G. Weber,
D. Breuer13, K. Petermann13, F. Küppersll

and A. Mattheus11 , Unrepeatered 40
Gbit/s RZ single channel transmission
over 150 km of standard fiber at
1.55 mm, Electron. Lett., val. 3, Jan. 1997,
no.1, pp. 76-77.

A. Markwitz1, M. Arps, H. Baumann3,

G. Demortier19, E. F. Krimme20 and
K. Bethge20, Study of electronic proper
ties and depth profiles of buried and
near-surface silicon nitride layers
produced by ion implantation, Nucl.



Instr. and Meth. B 124,1997, pp. 506-514.

K. Obermann13, S. Kindt13, D. Breuer13,
K. Petermann13, C. Schmidt, S. Diez,
R. Ludwig and H. G. Weber, Noise
Characteristics of Semiconductor
Optical Amplifiers Used for Wavelength
Conversion via Cross-Gain and Cross
Phase Modulation, IEEE Photon. Technol.
Lett., vol. 9, no. 3, March 1997,
pp. 312-314.

A. K. Obermann13, I. Koltchanov13,
K. Petermann13, S. Diez, R. Ludwig and
H. G. Weber, Noise analysis of frequency
converters utilizing semiconductor-Iaser
amplifiers, IEEE J. of Quant. Electron.,
vol. 35, no. 1, Jan. 1997, pp. 81-88.

A. Paraskevopoulos, H. Künzel, J. Böttcher,
G. Urmann, H. J. Hensel and AI Bozbek
Koparan, MBE regrowth of InP on
patterned surfaces and its application
potential for optoelectronic devices,
Proc. 9th Intern. Conf. on Indium
Phosphide and Related Materials
(IPRM 97), (Hyannis, USA), 11-15 May
1997, IEEE Catalog# 97CH36058,
ISSN# 1092-8669, p. 66.

W. Passenberg, P. Harde and
A. Paraskevoupolos, Investigation of
Be-distribution profiles in MBE-grown
GalnAs for optimization of HBT base
structures, Inst. Phys. Conf. Sero no. 155
(1997), pp. 487-490.

W. Passenberg, G. G. Mekonnen,
C. Schramm, W. Schlaak and A. Seeger,
Influence of As-flux on InGaAs/AllnAs
interface quality of MBE-grown modula
tion doped layers, IX Europ. Workshop on
MBE, (Oxford, UK), April 6-10, 1997 P-20.

W. Passenberg and W. Schlaak, Surface
preparation for molecular beam epitaxy
regrowth on metalorganic vapour phase
epitaxy grown InP and InGaAsP layers,
]. of Crystal Growth 173 (1997),
pp. 266-270.

W. Passenberg, W. Schlaak and
A. Umbach, MBE regrowth on planar
and patterned In(GaAs)P layers for
monolithic integration, Inst. Phys. Conf.
Sero no. 155 (1997), pp. 235-238.

E. Pawlowski and H. Engel, Multilevel
DOE-arrays fabricated with a single
amplitude/phase mask, Pure Appl.
Optics, Nov. 1997, vol. 6, no. 6,
pp. 655-662.

E. Pawlowski and H. Engel, Fabrication of
multilevel DOE-arrays with a single
amplitude/phase mask, Microlens Arrays,
EOS Topical Meetings Digest Series 13,
(Teddington, UK), May 1997, pp.19-28.

W. Pieper, E. lahn, M. Eiselt, R. Ludwig,
R. Schnabel, A. Ehrhardt, H. J. Ehrke and
H. G. Weber, System Applications for
AII-Optical Semiconductor Switching
Devices, Photonic Networks, Giancarlo
Prati (Editor), Springer Verlag London
1997, ISBN 3-540-76143-8, pp. 473-487.

W. Pieper, R. Ludwig, H. G. Weber,
M. Schilling3, K. Daub3, E. Lach 3,

G. Laube3, W. Idler3, K. Wünstel 3,

Extinction ratio degradation in a
40 Gbit/s optical demultiplexer based
on a monolithically integrated
Michelson-interferometer, 23rd Europ.
Conf. on Optical Communications (ECOC
'97), (Edinburgh, UK), Sept. 22-25, 1997,
Techn. Dig. vol. 4, pp. 33-36.

W. Pieper, R. Ludwig and H. G. Weber,
Techniques for 40 Gbit/s OTDM-systems
(invited), Optoelectronics and
Communications Conf. (OECC '97),
(Seoul, Korea), July 1997, Techn. Dig.
pp. 10-11.

W. Pittroff, J. Barnikow, A. Klein,
J. Kuhmann, U. Merkei, K. Vogel and
]. Würfel, Flip chip mounting of laser
diodes with AuSn solder bumps; bump
ing, self-alignment &: laser behaviour,
47th ECTC, (San Jose, USA),
May 18-21,1997, pp. 1235-1241.

P. Pogany13, Y. Ding13, M. Sprenger13,
S. Diez, H. G. Weber and H. J. Eichler13,
Photorefractive coupling of semiconduc
tor laser amplifiers for 1.3 IJm wave
length, Electron. Lett., vol. 33, no. 8,
April 1997, pp. 721-722.

F. W. Reier, H.-G. Bach, C. Bornholdt,
D. Hoffmann, L. Mörl, C. M. Weinert,
Strain compensated GalnAs/AllnAs
tunneling barrier MQW structure for
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polarization independent optical switch
ing, 9th Intern. Conf. on Indium
Phosphide and Related Materials (IPRM
'97), (Hyannis, USA), May 11-15, 1997,
pp. 222-225.

F. W. Reier, H. G. Bach, C. Bornholdt,
D. Hoffmann, L. Mörl and C. M. Weinert,
MOVPE growth of a polarisation
independent electro-optic
GalnAs/AllnAs tunnelling barrier MQW
waveguide structure, 7th Europ.
Workshop on Metal-Organic Vapour Phase
Epitaxy (EW MOVPE) (Berlin, Germany),
June 8-11, 1997, paper G11.

H. Roehle and Schroeter-Janßen,
lP-MOVPE growth of laser structures
using nitrogen carrier gas, 7th Europ.
Workshop on Metal-Organic Vapour Phase
Epitaxy (EW MOVPE) (Berlin, Germany),
June 8-11, 1997, paper D9.

H. Roehle, H. Schroeter-Janßen and
R. Kaiser, large- and selective-area
lP-MOVPE growth of InGaAsP-based
bulk andQW layers under nitrogen
atmosphere, J. of Cryst. Growth 170
(1997) pp. 109-112.

C. Schmidt, S. Diez, R. ludwig and
H. G. Weber, Picosecond pulse train
switching by four-wave mixing in
semiconductor-Iaser amplifiers, OSA
Topical Meeting - Photonics in Switching,
April 1997, (Stockholm, Sweden), Techn.
Dig. PFB5.

C. Schmidt, S. Diez, R. ludwig and
H. G. Weber, Switching window of
picosecond pulse switching using
four-wave mixing in semiconductor-op
tical amplifiers, Conf. of "Optical
Amplifiers and Their Applications"
(OAA'97), (Victoria, Canada), july 21-23,
1997, Techn. Dig. WB4, pp. 220-223.

R. Schnabel, E. Dietrich and M. Eiselt,
Polarization insensitive frequency
conversion by four-wave mixing in a
semiconductor optical amplifier, Conf. of
"Optical Amplifiers and Their Applications"
(OAA '97), july 21-23, 1997, (Victoria,
Canada), Techn. Dig. WB2, pp. 212-215.

R. Steingrüber, H. Engel and P. Albrecht,
A new approach for the generation of
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stitchfree periodic elements (gratings),
Proc. of the Europ. Leica Beanwriter User's
Meeting, (München, Germany),
Oct. 20-21, 1997 (in press).

B. Strebei, C. Caspar, H.-M. Foisel and
R. Freund, Optical transparency in future
core networks, Tagung "Photonics in
Switching" in (Stockholm, Sweden),
April 2-4, 1997, Tech. Dig., vol. 10, paper
PThA1, pp 68-71.

G. Unterbörsch, A. Umbach, D.Trommer
and G. G. Mekonnen, 70 GHz long-wave
length photodetector, Proc. 23rd Europ.
Conf. on Optical Communications
(ECOC '97), (Edinburgh, UK), Sept. 22-25,
1997, Conf. publication no. 448 lEE, vol.2,
pp. 25-28.

S. van Waasen2, A. Umbach, U. Auer2,

H.-G. Bach, R. M. Bertenburg2,

G. janssen2, G. G. Mekonnen,
W. Passenberg, R. Reuter2, W. Schlaak,
C. Schramm, G. Unterbörsch, P. Wolfram
and F. J. Tegude2, 27 GHz bandwidth
high speed monolithic integrated opto
electronic photoreceiver consisting of a
waveguide fed photodiode and an
InAIAs/lnGaAs-HFET-travelling wave
amplifier, IEEE J. Solid State Cicuits,
vol. 32, no.9, Sept. 1997, pp. 1394-1401.

F.-J. Westphal, Th. Hermes, U. Hilbk and
J. Saniter, WDM-Konzepte im
Zugangsnetz: Einsatz des optischen
Wellenlängenmultiplex am Beispiel der
Kapazitätserweiterung von bestehenden
passiven optischen Netzen, telecom
praxis, Heft 5/97, pp. 16-20, 1997.

W. Wirges, S. Yilmaz, W. Brinker,
S. Bauer-Gogonea6, S. Bauer6, M. Jäger17,

G. Stegeman17, M. Ahlheim21 ,

M. Strähelin21 , B. Zysset21 , F. lehr21 ,

M. Diemeer22 and M. C. Flipse22, Polymer
waveguides for efficient modal disper
sion phase-matched second-harmonic
generation, Proc. Europ. Conf. on
Integrated Optics (ECIO 97), (Stockholm,
Sweden), 2-4 April, 1997, paper EFA-4,
pp. 504-507.

W. Wirges, S. Yilmaz, W. Brinker,
S. Bauer-Gogonea6, S. Bauer6, M. Jäger17,

G. Stegeman17, M. Ahlheim21 ,

M. Strähelin21 , B. Zysset21 , F. lehr21 ,



M. Diemeer22 and M. C. Flipse22, Polymer
waveguides with optimized overlap
integral for modal dispersion phase
matching, Appl. Phys. Lett. vol. 70,
no. 25, June 1997, pp. 3347-3349.

S. Yilmaz, W. Wirges, S. Bauer-Gogonea6,

S. Bauer6, R. Gerhard-Multhaupt8,

F. Michelotti, E. Toussaere, R. Levenson,
J. Liang and J. Zyss, Dielectric, pyroelec
tric and electro-optic monitoring of the
cross-Iinking process and photo-induced
poling of Red Acid Magly, Appl. Phys.
Lett. vol. 70, pp. 568-570, 1997.

S. Yilmaz, W. Wirges, W. Brinker,
S. Bauer-Gogonea6, S. Bauer6, M. Jäger17,

G. I. Stegeman17, M. Ahlheim21 ,

M. Stähelin21 , B. Zysset21 , F. Lehr21 ,

M. Diemeer22 and M. C. Flipse22, Polymer
waveguides for modal dispersion phase
matched second-harmonic generation,
Proc. SPIE vol. 3006, "Optoelectronic
Integrated Circuits", pp. 382-389, 1997.

S. Yilmaz, W. Wirges, W. Brinker,
S. Bauer-Gogonea6, S. Bauer6, M. Jäger17,

G. I. Stegeman17, M. Ahlheim21 ,

M. Strähelin21 , B. Zysset21 , F. Lehr21 ,

M. Diemeer22, and M. C. Flipse22,

Preparation of X(2)-inverted wave
guides with poled polymers for efficient
second-harmonic generation, Proc.
Photonics West 97 (San Jose, USA), Feb.
8-14, 1997, SPIE 3006, "Optoelectronic
Integrated Circuits", pp. 382-389.

Mobile Broadband Systems

R.-P. Braun, G. Großkopf,
R. Meschenmoser23, D. Rohde, F. Schmidt
and G. Villin023, Microwave generation
for bidirectional broadband mobile
communications using optical sideband
injection locking, Electron. Lett, vol. 33,
1997, pp. 1395-1396.

R.-P. Braun, G. Großkopf, C. v. Helmolt,
K. Krüger, U. Krüger, D. Rohde and
F. Schmidt, Low phase noise microwave
and millimeter-wave generation, signal
processing and data-transmission using
optical heterodyning, HHI Annual Report
1996, pp. 89-96, Berlin, 1997.

R.-P. Braun, G. Großkopf, R. Hentges,

S. Loch, D. Rohde and F. Schmidt,
Fiberoptic microwave generation for
bidirectional broadband mobile commu
nications, IEEE MTI-S Intern. Microwave
Symp. (Denver, USA), June 8-13, 1997,
paper Tu3E-3, Symp. Dig., pp. 225-228.

R.-P. Braun, G. Großkopf,
R. Meschenmoser23, D. Rohde, F. Schmidt
and G. Villin023, Optical harmonic upcon
version for the microwave generation in
a bidirectional broadband mobile
communication system, Electron. Lett.,
vol. 33, no. 22, pp. 1884-1886, Oct. 1997.

R.-P. Braun, G. Großkopf, D. Rohde and
F. Schmidt, Low phase noise microwave
and millimeter-wave generation and
transmission using optical
heterodyning, IEEE Antenna and
Propagation Symp., (Montreal, Canada),
July 1997, Dig., vol. 2, paper 36.12,
pp. 770-773.

R.-P. Braun, G. Großkopf, D. Rohde and
F. Schmidt, Fiber optic millimeter-wave
generation and bandwidth efficient da
ta transmission for broadband mobile
communications in the 60 GHz-band,
23rd Europ. Conf. on Optical
Communications (ECOC '97), (Edinburgh,
UK), Sept. 22-25, 1997, Conf. Public , vol.
2, pp. 33-36.

R.-P. Braun, G. Großkopf, D. Rohde and
F. Schmidt, Fiber optic millimeter-wave
generation and bandwidth efficient
data transmission for broadband mobile
18 - 20 and 60 GHz-band communica
tions, Microwave Photonics (MWP '97),
(Duisburg, Germany), Sept. 1997, paper
FR2-5, Techn. Dig., pp. 235-238.

M. Bronzel and K. Iversen, Integrierendes
Breitbandiges Mobilkommunikations
System auf ATM-Basis (ATM-based
Integrated Broadband Mobile System),
Telekom Praxis, 1997, no. 6, pp. 12-19.

M. Drimmel, K. Iversen and H. Schubert,
Scalable Quality of Service (QoS) by
Punctured Codes for Wireless ATM,
Proc. Intern. Conf. on Telecommunication
(ICT '97) (Meibourne, Australia), April
1997, vol. 3, pp. 1085-1089.

W. Freude24, R.-P. Braun, G. Großkopf and
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F. Schmidt, Microwave generation and
transmission with chirping laser diodes
and dispersive fibres, Microwave
Photonics (MWP '97), (Duisburg,
Germany), Sept. 1997, paper FR3-4,
Techn. Dig., pp. 261-264.

c. v. Helmolt, U. Krüger and K. Krüger,
An optical feeder line concept for a
broadband mobile MM-wave communi
cation system, based on mode locked
lasers, Workshop Mobile Millimeter
Communications (MMMCOM), (Dresden,
Germany), May 1997, pp.24-29.

c. v. Helmolt, U. Krüger and K. Krüger,
Microwave fibre optic downconverter,
OSA TOPS Vol. 12, Syst.Technol. 1997,
A. Willner and C. R. Menyuk, Eds.,
pp. 504-507.

c. v. Helmolt, U. Krüger, K. Krüger and
G. Großkopf, A mobile broad-band
communication system, based on mode
locked lasers, IEEE Transactions on
Microwave Theory and Techniques,
vol. 45, no. 8, Aug. 1997, pp. 1424-1430.

K. (versen, T. Kuhwald25 and E. Jugel25,
D2-ary Signaling for Incoherent AII
Optical CDMA Systems, Proc. IEEE Intern.
Symp. on Information Theory (IEEE ISIT
'97) (Ulm, Germany), June 1997, pp. 484.

K. Iversen, J. Mückenheim25, K. Kluge25

and D. Hampicke25, A New Design
Method for Optical CDMA Computer
Networks, Proc. IEEE Symp. on Computers
and Communication (IEEE ISCC '97)
(Alexandria, USA) July 1997.

K. Iversen, H. Schubert, M. Wolf,
D. Mämpel and F. Krajewski, IBMS/i 
Modulares Breitbandiges Inhouse
Kommunikationssystem für
Rechnernetze und drahtlose Multimedia
Anwendungen (IBMS/i - Modular
Broadband Inhouse Communication
System for Computer Networks and
Wireless Multimedia Applications), ITG
Fachtagung 'Auf dem Weg zur modernen
Informations-Infrastruktur' (Stuttgart,
Germany) Feb. 1997, in: ITG Fachbericht,
Bd. 141, pp. 141-148.

K. Iversen, M. Wolf, et al., Application of
Aigorithms for DoA Estimation and
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Beamforming To Infrared Photodiode
Arrays, Proc. Intern. Cont. on Acoustics,
Speech, and Signal Processing (ICASSP
'97) (München, Germany), Mai 1997,
vol. 5, pp. 4053-4056.

E. Jugl25, T. Kuhwald25 and K. Iversen,
A new Aigorithm for Construction of
(O,l)-Matrix Codes, Elect. Lett., vol. 33,
pp. 227-229,1997.

D. Mämpel and K. Iversen, Orthogonal
Frequency Time Division Multiple Access
(OFTDMA) for Wireless ATM-Interfaces,
Proc Intern. Cont. on Telecommunication
(ICT '97) (Meibourne, Australia), April
1997, vol. 3, pp. 1199-1203.

D. Rohde, H. Ehlers, Th. Rosin, R. Ziegler,
R.-P. Braun, J. Braunstein26, W. Bronner26

and G. Großkopf, Optic/millimeter-wave
converter for 60 GHz radio-over-fiber
systems, Forum der HF-Technik
Mikrowellen und Optronik, (MIOP '97),
(Sindelfingen, Germany), April 1997,
pp. 311-315.

H. Schubert, D. Mämpel and K. Iversen,
Wireless Access to ATM-Networks Based
on Optical Microwave Generation,
Proc. IEEE Vehicular Technol. Conf. (IEEE
VTC '97) (Phoenix, USA), May 1997,
vol. 1, pp. 275-279.

H. Schubert, A. Richter and K. Iversen,
Comparison of Time and Frequency
Coded OFDM, Proc. 2. OFDM
Fachgespräch in Braunschweig (Germany),
Sept. 1997.

H. Schubert, A. Richter and K. Iversen,
Differential Modulation for OFDM in
Frequency vs. Time Domain, Proc. ACTS
Mobile Communication Summit (Aalborg,
Denmark), vol. 2, pp. 763-768, Oct. 1997.

H. Schmuck3, R. Heidemann3, R.-P. Braun
and G. Großkopf, Faseroptische
mm-Wellen-Übertragungstechnik und
ihre Anwendung (Fibre-optic mm-wave
transmission technique and applica
tions), telekom praxis, Band 74, Heft 7,
July 1997, pp. 9-15.

A. Umbach, G. Unterbörsch, D. Trommer,
G. G. Mekonnen and R.-P. Braun,
Waveguide-integrated photodetector



for 60 GHz mierowave transmission at
1.55 mm, Intern. Topical Meeting on
Microwave Photonics (MWP '97),
(Duisburg, Germany), Sept. 3-5, 1997,
paper TH 4-3, pp. 111-114.

M. Wolf and K. Iversen, Wireless Access to
ATM-Networks based on Direct-Beam
Infrared links, Proc. 8th IEEE Intern.
Symp. on Personal Indoor and Mobile
Radio Communications (PIM-RC '97)
(Helsinki, Finland), Sept. 1997, vol. 1/3,
pp. 179-183.

Electronic Imaging Technology for
Multimedia

L.-P. Bala, Automatische Detektion und
Verfolgung von Gesiehtern in Videose
quenzen (Automatie Detection and
Tracking of Faces in Video Sequences),
Proc. 3. Workshop Farbbildverarbeitung,
(Erlangen, Germany) Sept. 25-26, 1997,
pp. 114-119.

L.-P. Bala, K. Talmi and J. Liu, Automatie
Detection and Tracking of Faces and
Facial Features in Video Sequences,
Proc. Picture Coding Symposium
(PCS '97), Berlin, Germany, Sept. 10-12,
1997, pp. 251-256.

W. Blohm, I. P. Beldie, K. Schenke,
K. Fazel, S. Pastoor, Stereoscopie Image
Representation with Synthetie Depth of
Field, Journal of the SID, 5/3 (1997),
pp. 307-313.

R. Börner, Three Autostereoscopie
1.25 m Diagonal Rear Projection
Systems with Tracking Features (invited),
Proc. 4th Intern. Display Workshop
IDW '97 (ITE, SID), (Nagoya, Japan),
Nov. 19-21, 1997, pp. 835-838.

R. Börner, Zweikanaliges linsenraster
verfahren für 3D-Bildwiedergabe mit
Projektortracking (2-channel lentieular
system for 3D-imaging with tracked
projectors), Fernseh- und Kinotechnik,
51. Jg., Nr. 5/1997, pp. 249-255.

R. Börner, Autostereoskopische
Bildschirme (Autostereoscopie screens),
Funkschau 26/97, pp. 73-75.

R. Börner, Autostereoskopische
Bildschirme - 3D ohne Brille
(Autostereoscopie screens - 3D without
glasses), Proc. EVA '97, Elektronische
Bildverarbeitung & Kunst, Kultur, Historie,
Gesellschaftzur Förderung angewandter
Informatik e.V., (GFal), Berlin, Nov. 12-14,
1997, V5 (10 pages).

R. Börner, 2-Channel Lentieular System
for 3D Imaging with Tracked Projectors,
HHI Annual Report 1996, pp. 117-127,
Berlin, 1997.

M. Braun27, M. Hahn, J.-R. Ohm and
M. Talmi, Motion-Compensating Real
Time Format Converter for Video on
Multimedia Displays, Proc. IEEE Intern.
Conf. on Image Processing, Santa Barbara,
California, Oct. 26-29, 1997, pp. 125-128.

K. Chantelau, Multiehannellmage
Processing for Object Oriented
Recognition and Segmentation of Video
Content, WIAMIS '97, Louvain la Neuve,
Belgium, pp. 75-80, ]une 1997.

K. Chantelau, Segmentation of Moving
Images by the Human Visual System,
Biological Cybernetics, 77/2, pp. 89-101,
Aug.1997.

J. Faber, L. Ihlenburg, T. Meiers and
D. Ruschin, Irrelevancy Due to Visual
Tracking Errors, Proc. Picture Coding
Symposium (PCS '97), Berlin, Germany,
Sept. 10-12, 1997, pp. 61-65.

]. Faber, L. Ihlenburg, T. Meiers and
D. Ruschin, Irrelevancy Due to Visual
Tracking Errors, HHI Annual Report 1996,
pp. 129-137, Berlin, 1997.

A. Graffunder, J. Johann, S. Kruse and
S. Rauthenberg, A MPEG-4 Demonstrator
for Interactive Serviees in Virtual
Environments, Proc. Picture Coding
Symposium (PCS '97), pp. 609-613,
Sept. 1997, Berlin.

K. Grüneberg. K. Böttcher, J. Ohm,
P. Stammnitz and M. Karl, Realtime
Disparitätsschätzung zur verbesserten
3D-Wiedergabe (Realtime disparity
estimation for advanced 3-D representa
tion), ITG-Fachbericht 144,
7. Dortmunder Fernsehseminar,
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Dortmund, Germany, Sept. 1997,
pp. 343 - 346.

K. Grüneberg, M. Karl, j. Ohm and
P. Stammnitz, Real-Time Disparity
Estimation Hardware for Stereoscopic
Applications, Int. Workshop on Synthetic
Natural Hybrid Coding and Three
Dimensional Imaging, Rhodes, Greece,
Sept. 1997, pp. 123 - 126.

M. Hahn, C. Huck, M. Braun27, j.-R. Ohm
and M. Talmi, Single-Chip Motion
Compensated Video Format Converter
for Multimedia Displays, Proc. Picture
Coding Symposium (PCS '97), Berlin,
Sept. 10-12, 1997, pp. 591-596.

M. Hahn, M. Braun27, J.-R. Ohm and
M. Talmi, Motion-Compensated Signal
Processing for Real-Time Video on
Multimedia Displays, Intern. Conf. on
Signal Proc. and Appl. 97, ICSPAT '97,
San Diego, Calif. USA, 14.-18. Sept. 1997.

D. Hepper28 and T. Meiers, Multimedia
Anwendungen, -Endgeräte und
angepaßte Benutzerschnittstellen
(Multimedia applications, terminals and
corresponding interfaces), Proc. ITG/FK
TG-Fachtagung, 7. Dortmunder Fernseh
seminar: "Multimedia: Anwendungen,
Technologie, Systeme", Oct. 1997,
pp. 329-334.

K. Hopf and D. Runde, 3D-Desktop
Displays for Multimedia, Proc. 16th
Intern. Symp. on Human Factors in
Telecommunications, (Oslo, Norway),
May 12-16, 1997, pp. 149-156.

B. Hüttl, U. Troppenz, R. H. Mauch29,

P. Kratzert, T. A. Oberacker and
K.-O. Velthaus, On the radiative transi
tion of SrS:Ce3+ in high electric fields,
3rd Intern. Conf. on the Science and
Technology of Display Phosphors
(Huntington Beach, USA), Nov. 1997,
Book of Extended Abstracts, pp. 89-92.

H. Imaizumi30 and I. P. Beldie, Adaptive
Reducing of Spatial Resolution in
Stereoscopic Picture Pairs, Internal paper,
Heinrich-Hertz-Institut, 1997.

E. Izquierdo, Stereo Matching for
Enhanced Telepresence in 3D
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Videocommunications, IEEE Transactions
on CVST, Vo1.7, No. 4, pp. 629-643,
Aug.1997.

E. Izquierdo, Texture Smoothing and
Object Segmentation Using Nonlinear
Diffussion, Proc. of 4th Int. Conf. on
Approxomation and Optimization,
pp. 236-239, March 1997, Caracas.

E. Izquierdo and S. Kruse, Disparity
Controlled Segmentation, Proc. Picture
Coding Symposium (PCS '97), Berlin,
Sept. 10-12, 1997, pp. 737-742.

j. johann, A. Graftunder, S. Kruse and
S. Rauthenberg, Entwicklung und Reali
sierung eines MPEG-4 Demonstrators
(Development and realization of an
MPEG-4 demonstr~tor), Proc. of 7.
Dortmunder Fernsehseminars, pp. 99-104,
Sept. 1997, Dortmund.

G. junge31 , H. Krahn27, T. Schleinig32,

Th. Selinger and B. Stabernack27,

HDTV durch die digitale Hintertür
(HDTV through the digital back-door),
Elektronik, vol. 18, pp. 58-62, 1997.

P. Kauft, U. Gölz, J. De Lameillieure,
B. Makai, S. Rauthenberg and T. Sikora,
Functional Coding of Video Using a
Shape-Adaptive DCT Aigorithm and an
Object-Based Motion Prediction
Toolbox (invited paper), IEEE Trans. on
Circuits and Systems for Video
Technology, Vol. 7, No. 1, pp. 59-62,
Feb.1997.

P. Kauft and K. Schüür, An Extension of
Shape-Adaptive DCT (SA-DCl) towards
DC-Separation and DDC-Correction,
Proc. Picture Coding Symposium (PCS
'97), Berlin, Sept. 10-12, 1997,
pp. 647-652.

P. Kauft and T. Sikora, Functional Coding
of Video for MPEG-4 Multimedia
Services, HHI Annual Report 1996,
pp. 105-116, Berlin, 1997.

S. Kruse, A Snake-Based Tool for VOP
Creation, Proc. Picture Coding
Symposium (PCS '97), Berlin, Sept. 10-12,
1997, pp. 597-601.

R. H. Mauch29, Current status of thin film



electroluminescence, j. of the SID, Special
Issue zum Geburtstag von Prof. Lüder,
1997.

R. H. Mauch29, K.-O. Velthaus, B. Hüttl,
U. Troppenz and R. Herrmann, Full Colour
Electroluminescence Based on lIa-Vla
Compounds, HHI Annual Report 1996,
pp. 145-149, Berlin, 1997.

T. A. Oberacker, R. Herrmann, B. Hüttl,
U. Troppenz and K.-O. Velthaus, High
efficiency blue from SrS:Ce/ZnS:Mn
'Colour by White', thin film electrolumi
nescence devices, Intern.Display Research
Conf. 1997 (Toronto, Canada), Sept.
1997, Conf. Record, pp. 297-300.

].-R. Ohm, M. Braun, K. Rümmler,
H. Blume and M. Schu, low-Cost-System
für universelle Video-format-Konversion
(low-cost system for generic video for
mat conversion), Proc. of 7. Dortmunder
Fernsehseminars, pp. 251-256, Sept. 1997,
Berlin.

].-R. Ohm, K. Grüneberg, E. Izquierdo,
M. Karl, E. Hendriks, A. Redert, D. Kalivas
and D. Papadimatos, ARealtime
Hardware System for Stereoscopic
Videoconferencing with Viewpoint
Adaption, Proc. of Int. Workshop on
SNHC and 3D Imaging, pp. 147-150,
Sept. 1997, Rhodos.

].-R. Ohm and H.-D. Höhne,
Disparitätengesteuerte Key-Mischung
stereoskopischer Videosignale
(Disparity-controlled key mixing of
stereoscopic video mixing), Proc. of
7. Dortmunder Fernsehseminars,
pp. 179-184, Sept. 1997, Berlin.

].-R. Ohm and E. Izquierdo, An Object
Based System for Stereoscopic
Viewpoint Synthesis, IEEE Transactions on
CVST, "Speciallssue on Multimedia",
Vol. 7, No. 5, pp. 801-811, Oct. 1997.

j.-R. Ohm and K. Müller, Flexible
Representation of Video Objects in 2D,
21/2 D and 3D Environments, Proc. of
Int. Workshop on SNHC and 3D Imaging,
pp. 151-152, Sept. 1997, Rhodos.

j.-R. Ohm and K. Müller, lncomplete 3D
Representation of Video Objects for

Multiviewpoint Applications, Proc.
Picture Coding Symposium (PCS '97),
Berlin, pp. 427-432, Sept. 1997.

j.-R. Ohm and P. Ma, Feature-Based
Cluster Segmentation of Image
Sequences, Proc. of IEEE Int. Conf. on
Image Processing (ICIP '97), Vol. 111,
pp. 178-181, Oct. 1997.

j.-R. Ohm and K. Rümmler, Variable
Raster Multiresolution Video Processing
with Motion Compensation Techniques,
Proc. of IEEE Int. Conf. on Image
Processing (IClP-97), Vol. I, pp. 759-762,
Oct. 1997, Santa Barbara, California.

S. Pastoor, Interaktive 3D Visualisierung
für autostereoskopische Multimedia
Displays (lnteractive 3-D visualization
for autostereoscopic multimedia dis
plays), IFA '97, contribution to the TWF
brochure, Berlin, 1997, pp. 37-44.

S. Pastoor, Human-Computer Interaction
Using a 3-D Display with Head and Eye
Tracking (invited), Proc. ATR Workshop on
Human Visual Perception, (Kyoto, japan),
july 3-4, 1997, pp. 34-35.

S. Pastoor, Human Factors in 3D
lmaging, HHI Annual Report 1996,
pp. 137-144, Berlin, 1997.

S. Pastoor, 3D-Display-Technologie (3-D
Display Technology), in: Handbuch der
Telekommunikation, 44. Ergänzungs
lieferung, Deutscher Wirtschaftsdienst,
(Köln, Germany), 1997, pp. 12210/1-49.

S. Pastoor and R. Skerjanc,
Autostereoscopic User-Computer
Interface with Visually Controlled
Interactions (invited), Proc. Intern. Symp.,
(SID '97), Dig. of Techn. Papers,
pp. 277-280, (Boston, USA), 1997.

S. Pastoor and R. Skerjanc, 3D Displays:
Perspektiven für die Neugestaltung der
Mensch-Computer Interaktion (invited),
Proc. 12. Electronic Displays '97,
(Chemnitz, Germany), pp. 120-126, 1997.

S. Pastoor and M. Wöpking, 3-D Displays
- A Review of Current Technologies,
Displays 17(2), 1997, pp. 100-110.
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D. Runde, D. Ruschin and E. Feddersen,
Perceived stability of a scene depending
on the gain of motion parallax, ECVP
'97, Perception, vol. 26, p. 57, (Helsinki,
Finland), Sept. 1997.

D. Runde and A. Suwita, Stereoscopic
Pointing in Desktop Applications, Proc.
16th Intern. Symp. on Human Factors in
Telecommunications, (Oslo, Norway),
May 12-16, 1997, pp. 157-164.

R. Schäfer (Ed.), 1997 Picture Coding
Symposium-Proceedings, ITG-Fachbe
richt 143, VDE-Verlag, ISSN 0932-6022,
Sept. 1997.

R. Schäfer, Service and Terminal
Concepts for Multimedia
Communication on Integrated Networks
and Terminals, HHI Annual Report 1996,
pp. 97-103, Berlin, 1997.

R. Schäfer, MPEG-4, ein neuer Kompres
sionsstandard für interaktive Dienste
und Anwendungen (MPEG-4, a new
compression standard for interactive
services and applications) (invited),
7. Dortmunder Fernsehseminar,
29.9. - 1.10.1997, ITG-Fachbericht 144,
VDE-Verlag, ISSN 0933-911 6, pp. 31-40.

T. Schleinig32, H. Krahn27, U. Moslener32,

M. Sedner32, H.-]. Brand32,

M. Hagemeister, Th. Weber and St. Wolf,
Komponenten für MPEG (Components
for MPEG-2), F&M, vol. 10, pp. 704-706,
1997.

T. Sikora, MPEG Video Compression for
Digital Television and Multimedia
Applications (invited), in: Digital
Consumer Handbook, McGraw Hill,1 997.

T. Sikora, The MPEG Video-Coding
Standard (invited paper), IEEE Signal
Processing Magazine, Vol. 14, no. 5,
pp. 82-100, 1997.

T. Sikora, The MPEG-4 Video Verification
Model (invited paper), IEEE Trans. on
Circuits and Systems for Video
Technology, "Speciallssue on MPEG-4
Video" Vol. 7, No. 1, pp. 19-31, Feb. 1997.

T. Sikora, Optimal Wiener Interpolation
Filters for Multiresolution Coding of

HHI REPORT 97 . COMMUNICATIONS AND EVENTS

Images, IEEE Trans. on Circuits and
Systems for Video Technology, Vol. 7,
No. 2, April 1997.

T. Sikora, The MPEG-4 Standardization
Activities - Perspectives on Very Low Bit
Rate Video Coding (invited plenary
presentation - Keynote Address), IEEE
International Workshop on Signals,
Systems and Image Processing (IWSSIP
'97), Poznan, Poland, May 1997.

T. Sikora, The MPEG-4 Video
Compression Standard - How Far Can
We Squeeze (invited paper - panel discus
sion), HDTV Symposium, Montreux, CH,
]une 1997.

T. Sikora, Coding of Video at Very Low
Bit Rate - Developments within MPEG-4,
(invited paper) Proc. IEEE International
Symposium on Circuits and Systems,
ISCAS, Special Session on Very Low Bit
Rate Video Coding, Hongkong, ]une 1997.

T. Sikora, The European COST211ter
Activity for Signal Redundancy
Reduction (invited paper), Proc.
Workshop Image Analysis for Multimedia
Interactive Services, WIAMIS '97, Lauvain
La-Neuve, B, june 1997.

T. Sikora, Trends and Perspectives for
Very Low Bit Rate Video Coding (invited
plenary presentation - Keynote Address),
IEEE International Workshop on Nonlinear
Signal and Image Processing (NSIP '97),
Michigan, USA, 7-11 Sept. 1997.

T. Sikora, MPEG-4 and Beyond - Trends
and Perspectives for Image and Video
Coding (invited paper), Proc. IEEE
International Workshop on Nonlinear
Signal and Image Processing (NSIP '97),
Michigan, Sept. 1997.

T. Sikora, Trends and Perspectives for
Very Low Bit Rate Video Coding, Proc.
Picture Coding Symposium (PCS '97),
Berlin, Germany, Sept. 10-12, 1997,
pp. 109-11 O.

T. Sikora and L. Chiariglione33,

Requirements and Aigorithms for
MPEG-4 Multimedia Applications
(invited paper), Proc. IEEE International
Symposium on Circuits and Systems,



ISCAS, Special Session on "Networked
Multimedia Technologies and
Applications", Hongkong, lune 1997.

R. Skerjanc and S. Pastoor, New genera
tion of 3-D desktop computer interfaces,
stereoscopic displays and virtual reality
systems, Proc. IS&:T/SPIE EI '97 Conf. San
lose, Feb. 8-14, 1997 (in press).

A. Smolic and T. Sikora, Coding of Image
Sequences Using a Layered 2-D/3-D
Model-Based Coding Approach, Proc.
Picture Coding Symposium (PCS '97),
Berlin, Germany, Sept. 10-12, 1997,
pp. 541-546.

A. Smolic, B. Makai, G. Lin and T. Sikora,
Estimation of Motion Parameters of a
Rigid Body from a Monocular Image
Sequence for MPEG-4 Application, Proc.
IDMS '97, European Workshop on
Interactive Distributed Multimedia Systems
and Telecommunications Services,
Darmstadt, Sept. 1997.

P. Stammnitz and R. Ernst, HDTV
Digital!Analog-Interface, FKT 10, Oct.
1997, p. 694.

A. Suwita, M. Böcker, L. Mühlbach and
D. Runde, Overcoming Human Factors
Deficiencies of Videocommunications
Systems by Means of Advanced Image
Technologies, Displays 17 (1997) no. 2,
pp. 75-88.

A. Suwita and L. Mühlbach,
Videocommunications as a Medium for
Informal Communication? Proc. 16th
Intern. Symp. on Human Factors in
Telecommunications, (Oslo, Norway),
May 12-16,1997, pp. 141-147.

U. Troppenz, B. Hüttl, P. Kratzert,
R.H. Mauch29, T. A. Oberacker and
K.-O. Velthaus, Influence of Ag
codoping on the optical properties of
SrS:Ce,Mn,CI thin films, 3rd Intern. Conf.
on the Science and Technology of Display
Phosphors (Huntington Beach, USA),
Nov. 1997, Book of Extended Abstracts,
pp. 101-104.

K.-O. Velthaus, B. Hüttl, U. Troppenz,
R. Herrmann and R. H. Mauch29, New
deposition process for very blue and

bright SrS:Ce, CE TFEL devices, SID '97
(Boston, USA), May 1997, Dig. of Techn.
papers, vol. 28, pp. 411-414.

K.-O. Velthaus, Phosphor needs and
concepts for full color EL-displays
(invited), 3rd Intern. Conf. on the Science
and Technology of Display Phosphors
(Huntington Beach, USA), Nov. 1997,
Book of Extended Abstracts, pp. 81-84.

Y. Q. Zhang, P. Fereira, T. Sikora and
C. Reader (Ed.), MPEG-4 Video Standard,
Special Issue in IEEE Transactions on
Circuits and Systems for Video
Technology, Vol. 7, no. Februar 1997.

M. Zhou, Optimization of MPEG-2 video
encoding, Ph. D. thesis, Shaker Verlag,
1997.

M. Zhou, J. De Lameillieure and
R. Schaefer, A Coding Strategy for
Improving MPEG-2 Video Coding
Performance at a Fade, Picture Coding
Symposium (PCS '97), Berlin, Sept. 10-12,
1997, pp. 227-232.

M. Zhou and I. De Lameillieure, IDCT out
put range in MPEG video coding, Signal
Processing: IMAGE COMMUNICATION,
Vol. 11, No. 2, pp. 137-145, Dec. 1997.

1 Institut für Ionenstrahlphysik und
Materialforschung, Dresden, D

2 University of Duisburg, D
3 Alcatel SEL AG, Stuttgart, D
4 Bosch Telecom, Backnang, D
5 FhG-IFAM, Teltow, D
6 lohannes-Keppler University of Linz, A
7 University of Puerto Rico, USA
8 University of Potsdam, D
9 School of Electronic Eng. and Comp.

Sc., University of Wales, UK
10 Deutsche Telekom AG, Berlin, D
11 Deutsche Telekom AG, Darmstadt, D
12 Fujitsu Lab. Itd., Kawasaki, I
13 Technical University Berlin, D
14 Alcatel Aisthom Recherche,

Marcoussis, F
15 Networks &: Technology Centre,

Ipswich, UK
16 Communication Networks Res. Group,

Colchester, UK
17 CREOL, University of Florida, USA
18 Max-Born-Institut, Berlin, D
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19 Universite Notre-Dame de la Paix,
Namur, B

20 University of Frankfurt, D
21 Sandoz Optoelectronics, Huningue, F
22 AKZO Nobel, Arnhem, NL
23 Robert Bosch GmbH, Hildesheim, D
24 University of Karlsruhe, D
25 Technical University of IImenau, D
26 Fraunhofer Institut für Angewandte

Festkörperphysik, Freiburg, D
27 MAZ Brandenburg GmbH, Werder, D
28 Deutsche Thomson Brandt,

Hannover, D
29 Schott Glaswerke, Mainz, D
30 NHK Labs., Tokyo, J
31 Fujitsu Mikroelektronik GmbH,

Dreieich-Buchschlag, D
32 Technical University of Chemnitz, D
33 CSELT, Torino, I

REPORTS

S. Bauer-Gogonea, Polungsoptimierung
sowie elektrische und optische Grund
lagenuntersuchungen für nichtlinear op
tische Polymer-Wellenleiterbauelemente
(Poling optimization and basic electrical
and optical investigation of nonlinear
optical polymer waveguide devices) pro
ject part Eto the Final Report on BMBF
Research Project Orientierungstabile
nichtlinear optische Polymere für
elektro optische Anwendungen
(Orientationally stable nonlinear optical
polymers for electrooptical
applications), grant no. 03 M 4083,
HHI Berlin, july 1997.

R. Börner, Zweikanaliges Linsenraster
verfahren für 3D-Bildwiedergabe mit
Projektortracking (2-Channel Lenticular
System for 3D-lmaging with Tracked
Projectors), Final Report on Research
Project 01 BK 301/3, HHI, Berlin, january
1997.

j. De Lameillieure and K. Schüür, Results
of the modified SA-DCT for P VOP's,
ISO/IEC JTC1 /SC29/WG1 1 MPEG96/2170,
April 1997.

j. Figue, j.-M. Vezien, H. Nicolas, P. Kauft
and j.-R. Ohm, 3D Wide Sense Objects
Model, NEMESIS Phase 1, Deliverable
Document WP 3.1, 3.2, 3.3, May 1997.
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P. Kauft, j. De Lameillieure and K. Schüür,
Results of core experiment 04, ISO/IEC
jTC1 /SC29/WG11 MPEG97/2289, july
1997.

P. Kauft and K. Schüür, SA-DCT with DC
Separation and DDC Correction,
Document ISO/IEC jTC/SC2/WG1 1 MPEG
97/21 71, Bristol, April 1997.

P. Kauft and K. Schüür, 04: DDC-SA-DCT,
Document ISO/IEC jTC/SC2/WG1 1 MPEG
97/2234, Core Experiment Description,
Bristol, April 1997.

P. Kauft, j. De Lameillieure and K. Schüür,
Results of Core Experiment 04,
Document ISO/IEC jTC/SC2/WG1 1 MPEG
97/2289, Stockholm, july 1997.

L. Mühlbach, Results of web services user
requirements analysis, ACTS USINACTS
Major Deliverable, No.
AC224/HHI/AT/DR/p/Oll/b1, july 1997.

J.-R. Ohm, Representation of Image and
Video Objects in 2-D, 21/2-D and 3-D
Environments by VOPs and surface
VOPs, ACTS NEMESIS doc., Feb. 1997.

E. Patzak, R. Eggemann, j. Hörer
Dragendorf, W. v. Reden and K. Weich,
Betrieb und Überwachung von opti
schen Frequenzkonvertern in der
Frequenzstufe optischer WDM
Crossconnects (Operation and mainte
nance of optical frequency converters in
the frequency stage of optical WDM
crossconnects), final report on research
contract with the Deutsche Telekom AG,
no. 4160/65072, May 1997.

G. Sullivan, P. List, j. De Lameillieure and
T.-1. johansen, Suggested text of H.263
Compatibility Visual WD changes,
ISO/IEC JTC1 /SC29/WG1 1 MPEG97/2590,
july 1997.

A. Smolic and K. Rümmler, Format
Conversion for MPEG-4 Coding at
1 Mbit/s, MEDEA M4M project report,
Doc. No. M4M-WP2-018, Hannover,
Nov.1997.

R. Tanger, Further Development of the
KANT AM, COST21 1ter doc. SIM(97)71,
March 1997, Hannover, Germany.



PATENT APPLICATIONS

c. v. Helmolt, U. Krüger and K. Krüger,
Vorrichtung zum drahtlosen Verbinden
von wenigstens einer funkbetriebenen
Mobilstation über ein lichtleitfasernetz
an ein Netzwerk (Apparatus for wireless
connection of at least one wireless
mobile station by an optical flbre
network to a network), 19705 253.3

B. Kuhlow and G. Przyrembel, Vorrich
tung zum Überlagern optischer Signale
mit unterschiedlichen Wellenlängen
(Device for superposition of optical
signals from different wavelength
bands), 197 20 852.5

D. Hoffmann, C. Bornholdt et. al.,
Richtkoppler für optische Signale In
hochschnellen Anwendungen
(Directlonal coupler for optical signals in
high-speed applicatlons), 197 31 586.0

c. v. Helmolt and U. Krüger, Vorrichtung
zur drahtlosen Datenübertragung
(Apparatus for wireless data transmis
sion), 197 28 501.5

H. Bünning, Optisches Filter (Optical
filter), 197 37450.6

R. Börner, Vorrichtung zum Nachführen
eines autostereoskopischen
Flachbildschirms (Tracking device of an
autostereoscopic flat panel display),
197 37449.2

J.-R. Ohm and K. Müller, Vorrichtung zur
ansichtsadaptierbaren Synthese von
Objektbildern (Device for viewpolnt
adaptive synthesls of object Images),
19736992.8

J. Liu, Vorrichtung zum Bestimmen eines
Fixationspunktes (Equipment for the
estimation of the point of fixation),
197 36 995.2.

E. Pawlowski, Vorrichtung zum polarisa
tionsunabhängigen Trennen und Über
lagern von lichtsignalen (Device for
polarisation independent separation
and superposition of light signals),
19742070.2

J.-R. Ohm, K. Rümmler, M. Hahn, R. Horn,

M. Braun and M. Talmi, Verfahren zur
Bestimmung von Blockvektoren für die
Bewegungsschätzung (Method for block
motion vector estimation), 19744 134.3

E. Pawlowski, E. Schulze and B. Kuhlow,
Vorrichtung zum Trennen und Über
lagern von verschiedene Frequenzkom
ponenten aufweisenden Lichtsignalen
(Arrangement for separation and super
position of light signals containing
different frequency components),
19744354.0

F. Fidorra, M. Möhrle and H. Venghaus,
Monolithisch integriertes Laserarray
(Monolithically integrated laser array),
19754473.8

H. Heidrich, R. Kaiser, M. Hamacher,
Integrierte Sender-Empfänger-Schal
tung für ein optisches Duplexsystem
(Integrated optical receiver circuit for an
optical duplexer), 197 56 296.5

AWARDS

C. Baack, Verdienstkreuz erster Klasse
des Verdienstordens der Bundesrepublik
Deutschland, verliehen für Beitrag zur
Stärkung der Wettbewerbsfähigkeit der
deutschen Telekommunikationsindustrie
(Officers cross of the order of merit of
the Federal Republic of Germany, award
ed for his contribution for strengthening
the competitiveness of the German
telecommunications industry), Berlin

S. Bauer, Polare Polymere für
Anwendungen in Sensorik und Photonik
(Polar polymers for sensor and photonic
applications), Karl-Scheel-Preis,
Physikalische Gesellschaft zu Berlin e.V.
(Karl-Scheel award of the Physical
Society of Berlin)

S. Bauer-Gogonea, Polung und
Charakterisierung nichtlinear optischer
Polymere für Photonikanwendungen
(Poling and characterization of nonlinear
optical polymers for photonic applica
tions), Kurt-Ueberreiter-Preis, Berliner
Verband für Polymerforschung e.V.
(Kurt-Ueberreiter-award of the Berlin
association of polymer research BVP),
6. Berliner Polymertage
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S. Diez, Vierwellenmischung in InGaAsP
Halbleiterlaserverstärkern (Four-wave-mix
ing in InGaAsP semiconductor optical am
plifiers) Newport Förderpreis für heraus
ragende Diplomarbeiten auf dem Gebiet
der Telekommunikation (awarded for out
standing diploma theses in the field of
telecommunication), Newport GmbH,
München

Th. Engel, 2D-Simulation von InP-HEMTs
für Verstärker in Empfäger-OEICs (2-D
simulation of InP HEMTs for amplifiers in
receiver OEICs), VDE Preis 1997 für hoch
qualitative Diplomarbeiten (awarded for
high-quality diploma theses), Dortmund

K. Iversen, D. Mämpel and R. Freund,
Berliner Businessplan-Wettbewerb
1996/97, Auszeichnung des
Unternehmenskonzepts "BNeD Broadband
Network Design" (Software für Simulation
von Galsfasernetzwerken), Gewinner in
allen 3 Stufen. (Award in all three stages of
competition for the business concept
"BNeD Broadband Network Design"
(Simulation software for fiber optic
networks)

E. jahn, "Monolithically integrated semi
conductor laser amplifier based interferom
eters for optical signal processing", Krone
Preis für außerordentliche Promotion auf
dem Gebiet der Elektrotechnik (awarded
for for outstanding PhD in the area of elec
trotechnique) und ITG-Preis 1997 für her
vorragende Promotion auf dem Gebiet der
Elektrotechnik ( and ITG-Preis 1997 award
ed for excellent PhD in the area of elec
trotechnique)

U. Kowalik and P. Kauft, best technology
finalist, BYTE Best of Show Award at
CeBIT '97, Diploma thesis "Erstellung einer
Multimedia-Anwendungsoberfläche zur
Demonstration der objektorientierten
Funktionalitäten des MPEG4-Standards
(Development of a graphical user interface
for the demonstration of the object-based
functionalities of the MPEG4-standard)",
Berlin

E. Schulze, Berliner BusinesspIan
Wettbewerb 1996/97, Auszeichnung des
Unternehmenskonzepts "PiScan-Optik
Labors Berlin" (Entwicklung und
Produktion optischer Scanner),
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Gewinnwettbewerbsstufe 1. (First competi
tion grade for the business concept
"PiScan-Optik-Labors Berlin" (Development
and production of optical scanners)

HABILITATIONS

j.-R. Ohm, Erlangung der lehrbefähigung
für das Fachgebiet Informationsübertra
gung (Habil. degree for area of informa
tion transmission), TU Berlin, Fach
bereich 12 (Elektrotechnik), May 1997.

DOCTORATE THESES

M. Arps, Eigenschaften und Anwendung
von Niedertemperatur-PECVD-Silizium
nitrid (Properties and applications of
low-temperature PECVD silicon nitride),
TU Berlin, Fachbereich 4 (Physik),
Prof. Richter.

B. Hüttl, Optische und Elektrooptische
Charakterisierung von SrS:Ce-Pulvern
und Elektrolumineszenz-Bauelementen
(Optical and electrooptical chracteriza
tion of SrS:Ce powders and electrolumi
nescent devices), HU Berlin, Fachbereich
Physik, Prof. Ploog.

S. Kruse, Ein Beitrag zur Segmentierung
von Bildszenen im Kontext der objekt
orientierten Bilddatenkodierung (A con
tribution to the segmentation of image
scenes in the context of object-oriented
image coding), TU Berlin, Fachbereich 12
(Elektrotechnik), Prof. Hartmann.

M. Zhou, Optimization of MPEG-2 Video
Encoding, Technical University of
Braunschweig, Fachbereich Elektrotechnik.

DIPLOMA THESES

G. Amin, Schaltungsentwurf für einen
System-Demultiplexer unter
Berücksichtigung der Spezifikation
MP@H-14 des MPEG-2 Standards
(Design of a system multiplexer
according to MP@H-14 of the MPEG-2
standard), TU Berlin, Fachbereich 12
(Elektrotechnik). Supervisor at HHI:
U. Höfker.



l.-P. Bala, Verfahren zur Kopfdetektion
in Videosequenzen (Method for the
head detection in video sequences)
TU Berlin FB 13 (Informatik - Computer
Vision). Supervisor at HHI: J. Liu.

Th. Fiebig, Einfluß von Rausch-, Disper
sions- und Intermodulationsstörungen
in Systemen mit optischen Mikrowellen
erzeugung nach dem Heterodynprinzip
(Influence of Noise, Dispersion and
Intermodulation Distorsion in Systems
Producing Optical Microwaves by the
HeterodyneMethod), Deutsche Telekom
AG, Fachhochschule Berlin, Supervisor at
HHI: K. Iversen.

J. Israel, Syntaxfreie Interaktionen im
Rahmen des visuellen 3D-Betriebs
systems VOS (Syntaxfree interactions
within the scope of the visual 3D oper
ating system), TU Berlin, Fachbereich 13
(Informatik). Supervisor at HHI: R. Skerjanc.

R. Koch, Untersuchung der ZeIlentech
nologie flüssigkristallgesteuerter Wel
lenleiterschalter (Investigation of the
cell technology of liquid crystal con
trolled waveguide switches), FH-Telekom
Berlin. Supervisor at HHI: E. Schulze.

K. Koteakos, Erzeugung stereoskopischer
Information aus monoskopischen Bild
sequenzen (Generation of stereoscopic
image sequences from monoscopic in
put), TU Berlin, Fachbereich 12 (Elektro
technik). Supervisor at HHI: J.-R. Ohm.

U. Kowalik, Erstellung einer Multimedia
Anwendungsoberfläche zur Demonstra
tion der objektorientierten Funktionali
täten des MPEG4-Standards
(Development of a graphical user inter
face for the demonstration of the ob
ject-based functionalities of the MPEG4
standard), TU Berlin, Fachbereich 12
(Elektrotechnik). Supervisor at HHI:
P. Kauft.

P. Kratzert, Transportverhalten heißer
Elektronen in SrS:Ce Dünnschichten
(Properties of electrical transport of hot
electrons in SrS:Ce thin films), TU Berlin,
Fachbereich 4 (Physik). Supervisor at HHI:
B.Hüttl.

l. Mao, Untersuchung von Verfahren zur

Erkennung von verdeckt- bzw. freiwer
denden Bildbereichen für die Verbes
serung der Formatkonversion digitaler
Bildsequenzen (Investigation of meth
ods to detect covered an uncovered
areas for enhancement of the format
conversion of digital image sequences),
TU Berlin, Fachbereich 12 (Elektrotechnik).
Supervisor at HHI: M. Hahn.

D. Mleczkowski, Theoretisch und
experimentelle Untersuchung der
Struktu-rierung von Totalreflektions
Si02/SiON-Wellenleiterschaltern
(Theoretical and experimental investiga
tion of the structure of TIR-switches
with Si02/SiON waveguides),
Fachhochschule für Technik und
Wirtschaft, Berlin. Supervisor at HHI:
E. Schulze.

K. Müller, Entwicklung einer Datenre
presentation zur blickwinkeladaptiven
Synthese 3-dimensionaler Videoobjekte
(Development of a data representation
for viewpoint synthesis towards
3-dimensional video objects), TU Berlin,
Fachbereich 12 (Elektrotechnik). Supervisor
at HHI: J.-R. Ohm.

S. Parchert, Konzeption der elektrischen
Frontends für ein diffuses Infrarot
Freiraumübertragungssystem (Design of
the Electrical Frontends of a Diffused
Infrared Free Space Transmission
System), Deutsche Telekom AG,
Fachhochschule Berlin. Supervisor at HHI:
K.lversen.

A. Richter, OFDM System design
employing the inter-carrier correlation,
TU Berlin, Fachbereich 12 (Elektrotechnik).
Supervisor at HHI: K. Iversen.

R. Sackhoft, Intelligenter Agent für die
Überwachung interaktiver Computer
schnittsteIlen (Intelligent agent for
supervision of interactive computer
interfaces), FHTW Berlin. Supervisor at
HHI: R. Skerjanc.

C. Schmidt, Untersuchungen zum
nichtlinearen Verhalten von Halbleiter
laser-verstärkern mittels optischer
Pikosekun-denpulse (Investigations on
the nonlinear behaviour of semiconduc
tor laser amplifiers by picosecond
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optical pulses), TU Berlin, Fachbereich 4
(Physik). Supervisor at HHI: H.G. Weber.

D. Schneeweiß, Schätzung und
Approximation dichter Bewegungs
vektorfelder bei der objektbasierten
Videokodierung (Estimation and
approximation of dense motion vector
fields for object-based video coding),
TU Berlin, Fachbereich 12 (Elektrotechnik).
Supervisor at HHI: P. Kauft.

j. H. Schmohl, Bestimmung des ordent
lichen und außerordentlichen
Brechungsindexes von Flüssigkristallen
im nahen Infrarot-Bereich
(Determination of the ordinary and ex
traordinary index of refraction of liquid
crystals in the NIR spectrum),
FH-Telekom Berlin. Supervisor at HHI:
E. Schulze.

O. Stachel, Systemvorschlag für eine
intelligente benutzergesteuerte
Computer-Schnittstelle (Suggestion of
an intelligent user-driven computer
interface), TU Berlin, Fachbereich 13
(Informatik). Supervisor at HHI: R. Skerjanc.

K. Talmi, Verfahren zur Bestimmung der
Blickrichtung und Kopfposition des
Betrachters (Estimation of the gaze
direction and head position of the view
er), TU Berlin, Fachbereich 13 (Informatik).
Supervisors at HHI: S. Pastoor, j. Liu.

S. Ullerich, Herstellung von Wellenleiter
tapern mit Hilfe von semitransparenten
Photomasken für die Anwendung In
wellenleiter-integrierten Photodioden
auf InP-Basis (Fabrication of spot-size
transformers by using semitransparent
photomasks for the application on
waveguide-integrated photodiodes on
Inp), TU Berlin, Fachbereich 12 (Elektro
technik). Supervisor at HHI: A. Umbach.

L. Ulrich, Generierung von Bewegungs
vektoren aus MPEG-Codierten
Bildsequenzen (Generation of motion
vectors of MPEG-coded image
sequences), TU Berlin, Fachbereich 13
(Informatik). Supervisor at HHI: M. Hahn.
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GRADUATE THESES

M. Enderle, Charakterisierung von
Arrayed-Waveguide Grating (AWG)
Filtern und Vergleich der Realisierung
der Add- und Drop-Funktion mit einem
oder zwei AWG-Filtern (Characterisatlon
of arrayed waveguide grating filters and
comparison of the realization of add
and drop function with one or two
AWG-filters), TU Berlin, Fachbereich 12
(Elektrotechnik). Supervisor at HHI:
B. Kuhlow.

T. Liu, Optical frequency converter for
ASK signals up to 10 Gb/s, TU Berlin,
Fachbereich 12 (Elektrotechnik). Supervisor
at HHI: B. Strebe!.

K. Müller, Erkennung und Verfolgung
teilverdeckter Bereiche bei der
Bildsequenzanalyse (Recognition and
tracking of occluded areas in image
sequences), TU Berlin, Fachbereich 12
(Elektrotechnik). Supervisor at HHI:
j.-R. Ohm.

D. Razic, Aufbau und Test eines
optischen Phasenkonjugators in einer
Polarlsations-Diversitäts-Anordnung
(Development of an optical phase
conjugator in a polatrlsation diversity
arrangement), TU Berlin, Fachbereich 12
(Elektrotechnik). Supervisor at HHI:
H.G. Weber.

C. Warmuth, Polarisationsabhängigkeit
von Wellenleiterkomponenten in Silica
Technik (Polarisation dependence of
waveguide components in silica tech
nique) TU Berlin, Fachbereich 4 (Physik).
Supervisor at HHI: B. Kuhlow.

Ch. Weißig, Entwicklung, Aufbau und
Test eines PCMCIA Interfaces für ein
MC68332 Microcontroller-Modul unter
Berücksichtigung des PC Card Standards
(Design, implementation and test of a
PCMCIA interface for a micro controller
module under consideration of the PC
card standard), TU Berlin, Fachbereich 12
(Elektrotechnik). Supervisor at HHI:
U. Höfker.



LECTURES

H.-G. Bach, Meßverfahren für
Halbleiterbauelemente, TU Berlin

G. Boerger, Elektrobiologie, Neurophysio
logische Grundlagen, TU Berlin

G. Boerger, Elektrobiologie, Meßtechnik,
TU Berlin

B. Kuhlow, Einführung in die optische
Signalverarbeitung, TU Berlin

T. Meiers, Progammieren in PASCAL,
TFH Berlin

T. Meiers, Progammieren in C, TFH Berlin

].-R. Ohm, Digitale Übertragung I

J.-R. Ohm, Digitale Übertragung 11

J.-R. Ohm, Bilddatenverarbeitung

A. Paraskevopoulos, Halbleitertechnologie
für die Integration in der Optoelektronik,
TU Berlin

B. Strebei, Optical Waveguides, TU Berlin

H.G. Weber, Grundlagen und Anwen
dungen der linearen und nichtlinearen
Faseroptik, TU Berlin

WORKSHOPS ORGANISED

MINT Status Seminar, ]anuary

IPhotonik-Arbeitsgruppe 2, WDM-Netze:
Stand der Technik und Perspektiven, April

7th European Workshop on Metal-Organic
Vapour Phase Epitaxy and Related Growth
Techniques, EW MOVPE, jointly organised
with TU Berlin and FBH Berlin, ]une

Picture Coding Symposium (PCS '97),
jointly organised with IEEE and VDE/ITG,
September

Status Seminar of BMBF project
"Autostereoskopische Einpersonen
Monitore mit Trackingsystem", October

CONTRIBUTIONS TO EXHIBITIONS

LOB '97, Laser & Optik Berlin, February:
Photonic components and systems;
Optical packaging devices (jointly with
APhS)

OFC '97, Dallas, USA, February:
Photonic components and systems (jointly
with APhS, Berlin); Simulation tool for
optical network design (start up company
BNeD)

CeBIT '97, Hannover, March:
MPEG-2 Video compression, MPEG-2
Surround-Sound-Decoder, MPEG-4 Video
Compression, MPEG-4 Objects on
Demand

Hannover-Messe '97, Hannover, April:
Optoelectronic device technologies,
display technologies, image and sound
signal processing for applications in
telecommunication, measurement and
characterization, sensors and biomedicine
etc. (joint exhibition with Berlin
Universities and Research Institutes);
optical packaging devices

Laser '97, München, ]une:
10 Gbit/s optical transmission system with
monolithic integrated optoelectronic
components, optical packaging devices up
to 40 Gbit/s (jointly with APhS); Optical
signal regeneration at high bit rates (3R)
(jointly with TU Berlin and University of
Potsdam)

Forschungspolitische Dialoge in Berlin,
Optoelektronik - Motor des Wirtschafts
wachstums im 21. Jahrhundert, WZB
Berlin, ]une: Photonic components and
systems

Internationale Funkausstellung (IFA '97),
Berlin, September: Exhibit of MINT project:
MPEG-4 Coding, Objects on Demand, 3D
Video from CD-ROM, Digital Multimedia
Broadcasting, Formats conversion, RISO
Demonstrator (exhibit of Deutsche
Telekom Berkom - developed by HHI);
Interactive 3-D Visualization for
Autostereoscopic Multimedia Displays

I(SPAT '97, San Diego, USA, September:
Highly-Optimized Real Time Single-DSP
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MPEG-2 Surround Sound Decoder

ECOC '97, Edinburgh, UK, September:
Transponder, BroadNed - simulation tool
for optical communication systems, high
speed tunable femtosecond laser (jointly
with the start up companies BNeD and
LKF)

Forschungsforum '97, Leipzig,
September: Presentation at BMBF
Forschungsforum 1997: Objects on
Demand, MPEG-2 Image Compression,
3D Video from CD-ROM

Exhibition during 1997 Picture Coding
Symposium (PCS '97), Berlin, September
MPEG-2 Video compression, Objects on
Demand, RISO-Demonstrator (exhibit of
Deutsche Telekom Berkom - developed by
HHI)

First Annual Multimedia Technical Expo
(MTX '97), Fribourg, CH, November:
MPEG-2 Multichannel DSP-based
Audiodecoder, MPEG-2 Compression
Software, HDTV Videodecoder

COMMITTEE ACTIVITIES

Standardisation Committees

DIN Arbeitskreis Integrierte Optik: Member

DIN Normenausschuß Feinmechanik und
Optik: Member

ETSI, Human Factors Group: Member

ISO/MPEG, Video Group: Chairman

ISO/MPEG: Head of the German
Delegation

ISO/MPEG: Member (2x)

ITU-T, Human Factors Group: Member (2x)

VDI/VDE, Arbeitskreis Integrierte Optik:
Member

Research Program Committees

ACTS 3rd Ca11, Photonics Area: Evaluator
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ACTS, Photonics Area: Auditor

ACTS, Photonics Area: Evaluator

ACTS, Steering Committee: Member

ACTS Technical Audit, Photonies Area:
Auditor

COST 21 1ter, Simulation Group: Chairman

COST 239, Management Committee:
Member

COST 240, Management Committee: Vice
Chairman and Liason Officer COST
239/240

DFG-Schwerpunktprogramm "Optische
Signalverarbeitung": Evaluator

MINT: Chairman of the Steering
Committee

Nationaler ACTS-Lenkungsausschuß

Photonik 11 Joint Research Program: Overall
control jointly with IAF

POLIKOM: Member of the Advisory
Council

Conference and Workshop Program
Committees

Analysis for Multimedia Interactive
Services, 1997, Louvain-Ia-Neuve, COST
21 Her

European Conference on Multimedia
Applications, Services and Techniques,
1997, Milano, ACTS, COST 237

European Workshop on Metal-Organic
Vapour Phase Epitaxy (EWMOVPE VII),
1997, Berlin, Vice-Chairman and Program
Committee Member

Bth European Conference on Integrated
Optics (ECIO '97), 1997, Stockholm:
Program Committee

IEEE Lasers and Electro-Optics Society
Annual Meeting, LEOS '97, San Francisco,
Program Committee Member



International Picture Coding Symposium
(PCS '97), 1997, Berlin

International Workshop on Audio-Visual
Services over Packet Networks, 1997,
Aberdeen

Optical Amplifiers and their Application,
Program Committee

SID International Symposium, 1997,
Boston

Editorial Boards

Fernseh- und Kinotechnik: Guest Editor

IEE-Electronic Letters: Referee

IEEE Signal Processing Magazine: Associate
Editor

IEEE Transactions on Circuits and Systems
for Video Technology: Associate Editor

Image Communication: Associate Editor

Image Communiation: Guest Editor

Other Committees

Deutsche Gesellschaft für Angewandte
Optik, Microoptics Group: Member

DVB/DTTV-SA: Chairman

DVB/TM: Member

Eduard-Rhein-Preis: Curatorship

FKTG, Urtel-Preis-Komitee: Curatorship

Intersciplinary Optoelectroics Joint
Research, IFV, Berlin, Advisory Council:
Member

ITG, FA Fernsehtechnik und elektronische
Medien: Member

ITG, FG Digitale Bildcodierung: Member

ITG, FG Integrierte Optik: Member

ITG, FG Optische Polymerfasern: Member
(2x)

ITG-FG Optische Teilnehmerzugangsnetze:
Member

Münchner Kreis, Research Committee:
Member

EXCHANGEPROGRAM

Scientists Visiting HHI

H. Imaizumi, NHK Labs., Tokyo, Japan,
financed by NHK, for 6 months

H. Kizuki, Mitsubishi Electric Corp., Hyogo,
Japan, financed by Mitsubishi Electric
Corp., for one year

G. Lin, University of Xiamen, Xiamen, PR
China, financed by HHI, for 6 months

S. Owu, Kings College, London, UK,
financed by Kings College London, for 3
months

P. McKeever, University of Glasgow, UK,
financed by HHI, for 6 months

J. R. Salgueiro, Universidad de Compostela,
Spain, financed by DAAD, for 2 months

Y. Sugaya, Fujitsu Laboratories LTD.,
Kawasaki, Japan, financed by Fujitsu, for
one year

HHI Scientists Visiting Foreign Institutes

H. Boche, ETH Zürich, Inst. f.
Kommunikationstechnik, financed by HHI,
for 6 months

H. Boche, Robert Bosch GmbH Hildesheim,
financed by HHI, for 2 months

COOPERATIONS

Industry

Advanced Photonic Systems, Berlin

Aixtron, Aachen

Alcatel Aisthom Recherche, Paris

Alcatel Telecom, Stuttgart
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Berliner Institut tür Optik, Berlin

Bosch Telecom, Backnang

British Telecom, Martelsham Heath, UK

earl Zeiss, Jena, Oberkochen

Deutsche Telekom, Berlin, Darmstadt

Deutsche Telekom - Berkom, Berlin,
Darmstadt

Deutsche Thomson Brandt, Hannover,
Villingen

DSPecialist, Berlin

France Telecom, CNET, F

France Telecom, Marcoussis, F

Fujitsu Mikroelektronik GmbH, Dreieich
Buchschlag

Grundig AG, Fürth

Hewlett Packard, Böblingen

lOT Enwicklungsgesellschaft für Integrierte
Optik-Technologie mbH

ISE Interactive Systems
Entwicklungsgesellschaft, Villingen
Schwenningen

LKF Advanced Optics GmbH, Berlin

Lucent Technologies, Holmdei, USA

Mikroelektronik-Anwendungszentrum
GmbH im Land Brandenburg

Mikroelektronik-Anwendungszentrum
Hamburg GmbH

Motorola GmbH, München

ND, Kyoto, J

Planar Systems, Oregon, USA

Raytek GmbH, Berlin

Robert Bosch GmbH, Hildesheim, Stuttgart

2SK Media Technologies, Berlin
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Sentech Instruments, Berlin

SHF Design, Berlin

Siemens Nixdorf AG, Augsburg

Siemens AG, Berlin, München, Regensburg

Video Authoring System Group Inc., LA,
USA

Universities and Institutes

ATR, Kyoto, J

Bundesanstalt für Materialforschung und 
prüfung (BAM), Berlin

DLR - Institut für Nachrichtentechnik,
Oberpfaffenhofen

ETH Zürich, CH

Ferdinand-Braun-Institut, Berlin

FhG Institut für Angewandte
Festkörperphysik, Freiburg

FhG Institut für Angewandte
Materialforschung, Teltow

FhG Institut für Angewandte Optik und
Feinmechanik, Jena

FhG Institut für Integrierte Schaltungen,
Erlangen

Forschungszentrum Informatik, Karlsruhe

Gesellschaft für angewandte Optik und
Spektroskopie e.V., Berlin

Hahn-Meitner-Institut, Berlin

Humboldt-Universität, Berlin

Institut tür Polymerforschung, Dresden

Institut für Rundfunktechnik, München

Max-Born-Institut, Berlin

NHK Research Labs., Tokyo, /.

RWTH Aachen





Tohoku University, Sendai, Japan

TU Berlin

TU Braunschweig

TU Chemnitz/Zwickau

TU Darmstadt

TU Dresden

TU Eindhoven, NL

TU Hannover

TU Jlmenau

TU München

Universität Dortmund

Universität - GH Duisburg

Universität Erlangen

University of Glasgow

Universität Karlsruhe

Universität Kaiserslautern

Universität Konstanz

Universität Linz, A

Universität Marburg

Universität Potsdam

Universität Stuttgart

Universität Tübingen

Universität Ulm

University of Glasgow, UK

Walter-Schottky-Institut, München

Weierstraß-lnstitut für Angewandte
Stochastik, Berlin

Weizmann Institute of Science, Rehovot, IL

Wuhan Research Institute for Posts &:
Telecommunications, PR China

START UP COMPANIES

LKF Advanced Optics GmbH, Berlin
(Tunable femto second laser)

DSPecialists GmbH, Berlin (Components
for audio signal processing)

BNeD GmbH, Berlin (Optical network
design tools)

2SK Media Technologies GbR, Berlin
(MPEG compression software)

u2t Innovative Optoelectronic
Components GmbH, Berlin (Ultrafast pho
toreceivers on InP)

Usability Lab am HHI, Berlin (Human fac
tors support for the development of infor
mation technology)
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