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Liebe Mitarbeiter und Freunde unserer Forschergruppen

LNT, LUT und COD,

seit dem letzten Tétigkeitsbericht

von Ende 2016 hat sich vieles und

gleichzeitig auch wenig geédndert.

Das Jahresende ist ein guter Zeit-

punkt, um {iber die jiingste Vergan-

genheit und die damit verbundenen

Verdnderungen nachzudenken.

Sie werden zunidchst feststellen,
dass sich das Berichtsformat gedn-
dert hat; die Broschiire ist schlanker
geworden und enthilt weniger De-
tails. Der Hauptgrund ist der allge-
meine Wunsch, den Aufwand fiir die
Erstellung unseres Berichts zu redu-
zieren. AuBlerdem beriicksichtigen
wir, dass die Professuren
— LNT (Lehrstuhl fiir Nachrichten-

technik, Gerhard Kramer - siche

Kapitel 2),

— LUT (Professur fiir Leitungsge-
bundene  Ubertragungstechnik,
Norbert Hanik - siche Kapitel 3)
und

— COD (Professur fiir Coding for
Communications and Data Sto-
rage, Antonia Wachter-Zeh - sie-
he Kapitel 4)

von unserer Fakultidt verwaltungs-
technisch in einer gemeinsamen
Lehr- und Forschungseinheit zu-
sammengefasst werden. Ich mdchte
hinzufiigen, dass die Professur NAV
(Lehrstuhl fiir Kommunikation und
Navigation, Christoph Giinther - sie-
he Kapitel 5) durch administrative
Aufgaben und gemeinsame gesell-
schaftliche Veranstaltungen mit un-
serer Lehr- und Forschungseinheit
verbunden ist und wie in der Vergan-
genheit auch in diesem Bericht wie-
der zu Wort kommt.

Beginnen muss ich dieses Vor-
wort mit einer traurigen Nachricht:
Professor Hans Marko, Leiter des
Lehrstuhls fiir Nachrichtentechnik

iber 31 Jahre von 1962 bis 1993,
ist am 12. September 2017 im Al-
ter von 92 Jahren verstorben. Auf
der néchsten Seite folgt eine Wiir-
digung seiner groflen Verdienste fiir
den LNT, die im Januar 2018 in der
Broschiire TUMcampus erschienen
ist. Viele seiner ehemaligen Kolle-
gen und mehrere seiner 75 Dokto-
randen nahmen an der Beerdigung
am 18.09.2017 in Gréfelfing teil, um
sich an seine herausragenden Rollen
als Forscher, Lehrer und Mentor zu
erinnern.

In den beiden letzten Jahren gab
es wieder mehrere personelle Verén-
derungen:

— Viele der Postdocs, die am LNT
iiber liangere Zeit forschten, ha-
ben uns 2017 verlassen. Sie gin-
gen zu Universititen in China
und den USA oder arbeiten nun
bei Unternehmen in Europa. Drei
neue Dr.-Ing. haben ihre Disser-
tationen abgeschlossen und gute
Jobs in Miinchen gefunden. Zwei
neue Postdocs und acht neue
Doktoranden kamen hinzu.

— Eine zweite wichtige Anderung
im Mérz 2018 war, dass Ingo Vi-
ering - seit 2004 CEO des LNT-
Startups Nomor Research - Ho-
norarprofessor der Fakultdt fiir
Elektrotechnik und Informati-
onstechnik der TUM wurde. Ingo
unterrichtet seit vielen Jahren ei-
nen Kurs fiir drahtlose Kommu-
nikation im Masterstudiengang.

— Eine weitere wichtige Anderung
Ende 2017 bestand darin, dass
Georg Bocherer seine Habilita-
tion abschloss und zu Huawei
nach Paris ging. Sein Ausschei-
den fithrte im Januar 2018 zur
Einstellung von Christian Deppe

Vorwort

von der Universitit Bielefeld.

Als neuer Akademischer Rat hat

Christian neben der Lehre und

Forschung viele administrative

Aufgaben, und ich freue mich

sehr, dass er unserer Gruppe
beigetreten ist. Derzeit arbei-
tet Christian an der Theorie der

Quanteninformation und leitet

ein BMBF-Projekt zum Thema

,Quantenrepeater*.

— SchlieBlich ist noch zu erwihnen,
dass Rita Henn-Schlune Ende
des Jahres in den Ruhestand
treten wird. Wir danken ihr fiir
ihre langjahrige Arbeit am LNT
und wiinschen ihr fiir die néchste
Phase ihres Lebens viel Gliick!

Was aus den vielen und hochrangi-

gen Preisen abgelesen werden kann,

war unsere Lehr- und Forschungsein-

heit im Berichtszeitraum 2016-2018

sehr erfolgreich, siche Kapitel 7.

Zum Beispiel haben wir im Mérz

2018 erfahren, dass Antonia Wach-

ter-Zeh den Heinz Maier-Leibnitz-

Preis der DFG 2018 gewonnen hat.

Bald darauf erhielt sie einen ERC

Starting Grant.

Auch in den letzten beiden Jahren
haben wir etliche Veranstaltungen
und Workshops (siehe Kapitel 6) or-
ganisiert,



Foreword

Vorwort

darunter 2016 den Munich Work-
shop on Information Theory of
Optical Fiber (M10-2016),

den Munich Workshop on Coding
and Applications MWCA-2017) ,

— und schlieBlich den Munich
Workshop on Coding and Cryp-
tography (MWCC-2018).

Personlich war ich besonders mit der

Organisation des /EEE International

Symposium on Information Theo-

ry (ISIT-2017) in Aachen und des

IEEE Information Theory Workshop

(ITW-2017) in Kaohsiung, Taiwan,

beschéftigt.

Noch ein kurzer Ausblick auf die
kommenden Jahre 2019 und 2020:
Wir arbeiten weiter auf dem Gebiet
der Informations- und Kommuni-
kationstheorie, vielleicht mit etwas
mehr Sicherheitsthemen und der

Quantenkommunikation als neuem
Thema. Bald werden viele unserer
derzeitigen Doktoranden ihren Ab-
schluss machen.

Abschliefend danke ich allen
Mitgliedern unserer Lehr- und For-
schungseinheit fiir ihre Unterstiit-
zung und die geleistete Arbeit sowie
fiir ihr Engagement fiir LNT, LUT
und COD.

Miinchen, im November 2018

L Yo

Gerhard Kramer

Am 12. September 2017 verstarb
Prof. Hans Marko, emeritierter Or-
dinarius fiir Nachrichtentechnik der
TUM, im Alter von 92 Jahren.
Hans Marko, 1925 in Kronstadt/
Siebenblirgen geboren, studier-
te Nachrichtentechnik an der TH
Stuttgart und promovierte 1953 bei
Richard Feldtkeller. Anschlieend
arbeitete er bei der Standard Elektrik
Lorenz AG und entwickelte eines
der ersten Pulscodemodulations-
Systeme Deutschlands. Nebenher
hielt er Vorlesungen an den Hoch-
schulen Stuttgart und Karlsruhe und
verfasste seine Habilitationsschrift.
1962 wurde er mit erst 37 Jahren
zum Leiter des neu geschaffenen
Instituts fiir Nachrichtentechnik an
die damalige TH Miinchen berufen.
Die von ihm und seinem Insti-
tut bearbeiteten Wissenschaftsge-
biete umfassten unter anderem die
Anwendung der Systemtheorie
in technischen, biologischen und
kybernetischen Systemen, deren
mehrdimensionale Erweiterung auf
Bildverarbeitung und Mustererken-

Hans Marko

nung, die Weiterentwicklung der
Shannonschen Informationstheorie

zur bidirektional—orientierten Kom-
munikationstheorie sowie theore-
tische Untersuchungen und prak-
tische Realisierungen hochratiger
digitaler Ubertragungssysteme iiber
Kabel und Glasfaser.

Hans Marko war Autor und He-
rausgeber von zahlreichen Biichern
und mehr als hundert Veroffentli-

chungen und Patenten. Viele hoch-
rangige Ehrungen sind ihm zuteil
geworden: »Fellow« des IEEE und
Preistrager der Nachrichtentech-
nischen Gesellschaft, 1983 Karl-
Kiipfmiiller—Preis der Informations-
technischen Gesellschaft im VDE,
1985 Ehrendoktorwiirde der TH
Darmstadt, 1994 Verdienstkreuz
der Bundesrepublik Deutschland.
Wir nehmen Abschied von
einem brillanten und bei seinen
Schiilern und Kollegen hochange-
sehenen Professor »der alten Schu-
le, der bis zu seiner Emeritierung
31 Jahre in Lehre und Forschung
erfolgreich wirkte. Er betreute neun
Habilitationen und 75 Promotionen.
Auch nach seiner Emeritierung
blieb Hans Marko seinem Lehrstuhl
stets verbunden. Wir erinnern uns in
Dankbarkeit und werden sein Ver-
méchtnis stets in Ehren halten.

Gerhard Kramer, Norbert Hanik,
Giinter Soder

(erschienen in TUMcampus 1|18)




Dear Associates and Friends of LNT, LUT, and COD,

Both much and little has changed
since the last report, and the end of
the year is always a good time to re-
flect on activities of the recent past.
You might notice that the report
format has changed, we are slowly
moving towards a leaner booklet
with less detail. The main reason is
a general wish to reduce the effort
needed to create such a report. An-
other change is that we now call our-
selves a research and teaching unit,
or a “Lehr- und Forschungseinheit”
in German, which includes

— LNT (Chair of Communications
Engineering, Gerhard Kramer -
see Chapter 2)

— LUT (Professorship of Line
Transmission Technology, Nor-
bert Hanik - see Chapter 3) and

— COD (Professorship of Coding
for Communications and Data
Storage, Antonia Wachter-Zeh -
see Chapter 4).

I will add that the Professorship NAV

(Chair of Communications and Nav-

igation) led by Christoph Giinther

is associated with our research and
teaching unit through administrative
duties and social events.

I will continue with sad news: our
former head Professor Hans Marko
passed away at the age of 92 on Sep-
tember 12, 2017. The German text is
on a nearby page, and I believe that
some details will interest our Eng-
lish readers. Hans Marko was Chair
at TUM for 31 years from 1962 until
1993, during which time he played
a major role in the development of
cybernetics and digital communica-
tions in Germany. His recognitions
include IEEE Fellow, the first Karl
Kiipfmiiller Prize of the Informa-
tion Technology Society (ITG) of

the Association of Electrical Engi-

neering, Electronics and Informa-

tion Technology (VDE) in 1993, an
honorary doctorate from the Techni-

cal University of Darmstadt in 1985,

and the Cross of Merit of the Fed-

eral Republic of Germany in 1994.

He supervised nine habilitations and

75 doctorates. Several of his former

colleagues and students attended his

funeral in Gréfelfing to remember
his oustanding roles as researcher,
teacher, and mentor.

As every two years, there were
several personnel changes at the re-
search and teaching unit.

— For several years, we had many
postdocs at LNT, but most left in
2017. They joined universities in
China and the United States, or
started working for companies
in Europe. Three new Dr.-Ing.
completed their dissertations and
found good jobs in Munich. Two
new postdocs and eight new doc-
toral candidates joined us.

— An important change in March
2018 was that Ingo Viering be-
came an “Honorarprofessor” of
the TUM Department of Electri-
cal and Computer Engineering.
Ingo has been teaching a Master-
level course on wireless commu-
nications for many years, and he
is CEO of the LNT startup No-
mor Research since 2004.

— Another important change in late
2017 was that Georg Bocherer
completed his Habilitation and
joined Huawei in Paris. His de-
parture led to hiring Christian
Deppe from the University of
Bielefeld in January 2018. As
our new “Akademischer Rat”,
Christian has many administra-

Vorwort

tive responsibilities in addition
to teaching and research, and 1
am very pleased that he joined
the group. He currently works
on quantum information theory,
and he leads a BMBF project on
quantum repeaters.

— Finally, Rita Henn-Schlune will
be retiring at the end of 2018. We
thank her for her many years of
service to the LNT, and we wish
her much happiness in the next
phase of her life!

The past two years have been unu-

sually successful if one counts the

number of unit members winning
major prizes, see Chapter 7. For ex-
ample, in March 2018 we heard that

Antonia Wachter-Zeh won the 2018

Heinz Maier-Leibnitz Prize of the

DFG, and soon thereafter she secured

an ERC Starting Grant. Before that,

she had won a TUM Institute for Ad-
vanced Study Hans Fischer Fellow-
ship through which she hosted Prof.

Camilla Hollanti from Aalto Univer-

sity, Finland, for several months.
Next, Georg Bocherer was award-

ed the Johann-Philipp-Reis Award of
the VDE/ITG in 2017. Tobias Fehen-
berger won a 2018 ITG-Dissertation

Award. Our former postdoc Man-

soor Yousefi received the 2018 IEEE

Information Theory Society Paper

Award together with TUM Ambas-

sador and TUM Hans Fischer Senior

Fellow Frank Kschischang. The doc-



rd
|
Vorwort

toral researchers also received a va-
riety of awards, you can read more
about them in the report. Finally,
Prof. Mari Kobayashi from Centrale
Supélec was awarded a Humboldt
Fellowship for Experienced Re-
searchers, and she has been visiting
LNT since the fall of 2017.

The last two years were again
busy with events and workshops (see
Chapter 6), including the

2016 Munich Workshop on In-

formation Theory of Optical Fib-

er (MIO 2016),

— 2017 Munich Workshop on Cod-
ing and Applications (MWCA
2017), and the

— 2018 Munich Workshop on Cod-
ing and Cryptography (MWCC
2018).

Personally, I was especially busy

with organizing the 2017 IEEE In-

ternational Symposium on Informa-
tion Theory (ISIT) in Aachen, and
the 2017 IEEE Information Theory

Workshop (ITW) in Kaohsiung, Tai-

wan.

As an outlook for 2019-2020,
soon many additional doctoral stu-
dents will graduate. We will con-
tinue to work on information theory
and communications, with perhaps
some more emphasis on security
topics and, as a new topic, quantum
communications.

Finally, as always, I would like to
thank all members of our research
and teaching unit for their support
and hard work, and for their and your
dedication to our research groups.

Miinchen, November 2018

§ Yo

Gerhard Kramer



Lehrstuhl fiir Nachrichtentechnik (LNT)
Chair of Communications Engineering

The beginning of the Chair of Com-
munications Engineering was in
1962, when the Institut fiir Elektrische
Nachrichtentechnik und Messtechnik
at the Technische Hochschule Miin-

Gerhard Kramer et al.

chen (THM) was split into two in-
dependent units. Heads of the LNT
were H. Marko (1962-1993), J. Hage-
nauer (1993-2006), R. Kotter (2007-
2009) and G. Kramer (since 2010).

2.1 People

Scientific Staff
Kramer, Gerhard, Prof. Dr. sc. techn.

Hagenauer, Joachim, Prof. (i.R.) Dr.-Ing. Dr.-Ing. E.h.

Hauske, Gert, Prof. (i.R.) Dr.-Ing.

Deppe, Christian, Dr. Math. (since 01.01.2018)
Ferrara, Roberto, Dr. (since 01.08.2018)
Sidorenko, Vladimir, Dr.

Ahmadian, Amir, M.Sc.

Amjad, Rana Ali, M.Sc.

Coskun, Mustafa Cemil, M.Sc. (since 01.03.2017)
Donev, Delcho, M.Sc. (since 01.02.2017)
Garcia Gomez, Javier, M.Sc. (since 01.11.2016)
Giinlii, Onur, M.Sc.

Jerkovits, Thomas, M.Sc. (since 01.11.2017)
Nedelcu, Andrei, M.Sc.

Palzer, Lars, M.Sc.

Pikus, Marcin, M.Sc.

Prinz, Tobias, M.Sc.

Schulte, Patrick, M.Sc.

Staudacher, Markus, M.Sc.

Steiner, Fabian, M.Sc.

Yuan, Peihong, M.Sc.

Left the chair during the reporting period

Bartz, Hannes, Dr.-Ing. (until 31.03.2017)
Bocherer, Georg, Dr.-Ing. habil. (until 30.11.2017)
Dierks, Stefan, Dr.-Ing. (until 30.09.2017)

Geiger, Bernhard, Dr. techn. (until 31.07.2017)
Wu, Yongpeng, Dr. (until 31.05.2017)

Wu, Youlong, Dr. (until 31.05.2016)

Professor and Chair
Emeritus Professor
Emeritus Professor

Senior Researcher
Senior Researcher
Senior Researcher

Doctoral Researcher
Doctoral Researcher
Doctoral Researcher
Doctoral Researcher
Doctoral Researcher
Doctoral Researcher
Doctoral Researcher
Doctoral Researcher
Doctoral Researcher
Doctoral Researcher
Doctoral Researcher
Doctoral Researcher
Doctoral Researcher
Doctoral Researcher
Doctoral Researcher

Doctoral Researcher

Postdoc & Habilitation

Doctoral Researcher
Postdoc
Postdoc
Postdoc
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Mustafa Cemil Coskun, M.Sc.,was
born in Kayseri, Turkey, in 1991. He
received the B.S. degree in Electrical
and Electronics En-
gineering from Bo-
gazici  University,
{. Turkey, and the M.Sc.
™= degree in Communi-
I“.‘,‘ | cations Engineer}ng

‘ , from the Technical
University of Munich (TUM) in
2014 and 2017, respectively. He is
a member of the Institute for Com-
munications Engineering (LNT) at
TUM as a research assistant under
the supervision of Prof. Kramer
since 2017. His research interests
are in the field of coding theory, with
emphasis on short blocklengths and
list decoders. Mustafa likes travel-
ling and meeting people.

Dr. Christian Deppe was born in
Herford, Germany in 1971. He re-
ceived the Dipl.-Math. degree in
i 1996, and the Dr.-
L Math. degree in 1998,
both from the Uni-
versitdt  Bielefeld.
His Ph.D. thesis was
B under the supervision
1 of Prof. Ahlswede.
Christian was a research and tea-
ching assistant with the Fakultét fiir
Mathematik from 1998 to 2010.
From 2011 to 2013 he was project
leader of the BMBF project “Sicher-

Our new colleagues at LNT

heit und Robustheit des Quanten-
Repeaters”.

In2014 he was supported by a DFG
project at the Institute of Theoretical
Information Technology, TUM. In
2015 he had a temporary professor-
ship at the Fakultit fiir Mathematik
und Informatik, Friedrich-Schiller
Universitét Jena.

Since January 2018 he is the ad-
ministration manager at our Institute.
His research interests are Quantum
Information Theory and Combina-
torial Coding Theory. In his leisure
time Christian likes to play Badmin-
ton and Doppelkopf.

Dr. Roberto Ferrara was born in
Venice, Italy, in 1987. Roberto grad-
uated as a Bachelor student in Phys-
ics at the University
of Padova and as a
Master Student in
Physics at the Niels
Bobhr Institute (NBI),
| University of Copen-
hagen. His Master’s
thesis studied new properties of
private states in an effort to answer
open questions when using quantum
repeaters for quantum key distribu-
tion. Roberto graduated with a Ph.D.
in the field of Quantum Information
Theory at the Department of Math-
ematical Sciences, University of
Copenhagen, under the supervision
of Matthias Christandl. The disser-
tation is entitled ,,An Information-
Theoretic Framework for Quantum
Repeaters” and investigated the
theoretical description of Quantum
Repeater networks with a focus on
Key and Entanglement Distribution,
where part of the research inter-
ests included general entanglement
measures.

In August 2018, Roberto joined
the LNT as a Research Assistant of
Prof. Kramer and Dr. Deppe. During
the next three years he will study the
identification capacities of quantum
channels in various noise and attack
models. In his free time, Roberto
plays rugby with Miinchen RFC.

Delcho Donev, M.Sc., was born in
Shtip, Macedonia, in 1991. He re-
ceived his B.Sc. degree in Electri-
cal Engineering and
Information  Tech-
nologies - Telecom-
munications from Ss.
Cyril and Methodius
University in Skop-
je in 2014 and his
M.Sc. degree in Communications
Engineering from TUM in 2016. His
Master’s thesis at LNT was on Polar-
Coded Pulse Position Modulation
for the Poisson Channel.

In February 2017, he joined LNT
as a research assistant of Prof. Kram-
er. His research is supported by Mu-
nich Aerospace. His research interests
are in the fields of information theory
and efficient waveforms for short
block length communications.

In his leisure time Delcho plays
chess and guitar.

Javier Garcia Gémez, M.Sc., was
born in Valladolid, Spain, in 1992. He
received the B.Eng. degree in Tele-
communications En-
gineering at Univer-
sidad Politécnica de
Madrid (UPM) in
2014, and the M.Sc.
degree in Commu-
nications Engineer-
ing from the Technical University
of Munich (TUM) in 2016. His



Master’s thesis under the supervi-
sion of M.Sc. J. Munir and Prof. J. A.
Nossek was on Linear and Non-Lin-
ear Estimation Methods for Single-
Carrier and Multi-Carrier Coarsely
Quantized MIMO Systems.

In November 2016, he joined
LNT as a research assistant of Prof.
Kramer. His research interests are
information theory of nonlinear opti-
cal fibers and the Nonlinear Fourier
Transform.

From July to September 2018, he
was a summer intern at Nokia Bell
Labs in Crawford Hill, NJ, USA,
where he worked on the design of
efficient multi-dimensional constel-
lations for optical communications.

In his free time, Javier likes to
hike, swim, learn languages and have
wild and deep discussions about the
meaning of life.

Thomas Jerkovits, M.Sc., was born
in Kempten, Germany, in 1989. He
received the B.Sc. degree in Electri-
cal Engineering from
Ulm University and
the M.Sc. degree in
Electrical Engineer-
- ing from the Tech-
nical University of
Munich (TUM) in
2013 and 2015, respectively. His
Bachelor’s thesis under the supervi-
sion of Dr. Alexander Zeh was on
bounds on the minimum distance of
cyclic codes, and his Master’s thesis
under the supervision of Dr. Gianlui-
gi Liva and Dr. Balazs Matuz was on
turbo code design using time-variant
convolutional codes as constituent
codes.

After his graduation at TUM in
2015, he joined the Satellite and
Navigation department at the Insti-
tute for Communication and Naviga-
tion at the German aerospace center

(DLR) as a research assistant. He
continues to work on iterative and
modern coding schemes for satellite
applications, including turbo codes,
LDPC codes, spatially coupled
codes and polar codes. At the end
of 2017 he joined the newly created
post-quantum cryptography research
group within the same department at
DLR.

In 2017, he additionally joined
LNT as a Doctoral Researcher and
teaching assistant of Prof. Gerhard
Kramer. His research interests are
in the field of coding theory, with
emphasis on code-based cryptogra-
phy and their corresponding crypta-
nalysis.

In his free time, Thomas likes to
hike, travel, listen to music and he
enjoys to prepare some delightful
meals.

Balazs Matuz was born in Buda-
pest, Hungary, in 1982. He received
his d1ploma in Electrical Engineer-

: | ing and Information
Technology in 2007
@ from the Technische
| Universitit Miinchen
(TUM) and his Ph.D.
% degree (with distinc-
tion) in 2013 from
the Techmsche Universitdt Ham-
burg-Harburg (TUHH). Since 2007
he has been a member of the scien-
tific staff at the German Aerospace
Center (DLR) in Oberpfaffenhofen,
Germany. From 2014 till 2017 he
was a co-lecturer at TUM for *Chan-
nel Codes for Iterative Decoding’.
Since 2018 he has been a co-lecturer
for ‘Coded Modulation’. His major
interests are related to novel forward
error correcting and modulation
schemes for satellite and space com-
munication systems. In his free time
he enjoys renovating his home.

Fabian Steiner, M.Sc., was born
in Prien am Chiemsee in Decem-
ber 1988. He holds a B.Sc. (2011)
and M.Sc. (2014) in
Electrical Engineer-
ing from the Tech-
nical University of
Munich (TUM). Ad-
ditionally, he com-
4 pleted his B.Sc. in
Management and Technology also
from TUM in 2012. During his stud-
ies, he spent several months in the
US doing research at the Stevens In-
stitute for Technology, Hoboken, NJ,
and at Stanford University, Stanford,
CA. After graduating with his Mas-
ter’s thesis on ,,LDPC code design
for bit-metric decoding™ under the
supervision of Dr. Bocherer and Dr.
Liva, he joined the professorship of
Prof. Utschick to conduct research on
coarsely quantized massive MIMO
systems, before returning to LNT
in September 2016 to fully indulge
his passion for designing capacity
achieving error correction codes and
modulation schemes. He is teach-
ing assistant for ,,Channel Codes for
Iterative Decoding™ and ,,Machine
Learning for Communications*.
Fabian likes hiking in the Alps,
mountain-biking  and  traveling
around the world by any means of
transport (by boat on the Cuyabeno
river in Ecuador, motor bike in Cam-
bodia and busses in Myanmar).
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Kontny, Martin (until 31.07.2017)
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Elektroniklabor
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Muhammad Firas Hammosh, Nikolai Kadrileev, Rayyan Khan, Arda Can
Ozensoy, Ayush Patel, Aritra Ray, Bilal Uzun, Lukas Wolf, Rui Zhu

2.2 Research

This chapter reviews LNT’s research
activities from October 2016 until
September 2018. During this time,
four postdocs left and two doctoral
researchers graduated. We also hired
new researchers: Christian Deppe,
Roberto Ferrara, and four doctoral
candidates joined the chair.

The four postdocs Georg Bocher-
er, Bernhard Geiger, Yongpeng Wu,
and Youlong Wu all left in 2017.
Georg completed his Habilitation
and immediately joined Huawei in
Paris. Bernhard returned to Graz
to complete his Schrodinger Fel-

lowship. Yongpeng was with us only
briefly on a Humboldt Fellowship,
and he quickly joined Shanghai Jiao
Tong University as a Research Pro-
fessor. Shortly before that, Youlong
had joined ShanghaiTech University
as an Assistant Professor. Addition-
ally, Shirin Saeedi Bidokhti complet-
ed her SNSF Fellowship at Stanford
in 2017 and joined the University of
Pennsylvania as a research assistant
professor. We wish them much suc-
cess in their academic and industrial
careers, and we hope to see them in
Munich again soon.



The two doctoral candidates who
completed their theses were Hannes
Bartz and Stefan Dierks. The follow-
ing describes their work briefly; you
will find detail on page 20 and 21.

First, Hannes Bartz had his Dr.
Ing. exam in April 2017. Hannes
worked on the topic of Algebraic De-
coding of Subspace and Rank-Metric
Codes. The idea of these codes is to
transmit information in the choice
of a subspace or matrix rather than
in the choice of a vector. Subspace
codes have been applied to authen-
tication, secrecy, distributed storage,
and matrix recovery, for example.
Prof. Danilo Silva of the Federal
University of Santa Catarina served
as the 2" examiner.

Stefan Dierks had his Dr. Ing.
exam in February 2018. His thesis ti-
tle was Multiple Antenna Precoding:
Indoor Communications and EIRP,
where the acronym is for “equivalent
isotropically radiated power”. The
thesis topic is massive MIMO, and
its contributions are divided into two
main parts. The first part analyzes the
performance of precoding and coop-
eration schemes in an indoor office
environment. The second part deve-
lops a new upper bound on EIRP that
is simpler to compute than existing
methods. Prof. Emil Bjérnson from
Linképing University served as the
2" examiner, and Prof. Mari Kob-
ayashi from CentraleSupélec was
the 3™ examiner.

We welcomed Christian Deppe
from the University of Bielefeld in
January 2018. His main research ar-
eas are quantum information theory
and combinatorial coding theory. He
won a BMBF project on quantum re-
peaters in 2018, and this let us hire
Roberto Ferrara from the Niels Bohr
Institute at the University of Copen-
hagen. Roberto will be working on

identification capacities of quantum

channels.

We welcomed four new doctoral
candidates since the last report:
Mustafa Cemil Cogskun, Delcho
Donev, and Javier Garcia completed
the TUM MSCE program in 2016
and joined LNT. Thomas Jerkovits
completed his Master’s degree and
joined DLR in 2016, where he is
mainly supervised by Dr. Gianluigi
Liva. The other members of LNT
mostly continued the work described
in the last report. Their topics can
briefly be summarized as follows.

—  Amir Mehdi Ahmadian (p. 13):
precoding and interpolation algo-
rithms for massive MIMO chan-
nels and coordinated multipoint.

— Rana Ali Amjad (p. 14): theo-
ry and algorithms for Markov
aggregation, co-clustering, and
machine learning.

— Mustafa Cemil Coskun (p. 12):
low-complexity —message-pass-
ing decoders, low-latency coding
and channel estimation.

— Delcho Donev (p. 12): coded
modulation for Poisson channels,
waveforms for low-latency com-
munications.

— Javier Garcia (p. 15): nonlinear
Fourier transform, capacity, and
signal processing for optical fiber
channels.

— Onur Giinlii (p. 14): privacy,
security, and codes for physical
unclonable functions (PUFs).

—  Thomas Jerkovits (p. 12): tailbit-
ing convolutional codes, post-
quantum cryptgraphy.

— Andrei Nedelcu (p. 13): low-
precision precoding for massive
MIMO downlinks, matching cir-
cuits for MIMO.

— Lars Palzer (p. 14): distributed
compressed sensing and vector
quantization for sparse sources.

— Marcin Pikus (p. 10): shaping
algorithms for higher order mod-
ulation.

— Tobias Prinz (p. 11): higher order
modulation and decoding algo-
rithms for polar codes and their
generalizations.

— Patrick Schulte (p. 10): design of
codes and probability distribu-
tion matching algorithms.

—  Markus Staudacher (p. 13): ca-
pacity and waveforms for joint
communications and sensing.

— Fabian Steiner (p. 11): decoder
optimization for binary and non-
binary LDPC codes.

— Peihong Yuan (p. 11): algorithms
for polar codes and list decod-
ing.

As usual, the doctoral researchers

had substantial teaching duties in

addition to their research, and they
helped to organize many events. For
example, since the last report the

LNT organized eight workshops in

addition to co-organizing ISIT 2017

in Aachen and ITW 2017 in Kao-

hsiung, Taiwan. Of course, these
tasks slow down research, and per-
haps the added time helps to develop
better results. Certainly the postdocs
and doctoral candidates have had
good success in gathering important
recognitions, including a VDE-ITG

Johann-Philipp-Reis Award in 2017

and an I[EEE Information Theory So-

ciety Paper Award in 2018.
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The shaping gap is the difference be-
tween the channel capacity and the
information rate for uniform sign-
aling. Approaches to overcome the
shaping gap can be divided coarsely
into two groups, namely:

- Probabilistic shaping

- Geometric shaping.

Geometric shaping places constel-
lation points unevenly to form a
desired distribution at the channel
output.

Probabilistic shaping tries to
adapt the statistics of evenly spaced
constellation points, i.e., ASK or
QAM constellations. In 2014 a
new coded modulation scheme was
proposed that modifies existing
schemes by adding a new module

Shaping for Coded Modulation

Georg Bocherer, Marcin Pikus, Patrick Schulte, Gerhard Kramer

called a distribution matcher. This
module transforms a uniformly dis-
tributed input sequence of bits into a
sequence of symbols with a desired
empirical distribution. Thus, it pre-
selects a subset of codewords from a
code. Information about the distribu-
tion helps the decoder to recover the
original message.

Our group is interested in under-
standing how to build efficient en-
coders and decoders for this coded
modulation scheme. At the same
time, we have developed various
block-to-block distribution match-
ers such as the constant composi-
tion distribution matcher (CCDM).
CCDM is based on arithmetic cod-
ing and puts out sequences with
the same empirical distribution. Al-
though this restriction seems to limit
the distribution matcher, the maxi-
mum achievable rate is reached as-
ymptotically.

Distribution matchers have been
applied and adapted to several prac-
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tical problems. For example, optical
channels permit long blocks but the
computational complexity must be
minimized and is ideally split among
units that work in parallel. We pro-
posed two classes of algorithms: bit-
level probabilistically shaped coded
modulation and product distribution
matching. Both techniques use a bi-
nary distribution matcher to reduce
complexity.

Wireless communication systems,
on the other hand, use intermediate
block lengths. In this regime CCDM
suffers excessive rate-loss due to its
restricted output. We proposed sever-
al algorithms that outperform CCDM
and have reasonable complex-
ity. Multi-composition distribution
matching (MCDM) uses arithmetic
coding and combines all sequences of
any empirical distribution. Shell map-
ping distribution matching (SMDM)
implicitly orders sequences accord-
ing to a symbol-wise defined weight
function, e.g., the energy of constella-
tion points, and uses only those with
low weight. For future work we plan
to investigate other algorithms with
very low computational complexity,
and hope to obtain solutions that can
be implemented efficiently in hard-
ware.

Literature:

[1] Bocherer, G.; Steiner, F.; Schulte, P.:
Bandwidth-efficient Rate-
matched Low-density Parity-check
Coded Modulation. IEEE Trans. Com-
mun. Vol. 63, no. 12, pp. 4651-4665,
Dec. 2015

and



LDPC & Polar Codes

Tobias Prinz, Fabian Steiner, Peihong Yuan, Gerhard Kramer

In December 2017, 3GPP, the stand-
ardization body for the upcoming 5G
standard, chose low-density parity-
check (LDPC) and polar codes as the
preferred forward error correction
solution. While LDPC codes will be
used for the enhanced mobile broad-
band (eMBB) profile, polar codes
are considered for reliably transmit-
ting data for the control channels.
Our group closely follows the
standardization and adopted these
codes for comparisons and state-of-
the-art references in our publications.
In our research on LDPC and polar
codes, we are interested in their in-
formation theoretic foundations, and
their practical aspects. We contribute
to several industry projects and col-
laborations. Our research is currently
focused on the following directions.

LDPC Codes

We design optimized LDPC codes
for probabilistic amplitude shaping
(PAS), a coded modulation technique
invented at LNT (by G. Bocherer, P.
Schulte and F. Steiner) that allows to
overcome the shaping gap and oper-
ate close to the Shannon limit with
unprecedented rate flexibility.

We design non-binary LDPC codes
for short blocklengths and show how
to use them in a flexible way with
higher order modulation. Even if their
decoding is computationally more de-
manding, they may play an impor-
tant role for ultra-reliable low-latency
communication (URLLC) which
aims for low frame error rates (below
10) and low latencies.

We analyze and improve the belief-
propagation decoding algorithm with
a coarse quantization of the messages

between variable and check nodes for
high throughput communication sys-
tems (e.g., optical communications).
These finite alphabet message pass-
ing decoders have an efficient internal
data flow.

Polar Codes

We design polar codes for higher
order modulation. To show competi-
tive performance, polar codes must
be decoded with a successive can-
cellation list decoder and an outer
CRC code. However, the parameter
choices for the list size and the CRC
code parameters are not straightfor-
ward. We developed good heuristics
to select those.

We investigate non-binary polar
codes, explain their construction
principles and compare them to bi-
nary counterparts.

Polar codes can be considered in a
broader context, with other polariza-
tion matrices than Arikan’s original
2x2 kernel. For example, BMERA

codes have a better error exponent
and an improved distance spectrum
so that a CRC can be shorter.

In all aspects, we use and further
extend information theoretic tools,
such as finite length achievability
and converse bounds, and compare
to the best known rates.

We use a state-of-the-art simula-
tion cluster with more than 200 Xeon
CPUs and several GPUs to meet the
challenging demands of extensive
simulation campaigns and to verify
our theoretical findings experimen-
tally. We use high performance com-
puting libraries (Intel MKL, OpenMP,
OpenMPI and Nvidia’s Cuda frame-
work). Simulations are also run on
the LRZ supercomputing cluster.

—a— Polar Code (uni)
—o— Polar Code (PAS)
—+— NB LDPC Fg4 (uni)
—B— NB LDPC F5s6 (PAS)
4 | —e—LDPC 5G (uni)

—o— LDPC 5G (PAS)

9 10 11 12
Es/No [dB]

Comparison of state-of-the-art coding schemes for higher-order modulation, a target
operating spectral efficiency of 3.0 bpcu and 64-QAM
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This project encompasses two main
research topics. The first topic is
the design of optimal waveforms
for short block length transmissions
with time and bandwidth constraints,
and upper and lower bounds on the
finite block length capacity. We use
Prolate Spheroidal Wave Functions
(PSWFs) to design the waveforms,
and we introduce time and band-
width constraints to guarantee low
interference on other transmissions.
The PSWFs are optimal in the sense
that they are the waveforms that
have most of their energy inside a
given time interval and bandwidth.
We modify Shannon’s sphere pack-
ing bound (SPB) to include these
time and bandwidth constraints. This
work led us to explore the problem
of the intersection of spherical hy-
percaps on an n-dimensional hyper-
sphere. We compared the bounds for
different waveforms.

We also tackled the problem of
interference when consecutive trans-
missions occur, and we explore the
capacity loss incurred. We then ex-
plore the effect of feedback and the
optimal time placement of the feed-
back information from an informa-
tion theoretic viewpoint.

The second topic is the tailored
design of channel codes for short to
medium information blocks, which
means from a few tens up to a few
thousands of bits. The interest in the

12
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Mustafa Cemil Coskun, Delcho Donev, Thomas Jerkovits,

Gerhard Kramer

topic has been rising recently, main-
ly due to the development of the 5G
mobile communication system and
other emerging applications such
as machine-type communications
(MTC). These kinds of applications
often have stringent requirements
on reliability and latency, which is
referred to as ultra-reliable and low-
latency communications (URLLC).
The design of good short error cor-
recting codes is crucial for such ap-
plications.

Unfortunately, most classic code
constructions and tools focus on
long block lengths, and they tend to
fail in the short block length regime.
On the other hand, at short block
lengths coding schemes and decod-
ing algorithms become viable that
would otherwise require too high
complexity, e.g., tail-biting convo-
lutional codes with large memories
under wrap-around Viterbi algorithm
(WAVA) decoding, polar codes with
successive cancelation list decoding
(SCL) concatenated with an outer
error detecting code, and algebraic
codes such as BCH codes with or-
dered-statistics decoding (OSD). In
addition to these, non-binary LDPC
codes are a strong competitor if
higher complexity is permitted.

Although short codes have been
investigated for the AWGN channel
by many groups, the tools for design-
ing error-correcting codes are still not
completely understood for impor-
tant classes of models such as fad-
ing channels. One part of the project
focuses on understanding theoretical
benchmarks for these scenarios, as
well as designing practical codes to-

gether with efficient decoding algo-
rithms to approach the limits.

An important example is how to
efficiently communicate over block-
fading channels, which is relevant
for OFDM-based schemes in LTE or
5G. When the blocks are long, one
can afford to use many pilots to es-
timate the channel. However, the es-
timation cost is expensive for short
blocks, making it difficult to reach
the limits of non-coherent com-
munication. For such scenarios, the
number of pilots to achieve the best
performance for given requirements
depends strongly on the algorithms
adopted. Recently, we have been
investigating the benefits of list de-
coders, e.g., OSD and SCL decod-
ing, which can reduce the number of
pilots. Together with efficient signal-
ing, this may enable current systems
to perform close to the limits of non-
coherent communications. One of
our targets is to generalize efficient
list decoding algorithms to different
code classes.

Another interesting question is
whether one should use a low rate
code with a higher order modulation
or vice versa. The choice of signal-
ing depends on the power regime in
which the system operates, e.g., flash
signaling is efficient at low powers
for block-fading channels.

Literature:

Ostman, J.; Durisi, G.; Strom, E. G.;
Coskun, M. C.; Liva, G.: Short Packets
over Block-Memoryless Fading Chan-
nels: Pilot-Assisted or Noncoherent
Transmission? /n: IEEE Trans. Comm.,

Jan. 2018



MIMO and Massive MIMO

Amir Ahmadian, Andrei Nedelcu, Markus Staudacher,

Massive multiple-input multiple-
output (massive MIMO) uses large
antenna arrays at base stations to
serve many users that each have a
small number of antennas. The gains
of massive MIMO include improved
power and spectral efficiencies, and
simplified signal processing. The
gains are often stated for a large
number N of base station antennas
and a large number K of user equip-
ments (UEs) when the ratio N/K is
held constant.

Practical implementation of mas-
sive MIMO is challenging. For ex-
ample, consider a base station de-
ployment where every antenna has a
radio frequency (RF) chain. It seems
impractical to use high-resolution
analog-to-digital and digital-to-
analog converters (ADCs/DACs),
along with linear but low-efficiency
power amplifiers.

Two solutions are as follows. First,
hybrid-beamforming uses analog
beamformers in the RF chain of each
antenna, and the digital baseband
processing is shared among different
RF chains. Second, low-resolution
ADCs/DACs simplify transceivers,
e.g., one bit quantizers use simple
comparators and they might permit
using non-linear power amplifiers.
We focus on the second approach,
since the DAC and ADC are major
power sinks at baseband, and also
mixed-signal components whose in-
tegration and design are difficult.

Applying a MMSE precoding de-
sign criterion, we observe that the
optimization problem is not convex,
unlike the optimization of classic lin-
ear MMSE precoders. The objective

Gerhard Kramer

function turns out to be biconvex in
the transmit signal and the precoding
factor, meaning that for a fixed trans-
mit signal the function is convex in
the precoding factor, and vice-versa.
Next, the constraint set is a bounded
discrete Cartesian product set, which
gives a combinatorial problem.

The case of one bit quantiza-
tion DACs can be reformulated as a
quadratic binary minimization prob-
lem, which is known to belong to the
class of NP-hard problems. We thus
consider approximation algorithms.
Existing algorithms such as ADMM
and SQUID take a convex relaxation
approach based on the good behav-
ior of the cost function (convex, con-
tinuous, Lipschitz), which guaran-
tees that the approximated solution
is near the optimum.

We take another approach that is
based on coordinate minimization.
While the minimization over all co-
ordinates of the transmit signal is
expensive, the minimization of each
coordinate individually requires
only few function evaluations. We
call this algorithm MAGIQ (Multi
Antenna Greedy Iterative Quan-
tized) MIMO. The figure shows a
lower bound on the mutual informa-
tion obtained by several nonlinear
and quantized linear precoders and
showcases the superiority of nonlin-
ear techniques.
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Compressed Sensing is a relatively
young mathematical theory that im-
proves the efficiency of signal acqui-
sition systems. This has led to many
advances in applications such as med-
ical or satellite imaging. Such acqui-
sition devices employ quantization to
store signals digitally. In our work,
we are studying both the fundamental
performance limits and the perfor-
mance achieved by specific measure-
ment systems and algorithms.

Recently, we investigated trade-
offs in distributed compressed sens-
ing systems with one-bit quantiza-
tion. In our model, several signals
that share a common structure are
measured independently by different
devices but reconstructed together.
This model applies to, e.g., wire-
less sensor networks where low-
complexity sensor nodes measure
correlated signals that are transmit-
ted to central processing units. By
considering one-bit quantizers, we
let the acquisition systems consist of
cheap hardware. We proved that by
exploiting the common structure of
the signals, the number of measure-
ments in each sensor can be signifi-
cantly reduced, permitting an even
lower hardware complexity at each
node.

In addition to the problem of re-
ducing the number and complex-
ity of measurements at each sensor
node, we are interested in the secu-
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Ali Rana Amjad, Onur Giinlii, Lars Palzer, Gerhard Kramer

rity and privacy of sensors and other

physical devices.

We consider a physical unclon-
able function (PUF) that is a chal-
lenge-response mapping embodied
by a physical device. Its responses
should be easy to evaluate, but it
should be difficult to determine its
response to a random challenge,
even if an attacker has a list of other
challenge-response pairs. PUFs are
used for on-demand secret key gen-
eration. This secret key can be used
for device authentication and identi-
fication, similar to biometric secrecy
systems for user authentication and
identification.

We approach the problem of de-
veloping methods for PUFs in three
steps:

(1) we consider practical PUF types
and statistically model their re-
sponses;

(2) we design transform-coding al-
gorithms to eliminate correla-
tions and to improve the signal-
to-noise (SNR);

(3) we develop code constructions
for the transform-domain outputs
that are information-theoretically
tractable.

These steps allow us to build com-

plete secrecy systems that use PUFs

to generate secret keys on demand
with close to optimal trade-offs
among the secret-key, privacy-leak-
age, and storage rates. As in many
other practical designs, information-
theoretic optimality comes at the

cost of hardware complexity, e.g.,

a large hardware area for PUFs. We

also develop suboptimal but low-

complexity algorithms that perform
well in practice.

Finally, we study the application
of tools from information theory and
coding theory to problems in ma-
chine learning and data science.

For unsupervised learning, we
study two different problems. The
first problem deals with Markov ag-
gregation and co-clustering. We pro-
posed a new information theoretic
cost function and optimization heu-
ristic for Markov aggregation and
studied the application of this frame-
work to the co-clustering problem.
We showed that the most effective
existing information theoretic co-
clustering methods are special cases
of our framework. Hence our co-
clustering also provides a deeper un-
derstanding about the relationships
among the previously proposed
methods. It also allows us to fairly
compare among these methods and
study their strengths and weakness-
es in a unified manner. The second
problem deals with clustering using
pairwise similarities. We extended
a recently proposed clustering al-
gorithm “Affinity Propagation” and
we address its shortcomings, such
as lack of global structure discovery,
while keeping the attractive features,
such as no need for initialization.

In the supervised learning domain
we are studying the application of
information theoretic measures to
design and analyze deep neural net-
works. For design we studied the
information bottleneck principle for
training deep neural networks. For
analysis, we look at the use of dif-
ferent information measures to rank
the importance of individual neu-
rons in an already trained neural net-
work.



Optical Communications

Javier Garcia Gomez and Gerhard Kramer

Fiber optic cables form the backbone
of our global communication net-
works. A useful description of wave-
form propagation in optical fiber is
given by the non-linear Schrodinger
equation (NLSE). However, its form
does not provide easy insight into
information theoretically relevant
quantities such as capacity. Mean-
while, the use of standard linear
techniques for information transmis-
sion over optical fiber has reached a
capacity peak. To address the ever
increasing demands for data rate, it
is necessary to design transmission
schemes that take into account the
nonlinearity of the fiber.

One of the consequences of the
channel nonlinearity is the broad-
ening of the frequency spectrum
of the transmitted signals during
propagation, which causes interfer-
ence between channels. Therefore,
we consider a modified channel
model (brick-walls filters) that in-
cludes a bandwidth constraint along
the fiber [1]. This is a limiting case
of a system which has regularly
spaced band-pass filters, when the
distance between filters goes to 0.
We showed that this model preserves
the energy of the propagating signal,
and we found conditions that ensure
interference-free propagation. This
makes the model worth consider-
ing for communications systems.
Several challenges remain, such as
the information theoretic analysis
of this model and the evaluation
of the effect of non-zero filter spac-
ing.

Another tool that has been pro-
posed to overcome the capacity peak
is the nonlinear Fourier transform

(NFT), which transforms the NLSE
into a linear, multiplicative channel.
In addition to providing eigenfunc-
tions of the NLSE channel (solitons,
see graph), the NFT enables the use
of multiplexing techniques such as
nonlinear frequency division multi-
plexing (NFDM) that provide inter-
ference-free channels.

However, NFT communication
still has too low spectral efficiency
to compete with standard wave-
length division multiplexing sys-
tems. To address this issue, we have
developed an extended transmission
scheme that uses additional degrees
of freedom of the NFT for commu-
nication [2].

Another shortcoming of the NFT
is that it cannot model the optical
noise. We have worked with Bell
Labs Stuttgart to investigate soliton-
ic signals and derive a method to
predict the statistics of their parame-
ters in the presence of additive time-
domain noise [3].
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We plan to continue working on
the brick-walls filters and the NFT,
focusing on improving the achiev-
able rate and finding bounds on the
capacity.

Literature:

[1] Garcia, J.; Ghozlan, H.; Kramer, G.:
Energy Conservation in Optical Fib-
ers with Distributed Brick-Walls Fil-
ters. In: J. Lightw. Technol. 36 (9),
May 2018, 1626-1633

[2] Garcia, J.: Communication Using Ei-
genvalues of Higher Multiplicity of
the Nonlinear Fourier Transform. In:
ArXiv e-prints, Feb. 2018

[3] Garcia, J.; Aref, V.: Statistics of the
Eigenvalues of a Noisy Multi-Soliton
Pulse. In: ArXiv e-prints, Aug. 2018
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This chapter lists the twelve exter-

nally-funded research projects of the

Chair of Communications Engineer-

ing (LNT) in the reporting period

10/2016-09/2018:

— two projects — (A), (B) from the
Helmholtz Association (HGF Al-
liance) with respect to coding;

— four projects — (C) — (F) from
the Deutsche Forschungsge-
meinschaft (DFG) on physical-
layer security, compressed sen-
sing, optical fiber capacity, and
cooperative communications.

— one project — (G) from the Ger-
man Federal Ministry of Educa-
tion and Research (BMBF) on
quantum communications;

— two projects — (H), (I) with the
Huawei European Research Cen-
ter on low latency coded modula-
tion;

— three projects — (J) — (L) with
Nokia Bell Labs on massive
MIMO precoding.

Five of these projects started before
01.10.2016 and eight projects con-
tinue beyond the end of the reporting
period (30.09.2018).

The project (E) is a joint project of
LNT and LUT (Prof. Hanik) and (F)
is a joint project of LNT and COD
(Prof. Wachter-Zeh).
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2.3 Projects

(A) Network Coding

Project Team: Fabian Steiner, Patrick Schulte, Dr. Bocherer and Prof.
Kramer

Funding Period: 01.01.2012-31.12.2016

Reporting Period: 01.10.2016-31.12.2016

Funding Agency: Helmholtz-Gemeinschaft (HGF-Allianz)

DLR@Uni — Munich Aerospace

Dr. Munari, Dr. Liva, Dr. Berioli,

Institute for Communications and Navigation, German

Aerospace Agency (DLR)

Project Partners:

(B) Efficient Coding and Modulation for Satellite Links with Severe
Delay Constraints

Project Team: Delcho Donev, Mustafa Cemil Coskun and Prof. Kramer

Funding Period: 01.01.2017-31.12.2019

Reporting Period: 01.01.2017-30.09.2018

Funding Agency: Helmholtz-Gemeinschaft (HGF-Allianz)

DLR@Uni — Munich Aerospace

Dr. Liva, Dr. Matuz,

Institute for Communications and Navigation, German

Aerospace Agency (DLR)

Project Partners:

(C) Information Theory and Recovery Algorithms for Quantized and
Distributed Compressed Sensing

Project Team: Lars Palzer and Prof. Kramer

Funding Period: 01.01.2016-31.12.2018

Reporting Period: 01.10.2016-30.09.2018

Funding Agency: Deutsche Forschungsgemeinschaft (DFG)

Project Partners: Prof. Fornasier and Johannes Maly,
Chair of Applied Numerical Analysis, Faculty of
Mathematics, TUM

(D) A Holistic Approach to Key Generation Using Physical Unclonable

Functions
Project Team: Onur Giinlii and Prof. Kramer
Funding Period: 01.04.2016-31.03.2019

Reporting Period: 01.10.2016-30.09.2018

Funding Agency: Deutsche Forschungsgemeinschaft (DFG)

Project Partners: Prof. Sigl, Chair of Security in Information Technology,
TUM

(E) Optical Fiber Communication using the Nonlinear Fourier
Transform

Project Team: Javier Garcia Gémez and Prof. Kramer

Funding Period: 01.01.2017-31.10.2019

Reporting Period: 01.01.2017-30.09.2018



Funding Agency: Deutsche Forschungsgemeinschaft (DFG)
Project Partners: Prof. Hanik and Benedikt Leible, Associate Professorship
of Line Transmission Technology (LUT)

(F) Fundamentals of Cooperation in Modern Communication
Networks

Project Team: Prof. Kramer and Prof. Wachter-Zeh (COD)

Funding Period: 01.01.2018-31.12.2022

Reporting Period: 01.01.2018-30.09.2018

Funding Agency: Deutsche Forschungsgemeinschaft (DFG)

Project Partners: Prof. Permuter and Prof. Schwartz, Ben Gurion

University of the Negev, Israel

(G) Quanteninformationstheorie und Kommunikationstheorie fiir
Quantenrepeater jenseits des Shannon Ansatzes

Project Team: Dr. Deppe and Prof. Kramer

Funding Period: 01.08.2018-31.07.2021

Reporting Period: 01.08.2018-30.09.2018

Funding Agency: Bundesministerium fiir Bildung und Forschung (BMBF)
Verbundprojekt: Quanten-Link-Erweiterung

Project Partners: The network includes 34 partners from universities and
10 partners from industry

(H) Low Latency Coded Modulation

Project Team: Peihong Yuan, Marcin Pikus, Dr. Bécherer and Prof.
Kramer

Funding Period: 01.01.2016-31.12.2016

Reporting Period: 01.10.2016-30.12.2016

Funding Agency: Huawei European Research Center

Project Partners: Dr. Xu, Dr. Iscan, Dr. Bshnke, Huawei ERC

(I) Low Latency Coded Modulation II

Project Team: Peihong Yuan, Marcin Pikus, Tobias Prinz and Prof.
Kramer

Funding Period: 01.08.2018-31.07.2019

Reporting Period: 01.08.2018-30.09.2018

Funding Agency: Huawei European Research Center

Project Partners: Dr. Xu, Dr. Iscan, Dr. Bshnke, Huawei ERC

(J) Analysis of Low Effort Massive MIMO Precoder Design and
Indoor-Outdoor Cooperation

Project Team: Stefan Dierks, Markus Staudacher, Amir Ahmadian, and
Prof. Kramer

Funding Period: 01.01.2016-31.12.2016

Reporting Period: 01.10.2016-31.12.2016

Funding Agency: Nokia Bell Labs

Project Partners: Dr. Wegmann, W. Zirwas, Dr. Panzner, Dr. Ganesan,
Nokia Bell Labs
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In 2017 Dr.-Ing. Georg Bocherer
completed his habilitation at our fac-
ulty. It was the eleventh habilitation
in the LNT’s history (s. p. 19).

In 2017/2018, Hannes Bartz and
Stefan Dierks completed their Dr.
Ing. dissertations (see pp. 20 - 21).

The current count of all com-
pleted Dr. Ing. dissertations at LNT,
LUT, and their predecessor institutes
going back to 1906 is 223. Gerhard
Kramer has been the first referee in
twelve doctoral theses and one Ph.D.
thesis since starting at TUM in 2010.

Finally, Prof. Kramer thanks his
colleagues Prof. Frans Willems (Eind-
hoven University) and Prof. Stephan
ten Brink (University of Stuttgart)
for serving as habilitation mentors,
and Prof. Emil Bjornson (Link&ping
University), Prof. Mari Kobayashi
(CentraleSupélec) and Prof. Danilo
Silva (Federal University of Santa
Catarina, Brazil) for serving as co-
examiners.
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(K) Low Cost Booster Arrays for Massive MIMO Precoding

Project Team: Markus Staudacher, Andrei Nedelcu, Amir Ahmadian,
Fabian Steiner and Prof. Kramer

Funding Period: 01.01.2017-31.12.2017

Reporting Period: 01.01.2017-31.12.2017

Funding Agency: Nokia Bell Labs

Project Partners: Dr. Wegmann, W. Zirwas, Dr. Panzner and Dr. Ganesan,
Nokia Bell Labs

(L) Low Cost Booster Arrays for Massive MIMO Precoding 11

Project Team: Andrei Nedelcu, Fabian Steiner, Amir Ahmadian and
Prof. Kramer

Funding Period: 01.03.2018-31.08.2018

Reporting Period: 01.03.2018-31.08.2018

Funding Agency: Nokia Bell Labs

Project Partners: Dr. Wegmann, W. Zirwas, Dr. Panzner and Dr. Ganesan,
Nokia Bell Labs

2.4 Habilitation and Dissertations

2.4.1 Habilitation

11.10.2017  Dr.-Ing. habil. Georg Bocherer
Habilitation: Principles of Coded Modulation

Lecture: Information-Theoretic Benchmarks for Coded
Modulation
Area: Communications

2.4.2 Dissertations

05.04.2017 Dr.-Ing. Hannes Bartz

Thema: Algebraic Decoding of Subspace and Rank-Metric Codes

Vorsitzender: Prof. Dr.-Ing. Wolfgang Kellerer

1. Berichter: Prof. Dr. sc. techn. Gerhard Kramer

2. Berichter: Prof. Danilo Silva, Ph.D. (Federal University of Santana
Catarina / Brazil)

20.02.2018
Thema:

Dr.-Ing. Stefan Dierks

Multiple Antenna Precoding: Indoor Communications and
EIRP

Vorsitzender: Prof. Dr.-Ing. Eckehard Steinbach

1. Berichter: Prof. Dr. sc. techn. Gerhard Kramer

2. Berichter: Prof. Emil Bjérnson (Linkdping University, Sweden)

3. Berichter: Prof. Mari Kobayashi (CentraleSupélec, France)



Principles of Coded Modulation

Habilitation Dr.-Ing. habil. Georg Bocherer

Applied Information Theory
Shannon‘s famous formula states
that the channel capacity in the pres-
ence of Gaussian noise is

C=1/2 " log(l + SNR)

where SNR is the signal-to-noise
ratio. Looking into a textbook on
information theory, we find that the
communication system required to
achieve capacity is usually imprac-
tical, as it requires infinite latency,
a complex forward error correction
(FEC) decoder, and unbounded peak-
to-average power ratio (PAPR).

A practical system designer must
account for stringent latency require-
ments, he/she is restricted to simple
decoders, and prefers the PAPR to be
as low as possible.

These are several reasons why
many practitioners make only limit-
ed use of information theory in
communication system analysis and
design: they often resort to convent-
ional metrics such as error vector
magnitude (EMV) or bit error rate
(BER). On the other hand, with the
advent of soft decision FEC, e.g., in
optical transponders, uncoded BER
may not be an appropriate perfor-
mance metric.

The main motivation of my re-
search and teaching activities tow-
ards my habilitation was to better
understand how information theory
tools can be used in practical system
design, e.g. in fiber-optic, mobile,
and satellite communication.

Coded Modulation
A fundamental communications
challenge is to approach Shannon‘s

capacity in the bandwidth-limited
regime, which requires to transmit
more than one bit per second per
real dimension. This requires Coded
Modulation, i.e., the suitable com-
bination of higher-order modulation
and FEC.

I started to work on this topic in
2012, when I had the luck to serve
as the teaching assistant of Dr. Gott-
fried Ungerbock, the father of Coded
Modulation and the 2018 Shannon
Award recipient.

In the following years, I developed
the lecture ,,Coded Modulation* for
graduate students at the Technical
University of Munich (TUM) and
my habilitation thesis ,,Principles of
Coded Modulation®. A central theme
was the development of tools for the
design and analysis of systems that
integrate probabilistic amplitude
shaping (PAS) and FEC. Particular
attention has been paid to the fact
that the achievable rates are based on
receiver designs that can be imple-
mented in practice

After my first year in industry, |
can confirm that, in fact, information
theory can reflect most of the prac-
tical system constraints and gives the
right insights for optimal system de-
sign, with one important exception:
the power consumption of decoding
algorithms.

Back to the Future

Complexity and power consump-
tion are becoming the fundamental
limitation, and in particular for fiber-
optic communications. The reason is
the race between computing power
(Moore‘s law) and throughput.
When the throughput grows faster

than the computing power, a faster
internet requires simpler algorithms.

The study of the perfomance vs.
power consumption trade-off of FEC
decoders is a highly relevant topic
and interesting for future research
collaborations between academia
and industry.

Dr.-Ing. habil. Georg Bocherer was
born in Freiburg im Breisgau, Ger-
many. He obtained his M.Sc. degree
‘@ in Electrical Engi-
neering and Infor-
. mation Technology
= fromthe ETH Ziirich,
s % Switzerland, in 2007,
VN and his Ph.D. degree
from the RWTH
Aachen, Germany, in 2012. From
2012 to 2017, he worked as a re-
searcher and lecturer with the Chair
of Communications Engineering
(LNT) at the Technical University
of Munich (TUM), where he re-
ceived his Dr.-Ing. habil. degree in
2017 and became Privatdozent in
2018.

Together with two Ph.D. students
of the TUM, he won the third prize
at the 2015 Bell Labs Prize and he
received the 2017 Johann-Philipp-
Reis Award.

Since December 2017, Dr. Boche-
rer works as senior research scientist
at the Paris Research Center of Hua-
wei Technologies France.
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Millions of data packets are trans-
mitted through communication net-
works like the Internet every day.
Communication networks consist of
nodes that are connected by wired
or wireless communication channels
which are subject to environmental
e.g., thermal
interference.

disturbances, noise,
jamming or
physical effects introduce errors in
the received data packets which may
render the received packets useless.

These

In 2001, random network coding
(RNC) was proposed as a method
to achieve the capacity of multicast
networks. The main idea of RNC is
to mix data packets at intermediate
nodes instead of routing them through
the network. This coding scheme re-
quires new strategies for error correc-
tion since all packets that are mixed
with an erroneous packet result in er-
roneous packets, i.e., errors propagate
through the network.

— To combat the effect of error
propagation, Kotter and Kschis-
chang proposed subspace codes
for error control in RNC. Sub-
space codes can be constructed
using rank-metric codes, e.g. Ga-
bidulin codes.

— Gabidulin codes
metric equivalent of Reed-Solo-

are the rank-

mon codes and are used, e.g., as
space-time codes and for design-
ing quantum resistant cryptosys-
tems.
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Algebraic Decoding of Subspace and Rank-Metric Codes

Dissertation Dr.-Ing. Hannes Bartz

In this thesis, multivariate interpo-
lation- and syndrome-based decod-
ing schemes for subspace and rank-
metric codes are presented and ana-
lyzed. The proposed interpolation-
based decoding schemes allow to
efficiently correct errors beyond the
unique decoding region in the corre-
sponding metric (subspace- and rank
metric). The decoding schemes can
either be used as a list decoder, i.e.,
a decoder that returns a list of code-
words that are close to the received
word in the corresponding metric,
or as a probabilistic unique decoder
that returns a unique codeword with
high probability. Upper bounds on
the average list size and the decoding
failure probability of the presented
decoding schemes are derived.

Properties of minimal Grdbner
bases for linearized polynomial
modules are used to improve the
decoding performance, to reduce
the average list size, and to reduce
the computational complexity. It is
shown how the linearized Koétter-In-
terpolation can be used to construct
the required minimal Grobner bases
efficiently.

Improved interpolation- and syn-
drome-based decoding schemes for
interleaved subspace codes are pre-
sented that achieve the best known
decoding region. An interpolation-
based decoding scheme for folded
subspace codes is proposed and ana-
lyzed. The presented subspace de-
coding schemes are compared with
existing decoding algorithms with
respect to different parameters and
simulations.

An interpolation-based decoding
scheme for folded Gabidulin codes,

a variant of rank-metric codes that
improves upon existing schemes for
high code rates, is presented. The
results are used to reduce the aver-
age list size of an existing decoding
scheme that has an improved decod-
ing performance for low-rate folded
Gabidulin codes.

This thesis was published in 2017
by Dr. Hut Verlag in the series “In-
formationstechnik”, ISBN 978-3-
8439-3174-8.

Dr.-Ing. Hannes Bartz received his
Dipl.-Ing. and Dr.-Ing. degree from
the Technical University of Munich
(TUM) in 2010 and
2017, respectively.
From 2011-2017, he
was a research assis-
tant of Prof. Kramer
at the TUM Chair of
/N Communication En-
gineering (LNT). From 2011-2015
he was the Program Manager of the
international Master program “Mas-
ter of Science in Communications
Engineering” (MSCE) at the Techni-
cal University of Munich.

In July 2017 he joined the Infor-
mation Transmission group of the
Satellite Networks department of the
German Aerospace Center (DLR)
where he works on code-based quan-
tum-resistant cryptosystems. Since
2018, he is giving the lecture Coded
Modulation at the Technical Univer-
sity of Munich.

In 2012 Hannes Bartz received
the Prof. Dr. Ralf Kotter memorial
award for his diploma thesis entitled
“Implementation of an Error-Correc-
ting Network Code based on a Reed-
Solomon Code”.




Multiple Antenna Precoding: Indoor Communications & EIRP

Dissertation Dr.-Ing. Stefan Dierks

The mobile data volume continues to
increase, and this growth will open
possibilities for new applications in
mobile networks. One goal of new
mobile communication standards,
for example, 5th generation mobile
networks (5@G), is to increase the
throughput per unit area or volume
by a factor of 1000. The goal can be
achieved by:

— densifying base station (BS) de-
ployments and increasing the
number of served user equip-
ments (UEs);

— increasing bandwidth, for exam-
ple, by using millimeter waves;

— increasing spectral efficiency
(SE) through multiple antenna
communications, i.e., multiple-
input multiple-output (MIMO).

The thesis concentrates on the third

method using an idea called mas-

sive MIMO. MIMO allows one BS
to transmit several streams to one or
more UEs using spatial degrees-of-

freedom. Massive MIMO refers to a

“vast” over-provisioning of BS an-

tennas as compared to the number of

served single antenna UEs. Massive

MIMO claims several advantages

over conventional MIMO:

capacity increases by a factor of

10 or more;

— 1improved energy efficiency;

— 1inexpensive, low-power compo-
nents suffice;

— simplified multiple-access layer;

— reduced latency;

— robustness to jamming and inter-
ference.

The thesis consists of two parts. The
first part analyzes massive MIMO
deployments in an indoor scenario.

The second part analyzes equivalent
isotropically radiated power (EIRP)
of MIMO arrays.

Most mobile traffic is generated
by indoor users. The performance of
different BS deployments with dif-
ferent levels of cooperation in the
downlink of a 3GPP indoor office
scenario is analyzed in the first part
of the thesis. Interference is often the
main limitation in mobile networks.
Interference aware signal processing
schemes are developed that differ
in the level of cooperation between
BSs. The transmission schemes and
the BS deployments are compared
using the following approach: The
number of served, single-antenna
UEs is fixed and the ratio of total
number of BS antennas to the num-
ber of served UEs is swept from one
to ten. The ratio of BS antennas to
served UEs that achieves the mas-
sive MIMO benefits and provides a
good tradeoff between antenna costs
and SE is determined this way. The
performance of a single BS is com-
pared to the performance of dis-
tributed BSs inside and outside the
building, and with different levels of
cooperation. As expected, placing
a single massive MIMO BS at the
center of a building causes UEs to
experience large path loss and high
wall penetration loss. The results
help guide design choices for future
mobile communication systems.

In the second part of the disser-
tation, the EIRP of MIMO arrays
is discussed. MIMO arrays, and es-
pecially Massive MIMO arrays,
concentrate their transmit power in
certain spatial directions. The EIRP,
i.e., the peak power density, is con-

strained by regulations which serve
to protect other devices and humans.
However, the EIRP constraint is
rarely included in MIMO perfor-
mance analyses. For most MIMO
arrays one cannot measure or calcu-
late the exact EIRP, but must rely on
EIRP bounds. An EIRP lower bound
is analyzed in the indoor scenario de-
cribed above. In order to show that
EIRP regulations are not violated
one must use EIRP upper bounds.
An example MIMO array called
the uniform linear array (ULA) was
considered in detail. Existing upper
bounds that apply to single stream
transmissions are reviewed, and new
upper bounds that also apply to mul-
tiple stream transmissions and have
less complexity for certain scenarios
are proposed.

Dr.-Ing. Stefan Dierks received the
B.Sc. and the Diplom-Ingenieur de-
gree in Electrical Engineering from
the Technical Uni-
versity of Munich in
2009 and 2011, re-
spectively. From
2011-2017 he worked
at LNT under the su-
f“ pervision of Prof.
Kramer to obtain his doctoral degree.
Since February 2018 he is with Roh-
de & Schwarz GmbH & Co. KG in
Munich in the Center of Competence
for Signal Processing.
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Prof. Gerhard Kramer participated
in seven doctoral examinations as a

second reviewer:
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Institut National des Sciences
Appliquées de Lyon (INSA de
Lyon), France

Aalborg University, Denmark
Chinese University of Hong
Kong, China

Ecole polytechnique fédérale de
Lausanne (EPFL), Switzerland
Imperial College London, UK
TU Wien, Austria

Universitit Ulm, Germany

2.4.3 External Thesis Evaluations

10.10.2016

Thesis Title:

1. Berichter:

2. Berichter:

3. Berichter:

19.10.2016

Thesis Title:

Supervisor:
Rapporteur:

14.12.2016

Thesis Title:

Supervisor:
Examiner:

31.08.2017

Thesis Title:

Supervisor:
Examiners:

15.11.2017

Thesis Title:
1. Berichter:
2. Berichter:

12.12.2017

Thesis Title:

Supervisor:
Examiners:

Dr.-Ing. Michael Cyran

Friedrich-Alexander-Universitit Erlangen-Niirnberg,
Germany

Channel Coding and Precoding for Linear Network
Coding

Prof. Dr.-Ing. Robert Fischer (Universitdt Ulm,

Germany)

Prof. Dr.-Ing. habil. Dr. h.c. Johannes Huber (FAU Erlangen-
Niirnberg, Germany)

Prof. Dr. sc. techn. Gerhard Kramer

Marco Mondelli, Ph.D.

Ecole polytechnique fédérale de Lausanne (EPFL),
Switzerland

From Polar to Reed-Muller Codes: Unified Scaling, Non-
standard Channels, and a Proven Conjecture

Prof. Riidiger Urbanke, Ph.D. (EPFL, Switzerland)

Prof. Dr. sc. techn. Gerhard Kramer, and others

Ling Liu, Ph.D.

Imperial College London, UK

Polar Codes and Polar Lattices for Efficient
Communication and Source Quantization

Prof. Dr. Ling Cong (Imperial College London, UK)
Prof. Dr. sc. techn. Gerhard Kramer

Kasper Floe Trillingsgaard, Ph.D.

Aalborg University, Denmark

Feedback and Short Block Length Coding
Prof. Petar Popovski, Ph.D. (Aalborg University,
Denmark)

Prof. Dr. sc. techn. Gerhard Kramer, and others

Georg Pichler, Ph.D.

Technische Universitidt Wien, Austria
Information Bottleneck Method

Prof. Dr. Gerald Matz (TU Wien, Austria)
Prof. Dr. sc. techn. Gerhard Kramer, and others

Victor Quintero, Ph.D.

Institut National des Sciences Appliquées de Lyon (INSA de
Lyon), France

Interference Channel and Feedback

Prof. Dr. Jean Marie Gorce (INSA de Lyon, France)

Prof. Dr. sc. techn. Gerhard Kramer, and others



25.05.2018 Tao Guo, Ph.D.
Chinese University of Hong Kong, China

Thesis Title: The Explicit Coding Rate Region of Symmetrical
Multilevel Diversity Coding

Supervisor:  Prof. Dr. Raymond Yeung (Chinese University of Hong Kong,

China)
Examiners: Prof. Dr. sc. techn. Gerhard Kramer, and others

2.5 Teaching
2.5.1 Modules for Bachelor students (BSEI)

Nachrichtentechnik 1 / Digital Communications 1

Mandatory module for BSEI 4, 3V+2U, 5 ECTS, Language: GER
Summer Term 2017: G. Kramer with P. Schulte

Summer Term 2018: G. Kramer with P. Schulte

Nachrichtentechnik 2 / Digital Communications 2

Elective module for BSEI 5, 2V+2U, 5 ECTS, Language: GER
Winter Term 2016/2017: G. Kramer with S. Dierks, T. Prinz
Winter Term 2017/2018: G. Kramer with S. Dierks, T. Prinz

Basic Laboratory Course on Telecommunications

Elective module for BSEI 5/6, 4P, 5 ECTS, Language: GER/EN
Winter Term 2016/2017: G. Kramer with A. Nedelcu, M. Stinner
Summer Term 2017: G. Kramer with A. Nedelcu, S. Dierks
Winter Term 2017/2018: G. Kramer with A. Nedelcu, P. Schulte
Summer Term 2018: G. Kramer with A. Nedelcu, T. Prinz

Mobile Communications

Elective module for BSEI 6, 2V+2U, 5 ECTS, Language: EN
Summer Term 2017: G. Kramer with M. Staudacher, S. Dierks
Summer Term 2018: G. Kramer with M. Staudacher, T. Prinz

2.5.2 Modules for Master students (MSEI, MSCE)

Information Theory

Elective module for MSEI 1/MSCE 1, 3V+2U, 5 ECTS,
Language: EN

Winter Term 2016/2017: G. Kramer with L. Palzer, P. Yuan
Winter Term 2017/2018: G. Kramer with L. Palzer, F. Steiner

Communications Laboratory

Elective module for MSCE 1, 4P, 6 ECTS, Language: EN

Winter Term 2016/2017: G. Kramer with O. Giinlii, M. Staudacher
Winter Term 2017/2018: G. Kramer with O. Giinlii, M. Staudacher

On following pages you will find
a list of courses offered by Profes-
sor Kramer (LNT) and his staff for
students of the TUM Department
of Electrical and Computer Engin-
eering (ECE or EI) during the re-
port period 2016 — 2018. Chapter
2.5.1 and Chapter 2.5.2 describe the
courses for

— Bachelor students (BSEI),

— Master students (MSEI, MSCE).

The abbreviations in the list are
V: Vorlesung (Lecture),

U: Ubung (Tutorial),

P: Praktikum (Laboratory),

S: Seminar.

[t should also be noted that:

— Since the Winter Term 2017/2018
there is a new lecture: Machine
Learning for Communications.
The course covers neural net-
works, probabilistic models, and
graphical models to solve com-
munications problems. Students
learn about Bayesian inference
and learning algorithms for
sources, channels, and codes.

— Dr. Ingo Viering, lecturer for
System Aspects in Communica-
tions since 2008, was appointed
Honorary Professor in the spring
of 2018. Congratulations!
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Multi-user Information Theory

Elective module for MSEI 2/MSCE 2, 2V+2U, 5 ECTS, Language: EN
Summer Term 2017: G. Kramer with G. Bocherer, R.A. Amjad
Summer Term 2018: G. Kramer with C. Deppe, R.A. Amjad

Wireless Communications Laboratory

Elective module for MSEI 2, 4P, 5 ECTS, Language: EN
Summer Term 2017: G. Kramer with O. Giinlii, A. Nedelcu
Summer Term 2018: G. Kramer with O. Giinlii, P. Schulte

Coded Modulation
Elective module for MSEI 2/MSCE 2, 2V+2U, 5 ECTS, Language: EN
Summer Term 2017: G. Bocherer

Summer Term 2018: H. Bartz, B. Matuz with T. Jerkovits, F. Steiner

Channel Codes for Iterative Decoding

Elective module for MSEI 2/MSCE 2, 2V+2U, 5 ECTS, Language: EN
Summer Term 2017: G. Liva with B. Matugz, F. Steiner

Summer Term 2018: G. Liva with B. Matugz, F. Steiner

Advanced Topics in Communications Engineering

Elective module for MSEI 2/MSCE 2, 2V+1U, 5 ECTS, Language: EN
Summer Term 2017: A. Aminzadeh with O. Giinld, S. Dierks
Summer Term 2018: G. Kubin with J. Garcia Goémez, T. Prinz

Advanced Topics in Signal Processing
Elective module for MSEI 2/MSCE 2, 2V+1U, 5 ECTS, Language: EN
Summer Term 2017: G. Kubin with J. Garcia Gomez, P. Schulte

Hauptseminar Digitale Kommunikationssysteme

Elective module for MSEI 2/MSEI 3, 3S, 5 ECTS, Language: GER

Winter Term 2016/2017: G. Kramer, N. Hanik with T. Kernetzky
(both LUT)

Summer Term 2017:  G. Kramer, N. Hanik (LUT) with T. Prinz

Winter Term 2017/2018: G. Kramer, N. Hanik with T. Kernetzky
(both LUT)

Summer Term 2018: G. Kramer, N. Hanik with T. Kernetzky
(both LUT)

Seminar on Topics in Communications Engineering

Elective module for MSEI 2/MSCE 2, 3S, 5 ECTS, Language: EN
Winter Term 2016/2017: G. Kramer, N. Hanik (LUT) with R.A. Amjad
Winter Term 2017/2018: G. Kramer, N. Hanik (LUT) with R.A. Amjad

System Aspects in Communications

Elective module for MSEI 3/MSCE 3, 2V+2U, 5 ECTS, Language: EN
Winter Term 2016/2017: 1. Viering with A. Nedelcu

Winter Term 2017/2018: 1. Viering with A. Nedelcu



Machine Learning for Communications NEW
Elective module for MSEI 3/MSCE 3, 2V + 2U, 5 ECTS, Language: EN
Winter Term 2017/2018: G. Kramer, G. Bocherer with F. Steiner

2.5.3 External courses

Optical Fiber Models and their Capacity

2017 North American School of Information Theory, Georgia Tech,
Atlanta, GA

09.06.2017: Gerhard Kramer

Advanced Information Theory Prof. Kramer and his assistants held

Technical University of Denmark, Lyngby, Denmark the courses listed here at other uni-

10.08. — 23.08.2017: Gerhard Kramer versities outside of Munich. The an-
nual courses at the CDHK in Shang-

GIAN Course on Network Information Theory hai, the Summer Academy in the

Indian Institute of Technology Kanpur, India, Sarntal, and at TUMAsia in Singa-

20.03. — 24.03.2018: Gerhard Kramer pore have been a tradition for many
years.

Digitale Nachrichtentechnik
Chinesisch-Deutsches Hochschulkolleg (CDHK), Shanghai, China
24.04.- 28.04.2017: Stefan Dierks

Machine Learning for Communications
Chinesisch-Deutsches Hochschulkolleg (CDHK), Shanghai, China
26.03.-30.03.2018: Fabian Steiner

Participants at the Summer Academy 2018
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During the period 10/2016-09/2018

Prof. Kramer and assistants of the

Chair of Communications Engineer-

ing (LNT) supervised a number of

theses and projects:

— 29 Master’s theses

— 22 MSEI and MSCE research in-
ternships (p. 28)

— 28 Bachelor’s theses (p. 30)

— 36 Bachelor’s internships (p. 32)

The Master’s Thesis (MT) in the
regular Master program of our Fac-
ulty (MSEI) is rated with 30 ECTS,
which corresponds to full-time work
over 24 weeks. It thus contributes to
the overall rating of one quarter. The
time between registration and sub-
mission may not exceed 52 weeks.
Normally, however, the work should
be completed within six months. The
MSCE study program is comparable
to MSEI, but the Master’s Thesis
time is strictly limited to six months.
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Compressed Sensing

Summer Academy (Ferienakademie), Course 9, Sarntal, South Tyrol, Italy

17.09.-29.09.2017 Gerhard Kramer and Ralf Miiller (FAU Erlangen),
with Lars Palzer and Ali Bereyhi (FAU Erlangen), and
guests, Antonia Tulino (Nokia Bell Labs) and Giuseppe
Caire (TU Berlin)

Redundancy and Irrelevance in Source and Channel Coding

Summer Academy (Ferienakademie), Course 9, Sarntal, South Tyrol, Italy

23.09.-05.10.2018 Gerhard Kramer, André Kaup and Bernd Edler (both
with FAU Erlangen), with Mustafa Kemil Coskun and
Ning Guo (FAU Erlangen)

Digital Communications

TUMAsia, Singapore

13.02. - 24.02.2017 Gerhard Kramer with Patrick Schulte
08.02 - 23.02.2018 Gerhard Kramer with Lars Palzer

2.6 Students Theses
2.6.1 Master’s Theses

04.10.2016 Manuela Meier - Supervisor: H. Bartz, Dr. Sidorenko
Syndrome Decoding of Interleaved Subspace Codes

06.10.2016 Houda Bannour - Supervisor: A. Nedelcu, S. Kerger
Rohde & Schwarz (in the following: R & S)

Design of a FEC Scheme for High Data Rate-Anti Jam Speech Waveform

Inteligibility Optimization

22.11.2016  Delcho Donev - Supervisor: Dr. Bocherer, Dr. Liva (DLR)
Coded Pulse Position Modulation for the Poisson Channel

01.12.2016  Marcel Grec - Supervisor: P. Schulte, F. Lazaro-Blasco
(DLR)
Fountain Codes under Inactivation Decoding

01.12.2016  Berkay Koprii - Supervisor: P. Schulte, Dr. Iscan, Dr. Bshnke
(both Huawei)
Coding Schemes for Multiple Access Communications

10.01.2017 Clemens Blochl - Supervisor: R. A. Amjad, Dr. Geiger
Aggregation of (Hidden) Markov Models - Theory and Applications

10.01.2017 Lukas Holzbaur - Supervisor: H. Bartz
Decoding Schemes for Staircase Codes



25.01.2017 Dinesh Manohar Gandhinathan - Supervisor: Dr. Bocherer,
P. de Kerret, Prof.Gesbert (both Eurecom)
Jointly Consistent Estimation for Decentralized Network Cooperation

01.02.2017  Uday Yatnalli - Supervisor: Dr. Bocherer, Prof. Gesbert,
Dr. Chen (Eurecom)

Learning Radio Maps for UAV-aided Wireless Networks: A Segmented

Regression Approach?

02.02.2017 Mustafa Cemil Coskun - Supervisor: Dr. Liva, DLR
Successive Cancellation Decoding of Product Codes

25.04.2017  Julian Leyh - Supervisor: O. Giinlii, H. Klenner (R & S)
Transmitter Impairment Measurement in the Digital Terrestrial Multimedia
Broadcast Standard

25.04.2017 Xiaotong Liu - Supervisor: A. Nedelcu
Degrees of Freedom in Impedance Matching for MIMO Receivers

04.07.2017  Zafzouf Ghassen - Supervisor: M. Staudacher,

Dr. Bialkowski (University of Queensland)
Investigation into Signal Waveforms for 5G & Information-theoretic
Analysis of MIMO OFDM Systems

13.09.2017 Qionghui Cao - Supervisor: P. Yuan
FPGA Implementation of Partial-Parallel LDPC Decoder

13.09.2017 Wenfei Li - Supervisor: P. Yuan
Bit-Interleaved Coded Modulation and Multilevel Coding for Polar
Codes

13.09.2017 Longxi Xu - Supervisor: P. Yuan
FPGA Implementation of Polar Encoder and Simplified Successive
Cancellation Decoder

27.10.2017 Kei Kavoos Afghahi - Supervisor: M. Staudacher,
N. Petreska (Fraunhofer ESK)
Methoden zur Adaptiven Kanalallokation in einem Multi-Zellen System

30.11.2017 Kairen Liu - Supervisor: R. A. Amjad, Dr. Geiger
Information-theoretic Analysis of Neural Networks

08.01.2018 Tobias Popetz - Supervisor: T. Prinz, B. Sterzbach (R & S)
Reproduction of Observed Mobile Device Communication Sequences in a
Simulation Setup

22.01.2018  Achraf Kamoun - Supervisor: F. Steiner
Advanced Multi-Stream QAM Detection
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12.02.2018 Rayyan Khan - Supervisor: R. A. Amjad, Prof. Kleinsteuber

(TUM-LDV)
Designing Clustering Algorithms based on Message-passing Approximation
Techniques
— 26.02.2018 Ralf Peteranderl - Supervisor: A. Nedelcu

MIMO Receiver Matching Strategies for Compact Antenna Arrays
considering Parasitic Scatterers

19.04.2018 Diego Lentner - Supervisor: Dr. Bécherer, F. Steiner
Dirty Paper Coding for Higher-Order Modulation and Finite Constellation
Interference

26.06.2018  Alexandru Git - Supervisor: F. Steiner, Dr. Matuz (DLR)
Low-Density Parity-Check Code Design for Probabilistic Amplitude
Shaping with On-Off Keying Modulation

26.07.2018 Hussein Hammoud - Supervisor: L. Palzer
Optimal Signaling over Linear Gaussian Channels under Peak Power
Constraints

09.08.2018 Harald Joachim Bayerlein - Supervisor: R. A. Amjad,
P. de Kerret, Prof. Gesbert (both Eurecom)

Trajectory Optimization for Autonomous Flying Base Station via

Reinforcement Learning

03.09.2018  Joachim Neu - Supervisor: Dr. Liva, DLR
Quantized Polar Code Decoders: Analysis and Design

18.09.2018 Olivia Ngwabou - Betreuer: P. Schulte
An Improved Soft-Decision List Decoding of Short-Length LDPC Codes
based On Multi-Tree Search Decoding

18.09.2018 Thomas Wiegart - Betreuer: F. Steiner, T. Prinz, P. Yuan
Polar Code Design for Parallel Channels

2.6.2 MSEI and MSCE Research Internships

The MSEI and MSCE Research In-  20.12.2016  Joachim Neu - Supervisor: F. Steiner
ternship (German: Forschungsprax-  Evaluation of Spatially Coupled LDPC Codes
is, FP) spans a total of 9 weeks (full
time) and is rated with 12 ECTS, but ~ 21.12.2016  Edward Wall - Supervisor: Dr. Geiger
is not included in the final grade. The  Finite-Precision Gaussian Mixture Models
FP is mandatory and should give in-
sight into current research topics. 10.01.2017 Muhammad Umer Anwaar - Supervisor: R. A. Amjad,
Dr. Geiger
Coding Techniques for Natural Language Processing
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10.01.2017  Niklas Jiinger - Supervisor: S. Dierks
Energy-Efficiency of Massive MIMO and Network MIMO in a Local Area
Scenario

25.04.2017 Liu Xiaotong - Supervisor: A. Nedelcu
Simulator in Matlab for MIMO Multiport Communications

18.07.2017 Tobias Popetz - Supervisor: T. Prinz &

Fa. Rohde & Schwarz

Analysis of Mobile Device Communication Sequences Observed in Public
Networks for Reproduction in a Simulated Network

18.07.2017 Muhammad Firas Hammosh - Supervisor: Dr. Geiger
Is Online PCA Information-Preserving?

01.11.2017 Emna Ben Yacoub - Supervisor: Dr. Geiger, R. A. Amjad
M-Type Approximation of Hidden Markov Models

02.11.2017 Basak Ulker - Supervisor: J. Garcia Gomez
Characterization of the Effect of Filtering on a Fiber Optic System Using
OptiWave

02.11.2017  Yining Tian - Supervisor: P. Schulte & Fa. NXP
Chinese C-ITS Dedicated Short Range Communication (DSRC) Standard
Baseband Simulation

14.11.2017 Hiba Arnout - Supervisor: T. Prinz
Implementation of a Compressed Sensing Method using a Deterministic
Hadamard Construction

14.12.2017 Nurettin Turan - Supervisor: F. Steiner
Hard-Decision Decoding with BCH codes

14.12.2017 Thomas Wiegart - Supervisor: F. Steiner
Non-Binary LDPC Codes for Probabilistic Shaping

15.03.2018  Li Ruifei - Supervisor: Prof. Kramer & DLR
Multiple-Step Search for Good Protographs

23.03.2018 Wafa Labidi - Supervisor: P. Schulte
Exploiting Non-linear Outer Code Properties in the LDPC Decoder

19.04.2018 Yitao Jin - Supervisor: O. Giinlii, T. Kernetzky
Hardware Optimization for Physical Unclonable Functions

19.04.2018 Mohamed Mezghani - Supervisor: O. Giinli, M. Skorski

(IST Austria)
Privacy Leakage Minimization for Key Agreement
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The Bachelor’s Thesis (BT) is part of
the six-semester Bachelor program
(BSEI). It is rated with 12 ETCS and
should be completed in 9 weeks a 40
hours per week (360 hours). The to-
tal duration is 18 weeks of at least 20
hours per week.
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24.05.2018 Diego Vargas Romero - Supervisor: Dr. Bartz (DLR)
Implementation of a Gabidulin Code Encoder and Decoder over C#

06.06.2018 Run Yang - Supervisor: J. Garcia Gémez
Numerical Measurement of Mutual Information

06.06.2018 Thomas Gabler - Supervisor: J. Garcia Gomez
Detection of Variable-width Soliton Pulses

26.06.2018 Rami Ezzine - Supervisor: L. Palzer
Two-Terminal Quantized Compressive Sensing with Approximate Message
Passing Reconstruction

18.09.2018 Ramiz Hasan Siddiqui - Supervisor: R. A. Amjad
Implementation of Radio Transmitter and Receiver with USRP for
Broadband Maritime Communication

2.6.3 Bachelor’s Theses

25.04.2017  Alyssa Akremi - Supervisor: A. Ahmadian
Reduced Complex Precoding for CoMP Massive MIMO Sparse Channels

25.04.2017 Anas Azouni - Supervisor: T. Prinz
Error Detecting Outer Codes for Polar Codes

28.04.2017 Mohamed Selmane - Supervisor: P. Schulte
Schedule Analysis for LDPC Codes

26.05.2017 Mohamed Ben Chikha - Supervisor: L. Palzer
Lossy Source Coding Performance of Low-Complexity Compressive
Sensing

26.05.2017 Kai Tan Kian - Supervisor: P. Schulte
Performance Analysis of HARQ Transmission Schemes

01.06.2017 Eng Huat Loo - Supervisor: A. Nedelcu
Receive Antenna Selection - A Circuit Theoretic Approach

20.06.2017 Wael Touzri - Supervisor: J. Garcia Gémez
Energy Conservation in Periodically Filtered Fiber Optic Channels

04.07.2017  Sirine Ammar - Supervisor: R. A. Amjad, Dr. Geiger
Community Detection in Dramatic Plays

18.07.2017 Houssem Amami — Supervisor: J. Garcia Gémez
Inter-Channel Interference in Optical Narrow-Band Multi-Channel Systems
with Distributed Filters



18.07.2017 Mohamed Nabil Babai - Supervisor: R. A. Amjad,
Dr. Geiger
Determining the Number of Clusters in a Data Set for k-Means

18.07.2017  Fares Charfi - Supervisor: O. Giinlii, T. Kernetzky
Transform Implementation for Secret-key Storage with Physical Identifiers

18.07.2017 Mohamed Ibn Haj Hmida - Supervisor: O. Giinli,
Dr. Geiger

Mapping Optimization for Key Generation from Correlated Physical

Outputs

18.07.2017 Nurettin Turan - Supervisor: F. Steiner
Implementation of a General-purpose LDPC Encoder

10.10.2017 Michael Miiller - Supervisor: F. Steiner & Fa. SES/MX1
Entwicklung und Implementierung eines Algorithmus fiir die
bandbreitenoptimierte Ubertragung von ,,Start-Over“-Inhalten via Satellit

13.10.2017  Khalil Messaoudi - Supervisor: L. Palzer
State Evolution Analysis of Quantized Compressive Sensing

03.11.2017 Timothee Felicio - Supervisor: T. Prinz
Implementation of Lower Bounds for the Error Probability of Gaussian
Channels for Finite Blocklengths

13.11.2017 Katharina Rieke - Supervisor: F. Steiner
Near Maximum Likelihood Decoding with OSD for Short Blocklengths

28.11.2017 Oussama Ben Cheikh Larbi - Supervisor: A. Nedelcu
The Impact of Frequency-selective Matching on the Capacity of Compact
MIMO systems

01.12.2017 Wiem Boukhzar - Supervisor: L. Palzer
Performance Analysis of Quantized Compressive Sensing

22.01.2018 Kevin Li - Supervisor: M. Pikus
Communication over Unknown Channels

26.02.2018 Matyas Mehn - Supervisor: P. Schulte, P. Yuan
Implementierung eines Shell-Mappers in VHDL

05.03.2018  Yao Yang Low - Supervisor: P. Schulte
Shell Mapper Distribution

21.03.2018 Felix Kruse - Supervisor: T. Prinz, F. Steiner, P. Yuan
Performance Comparison of Polar and BMERA Codes under Successive
Cancellation List (SCL) Decoding
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The Bachelor s Internship (German:
Ingenieurpraxis, IP) is mandatory
for the Bachelor program BSEI. The
duration and the rating of the IP is
the same (360 hours, 12 ECTS) as
for the BT.
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23.04.2018 Zhonglin Li - Supervisor: P. Yuan
Most Reliable Basis Decoding for Short Block Codes

23.04.2018 Samuel Karl Armin Schedler - Supervisor: P. Schulte,
P. Yuan
Implementierung eines Baum Encoders und Decoders in VHDL

15.05.2018 Shena Koh - Supervisor: P. Schulte, F. Steiner
Time Resource Analysis for Multicore Communications Chain Simulations

27.06.2018 Khalil Chouchen - Supervisor: J. Garcia Gomez
Implementation of the Kramers-Kronig Coherent Receiver

26.07.2018 Patrick Willner - Supervisor: F. Steiner
Finding Short Cycles in LDPC Codes

2.6.4 Bachelor’s Internships

31.10.2016  Hasan Yagiz Ozkan - Supervisor: Prof. Kramer &
Fa. Bases Teknoloji Arge Sanay, Istanbul
Image Tracking Algorithm Development

22.11.2016 Mohamed Nabil Babai - Supervisor: Dr. Stinner
Migration of Media Content for the LNTwww

22.11.2016 Clarissa Hamann - Supervisor: Prof. Kramer &
Dedan Kimathi University, Kenia
Zu Grundlagen der Elektrotechnik I

22.11.2016  Laila Niazy - Supervisor: Prof. Kramer &
Dedan Kimathi University, Kenia
Zu Grundlagen der Elektrotechnik 11

20.12.2016 Thomas Wengerter - Supervisor: Prof. Kramer &
Fa. Rohde & Schwarz
Entwicklung Peiltechnik

02.02.2017  Safwen Dridi - Supervisor: T. Kernetzky (LUT), Prof. Séder
Portieren von Quizaufgaben und Mediendateien des LNTwww

25.04.2017 Alexander Matthies - Supervisor: Prof. Kramer &
Fa. Rohde & Schwarz
Inbetriebnahme und Test eines DSP-Boards

08.09.2017  Yiming Yan - Supervisor: J. Garcia Gomez
Mutual Information between Filtered Narrow-band Channels in a Fiber
Optic Link



18.10.2017 David Jobst - Supervisor: T. Kernetzky (LUT), Prof. Séder
Porting Interactive Flash Programs to HTML5

04.12.2017  Felix Kruse - Supervisor: T. Prinz
Implementation of a Successive Cancellation List Decoder

20.12.2017 Omar Ben Charfeddine - Supervisor: P. Schulte
Shell Mapping Implementation for Big Integers

26.02.2018 Patrick Willner - Supervisor: P. Schulte
Shell Mapping for Variable Block Length Sizes

26.02.2018 Barbara Lenz - Supervisor: Prof. Kramer, Dr. Stiller
(MBDA GmbH)
Post-Processing von RCS-Messungen mit MATLAB

19.04.2018 Johannes Kunz - Supervisor: Prof. Kramer &
Fa. Miiller-BBM, Planegg
GUI-Design und Programmierung eines XML-Config Editors

23.04.2018 Rudolf Mayer - Supervisor: Prof. Kramer &

Deutsche Telekom GmbH Miinchen
Einfithrung und Inbetriebnahme des WDM-Systems Cisco Next Generation
(NG)-ROADM

26.07.2018 Tijani Aziz Feki - Supervisor: O. Giinli
Optimized Transform Coding for Physical Unclonable Functions

26.07.2018 Ines Boussarsar - Supervisor: P. Schulte
Transmission by Audio Experiment - Pulses and OFDM

26.07.2018 Lobna Boussarsar - Supervisor: P. Schulte
Transmission by Audio Experiment - Compression and GUI

26.07.2018  Yosri Ben Haj Ali - Supervisor: P. Schulte
Channel Model Simulator

26.07.2018  Abidi Helmi - Supervisor: Prof. Kramer &
Fa. Attocube Systems
Display Programming and Public Cryptography

26.07.2018 Constantin Runge - Supervisor: Prof. Kramer &
Fa. Rohde & Schwarz
Integration von Wellenformen
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Here you will find a compilation of

Prof. Gerhard Kramer’s and Prof.
Joachim Hagenauer’s activities in

committees at TUM
scientific associations.
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and external

2.7 Assignments and Service

Gerhard Kramer

TUM Assignments

Co-Director, Master of Science in Communications Engineering (MSCE)
Program, ECE Dept. (since 2010)

Member, TUM Institute for Advanced Study Advisory Council (2011-
2017)

Member and chair of several W3-Professor search committees (since
2011)

Member, TUM Appointment and Tenure Board (since 2012)

Member, TUM Awards Committee (since 2014)

Chair, Committee for Equal Opportunity, ECE Dept. (2014-18)

Gender Equality Officer, ECE Dept. (since 2015)

Member, Bachelor Study Examination Board, ECE Dept. (since 2016)
Mentor, TUM Faculty Tenure Track Professorship (since 2016)

Deputy Director, TUM International Graduate School of Science and
Engineering (IGSSE) (since 2016)

Professional Service

Fellow of the IEEE (since 2010)

Member, ITG-Fachausschuss 5.1: Informations und Systemtheorie (since
2011)

Advisor, IEEE Schools of Inf. Theory in Europe, North America, East
Asia, and Latin America (since 2011)

Editor, Foundations and Trends in Communications and Information
Theory (since 2012)

Member, Board of Curators of the Eduard Rhein Foundation (since 2013)
Member, IEEE Richard W. Hamming Medal Committee (2014-2017)
Member, IEEE Information Theory Society Committees: School (2014-
2017), Nomination and Appointments (2017-2019), Society Finances (2018)
Member, Technical Program Committees of IEEE and other Conferences:
ISIT (2018), ISTC (2018), IZS (2018), IWCIT (2017, 2018), LAWCI
(2018), ITG SCC (2017), WCNC (2017, 2018), WSA (2017, 2018), CNS
(2017, 2018), ISWCS (2018), ICC-CT (2018), ICC-MASSAP (2017,
2018), ICC-SDN (2017), WF-5G (2018), WiOpt (2018), BalkanCom
(2018), BlackSeaCom (2017, 2018)

Member, Bayerische Akademie der Wissenschaften (BAdW, since 2015)
Member, BAdW Forum Technologie (since 2016)

Mentor and Selection Committee Member, Max Weber Programm des
Freistaats Bayern (since 2016)

Member, BAdW Auswahlkomitee des Jungen Kollegs (since 2017)
Vertrauensdozent, Bayerische EliteAkademie (seit 2017)

General Co-Chair, IEEE Int. Symp. Information Theory (ISIT 2017)
General Co-Chair, IEEE Information Theory Workshop (ITW 2017)
Chair, Panel evaluating the Department of Electrical Engineering, Chal-
mers University, Sweden (2018)



Joachim Hagenauer
TUM Assignments

— Vorstand des Internationalen Begegnungszentrums (IBZ) der Miinchner
Universitdten (until 2018)

— Mitglied im Scientific Board der TUM ,,Research Opportunity Week*
(since 2012)

— Mitglied im Auswahlausschuss ,,Scherer Gastprofessoren® der TUM
(since 2013)

Professional Service

— Fellow der Information Theory (IT) Society des IEEE (since 1993)

— Mitglied der Deutschen Akademie der Technikwissenschaften: acatech
(since 2002)

— Mitglied der Bayerischen Akademie der Wissenschaften (BAdW, since
2003)

— Mitglied des BAdW-Forums ,, Technologie* (since 2005)

— Mitglied im VDE Slaby Kreis (since 2007)

2.8 Publications
2.8.1 Book Chapters & Dissertations

Bartz, H. Algebraic Decoding of Subspace and Rank-Metric Codes. /n: Dr.
Hut Verlag, in the series “Informationstechnik™, Dissertation TUM,
ISBN 978-3-8439-3174-8, 2017

Bossert, M.; Sidorenko, V.; Wachter-Zeh, A.: Coding Techniques for Trans-
mitting Packets Through Complex Communication Networks. /n: Communi-

cations in Interference Limited Networks. Springer International Publishing,
2016

Hou, J.; Kramer, G.; Bloch, M.: Effective Secrecy: Reliability, Confusion and
Stealth. /n: Boche, H.: Khisti, A.; Poor, H. V. ; Schaefer, R. F. (Ed.): Infor-
mation Theoretic Security and Privacy of Information Systems. Cambridge
University Press, June 2017

2.8.2 Journal Articles

Aydinian, H.; Cicalese, F.; Deppe, C.; Lebedev, V.: A Combinatorial Model
of Two-Sided Search. In: Int. J. Foundations of Computer Science 29 (04),
481-504, Apr. 2018

Bartz, H.; Sidorenko, V.: Algebraic Decoding of Folded Gabidulin Codes.
Designs, Codes and Cryptography 82 (1), 449-467, Jan. 2017

The publications of the Chair of

Communications Engineering (LNT)

are listed below:

— 3 Book Chapters and
Dissertations,

— 33 Journal Publications,

— 42 Conference Publications,

— 20 Posters,

— 69 Talks.
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Bartz, H.; Sidorenko, V.: On Syndrome Decoding of Punctured Reed-Sol-
omon and Gabidulin Codes. In: Electronic Notes in Discrete Mathematics
(ENDM) 57, 33 — 38, March 2017

Bartz H.; Sidorenko V.: Improved Syndrome Decoding of Lifted L-Inter-
leaved Gabidulin Codes. /n: Designs, Codes and Cryptography, https://doi.
org/10.1007/s10623-018-0563-5, Sept. 2018

Blochl, C.; Amjad, R.A.; Geiger, B.C.: Co-Clustering via Information-the-
oretic Markov Aggregation. /n: IEEE Trans. Knowledge Data Engineering,
June 2018

Boche, H.; Cai, M.; Deppe, C.; Noétzel, J.: Classical-quantum Arbitrarily Var-
ying Wiretap Channel: Secret Message Transmission under Jamming Attacks.
In: J. Mathematical Physics 58 (10), 102203, Oct. 2017

Boche, H.; Deppe, C.: Secure Identification for Wiretap Channels; Robust-
ness, Super-Additivity and Continuity. /n: IEEE Trans. Inf. Forensics Secu-
rity 13 (7), 1641-1655, July 2018

Boche, H.; Deppe, C.: Secure Identification under Passive Eavesdroppers and
Active Jamming Attacks. /n: IEEE IEEE Trans. Inf. Forensics Security 14,
472-485, July 2018

Dierks, S.; Kramer, G.; Panzner, B.; Zirwas, W.: Analysis of Massive MIMO
and Base Station Cooperation in an Indoor Scenario. /n: IEEE Trans. Wireless
Commun. 17 (1), Jan. 2018

Fehenberger, T.; Alvarado, A.; Bocherer, G.; Hanik, N.: On Probabilistic
Shaping of Quadrature Amplitude Modulation for the Nonlinear Fiber Chan-
nel. In: IEEE/OSA Lightwave Techn. 34 (21), 5064-5074, Nov. 2016

Garcia, J.; Ghozlan, H.; Kramer, G.: Energy Conservation in Optical Fibers
with Distributed Brick-Walls Filters. /n: IEEE/OSA Lightwave Techn. 36 (9),
1626-1633, May 2018

Geiger, B. C., Kubin, G.: Information-theoretic Analysis of Memoryless De-
terministic Systems. /n: Entropy 18 (11), Nov. 2016

Ghozlan, H.; Kramer, G.: Models and Information Rates for Wiener Phase
Noise Channels. /n: IEEE Trans. Inf. Theory 63 (4), 2376-2393, Apr.
2017

Ghozlan, H.; Kramer, G.: Models and Information Rates for Multiuser Opti-
cal Fiber Channels with Nonlinearity and Dispersion. /n: IEEE Trans. Inf.
Theory 63 (10), Oct. 2017, 6440-6456



Giinlii, O.; Iscan, O.; Sidorenko, V.; Kramer, G.: Code Constructions for
Physical Unclonable Functions and Biometric Secrecy Systems. /n: IEEE
Trans. Inf. Forensics Security 13 (8), Aug. 2018

Giinlii, O.; Kernetzky, T.; Iscan, O.; Sidorenko, V.; Kramer, G.; Schaefer, R.
F.: Secure and Reliable Key Agreement with Physical Unclonable Functions.
In: Entropy, Special Issue on Information Theoretic Security 20 (5), Article
340, May 2018

Giinlii, O.; Kittichokechai, K.; Schaefer, R. F.; Caire, G.: Controllable Iden-
tifier Measurements for Private Authentication with Secret Keys. /n: IEEE
Trans. Inf. Forensics Security 13 (08), Aug. 2018

Goldfeld, Z.; Kramer, G.; Permuter, H. H.; Cuff, P.: Strong Secrecy for Co-
operative Broadcast Channels. /n: IEEE Trans. Inf. Theory 63 (1), Jan. 2017

Goldfeld, Z.; Kramer, G.; Permuter, H. H.: Broadcast Channels with Privacy
Leakage Constraints. /n: IEEE Trans. Inf. Theory 63 (8), 5138-5161, Aug. 2017

Idler, W.; Buchali, F.; Schmalen, L.; Lach, E.; Braun, R.-P.; Bocherer, G.;
Schulte, P.; Steiner, F.: Field Trial of a 1 Tb/s Super-Channel Network using
Probabilistically Shaped Constellations. /n: IEEE/OSA Lightwave Technol.
35 (8), 1399-1406, Apr. 2017

Kramer, G.: Autocorrelation Function for Dispersion-free Fiber Channels
with Distributed Amplification. /n: IEEE Trans. Inf. Theory 64 (7), July 2018

Leinonen, M.; Codreanu, M.; Juntti, M.; Kramer, G.: Rate-distortion Per-
formance of Lossy Compressed Sensing of Sparse Sources. /n: IEEE Trans.
Commun. 66 (5), May 2018

Napp, D., Pinto, R., Sidorenko, V.: Concatenation of Convolutional Codes
and Rank Metric Codes for Multi-shot Network Coding. /n: Designs, Codes
and Cryptography 86, 303-318, Feb. 2018

Ostman, J.; Durisi, G.; Strom, E. G.; Coskun, M. C.; Liva, G.: Short Pack-
ets over Block-Memoryless Fading Channels: Pilot-Assisted or Noncoherent
Transmission? /n: IEEE Trans. Comm., Jan. 2018

Pikus, M.; Xu, W.: Bit-Level Probabilistically Shaped Coded Modulation. /n:
IEEE Commun. Lett. 21 (9), 1929-1932, Sept. 2017

Puchinger, S.; Rosenkilde, J.; Li, W; Sidorenko, V.: Row Reduction Applied
to Decoding of Rank-metric and Subspace Codes. /n: Designs, Codes and
Cryptography 82 (1), 389-409, Jan. 2017

Renner, J; Fehenberger, T.; Yankov, P.; Da Ros, F.; Forchhammer, S.; Bécher-
er, G; Hanik, N.: Experimental Comparison of Probabilistic Shaping Methods
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for Unrepeated Fiber Transmission. /n: IEEE/OSA Lightwave Technol. 35
(22), Sept. 2017

Sacedi Bidokhti, S.; Kramer, G.: Capacity Bounds for Diamond Networks
with an Orthogonal Broadcast Channel. /n: IEEE Trans. Inf. Theory 62 (12),
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OFDM in Optical Communication
Systems, particulary in Optical Ac-
cess Networks. After a two-years
employment at Coriant GmbH Mu-
nich, subsequent to his Ph.D., he
now remigrated to his hometown
Shanghai, where he continues work-
ing in the field of transmission tech-
nology.

Dr.-Ing. Tobias Fehenberger fin-
ished his work on Coded Modulation
with his thesis about Analysis and
Optimization of Coded Modulation
for Nonlinear Fiber-Optic Commu-
nication Systems. In addition to his
thesis (likewise rated “with high dis-
tinction”) Dr. Fehenberger received
numerous prestigious awards for his

scientific results and for outstand-
ing performance in teaching. In this
respect the ITG-Dissertation Award
2018 of the German Informations-
technische Gesellschaft (Society of
Information Technology) is particu-
larly noteworthy, granted to him at
the Berlin-Brandenburg Academy of
Science in November 2018.

Currently our research group is
working on four different topics in
the field of optical communications.

Ginni Khanna is engaged in the
BMBF project SENDATE, evalu-
ating and optimizing methods for
digital pre-distortion of optical sig-
nals to compensate linear and non-
linear degradations. In the final work
package (the project will end in May
2019) concepts for encryption of
optical signals at the physical layer
shall be evaluated.

Since January 2017 Benedikt
Leible is working on a DFG project
evaluating the potential of Nonlinear
Frequency Division Multiplexing. In
this project, methods shall be devel-
oped and optimized to generate opti-
cal signals with the Nonlinear Fou-
rier Transform, which are optimally
adapted to the nonlinearity of silica
fibers.
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Amita Shresta, an external

Ph.D. candidate engaged at the
DLR Oberpfaffenhofen, is design-
ing adaptive modulation schemes for
optical free-space communication
between a geostationary satellite and
the ground station.

Last, but not least, Tasnad Ker-
netzKy changed his research topic. He
is now engaged in the framework of a
DFG research cluster which is target-
ing on the design of an Ultra Broad-
band Photonic Signal Processor.
Currently he is working on optimum
wavelength- and mode-selection for
ultra-broadband, multi-modal, optical
phase-conjugation.

The mindful reader certainly noticed
that our research group, in addition
to its head, is composed of only four
active Ph.D. students. Apart from the
fact that small groups can be effec-
tive and successful (see the distinc-
tions and awards mentioned above),
this is also because two additional
research positions of our group are
currently vacant. If the reader is
aware of excellent graduates, willing
and capable to do high-end research
in the field of optical communica-
tions, I would be grateful, if you put
us in touch.
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For enthusiasts of statistical data

acquisition who like to be fully

advised of

— our numerous publications,

— organized or planned conferenc-
es and workshops,

— supervised Master and Bachelor’s
Theses,

— supervised projects of industry
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and research internships of our
students, or
— generally of the extensive re-
search and teaching activities
of the Professorship of Wireline
Communications.
I refer to the exhaustless data-pool
of the website of our teaching- and
research-unit for communications

under https://www. Int.ei.tum.de/en/
home/.

With best regards,

U ool

Norbert Hanik



Professur fiir Coding for Communications and Data
Storage (COD)

Assistant Professorship of Coding for Communications and
Data Storage

Antonia Wachter-Zeh et al.

4.1 People

Scientific Staff

Wachter-Zeh, Antonia, Prof. Dr.-Ing. Tenure Track Assistant Professor

Hollanti, Camilla, Prof. (since 01.08.2017) TUM-IAS Hans Fischer Fellow
Camilla will spend ten months with COD over a three-year period. In the reporting
period she was in Munch during 11/2017 -05/2018 and in August 2018.

Puchinger, Sven, Dr.-Ing. Senior Researcher
Holzbaur, Lukas, M.Sc. (since 01.03.2017) Doctoral Researcher
Lenz, Andreas, M.Sc. (since 01.11.2016) Doctoral Researcher
Renner, Julian, M.Sc. (since 01.11.2017) Doctoral Researcher

Left the chair during the reporting period

Freij-Hollanti, Ragnar, Dr. (01.11.2017- 01.08.2018) Senior Researcher

Research and Student Work

Sarmad Ansari, Anubhab Banjeree, Emna Ben Yacoub, Amir Biran, Amine
Gouiaa, Lukas Holzbaur, Niklas Jiinger, Sayantini Majumdar, Hedongliang
Liu, Vo Son Ha Nguyen, Aditya Pradeep, Johannes Rosenberger, Venkatesh
Satagopan, Yogesh Shankar, Marvin Xhemrishi

4.1

4.2

4.3

4.4

4.6

People
Research
Projects
Teaching
Student Theses

Publications
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Prof. Antonia Wachter-Zeh is a
Rudolf MéBbauer Tenure Track As-
sistant Professor at the Technical
University of Mu-
nich (TUM) since
October 2016. At the
same time, she heads
the group “Coding
for Communications

i and Data Storage”
and is a Fellow at the TUM Institute
for Advanced Study (TUM IAS).

From October 2009 to October
2013, Antonia was a doctoral re-
searcher and teaching assistant under
the co-supervision of Martin Bossert
at the Institute of Communications
Engineering, Ulm University, Ger-
many, and Pierre Loidreau at the
Institut de Recherche Mathématique
de Rennes (IRMAR), Université de
Rennes 1, Rennes, France. The topic
of her dissertation was “Decoding
of Block and Convolutional Codes
in Rank Metric”. From November
2013 to August 2016, she was a Post-
doctoral Researcher at the Computer
Science Department of the Technion,
Israel Institute of Technology, in the
group of Tuvi Etzion, Ronny Roth,
and Eitan Yaakobi.

Antonia’s main research interests
are coding theory, efficient algo-
rithms, security (in particular code-
based cryptography and physical
unclonable functions), and applying
error-correcting codes to commu-

52

Our new colleagues at COD

nications and storage in general, in

particular to network coding, non-

volatile memories, distributed data
storage, and DNA storage.

Antonia is a recipient of the DFG
Emmy Noether research program
(since 2016), the DFG Heinz Maier-
Leibnitz-Preis in 2018, and an ERC
Starting Grant in 2018. She is the
(co-)organizer of a Dagstuhl seminar
on Algebraic Coding Theory, the Mu-
nich Workshop on Coding and Ap-
plications 2017 (MWCA 2017), and
the Munich Workshop on Coding and
Cryptography 2018 (MWCC 2018).

Since September 2018 Antonia is
Member of the Master Examination
Board of our faculty, and since 2016
she has been member of the Techni-
cal Program Committees of the
— 11th International Workshop on

Coding and Cryptography (WCC
2019), Saint-Jacut-de-la Mer,

France,

— 9th Annual Non-Volatile Memo-
ries Workshop 2018 (NVMW
2018), UCSD, California, US,

— 8th Annual Non-Volatile Memo-
ries Workshop 2017 (NVMW
2017), UCSD, California, US,

— Conference on Information Tech-
nology and Systems 2015, Sochi,
Russia.

Prof. Camilla Hollanti received the
M.Sc. and Ph.D. degrees from the
University of Turku, Finland, in 2003
and 2009, respec-
tively, both in pure
mathematics.  Her
research interests lie
within  applications
of algebraic number
theory to wireless
communications and physical layer
security, as well as in combinatorial

and coding theoretic methods related
to distributed storage systems and
private information retrieval.

For 2004-2011 Camilla was with
the University of Turku. Since 2011,
she has been with the Department of
Mathematics and Systems Analysis
at Aalto University, Finland, where
she currently works as Full Professor
and leads a research group in Alge-
bra, Number Theory, and Applica-
tions. During 2017-2020, Camilla is
also affiliated with the TUM Institute
for Advanced Study, where she holds
a 3-year Hans Fischer Fellowship,
funded by the German Excellence
Initiative and the EU 7th Framework
Programme.

Camilla is an editor of the AIMS
Journal on Advances in Mathematics
of Communications. She is a coau-
thor of 80 scientific peer-reviewed
publications and a recipient of sev-
eral grants, including five Academy
of Finland grants in 2010-2018. In
2014, she received the World Cul-
tural Council Special Recognition
Award for young researchers. In
2017, the Finnish Academy of Sci-
ence and Letters awarded her the
Viisild Prize in Mathematics.

Dr. Ragnar Freij-Hollanti received
his M.Sc. from the University of
Gothenburg in 2007, and his Ph.D.
in Mathematics from
Chalmers  Univer-
sity of Technology in
2012. During 2012-
2017, he was a post-
doctoral researcher
in mathematics and
communications theory at Aalto
University, and during 2017-2018,
he was a senior researcher at the
Institute for Communications Engi-



neering at the Technical University
of Munich. Since 2018, he is again
at Aalto University as a university
teacher. His research interests are in
algebraic and geometric combinato-
rics, and their applications to coding
and communications theory.

Lukas Holzbaur, M.Sc., was born
in Stuttgart, Germany, in 1992. He
received the B.Sc. and M.Sc degree
in Electrical Engi-
neering at the Techni-
cal University of Mu-
nich (TUM) in 2014
and 2017, respective-
ly. His Master’s thesis
under the supervision
of Dr. Hannes Bartz and Prof. Anto-
nia Wachter-Zeh was on Improved
Decoding of Staircase Codes.

In March 2017, he joined COD as
a Research Assistant of Prof. Anto-
nia Wachter-Zeh. His research inter-
ests are in the field of coding theory,
with emphasis on algebraic coding
and coding for distributed data stor-
age. In his leisure time Lukas plays
Basketball and Tennis.

Andreas Lenz, M.Sc., was born in
Dachau, Germany, in 1991. He re-
ceived his B.Sc and M.Sc degrees in
Electrical Engineer-
ing and Information
Technology at TUM
in 2013 and 2016, re-
spectively, both with
high distinction.
During his studies
he worked on analog filter optimiza-
tion for sub-Nyquist channel estima-
tion. As part of his Master studies,

he was an exchange student at the
University of Alberta, Canada. From
2014 until 2016 he worked on mobile
network analysis systems at Rohde
& Schwarz. For his Master’s thesis,
he visited Prof. Swindlehurst from
the University of California, Irvine.
In 2016, he joined the TUM COD
group headed by Prof. Wachter-Zeh,
where he is involved in research on
error correcting codes for insertion
and deletion errors. Since 2016, An-
dreas is teaching assistant of the lec-
ture “Channel Coding”.

In his leisure time, Andreas com-
petes in ballroom dancing and en-
joys playing the guitar.

Dr.-Ing. Sven Puchinger was born
in Karlsruhe, Germany, in 1990.
He received a B.Sc. in Electrical
Engineering (2009-
2012) and a B.Sc. in
Mathematics (2013-
2016) from Ulm
University, Germa-
ny, and was an ex-

- change student at the
Un1vers1ty of Toronto, Canada,
for two semesters in 2012-2013.
From 2014 to 2018, Sven was a re-
search assistant and PhD student
at the Institute of Communications
Engineering, Ulm University, Ger-
many, where he was advised by Prof.
Dr.-Ing. Martin Bossert. He joined
the Coding for Communications and
Data Storage (COD) group at LNT
as a postdoctoral researcher in May
2018. His research interests are con-
struction and decoding of algebraic
codes in Hamming and rank metric,
related computer algebra methods,

and applications of coding theory
in networks and cryptography. Sven
is married and has a child. His pri-
vate interests are sports and photog-
raphy.

Julian Renner, M.Sc., was born in
Eggenfelden, Germany in 1991. He
received the B.Sc. and M.Sc. de-
grees (with high dis-
tinction) in electrical
engineering from
TUM in 2014 and
2016, respectively.
For his Master’s the-
sis, he worked on a
joint research project of the TUM
Institute for Communications Engi-
neering and the Coding and Visual
Communication Group, Department
of Photonics Engineering, Technical
University of Denmark (DTU); the
topic was Multidimensional Proba-
bilistic Shaping for the Nonlinear
Fiber Channel.

Since November 2017, he is pur-
suing the Dr.-Ing. degree at the COD
group of the Technical University of
Munich. His research interests are in
the fields of cryptography and cod-
ing theory. In his leisure time, Julian
enjoys several kinds of sports.

o
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The COD group recently celebrated
its second birthday. Despite being
such a young group, we have some
interesting things to report!

Our main research focus is cod-
ing theory with applications to
storage, security, and privacy. The
two workshops that we organized
(MWCA2017 and MWCC2018)
each attracted about 80 international
participants, and we received very
encouraging feedback from the com-
munity.

Prof. Camilla Hollanti from Aal-
to University in Finland received a
Hans Fischer Fellowship from the
TUM Institute for Advanced Study
in 2017. She spent her sabbatical
from November 2017 to May 2018
in the COD group and will come to
Munich for a few shorter visits in
the future. We collaborated on sev-
eral topics in private information re-
trieval, and developed a new lecture
together called ,,Security in Commu-
nications and Data Storage*.

The COD group hosted several
international guest professors, for
example Tuvi Etzion (Technion),
Eitan Yaakobi (Technion), Sergey
Bezzateev (St. Petersburg State Uni-
versity), and Bernhard Haupler (Car-
negie Mellon University).

In 2018, 1 was awarded the DFG
Heinz Maier-Leibnitz Award, which
is said to be the most important Ger-
man award for young scientists. This
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4.2 Research
Overview Antonia Wachter-Zeh

award was presented at a very nice
ceremony in Berlin in May 2018.

Further, I recently won an ERC
Starting Grant which will begin in
spring 2019 and deal with DNA stor-
age and cryptography. Andreas Lenz
received a Fulbright Fellowship that
he will use to visit Prof. Paul Siegel
at UCSD in the coming spring.

Currently, the COD group con-
sists of one postdoctoral researcher,
four Dr.-Ing. students, and me.

Andreas Lenz joined the COD
group as its first doctoral candidate
in December 2016. He is working
on coding for DNA storage. This
includes research on fundamental
theoretical problems such as correct-
ing insertions and deletions (some-
times including classical substitution
errors) as well as investigating the
DNA storage ,,channel” and design-
ing codes for this channel. His work
will be funded by the ERC Starting
Grant.

Lukas Holzbaur started as a doc-
toral candidate in March 2017 after
finishing his Master thesis on stair-
case codes, which he did under the
co-supervision of Dr.-Ing. Hannes
Bartz. Lukas is now working on
the DFG Emmy Noether project, in
particular on coding for distributed
data storage. This includes so-called
locally repairable codes and their
(list) decoding. Recently, he started
to work on problems in privacy. This
fall he is visiting Camilla at Aalto
University.

Since November 2017, Julian
Renner is working on code-based
cryptography (soon within the ERC
Starting Grant). The goal is to design
post-quantum secure cryptosystems

based on classical coding theory.
Currently, he is applying rank-metric
codes to code-based cryptography.
In collaboration with the TUM-SEC
research group, we are implementing
some of these systems in hardware.

Dr. Ragnar Freij-Hollanti was a
postdoc from November 2017 to Au-
gust 2018. He contributed to the new
HSecurity” lecture and worked on
coding for distributed data storage
and private information retrieval.

Dr.-Ing. Sven Puchinger joined
the TUM-COD group in May 2018
as a postdoctoral researcher. His re-
search interests are coding theory,
computer algebra, and applications,
in particular physical unclonable
functions and code-based crypto-
graphy. He is currently working
within the German-Israeli DIP pro-
ject where we collaborate with Prof.
Moshe Schwartz on network coding
problems.

Shortly after the reporting period,
Haider al Kim joined COD. He is
funded by a DAAD scholarship. In
December 2018 Georg Maringer
and in March 2019 Lia (Hedongli-
ang) Liu will start as doctoral can-
didates.

On the following pages we descri-
be three research projects in detail:
— Coding for DNA Storage,

— Distributed Storage and Private

Information Retrieval,

— Post Quantum Cryptography.
Finally, you will find a list of super-
vised student theses (Chapter 4.5)
and publications (Chapter 4.6).



Coding for DNA Storage

Andreas Lenz, Antonia Wachter-Zeh, and Eitan Yaakobi

Reliable and high capacity archival
storage is necessary inevitable in a
modern society as is storing of bio-
metric data. This becomes evident
not only by the necessity of archived
data for prosecuting criminals, but
also is an essential aspect of ethics
concerning the preservation of his-
toric events for future generations.
DNA based storage is a novel tech-
nology, where digital information
is stored in synthetic DNA mol-
ecules. The recent advance in DNA
sequencing methods and decrease
in sequencing costs have paved the
way for storage methods based on
DNA. The natural stability of DNA
molecules (the genetic information
from fossils is maintained over tens
of thousands of years) motivate their
use for long-term archival storage.
Furthermore, because the informa-
tion is stored on molecular levels,
such storage systems have extremely
high data densities. Recent experi-
ments report densities of 2 PB/gram,
which corresponds to the capacity of
a thousand conventional hard disk
drives in one gram of DNA.
However, DNA storage is prone
to errors, and therefore one must
protect the embodied data with error-
correcting schemes that can recover
the stored data even in the presence
of errors. There are three main types
of errors that must be dealt with in
DNA based storage. Since the data
is spread over many short DNA se-
quences, some DNA strands might
be lost during the reading pro-
cess. Then, during the data replica-
tion process, errors that result from
mutations can corrupt the data. Error
correcting schemes for such errors,

i.e., duplications, have been investi-
gated in [1] and [2]. Further, current
high-speed sequencing methods can
be erroneous, and single symbols of
the sequenced strands can be mistak-
en or inserted, respectively deleted
from the sequence.

The Figure illustrates a typical
DNA-based storage system. Binary
user data is encoded to DNA strands
and protected by an error-correcting
code. These strands are synthesized
and stored. To access the data, the
strands are sequenced and even-
tual errors (illustrated by underlined
symbols) are corrected.

This project deals with the design
of error-correcting schemes that can
cope with these kinds of errors. One
focus lies on the design of efficient
codes that require a small amount
of redundancy, but still provide suf-
ficient reliability [3]. Further, the
optimality of these schemes is in-
vestigated by finding the capacities
of such DNA based storage sys-

tems. Error-correcting schemes for
insertion and deletion errors, which
are the main type of errors in DNA
based storage systems, form an es-
sential part of this project.

Literature:

[1] Lenz, A., Wachter-Zeh, A., Yaakobi,
E.: Duplication-Correcting Codes.
Designs, Codes, and Cryptography,
June 2018

[2] Lenz, A., Juenger, N., Wachter-Zeh,
A., Yaakobi, E.: Bounds and Con-
structions for Multi-Symbol Dupli-
cation Error-Correcting Codes. Proc.
ACCT 2018

[3] Lenz, A., Siegel, P., Wachter-Zeh,
A., Yaakobi, E.: Coding over Sets for
DNA Storage. Proc. ISIT 2018

User Binary Data

Decoding

100100011110101

Encoding

101000111110100

DNA strands
ACTGAGTGCATGCA
CGATGCTGTGAGCG

[ DNA Sequencer ]

DNA strands
ACTGGGTGCATGCA
CGATGCAGTGAGTG

|

[ DNA Synthesizer }

Storage Container

Illustration of a DNA based storage system
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With the increase in popularity of
cloud storage, the scale of distrib-
uted data storage has increased
massively in past years. This makes
coding solutions that decrease the
storage overhead and improve the
availability worth the additional im-
plementation effort. The coding so-
lutions should cope with failures of
data servers and offer recovery that
is efficient when considering the to-
pology of the server network. One
approach that has gained attention in
the past years is locally recoverable

Distributed Storage and Private Information Retrieval

Lukas Holzbaur and Antonia Wachter-Zeh

codes. In the likely case of few serv-
ers failing, these codes allow recov-
ery from only a subset of other serv-
ers, e.g., from servers that are physi-
cally close or well connected. This
decreases the total required network
traffic and decreases the downtime of
servers compared to solutions based
on classic block codes. In a recent
work we developed an improved
decoder for such codes that corrects
more errors by a list decoding based
approach [1]; a comparison with the
best previously known decoding ra-
dius is given in the figure.

Data storage media like flash
memories (used in USB flash drives
or solid state drives) suffer from
manufacturing imperfections, wea-
rout, and fluctuating read/write er-
rors. These give rise to special error
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models, e.g., crisscross errors, which
require specifically designed coding
solutions. We introduced a new con-
struction that achieves locality with
respect to crisscross errors [2].

Data retrieval from a data base
shared by many users is a common
occurrence in online services (e.g.,
Netflix, YouTube). Privacy protec-
tion regulations, such as the new EU
data protection laws, pose new chal-
lenges for providers of such services.
Private Information Retrieval (PIR)
offers coding solutions that hide the
identity of the file a user desires,
while minimizing the communica-
tion overhead. Most existing ap-
proaches focus retrieving entire files
without delay constraints, which
is not well suited for, e.g., video
streaming. To address this issue we
introduced a scheme that allows to
retrieve large files (e.g., movies) in a
streaming manner [3]. This decreas-
es the decoding delay while keep-
ing the storage and communication
overhead low.

Literature:

[1] Holzbaur, L.; Wachter-Zeh, A.: List
Decoding of Locally Repairable
Codes. In: Proc. IEEE Int. Symp.
Inf. Theory (ISIT), June 2018

[2] Liu, H.; Holzbaur, L; Wachter-Zeh,
A.: Locality in Crisscross Error Cor-
rection. [n: Int. Workshop on Al-
gebraic and Combinatorial Coding
Theory, Sept. 2018

[3] Holzbaur, L.; Freij-Hollanti, R.
Wachter-Zeh, A.; Hollanti, C.: Pri-
vate Streaming with Convolutional
Codes. In: IEEE Inf. Theory Work-
shop (ITW), Nov. 2018



Post Quantum Cryptography

Julian Renner and Antonia Wachter-Zeh

Nowadays, we often use encryption
schemes without realizing that they
are being used. Every mobile phone
call, WhatsApp message and e-mail,
and also each use of our debit card,
credit cards, car keys and many other
applications are protected by these
methods. Secure encryption has be-
come important to protect our priva-
cy, and to protect ourselves against
criminals.

The security of these methods
are based on Cryptography, which
applies mathematical properties of
number theory and abstract alge-
bra. The goal is to find mathemati-
cal problems that allow us to en-
crypt messages efficiently, while
at the same time decryption should
be practically feasible only if one
knows the secret key. However, for
unauthorized parties who do not
have the secret key, it should be
computationally infeasible to re-
trieve the message from the encrypt-
ed text, called the ciphertext. The
field of cryptography can be divided
into two main categories: symmetric
and asymmetric cryptography. In the
symmetric case, both the person who
is encrypting and the person who is
decrypting know the secret key. In
the asymmetric case, only the person
who is decrypting knows the secret
key, cf. the blockdiagram in the fig-
ure. Asymmetric cryptography algo-
rithms are usually based either on the
difficulty of computing the discrete
logarithm, or on the difficulty of de-
composing a large number into its
prime factors.

At the moment, quantum com-
puters are receiving attention. Not
only research institutes and univer-

sities such as TUM, but also profit-
orientated companies like Google
and IBM are working intensively
on developing quantum computers.
One reason is that these computers
can perform certain computations
much more efficiently than classical
computers. For example, quantum
computers can compute discrete al-
gorithms and prime factor decom-
positions in a very short time, and
are thus a security risk for our pri-
vate data.

The threat of quantum computers
motivated the National Institute of
Standards and Technology (NIST)
to initiate a process to solicit, evalu-
ate, and standardize one or more
quantum-resistant public-key cryp-
tographic algorithms. One promising
class of candidates is cryptosystems
based on error correcting codes. Be-
sides codes that perform well in the
Hamming metric, codes that can cor-
rect errors with a large rank weight
are interesting for cryptography. The
systems introduced in [1] and [2]
belong to the latter. We are working

to better understand the security of
these algorithms, and to develop im-
proved algorithms.

Literature:

[1] Wachter-Zeh, A.; Puchinger, S.; Ren-
ner, J.: Repairing the Faure-Loidreau
Public-Key Cryptosystem. /n: Proc.
IEEE Int. Symp. Inf. Theory (ISIT),
June 2018

[2] Puchinger, S.; Renner, J.; Wachter-
Zeh, A.: Twisted Gabidulin Codes in
the GPT Cryptosystem. /n: 16th Int.
Workshop on Algebraic and Com-
binatorial Coding Theory (ACCT),
Sept. 2018

encrypted message

(ciphertext)

Bob > Alice
secret message secret message
(plaintext) (plaintext)
public key public key

\ private key
Eve
public key

Blockdiagram of Asymmetric Cryptography
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This chapter lists the four externally-

funded research projects of the Pro-

fessorship of Coding for Commu-
nications and Data Storage (COD)

in the reporting period 10/2016-

09/2018:

—three projects — (A), (C), (D) from
the Deutsche Forschungsgemein-
schaft (DFG)

— one project — (B) from the TUM
Institute for Advanced Study.
The project (C) is a joint project of

LNT and COD.

The ERC Starting Grant “in-
CREASE: Coding for Security and
DNA Storage” will start soon (Euro-
pean Commission, Horizon 2020, 5
years duration).

All courses offered by Prof. Antonia
Wachter-Zeh and her staff are
graduate-level (MSEI, MSCE). The
abbreviations in the list are

V: Vorlesung (Lecture),

U: Ubung (Tutorial),

P: Praktikum (Laboratory),
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4.3 Projects

(A) Error-Correcting Coding Strategies for Data Storage and
Networks

Project Team: Prof. Antonia Wachter-Zeh, Dr. Ragnar Freij-Hollanti,

Lukas Holzbaur, and Julian Renner

Funding Period: 01.10.2016 — 30.09.2021

Reporting Period: 01.10.2016 — 30.09.2018

Funding Agency: Deutsche Forschungsgemeinschaft (DFG)

DFG Emmy Noether Research Program

(B) Privacy and Locality in Distributed Data Storage Systems

Project Team: Prof. Camilla Hollanti, Prof. Antonia Wachter-Zeh, and
Lukas Holzbaur

Funding Period: 01.04.2017 —31.03.2020

Reporting Period: 01.04.2017 —30.09.2018

Funding Agency: Technical University of Munich, Institute for Advanced
Study (TUM-IAS)

(C) Fundamentals of Cooperation in Modern Communication
Networks

Project Team: Prof. Antonia Wachter-Zeh, Prof. Gerhard Kramer (LNT),

and Sven Puchinger

Funding Period: 01.01.2018-31.12.2022

Reporting Period: 01.01.2018-30.09.2018

Funding Agency: Deutsche Forschungsgemeinschaft (DFG)

Project Partners: Prof. Permuter and Prof. Schwartz, Ben Gurion

University of the Negev, Israel

(D) Munich Workshop on Coding and Applications 2017
(MWCA 2017)
Project Team: Prof. Wachter-Zeh and Vladimir Sidorenko
Funding Period: 2017
Reporting Period: 2017
Funding Agency: Deutsche Forschungsgemeinschaft (DFG),
Workshop Funding

Project Partners: TUM Chair of Communications Engineering (LNT)

4.4 Teaching

Channel Coding

Elective module for MSEI 1/MSCE 1, 3V+2P, 5 ECTS, Language: EN
Winter Term 2016/2017: A. Wachter-Zeh with A. Lenz, H. Bartz (LNT)
Winter Term 2017/2018: A. Wachter-Zeh with A. Lenz

Coding Theory for Storage and Networks
Elective module for MSEI 2/MSCE 2, 2V+2P, 5 ECTS, Language: EN



Summer Term 2017: A. Wachter-Zeh with A. Lenz, L. Holzbaur
Summer Term 2018: A. Wachter-Zeh with J. Renner

Security in Communications and Storage

Elective module for MSEI 3/MSCE 3, 3V, 5 ECTS, Language: EN

Winter Term 2017/2018: A. Wachter-Zeh, C. Hollanti with R. Freij-Hollanti,
L. Holzbaur

4.5 Students Theses
Master’s Theses

10.01.2017 Lukas Holzbaur - Supervisor: Prof. Wachter-Zeh,
H. Bartz (LNT)
Decoding Schemes for Staircase Codes

15.03.2018 Niklas Jiinger - Supervisor: A. Lenz
Tandem Duplication Correcting Codes for DNA-based Storage

18.07.2018 Molka Elleuch - Supervisor: Prof. Wachter-Zeh,
L. Heidt, Dr. Zeh (both Infineon Technologies)
Key Size Reduction of Code-based Cryptography

MSEI and MSCE Research Internships

12.07.2017 Sayantini Majumdar - Supervisor: A. Lenz
Sequence Reconstruction for Insertion and Deletion Errors

12.07.2017 Anubhab Banerjee - Supervisor: Prof. Wachter-Zeh
Analysis of Some Code-Based Cryptosystems

08.01.2018 Venkatesh Satagopan - Supervisor: Prof. Wachter-Zeh
Error Correction for Partially Stuck Memory Cells

09.03.2018  Amir Biran - Supervisor: A. Lenz
Statistical Analysis of Errors in DNA Based Storage Systems

23.04.2018 Hedongliang Liu - Supervisor: L. Holzbaur
Locality in Crisscross Decoding

15.05.2018 David Ginthor - Supervisor: J. Renner
Distributed Source Coding (DSC) in Wireless Sensor Networks

Bachelor’s Theses

19.03.2018 Johannes Rosenberger - Supervisor: A. Lenz
Decoding Methods for DNA Storage Based on Reed-Solomon Codes

During the period 10/2016-09/2018

Prof. Antonia Wachter-Zeh and her

assistants of the Assistant Professor-

ship of Coding for Communications

and Data Storage (COD) supervised

a number of theses and projects:

— three Master’s theses

— six MSEI and MSCE research
internships

— two Bachelor’s theses

— one Bachelor’s internship
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The publications of the Professorship

of

Coding for Communications

and Data Storage (COD) are listed
below:
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one Book Chapter,

ten Journal Publications,
nineteen Conference Publica-
tions,

seven Posters,

ten Talks.

25.09.2018 Maria del Mar Morejon de Girén Albelda - Supervisor:
L. Holzbaur
Locality in Product Codes

Bachelor’s Internship

23.04.2018 Amine Gouiaa - Supervisor: L. Holzbaur, Fa. NTT
Data Chatbots

4.6 Publications
4.6.1 Book Chapter

Bossert, M.; Sidorenko, V.; Wachter-Zeh, A.: Coding Techniques for Transmit-
ting Packets Through Complex Communication Networks. In: Communications
in Interference Limited Networks. Springer International Publishing, 2016

4.6.2 Journal Articles

Bartz, H.; Wachter-Zeh, A.: Efficient Decoding of Interleaved Subspace and
Gabidulin Codes beyond their Unique Decoding Radius Using Grobner Bases.
In: Advances in Mathematics of Communications 12 (4), 773-804, Apr. 2018

Dochtermann, A.; Freij-Hollanti, R.: Warmth and Connectivity of the Edge
Space of Graphs. /n: Advances in Applied Mathematics 96 (5), 176-194,
May 2018

Etzion, T.; Wachter-Zeh, A.: Vector Network Coding Based on Subspace
Codes Outperforms Scalar Linear Network Coding. IEEE Trans. Inf. Theory
64 (4), 2460 - 2473, Apr. 2018

Lenz, A.; Stein, M.; Swindlehurst, A. L.: Joint Transmit and Receive Filter
Optimization for Sub-Nyquist Delay-Doppler Estimation. /n: IEEE Trans.
Signal Processing 66 (10), p. 2542 - 2556, Feb. 2018

Lenz, A.; Wachter-Zeh, A.; Yaakobi, E.: Duplication-Correcting Codes. In:
Designs, Codes, and Cryptography, Special Issue: Coding and Cryptography,
p. 1-22, Aug. 2018

Renner, J; Fehenberger, T.; Yankov, P.; Da Ros, F.; Forchhammer, S.; Bocher-
er, G; Hanik, N.: Experimental Comparison of Probabilistic Shaping Methods
for Unrepeated Fiber Transmission. /n: IEEE/OSA Lightwave Technol. 35
(22), Sept. 2017

Puchinger, S.; Wachter-Zeh, A.: Fast Operations on Linearized Polynomials
and their Applications in Coding Theory. /n: J. Symbolic Computation 89 (8),
194-215, Aug. 2017



Schoeny, C.; Wachter-Zeh, A.; Gabrys, R.; Yaakobi, E.: Codes Correcting a
Burst of Deletions or Insertions. IEEE Trans. Inf. Theory 63 (4), Apr. 2017

Wachter-Zeh, A.: List Decoding of Crisscross Errors. IEEE Trans. Inf. Theory
63 (1), Jan. 2017

Wachter-Zeh, A.: List Decoding of Insertions and Deletions. (accepted for)
IEEE Trans. Inf.. Theory 64 (9), 6297-6304, Sept. 2018

4.6.3 Conference Publications

Beelen, P.; Bossert, M.; Puchinger, S.; Rosenkilde, J.: Structural Properties of
Twisted Reed-Solomon Codes with Applications to Cryptography. In: Proc.
ISIT-2018

Grezet, M.; Freij-Hollanti, R.; Westerbéck, T.; Olmez, O.; Hollanti C.: Bounds
on Binary Locally Repairable Codes Tolerating Multiple Erasures. /n: Proc.
Zurich Seminar on Information and Communication, Zuirich, Switzerland,
Feb. 2018

Holzbaur, L.; Bartz, H., Wachter-Zeh, A.: Improved Decoding of Staircase
Codes. In: Proc. Munich Workshop on Information Theory of Optical Fiber
(MIO 2016), TUM-LNT, Dec. 2018

Holzbaur, L.; Bartz, H.; Wachter-Zeh, A.: Improved Decoding and Error
Floor Analysis of Staircase Codes. /n: Proc. 10th Int. Workshop Coding and
Cryptography, St. Petersburg, Russia, Sept. 2017

Holzbaur, L.; Freij-Hollanti, R.; Wachter-Zeh, A.; Hollanti, C.: Private
Streaming with Convolutional Codes. /n: Proc. IEEE Information Theory
Workshop (ITW), Guangzhou, China, Nov. 2018

Holzbaur, L.; Wachter-Zeh, A.: List Decoding of Locally Repairable Codes.
In: Proc. ISIT-2018

Immler, V.; Hiller, M.; Liu, Q.; Lenz, A.; Wachter-Zeh, A.: Variable-Length
Bit Mapping and Error-Correcting Codes for Higher-Order Alphabet PUFs.
In: Proc. Seventh International Conference on Security, Privacy, and Applied
Cryptography Engineering. Goa, India, Dec. 2017

Lembo, S.; Deng, J.; Freij-Hollanti, R.; Tirkkonen, O.; Chen, T.: Hierarchi-
cal Network Abstraction for HetNet Coordination. /n: Proc. IEEE Int. Symp.
Personal, Indoor and Mobile Radio Communications, Montreal, Canada, Oct.
2017

Lenz, A.; Jiinger, N., Wachter-Zeh, A.: Bounds and Constructions for Multi-
Symbol Duplication Error Correcting Codes. /n: Proc. ACCT-2018

Legend to Chapter 4.6.3

ACCT-2018:

16th International Workshop on Al-
gebraic and Combinatorial Coding
Theory, Svetlogorsk, Russia, Sept.
2018

ISIT-2017:

IEEE International Symposium on
Information Theory, Aachen, Ger-
many, June 2017

ISIT-2018:

IEEE International Symposium on
Information Theory, Vail, Colorado,
USA, June 2018

MWCC-2018:

Munich Workshop on Coding and
Cryptography, = TUM-LNT, Apr.
2018

PIMRC-2017:

IEEE Int. Symp. Personal, Indoor
and Mobile Radio Communications,
Montreal, Canada, Oct. 2017

SPACE-2017:

Seventh International Conference on
Security, Privacy, and Applied Cryp-
tography Engineering. Goa, India,
Dec. 2017
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Lenz, A.; Siegel, P.; Wachter-Zeh, A.; Yaakobi, E.: Constructions and Bounds
for Reliable Data Storage in Unordered DNA Sequences. /n: Proc. 2018
TUM-COM Workshop on Ultra-Reliable Low-Latency Communications and
Applications for 5G, Schneefernerhaus, Zugspitze, June 2018

Lenz, A.; Siegel, P.; Wachter-Zeh, A.; Yaakobi, E.: Coding over Sets for DNA
Storage. In: Proc. ISIT-2018 and Proc. MWCC-2018

Lenz, A.; Stein, M.; Swindlehurst, A. L.: Analog Transmit Signal Optimiza-
tion for Undersampled Delay-Doppler Estimation. /n: Proc. 25th European
Signal Processing Conf. (EUSIPCO), Kos, Greek, Aug 2017

Lenz, A.; Wachter-Zeh, A.; Yaakobi, E.: Bounds on Codes Correcting Tan-
dem and Palindromic Duplications. /n: Proc. 10th Int. Workshop Coding and
Cryptography, St. Petersburg, Russia, Sept. 2017

Liu, L.; Holzbaur, L.; Wachter-Zeh, A.: Locality in Crisscross Error Correc-
tion. /n: Proc. ACCT-2018

Puchinger, S.; Renner, J.; Wachter-Zeh, A.: Twisted Gabidulin Codes in the
GPT Cryptosystem. /n: Proc. ACCT-2018

Puchinger, S.; Mielich, S.; Wachter-Zeh, A.; Bossert, M.: Timing Attack
Resilient Decoding Algorithms for Physical Unclonable Functions. /n: Proc.
11th International ITG Conference on Systems, Communications and Cod-
ing, Hamburg, Germany, Feb. 2017

Sidorenko, V.; Bartz, H.; Wachter-Zeh, A.: Interleaved Subspace Codes in
Fountain Mode. In: Proc. ISIT-2017

Tajeddine, R.; Gnilke, O.; Karpuk, D.; Freij-Hollanti, R.; Hollanti, C.: Robust
Private Information Retrieval from Coded Systems with Byzantine and Col-
luding Servers. In: Proc. ISIT-2018

Wachter-Zeh, A.: Limits to List Decoding of Insertions and Deletions. /n:
Proc. ISIT-2017

Wachter-Zeh, A.; Puchinger, S.; Renner, J.: Repairing the Faure-Loidreau
Public-Key Cryptosystem. /n: Proc. ISIT-2018

Westerbéck, T.; Grezet, M.; Freij-Hollanti, R.; Hollanti, C.: On the Polyma-
troidal Structure of Quasi-Uniform Codes with Applications to Heterogene-
ous Distributed Storage. /n: Proc. 23rd Int. Symp. Mathematical Theory of
Networks and Systems, Hongkong, China, July 2018



4.6.4 Posters

Holzbaur, L.; Bartz, H.; Wachter-Zeh, A: Improved Decoding of Staircase
Codes. 18th Joint Workshop on Communications and Coding, Planneralm,
Austria, March 2017

Holzbaur, L.; Lenz, A.; Wachter-Zeh, A.: Coding for Reliable Data Storage.
TUM Institute for Advanced Study General Assembly, June 2018

Holzbaur, L.; Wachter-Zeh, A.: List Decoding of Locally Repairable Codes.
Munich Workshop on Coding and Cryptography (MWCC-2018), TUM-LNT,
Apr. 2018

Immler, V.; Hiller, M.; Liu, Q.; Lenz, A.; Wachter-Zeh, A.: Variable-Length
Bit Mapping and Error-Correcting Codes for Higher-Order Alphabet PUFs.
TUM-Eurecom Workshop on Communications and Security, TUM-LNT,
Dec. 2017

Lenz, A.; Wachter-Zeh, A.: Maximum Cardinalities for Tandem and Palindro-
mic Duplication Correcting Codes. 18th Joint Workshop on Communications
and Coding, Planneralm, Austria, March 2017

Lenz, A.; Wachter-Zeh, A.; Yaakobi, E.: On Codes Correcting Adjacent Sym-
bol Duplications. Munich Workshop on Coding and Applications (MWCA-
2017), TUM-LNT, July 2017

Lenz, A.; Wachter-Zeh, A.; Yaakobi, E.: Codes for Tandem and Palindromic
Duplications Errors. IEEE International Symposium on Information Theory,
Aachen, Germany, June 2017

4.6.5 Talks

Bartz, H.; Sidorenko, V.: Power Decoding of Punctured Subspace Codes. In-
stitute of Information Transmission Problems (IITP), Moscow, Russia, Oct.
2016

Sidorenko, V., Bartz, H., Wachter-Zeh, A.: Interleaved Subspace Codes in
Fountain Mode. Moscow Institute for Physics and Technology, Russia, Feb.
2017

Holzbaur, L., Bartz, H., Wachter-Zeh, A.: Improved Decoding and Error
Floor Analysis of Staircase Codes. 4th International Professor’s Day on ICT
Algorithm Design (ICTAD-2017), Nov. 2017

Stein, M.; Lenz, A.; Swindlehurst, A. L.: On the Channel Parameter Tracking
Error for Sub-Nyquist Satellite-Based Synchronization. IEEE Int. Workshop
Computational Advances in Multi-Sensor Adaptive Processing (CAMSAP),
Dec. 2017
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Wachter-Zeh, A.: Insertion/Deletion/Correction for Variable-Length PUF Re-
sponses. Munich Workshop on Physical Unclonable Functions (MPUF), Nov.
2017

Wachter-Zeh, A.: Coding Theory: “Old” Concepts for “New” Applications.
TUM IAS Talk, March 2017

Wachter-Zeh, A.: Coding Theory for Storage and Networks. Talk at DLR,
March 2017

Wachter-Zeh, A.: Challenges of Post-Quantum Cryptography. TUM Institute
for Advanced Study General Assembly, June 2018

Wachter-Zeh, A.: On a Rank-Metric Code-Based Cryptosystem with Small
Key Size. Munich Workshop on Coding and Cryptography, TUM-LNT, Apr.
2018

Wachter-Zeh, A.: Rank-Metric Codes, Subspace Codes & Network Coding.
Winter School on Applied Algebra and Coding Theory, University of Wiirz-
burg, Germany, Jan. 2018



Lehrstuhl fiir Kommunikation und Navigation (NAV)
Chair for Communications and Navigation

The Chair for Communications and
Navigation (NAV) started in Decem-
ber 2004 when Christoph Giinther
was appointed professor by the TUM
Department of Electrical and Com-

5.1 People

Scientific Staff

Giinther, Christoph, Prof. Dr. sc. nat.
Henkel, Patrick, Dr.-Ing.

Lee, Young-Hee, M.Sc.
Liilf, Martin, M.Sc.

Christoph Giinther et al.

puter Engineering. The NAV chair is
supported in administration by LNT.
But there is no common research
and teaching unit between NAV and
LNT/LUT/COD.

Professor and Chair

Senior Researcher
Doctoral Researcher
Doctoral Researcher

Left the chair during the reporting period

Brack, Andreas, M.Sc. (until 30.07.2018)
Giorgi, Gabriele, Dr. (until 31.08.2017)

Zhu, Chen, M.Sc. (until 31.03.2018)
Lecturers

Dammann, Armin, Dr.-Ing.

Giorgi, Gabriele, Dr.

Meurer, Michael, Dr.-Ing. habil.

Scalise, Sandro, Dr.-Ing.

Research and Student Work

Doctoral Researcher
Senior Researcher
Doctoral Researcher

DLR, Oberpfaffenhofen
DLR, Oberpfaffenhofen
DLR, Oberpfaffenhofen
DLR, Oberpfaffenhofen

Montiel Barrazo, Gaith Allah Chebil, Alejandro Guillermo, Xueyang Kang,

Ayush Singla

|
L]
5.1 People

5.2  Teaching

5.3 Dissertation and Student
Theses

5.4  Assignments of Christoph
Giinther

5.5 Research and Projects

5.6 Publications
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Most of the courses offered by Prof.
Christoph Giinther and his staff are
graduate-level (MSEI, MSCE) in the
TUM Department of Electrical and
Computer Engineering (ECE).

The Satellite Communications
Lab is an offer for Bachelor students
(BSEI).

The abbreviations in the list are
V: Vorlesung (Lecture),

U: Ubung (Tutorial),
P: Praktikum (Laboratory)
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5.2 Teaching

Satellite Communications Laboratory
Elective module for BSEIL 5 6, 4P, 5 ECTS, Language: EN
WT 2016/2017 & ST 2017 & 2018:C. Giinther with M. Lilf

Satellite Navigation
Elective module for MSEI 1/MSCE 1, 2V+2U, 5 ECTS, Language: EN
Winter Term 2016/2017 & 2017/2018: C. Giinther with M. Liilf

Differential Navigation
Elective module for MSEI 2/MSCE 2, 2V+2U, 5 ECTS, Language: EN
Summer Term 2017 & 2018: C. Giinther with P. Henkel

Satellite Navigation Laboratory
Elective module for MSEI 2/MSCE 2, 4P, 5 ECTS, Language: EN
Summer Term 2017 & 2018: C. Giinther with M. Lilf

Inertial Navigation
Elective module for MSEI 2/MSCE 2, 2V+2U, 5 ECTS, Language: EN
Summer Term 2017 & 2018: P. Henkel

Satellite Communications
Elective module for MSEI 2/MSCE 2, 2V+2U, 5 ECTS, Language: EN
Summer Term 2017 & 2018: S. Scalise & T. de Cola (DLR)

Robot and Swarm Navigation
Elective module for MSEI 2/MSCE 2, 2V+2U, 5 ECTS, Language: EN
Summer Term 2018: A. Dammann

Precise Point Positioning with GPS and Galileo
Elective module for MSEI 3/MSCE 3, 2V+2U, 5 ECTS, Language: EN
Winter Term 2016/2017 & 2017/2018: P. Henkel

Hauptseminar Navigation
Elective module for MSEI 3/MSCE 3, 5S, 5 ECTS, Language: EN
Winter Term 2016/2017 & 2017/2018: P. Henkel

Visual Navigation
Elective module for MSEI 3/MSCE 3, 2V+2U, 5 ECTS, Language: EN
Winter Term 2016/2017 & 2017/2018: G. Giorgi

Differential Navigation
Elective module for MSEI 3/MSCE 3, 2V+2U, 5 ECTS, Language: EN
Winter Term 2016/2017 & 2017/2018: M. Meurer



5.3 Dissertation and Student Theses
Dissertation

18.10.2017 Dr.-Ing. Zhibo Wen

Thema: Bias Estimation for Precise Point Positioning

Vorsitzende: Prof. Dr. Antonia Wachter-Zeh

1. Berichter: Prof. Dr. sc. nat. Christoph Giinther

2. Berichter: Dr. techn. Bernhard Hofmann-Wellenhof, TU Graz,
Austria

Master’s Theses

21.10.2016  Michael Georg Lob - Supervisor: Dr. Henkel
Tightly Coupled Full 3D Attitude Determination for Real Time Kinematic
Positioning

03.11.2016  Shrivathsan Narayanan - Supervisor: Prof. Giinther
Modelling Tropospheric Delays for Ground-Air Radio Navigation System
for High Integrity Application

25.11.2016  Chiraz Nafouki - Supervisor: Dr. Giorgi
Visual SLAM with Ranging Aid

09.02.2017 Robert Pohlmann - Supervisor: Dr. Henkel
Combining Multipath Assisted Positioning for Terrestrial Signals with
GNSS and Inertial Sensors

20.02.2017 Dimitrios Vasileios Psychas - Supervisor: Dr. Henkel,
Prof. Hugentobler, Lehrstuhl fiir Astronomische und Physikalische
Geodisie, TUM

Estimation of GNSS Satellite Phase Biases using a Global Network of
Reference Stations

30.09.2017  Alexander Blum - Supervisor: Dr. Henkel
Road Marking-based Visual Positioning using Aerial Imagery

08.12.2017  Christian Trainotti - Supervisor: Prof. Giinther
Control of the Reverse Driving of a Truck with Trailers using Differential
Braking

01.02.2018  Sebastian Johannes Buckel - Supervisor: Dr. Henkel
Anbindung und Nutzung einer zentralen Lokalisierungsplattform in der
Automobilproduktion

08.02.2018  Julia Angela Kolbinger - Supervisor: A. Brack
Entwicklung, Analyse und Vergleich eines Unscented Kalman Filters mit
Standardverfahren in der Navigation

In 2017 our former colleague Zhibo
Wen completed his dissertation at
our faculty.

During the period 10/2016-09/
2018 Prof. Christoph Gilinther and
his assistants of the Chair of Com-
munications and Navigation super-
vised fifteen Master’s theses and
four Bachelor’s theses.

In addition, they supervised some
MSEI and MSCE research intern-
ships and Bachelor’s internships,
which are not listed here individu-
ally.
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16.03.2018  Daniel Schleipfer - Supervisor: Dr. Henkel
Development of an RTK Simulator

23.03.2018 Michael Severin Heinrich - Supervisor: Dr. Henkel
Development of a Multi-Sensor RTK Module for Autonomous Systems

16.04.2018 Ran Tang - Supervisor: Prof. Giinther
A Regression Forest-based Camera Relocalization Method for RGB-D
SLAM

05.07.2018  Ludwig Paul Firber - Supervisor: Dr. Henkel
Integration of Visual Odometry into Multi-Sensor Fusion for Precise
Positioning

30.07.2018 Jacques Burghard Georges Isoard - Supervisor:
Dr. Henkel
Realization of Heterogencous Clock Ensembles with Kaman Filter

03.09.2018 Michael Schagginger - Supervisor: Dr. Henkel
Development of an Enhanced Multi-Sensor RTK Simulator

Bachelor’s Theses

30.10.2017  Alexander Albert Mathis - Supervisor: Dr. Henkel
Estimation of Satellite Parameters with Triple-Frequency Measurements

30.07.2018  Jakob Giez - Supervisor: Dr. Henkel
Integration of Galileo into the RTK Positioning and Snow Parameter
Estimation

23.08.2018 Valaenthin Tratter - Supervisor: Dr. Henkel
Integration of Multi-GNSS NEO MS8T Module and Wi-Fi into Multi-Sensor
Module

13.09.2018 Marcus Buttge - Supervisor: M. Liilf
Development of an Antenna Pattern Measurement Procedure for Satellite
Communications

5.4 Assignments of Christoph Giinther

— Member, ITG-Fachausschuss 5.1: Informations- und Systemtheorie

— Member, Board of Curators of the Eduard Rhein Foundation

— Mitglied des Programmausschusses Kommunikation und Navigation des
DLR-Raumfahrtmanagements

— Member, Technical Program Committees of Conferences: ISIT (2018),
DGLRK (Chairman 2017), POSNAYV (2018)



5.5 Research and Projects
Overview Christoph Giinther

Our economy significantly depends
on navigation and new applications
are constantly emerging as perfor-
mance improves. At our institute we
aim at contributing to this in differ-
ent ways. This includes enhancing
the accuracy of satellite navigation
using carrier phase measurements
and providing navigation in situa-
tions in which satellite signals are
not available.

Furthermore, the unintentional
launch of Galileo E14 and E18 into
an elliptical orbit provided an oppor-
tunity to verify the predicted relati-
vistic frequency shift. The isolation of
this shift from all other influences, in-
cluding orbit perturbations, clock im-
perfections, atmospheric delays, solar
pressure, and station movements is
a difficult task described by Martin
Liilf. The initial evaluation suggests
that the signals generated by the H-
Masers on the satellites lead to an
agreement with Einstein’s relativity
theory, which outperforms the results
obtained so far.

The first Galileo satellites were
launched in 2011 and have thus
passed half their life-time. DLR is
developing a proposal for a success-
sor system, called Kepler, to which
we are contributing. Key properties
are the support of global instan-
taneous Precise Point Positioning
(PPP) and the support of global inte-
grity. Kepler relies on a constella-
tion of satellites similar to Galileo
and a constellation of Low Earth
Orbiting (LEO) satellites, which are
used to perform measurements free
of atmospheric influences. Optical
inter-satellite links are used for ultra-
precise time and frequency transfer,

ranging and intra-system communi-
cations and lead to an unprecedented
performance. The latter is achieved
essentially without terrestrial infra-
structure.

The highest accuracy in satellite
navigation is achieved using carrier
phase measurements. This requires
that the ambiguities due to the pe-
riodicity of the carrier phase are
resolved. Limiting the probability
of wrongly estimating ambiguities,
however, significantly reduces the
availability of solutions. Andreas
Brack completed his work on a
mathematical framework for esti-
mating subsets of ambiguities to best
match the desired performance. The
latter is both analyzed in simulations
and using real data.

The correct resolution of carrier
phase ambiguities strongly depends
on any form of measurement biases.
As a consequence, many current
systems use differential measure-
ments with respect to some nearby
reference stations. The alternative
approach is to use PPP. In this case,
individual error components are
modelled, and the determination of
precise orbits, clock offsets and sig-
nal biases are essential. Today, PPP
augmentation data is matched to
a particular combination of meas-
urement data. Patrick Henkel for
the first time developed a solution
for undifferenced and uncombined
measurements, which allows adapt-
ing any combination of measure-
ments in a manner that best suits the
application.

Satellite navigation is not always
available. This might be due to the
location, to natural disturbances, and

also to jamming and spoofing. The
latter are a big concern in acronau-
tics. In the Lufifahrt Forschungs-
projekt MICONAYV, we developed
and tested a system based on terres-
trial radio ranging, as well as inertial
and barometric measurements.

Valles Marineris is a major crater
on Mars and the name of a project
funded by DLR-Raumfahrtmanage-
ment. The mission is to explore this
deep trench by swarms of rovers and
crawlers. Camera vision is the es-
sential means for navigation in this
context. The dead reckoning charac-
ter of vision systems causes the solu-
tion to drift. Additionally, monocular
cameras systems do not allow for an
estimation of scale. Chen Zhu ex-
plored the possibility to improve the
vision based solution by using a ra-
dio link to a single fixed station (e.g.
the lander) or between rovers. This
led him to estimate the global scale
as well as trajectories without drift
accumulation. Although stereo vi-
sion solves the scale problem, it ac-
cumulates drifts as well. Young-Hee
Lee used a similar idea to improve
the performance of stereo vision in
the absence of loop closure.

This overview also takes into ac-
count the work of Andreas Brack, Ga-
briele Giorgi and Chen Zhu, who left
the NAV chair in 2018. The theses of
Andreas and Chen are currently under
evaluation.
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Precise Point Positioning (PPP) de-
notes the absolute positioning of a
Global Navigation Satellite System
(GNSS) receiver without the direct
use of raw measurements from a ref-
erence station. It is of great interest to
numerous applications that can not
rely on cellular communications due
its gaps. A high absolute positioning
accuracy requires that the PPP user
corrects himself the measurements
for numerous error sources including
ionospheric and tropospheric delays,
orbital errors, receiver and satellite
clock offsets and phase/ code biases,

Estimation of satellite position, clock and bias corrections

Patrick Henkel and Christoph Giinther

carrier phase integer ambiguities,
Earth and ocean tides, antenna phase
center offsets and variations. These
errors are determined in different
manners: The position, clock offset,
carrier phase ambiguities and atmos-
pheric delays of the user are estimat-
ed by the user, e.g. by using a Kal-
man filter. Earth and ocean tides can
be accurately modeled using rough
estimates of the user position and of
the moon. Antenna phase center vari-
ations are determined by calibration.
The satellite position, clock offset and
phase bias corrections are determined
by a global network of GNSS refer-
ence stations. The focus of our work
is on the latter step.

We process undifferenced and
uncombined measurements from an
arbitrary number of frequencies such
that the user can correct its measure-
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Precision of multi-cluster satellite position corrections: After initial convergence, the
precision varies between S mm and 2 cm for all satellites at any time.
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ments for the satellite position, clock
and bias errors and apply any linear
combination to its measurements.

We cluster the global network of
GNSS receivers to exploit the com-
mon satellite visibility and integer
property of ambiguities within each
cluster. We choose a common refer-
ence receiver and reference satellite
within each cluster and relate the un-
known state parameters of all other
receivers and satellites within each
cluster to the state parameters of the
common reference receiver and ref-
erence satellite. Thereby, the integer
ambiguities of any non-reference re-
ceiver/ satellite are expressed in terms
of the integer ambiguities of the refer-
ence receiver/ satellite and so-called
double difference integer ambigui-
ties. A Kalman filter is used to esti-
mate all state parameters including
the mapped clock offsets, ionospheric
and tropospheric delays, satellite po-
sition, clock and bias corrections and
carrier phase integer ambiguities. In a
second step, we combine the satellite
position, clock and bias corrections
from all clusters.

The simulation results showed that
satellite position, clock and bias cor-
rections can be determined with a pre-
cision of better than two centimeters
for all satellites at any time, and that
the integer ambiguity fixing enables a
much faster convergence of these sat-
ellite corrections than without fixing.

Literature:
[1] Henkel, P; Psychas, D; Giinther, C;
Hugentobler, U: Estimation of Satellite
Position, Clock and Phase Bias Correc-
tions, Journal of Geodesy, 1199 — 1217,
May 2018.



Stereo Vision-based Simultaneous Localization and

Mapping with Ranging Aid

Young-Hee Lee, Gabriele Giorgi and Chen Zhu

Stereo visual odometry is a viable
tool for exploring unknown and
GNSS-denied environments. Un-
like monocular vision, it is possi-
ble to determine camera poses and
build a map database without scale
ambiguity. However, incremental
errors are unavoidable since stereo
visual odometry is a dead-reckoning
process in which the current state is
propagated from previous states.

The loop closing technique, in
which a rover re-visits a portion of
the environment already stored in the
map, is generally applied to mitigate
accumulating estimation errors in
visual odometry and achieve global
consistency. However, it is challeng-
ing to accurately detect and correct
loops without introducing significant
computational complexity to the
system. Furthermore, revisiting pre-
viously mapped places introduces a
constraint when planning an explo-
ration path.

We propose a different approach
to resolve the drift problem: fusion
of keyframe- and feature-based ste-
reo visual odometry and ranging
measurements. Rover’s poses are
incrementally recovered by track-
ing the feature observations in the
current frame from a local map. In
parallel, the local map is refined on
another processing thread, while for-
mulating a global map database with
ranging constraints between the key-
frames and a static base station. At
the end of the sequence, we define
the least squares problem with a cost
function given by the summation of
re-projection and distance squared
errors over all the constraints in the

global graph. Ranging constraints
are absolute distance measurements,
independent from the past states,
enabling compensating cumulative
biases and more accurately estimat-
ing the rover’s poses.

We evaluated [1,2] the proposed
algorithm on a public stereo vision
dataset, with synthetically generated
distance measurements. The evalu-
ation results show drift mitigation
capabilities comparable to those of
stereo vision-only SLAM with clos-
ing loops. .

The figure visualizes the im-
provement obtained in terms of drift
reduction when applying the devel-
oped algorithm on a real dataset:
without any need for loop closures,
our method provides a navigation
solution in GNSS-denied environ-
ments outperforming standard visual
odometry techniques.

Literature:

[1] Lee, Y.H.; Zhu, C.; Giorgi, G.;
Giinther, C.:
simultaneous localization and map-

Stereo vision-based

ping with ranging aid. /n: Proc.
Position, Location and Navigation
Symposium (PLANS), IEEE/ION,
404-409, Apr. 2018

[2] Zhu, C.; Giorgi, G.; Giinther, C.: 2D
Relative Pose and Scale Estimation
with Monocular Cameras and Rang-
ing. In: Navigation 65 (1), 25-33,
Jan. 2018
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Ground truth trajectory (black); Trajectories and map points estimated with stereo visual
odometry without closing a loop (blue) and the proposed algorithm (green)
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The theory of general relativity pre-
dicts that a clock at a higher altitude
appears to tick faster than a reference
clock placed at a lower altitude. This
effect is called gravitational redshift.

So far, the most accurate meas-
urement of this effect was performed
in 1976 by the Gravity Probe A (GP-
A) experiment [1], with an accuracy
of 140 ppm. The experiment sent a
rocket with a very stable hydrogen
maser on a ballistic trajectory. Three
different signals were exchanged
between the ground station and the
rocket to compensate for first-order
Doppler shift and atmospheric de-
lays and obtain the relative time dila-
tion between the clocks on the rocket
and on ground. The experiment last-
ed one hour and 55 minutes.

Due to a malfunction of the Soyuz
launch vehicle during deployment of
two Galileo satellites (denoted with

x 10

fAlpha [1]

1+ 1

Testing General Relativity Using Galileo Satellites

Martin Liilf, Gabriele Giorgi and Christoph Giinther

E18 and E14) these satellites were
injected into eccentric orbits rather
than into their nominal, almost cir-
cular ones. They thus experience
a varying gravitational potential.
These satellites carry passive hydro-
gen masers, similar to those used in
the GP-A experiment. Although the
altitude difference is substantially
smaller for the Galileo satellites,
these repeat the same trajectory
every ~13 hours, gifting us with two
GP-A-like experiments per day.

The navigation signals transmit-
ted by the satellites enable deter-
mining their orbits with cm-level
accuracy and to estimate the clock
offsets with sub-nanosecond accu-
racy. These signals are continuously
observed and stored by a global net-
work of ground stations since the end
of 2014. Together, the satellites have
already provided over 2000 days of
data and are expected to be transmit-
ting for several additional years, thus
allowing us to improve the accuracy
of the measured gravitational red-
shift effect over time.

While the GP-A experiment was
specifically tailored to extract the

*+  Alpha
No sat signal

100 200 300 400 500

BOO 700 800 300 1000

Time [continuous day of year since 2015]

Alpha estimates for Galileo 6 (E 14 / GSAT-0202)
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signature of the gravitational red-
shift, the primary purpose of the Gal-
ileo navigation signals is to localize
users on earth. As a consequence, a
number of impairments and distur-
bances are not eliminated by design
and must be estimated [2]. These in-
clude the satellite orbits, earth tides,
atmospheric delays, carrier phase
ambiguities and hardware-dependent
biases. In order to assess the accu-
racy of the estimated satellite clock,
an accurate and unbiased stochasti-
cal model needs to be formulated,
which requires careful analysis and
over bounding of observations and
estimation errors.

In a joint effort with the center of
applied space technology and mi-
grogravity (ZARM) and the Euro-
pean space agency (ESA), we have
already increased the accuracy of the
estimation of GP-A by a factor of
four [3] and are working on further
improvements.

Literature:

[1] Vessot, R.F.C.; Levine, M.W.: A Test
of the Equivalence Principle using
a Space-borne Clock. In: General
Relativity and Gravitation, 10, pp.
181-204, 1979

[2] Giorgi, G. et al.: Testing General
Relativity using Galileo Satellite
Signals. In: Proc. EUSIPCO, Aug.
2016

[3] Herrmann, S. et al.: Test of the Gravi-
tational Redshift with Galileo Satel-
lites in an eccentric orbit. /n: Physical
Review Letters, 2018, to be published



Estimate Scale of Vision and Relative Pose of Two Rovers

Chen Zhu, Gabriele Giorgi, Young-Hee Lee and Christoph Giinther

Autonomous robotic platforms are
utilized in the exploration of extreme
environments, e.g., extraterrestrial
exploration or catastrophe rescues.
In order to increase the system ro-
bustness against hazards in the mis-
sions, e.g., strike during landing, and
to improve the exploration efficiency,
a robotic swarm including multiple
autonomous units can be applied.
Autonomous navigation of the swarm
elements often relies on several sen-
sors such as cameras. Due to con-
straints on size, weight, accommo-
dation and costs in swarm elements,
monocular cameras are used instead
of stereo rigs in most cases. VSLAM
techniques using monocular cameras
have been developed in recent years
to estimate the trajectory of vehicles
and to simultaneously reconstruct the
map of the environment. However,
due to the sensor nature of monocular
cameras, all the monocular VSLAM
algorithms can only estimate the tra-
jectory and map points location with
a global scale factor ambiguity.

We propose to combine monocu-
lar VSLAM algorithms, e.g. [1], with
the measurement of ranges between
two swarm eclements for determin-
ing the trajectories and their global
scale. Specifically, the trajectory of
each rover can be estimated with a
scale ambiguity from the variation
of the images using a monocular
camera. Since the distance between
the two vehicles is a function of the
vehicle position, the global scale of
the trajectories, as well as the initial
relative pose between the two rov-
ers can be estimated by applying the
ranging information. The relative
pose and the global scale of the rover

trajectories are estimated by a least-
square optimization. The details of
the method are described in [2].
Moreover, by applying the visual
and the ranging measurements in a
tightly-coupled way, the accuracy
of the trajectory estimation can be
improved compared with the vison-
only approach. The pose estimation
in visual SLAM is purely based on
dead reckoning concept, if the rovers
do not revisit mapped places and de-
tect loop closures. Consequently, the
estimation error accumulates as the
rover moves, and the obtained tra-
jectory will drift away from the true
one over time. By fusing the visual
measurements with ranging meas-
urements that are independently
obtained, the drift can be mitigated
since the ranging error does not ac-
cumulate over time. In publication
[3], the improvement by fusing the
vision with ranging measurements
is demonstrated and analyzed both
theoretically and by simulation.

Literature:

[1] Mur-Artal, R.; Montiel, J. M. M.;
Tardos, J. D.: Orb-slam: A Versatile
and Accurate Monocular SLAM Sys-
tem. /n: IEEE Trans. Robotics (31) 5,
1147-1163, Oct. 2015.

[2] Zhu, C.; Giorgi, G.; Gunther, C.: 2D
Relative Pose and Scale Estimati-
on with Monocular Cameras and
Ranging. J. Inst Navig 65, 25-33;
doi: 10.1002/navi.223, March 2018

[3] Zhu, C.; Giorgi, G.; Lee, Y.; Glinther,
C.: Enhancing Accuracy in Visual
SLAM by Tightly Coupling Sparse
Ranging Measurements between two
Rovers. In: 2018 IEEE/ION Posi-
tion, Location and Navigation Symp.
(PLANS), Monterey, CA, 440-446,
Apr. 2018
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5.6 Publications
5.6.1 Book Chapters

Giorgi, G.: Attitude Determination. In: Springer Handbook of Global
Navigation Satellite Systems (Chapter 27). Edited by P.J.G. Teunissen and O.
Montenbruck, Springer Handbooks, 2017. DOI: 10.1007/978-3-319-42928-
1, ISBN: 978-3-319-42926-7

5.6.2 Journal Articles

The publications of the Chair of  Brack, A.: Optimal Estimation of a Subset of Integers with Application to
Communications and Navigations — GNSS. In: Artificial Satellites 51 (4), 123-134, Dec. 2016
(NAV) are listed below:

— one Book Chapter,, Brack, A.: Reliable GPS+BDS RTK Positioning with Partial Ambiguity
— eight Journal Publications, Resolution. /n: GPS Solutions 21 (3), 1083-1092, July 2017
— eleven Conference Publications.

Gomez, H.; Giorgi, G.; Eissfeller, B.: Pose Estimation and Tracking of Non-
cooperative Rocket bodies using Time-of-Flight Cameras. In: Acta Astronau-
tica Volume 39 (10), 165 — 175, Oct. 2017. DOI: j.actaastro.2017.07.002

Henkel, P.: Calibration of Magnetometers with GNSS Receivers and
Magnetometer-aided GNSS Ambiguity Fixing. /n: IEEE Sensors 17 (6), 1-13,
June 2017

Henkel, P.; Banjara, B.: Precise Positioning in Alpine Areas with Tropo-
sphere and Multipath Estimation. /n: IEEE Sensors 20 (18), 8397-8409, Aug.
2018

Henkel, P.; Koch, F.; Appel, F.; Bach, H.; Prasch, M,; Schmid, L.; Schweizer,
J.; Mauser, W.: Snow Water Equivalent of Dry Snow derived from GNSS
Carrier Phases. /n: IEEE Trans. Geoscience and Remote Sensing 56 (6),
3561-3572, June 2018

Henkel, P.; Psychas, D.; Giinther, C.; Hugentobler, U.: Estimation of Satellite
Position, Clock and Phase Bias Corrections. /n: J. Geodesy 92 (10), 1199-
1217, May 2018

Zhu, C.; Giorgi, G.; Giinther, C.: 2D Relative Pose and Scale Estimation with
Monocular Cameras and Ranging. /n: NAVIGATION 65 (1), 25-33, March
2018

5.6.3 Conference Publications

Brack, A.: Long Baseline GPS+BDS RTK Positioning with Partial Ambigu-
ity Resolution. /n: Proc. ION ITM 2017, Monterey, CA, USA, Febr. 2017
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Giinther, C.: Kepler - Satellite Navigation System without Clocks and
Ground Infrastructure. /n: Proc. ION GNSS+, Miami, FL, USA, Sept. 2018

Heinrich, M.; Sperl, A.; Mittmann, U.; Henkel, P.: Reliable Multi-GNSS Re-
al-Time Kinematic Positioning. /n: Proc. 60th IEEE ELMAR Symp., Zadar,
Croatia, Sept. 2018

Henkel, P.; Blum, A.; Giinther, C.: Precise RTK Positioning with GNSS,
INS, Barometer and Vision, Proceedings of the 30th International Technical
Meeting of The Satellite Division of the Institute of Navigation (ION GNSS+
2017), Portland, Oregon, USA, September 2017

Henkel, P.; Giinther, C.: Cascaded Real-Time Kinematic Positioning with
Multi-Frequency Linear Combinations. /n: Proc. 60th IEEE ELMAR Symp.,
Zadar, Croatia, Sept. 2018

Henkel, P.; Psychas, D.; Giinther, C.: Satellite Phase Bias Estimation with
Global Networks and High-Dimensional Integer Ambiguity Fixing, Proceed-
ings of the 30th International Technical Meeting of The Satellite Division
of the Institute of Navigation (ION GNSS+ 2017), Portland, Oregon, USA,
September 2017

Henkel, P.; Sperl, A.; Mittmann, U.; Bensch, R.; Farber, P.; Giinther, C.: Pre-
cise Positioning of Robots with Fusion of GNSS, INS, Odometry, Barometer,
Local Positioning System and Visual Localization. /n: Proc. ION GNSS+,
Miami, FL, USA, Sept. 2018

Krause, J.; Henkel, P.: Integration of Barometric Height into RTK Position-
ing for Fast Ambiguity Refixing. /n: Proc. 60th IEEE ELMAR Symp., Zadar,
Croatia, Sept. 2018

Lamm, M.; Koch, F.; Appel, F.; Henkel, P.: Estimation of Snow Parameters
with GPS and Galileo. /n: Proc. 60th IEEE ELMAR Symp., Zadar, Croatia,
Sept. 2018

Lee, Y. H.; Zhu, C.; Giorgi, G.; Giinther, C.: Stereo Vision-based Simulta-
neous Localization and Mapping with Ranging Aid, Position, Location and
Navigation Symposium (PLANS), Monterey, CA, USA, 2018

Zhu, C.; Giorgi, G.; Giinther, C.: Planar Pose Estimation using a Camera and
Single-Station Ranging Measurements, Proceedings of the 30th International
Technical Meeting of The Satellite Division of the Institute of Navigation
(ION GNSS+ 2017), Portland, Oregon, USA, September 2017
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6.1 Organized Workshops

(A) Workshop on Information Theory of Optical Fiber (MIO 2016)

When & where: 06.12.2016 — 07.12.2016, TUM-LNT

Organization: T. Fehenberger (TUM-LUT), J. Garcia, G. Kramer (TUM-
LNT), R. Essiambre (TUM-IAS)

Supported by:  Alexander von Humboldt Foundation, DFG

Topics: Capacity of Fiber Channels and Networks, Nonlinear
Fourier Transform, Multi-mode Optical Communication,
Coded modulation and Transceiver design

12 Talks: P. Andrekson (Chalmers), V. Aref, R. Dar, N. Fontaine
(Nokia Bell Labs USA), A. Ellis (Aston), M. Kuschnerov
(Huawei), R. Luis (NICT Japan), A. Mecozzi (L’ Aquila),
M. Shtaif (Tel Aviv), R. Slavik (ORC), M. Sorokina &
S. K. Turitsyn (Aston), D. Zibar (DTU),

14 Posters: Y. Chen (Coriant), S. Civelli (Sant’Anna), S. Dris (VPI

Photonics), F. Frey (Ulm), L. Galdino, D. Semrau (UCL),

J.W. Goossens (Huawei), L. Holzbaur (TUM-COD),

Group photo of MIO 2016 participants with Christmas concert musicians
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6.1 Organized Workshops
6.2 Research Visits

6.3 Guest Talks

In the reporting period 10/2016 -
09/2018, ten workshops were orga-
nized by LNT, LUT and COD. In ad-
dition, Gerhard Kramer was particu-
larly busy with organizing ISIT 2017
(IEEE International Symposium on
Information Theory) in Aachen and
ITW 2017 (IEEE Information Theo-
ry Workshop) in Taiwan.
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Relations

The workshops took place mainly in
our rooms at TUM. Two workshops
(JWCC and TUM-COM) were at
Planneralm in Austria and in the
Schneefernerhaus on the Zugspitze
near Garmisch-Partenkirchen.
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K. Keykhosravi (Chalmers), A. Span (Stuttgart), M. Song
(Telecom ParisTech), 1. Tavakkolnia (Edinburgh),
M. Yankov (DTU), M. L. Yousefi (ParisTech)

Social Event:  Dinner at Lowenbréaukeller

(B) ITG-Workshop 5.3.1: Modellierung und Simulation photonischer
Komponenten und Systeme

When & where: 16.02.2017 — 17.02.2017, TUM-LNT

Organization: ~ N. Hanik (TUM-LUT)

Supported by:  Alexander von Humboldt Foundation

16 Talks: H. Baytekin (ADVA), G. Bocherer (TUM-LNT), C. Castro
& W. Rosenkranz (Kiel), S. Dris, H. Louchet & A. Richter
(VPI Photonics), T. Fehenberger & N. Hanik (TUM-LUT),
F. Frey, J. K. Fischer & R. Fischer (HHI Berlin + Ulm),
A. Geisler & C. Schiffer (Uni Hamburg), D. Hillerkuss et
al. (Huawei Austria), G. Khanna, N. Hanik & B. Spinnler
(Coriant), M. Koéppel, M. Deckelmann & B. Schmauss
(FAU), S. Li, J. Koch, D. Clausen & S. Pachnicke (Kiel),
F. Schmidt (TU Berlin), A. Shrestha & D. Giggenbach
(DLR), S. Werzinger, S. Gussner & B. Schmauss (FAU),
Z. Wu & B. Lankl (Uni Bw)

(C) 18th Joint Workshop on Communications and Coding
JWCC 2017)
When & where: 13.03.2017 — 15.03.2017, Planneralm, Austria
Participants: ~ Doctoral students and professors from LNT, LUT, COD
(TUM), University of Stuttgart and Graz University of
Technology

Group photo of JWCC 2017 participants in the snow at Planneralm



Organization:

Supported by:

6 Talks:

22 Posters:

Social Event:

T. Prinz, F. Steiner (TUM-LNT)

Alexander von Humboldt Foundation

G. Bocherer, D. Donev (TUM-LNT), S. Cammerer
(Stuttgart), W. Roth, C. Knoll, M. Steinberger (Graz)
R.A. Amjad, H. Bartz, M. Coskun, S. Dierks, J. Garcia,

ional
B. Geiger, O. Giinli, T. Jerkovits, L. Palzer, M. Pikus —

(TUM-LNT), T. Fehenberger, T. Kernetzky, B. Leible Relations

(TUM-LUT), L. Holzbaur, A. Lenz (TUM-COD),

A. Elkelesh (Stuttgart), M. Koberl, A. Lisser, A. Luppi,
M. Rotulo (Graz), C. Schnelling (RWTH Aachen),

F. Guilloud (Telecom Bretagne)

Skiing and Tobagganing

(D) 2017 IEEE International Symposium on Information Theory
(ISIT 2017)
When & where: 25.06.2017 — 30.06.2017, Aachen, Germany

Participants:
Organization:

864 registered including 318 students
Rudolf Mathar (RWTH Aachen), Gerhard Kramer (TUM-
LNT)

(E) 2017 Munich Workshop on Coding and Applications (MWCA 2017)
When & where: 03.07.2017, TUM-LNT

Organization:

Supported by:

Topics:

8 Talks:

20 Posters:

Social Event:

A. Wachter-Zeh (TUM-COD), V. Sidorenko (TUM-LNT)
DFG, TUM Institute for Advanced Study, Alexander von
Humboldt Foundation

Coding Theory, Coding for Storage, Coding for Memories,
Network Coding

T. Etzion, E. Yaakobi (Technion, Israel), I. Tamo (Tel Aviv
University), A. Barg (University of Maryland),

I. Dumer (University of California Riverside),

O. Milenkovic (University of Illinois), G. Kabatiansky
(IITP Moscow, Russia), J. Rosenthal (Unversity of Zurich)
F. M. de Assis (UFCQG, Brazil), R. Bitar (Illinois),

E. Egorova (Moscow), C. Franck & U. Sorger
(Luxembourg), S. Kruglik & A. Frolov (Skolkovo &

IITP RAS), R. Gabrys (UIUC), A. Heidarzadeh (Texas
University), S. K. Hanna (Illinois), J. Lavauzelle (INRIA
Saclay), W. H. Mow (Hong Kong), N. Raviv (Ben-Gurion
University), D. Napp, R. Pinto & P. Vettori (Aveiro,
Portugal), M. Ebada, A. Elkelesh, S. Cammerer & S. ten
Brink (Stuttgart), J. Lieb (Wiirzburg), A. Sheikh, A. Graell i
Amat & G. Liva (DLR), S. Miielich & M. Schelling,

S. Puchinger (Ulm), T. Jerkovits (DLR), O. Giinlii (TUM-
LNT), A. Lenz (TUM-COD),

Beergarden “Chinesischer Turm”

(F) 2017 IEEE Information Theory Workshop (ITW 2017)
When & where: 06.10.2017 — 10.10.2017, Kaohsiung, Taiwan
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Participants: 176 registered including 57 students
Organization:  Po-Ning Chen (NCTU, Taiwan), Chih-Peng Li (NSYSU,
Taiwan), Gerhard Kramer (TUM-LNT)

nternational (G) 2017 Munich Workshop on Physical Unclonable Functions
| — (MPUF 2017)
Relations When & where: 29.10.2017, TUM-LNT

Organisation:  O. Giinlii, G. Kramer (TUM-LNT), T. Kernetzky (TUM-
LUT), M. Pehl, G. Sigl (TUM-SEC)

Supported by: Alexander von Humboldt Foundation, DFG

Topics: Information-theoretic Security and Privacy, Low-
complexity Error-correcting Code Design, Hardware
Optimization, Modeling and Evaluation of PUF Outputs,
Side-channel Attacks on PUFs

8 Talks: C. Frisch, M. Pehl, L. Tebelmann, F. Wilde (TUM-SEC),
R. Hesselbarth, M. Hiller (Fraunhofer-AISEC), A. Wachter-
Zeh (TUM-COD), O. Giinlii (TUM-LNT)

Social Event:  Café Altschwabing with “Glithwein”

(H) 1st TUM-Eurecom Workshop on Communications and Security

When & where: 14.12.2017 — 15.12.2017, TUM-LNT

Organization: R. A. Amjad (TUM-LNT), Paul de Kerret (Eurecom,
France), Michael Joham (TUM-MSV)

Supported by: German-French Academy for the Industry of the Future,
Alexander von Humboldt Foundation

Topics: Communication Theory, Security, Information Theory,
Machine Learning
11 Talks: G. Kramer (TUM-LNT) & D. Gesbert (Eurecom), 1. Atzeni,

A. Francillion, P. de Kerret (Eurecom), S. Diggavi, C. Fra-
gouli (UCLA), H. Bartz (DLR), M. Joham, D. Neumann
(TUM-MSV), M. Kobayashi, A. Nedelcu (TUM-LNT)

. L s, ol
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Group photo of MWCA 2018 participants
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11 Posters:

Social Event:

H. Bayerlein, T. Hayes, S. Poeplau (Eurecom), R. Freij-
Hollanti, O. Gnilke & C. Hollanti (Aalto & TUM-COD),
C. Jonischkeit, J. Kirsch, M. Newinger, T. Wiese (TUM-
MSV), A. Lenz (TUM-COD), O. Giinli, L. Palzer (TUM-
LNT)

) } } nternational
Dinner at Lowenbriukeller . —
Relations

(I) 2018 Munich Workshop on Coding and Cryptography

(MWCC 2018)

When & where: 10.04.2018 - 11.04.2018, TUM-LNT

Organization:
Supported by:
Topics:

14 Talks:

26 Posters:

A. Wachter-Zeh et al., R. Freij-Hollanti, C. Hollanti (TUM-
COD), V. Sidorenko (TUM-LNT)

DFG, TUM Institute for Advanced Study, Alexander von
Humboldt Foundation

Coding theory, Cryptography, Private Information
Retrieval

D. Augot (INRIA, France), Tuvi Etzion, Eitan Yaakobi
(Technion, Israel), R. Freij-Hollanti (Aolto), S. Blackburn
(London), J. Rosenthal (Zurich), A. Wachter-Zeh (TUM-
COD), A. Graell i Amat, K. Mitrokotsa (Chalmers),

. Ytrehus (Bergen), S. El Rouayheb (Rutgers), D. Karpuk
(Colombia), A. Barbero (Valladolid), C. Dimitrakakis
(Chalmers)

S. Bezzateev (St. Petersburg), S. Cammerer (Stuttgart),

J. J. Climent, X. Soler-Escriva &V Requena (Alacant),

R. d’Oliveira (Rutgers), E. Egorova, M. Samokhina &

O. Trushina (Russia), V. Estrada (Copenhagen), C. Franck
(Luxembourg), O. Giinlii (TUM-LNT), L. Holzbaur,

A. Lenz (TUM-COD), A. Horlemann (St. Gallen),

A. Klockmann (Potsdam), I. Kubjas, Y. Yakimenka (Tartu,
Estonia), P. Kumar (Copenhagen), S. Kumar (Bergen),

S. Kurz (Bayreuth), J. Lieb (Wiirzburg), U. Martinez-Penas
(Toronto), M. Mitev (Essex, UK), S. Miielich, J. Pfeiffer
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(Ulm), A. Neri (Zurich), S. Rani (India), P. Vettori (Aveiro,
Portugal)
Social Event:  Dinner at Wirtshaus Maxvorstadt

(J) 2018 Symposium: Information Transmission with Photons

When & where: 20.04.2018, Bayerische Akademie der Wissenschaften
(BAdW), Miinchen

Organization: Bayerische Akademie der Wissenschaften, FAU Erlangen,
TU Miinchen, C. Deigele (BAdW), J. Huber, M. Bechtold
(FAU), G. Kramer (TUM-LNT)

Supported by: Free State of Bavaria

Participants: 120 senior pupils from 50 Bavarian schools and the ,, Talent
im Land Bayern® program
7 Talks: P. Winzer (Bell Labs Nokia), C. Glinther (DLR & TUM-

NAV), C. Miiller-Hirschkorn (MPI Erlangen),
D. Frey (LMU Miinchen), B. Inan (EPA), G. Khanna,
T. Fehenberger (TUM-LUT)

(K) 2018 TUM-COM Workshop on URLLC and Applications for 5G
When & where: 04.06.2018 - 06.06.2018, Schneefernerhaus, Zugspitze
Organization: TUM Center of Competence Communications & TUM-LNT
H. Giirsu, M. Vilgelm (LKN), M. Coskun (TUM-LNT)
Topics: Ultra-Reliable Low-Latency Communications (URLLC)
5 Talks: G. Durisi (Chalmers, Sweden), J. Gross (KTH Royal
Institute, Sweden), W. Kellerer (TUM-LKN), G. Kramer
(TUM-LNT), P. Popovski ( Aalborg University, Denmark)
20 Posters: Doctoral researchers of TUM-COM: F. Clazzer, M. Grec
(DLR), S. Baur, C. Arendt (TUM-LTI), M. Iwanow (MSV /
Huawei), B. Giilegyiiz (LMT), A. Lenz (TUM-COD),
H. Giirsu, M. Vilgelm, M. Kliigel, S. Zoppi, A. Papa,
0. Ayan, H. Vijayaraghavan, S. Ayvasik (LKN), M. Coskun,
D. Doneyv, T. Jerkovits, W. Labidi, A. Git (TUM-LNT)

(L) 3rd TUM-Eurecom Workshop on Secure Communications

When & where: 12.07.2018, TUM-LNT

Organization: R.A. Amjad, G. Kramer (TUM-LNT)

Supported by: German-French Academy for the Industry of the Future
Participants: ~ Researchers from Eurecom and the TUM chairs LNT, MSV

and SEC

Topics: Physical Unclonable Functions, Neural Networks for
Interference Channels, Machine Learning for Security
Analytics

5 Talks: Paul de Kerret, S. Poeplau (Eurecom), B. Kolosnjaji,

M. Reza Norouzian (TUM-SEC), O. Giinlii (TUM-LNT)

(M) 2018 Munich Doctoral Seminar on Communications (MSC)
When & where: 19.07.2018 —20.07.2018, TUM-LNT
Organization:  P. Schulte, G. Kramer (TUM-LNT)



Topics: Information Theory, Coding and Communications
11 Talks: H. Vinck (Univ. Duisburg-Essen), F. Willems (TU
Eindhoven), T. Fehenberger, T. Kernetzky (TUM-LUT),
A. Wachter-Zeh, L. Holzbaur, S. Puchinger (COD),
A. R. Amjad, O. Giinlii, M. Kobayashi, M. Pikus (LNT)
15 Posters: S. Baur (LKN), M. Cai (TUM-LTI), G. Khanna, B. Leible
(TUM-LUT), I. Renner (COD), D. Donev, W. Labidi,
H. Liu, L. Palzer, T. Prinz, P. Schulte, M. Staudacher,
F. Steiner, T. Wiegart, P. Yuan (LNT)
Social Event:  Fachschaft Barbeque

6.2 Research Visits

Gerhard Kramer

- 21.05.-22.05.2017:
Royal Institute of Technology (KTH), Stockholm, Sweden
Prof. Mikael Skoglund

- 08.08.-31.08.2017 & 30.07. — 31.08.2018:
Technical University of Denmark (DTU), Lyngby, Denmark,
Otto Mensted Guest Professor,
Prof. Seren Forchhammer

- 02.03.-06.03.2018 & 13.05. — 14.05.2018:
Ben Gurion University of the Negev (BGU), Beersheba, Israel,
Prof. Haim Permuter

- 27.02.-02.03.2018 & 12.05. — 13.05.2018:
Israel Institute of Technology (Technion), Haifa, Israel,
Prof. Shlomo Shamai

Rana Ali Amjad
- 03.10.-09.10.2017:
Eurecom, Sophia Antipolis, France
Prof. David Gesbert & Dr. Paul Kerret
- 09.05.-18.05.2018:
Graz University of Technology, Austria
Prof. Gernot Kubin & Dr. Bernhard Geiger

Mustafa Cemil Coskun

- 11.12.-15.12.2017:
Chalmers University of Technology, Gothenburg, Sweden
Prof. Giuseppe Durisi & Prof. Alexandre Graell i Amat

Tobias Fehenberger

- 28.09-10.12.2017:
Mitsubishi Electric Research Labs, Cambridge, MA, USA
Dr. David Millar

Relations

We here list all research stays of our
professors and graduate students
with a duration of at least two days.
Some visits also went on for several
months.

The universities and companies
visited are in Austria, Denmark,
Sweden, France, Israel, the Nether-
lands and the United States.

We thank all hosts for their hos-
pitality. The visits often lead to new
friendships and give an appreciation
of different cultures and work envi-
ronments.
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In the reporting period 10/2016 -
09/2018, thirty-seven scientists visit-
ed us and gave a lecture. They came
from Germany, Austria, Belgium,
France, Finland, Russia, Sweden,
Switzerland, Spain, Brazil, China,
India, Japan, Israel, Iran, and the
United States.

The list also includes eight talks
in the Satellite Navigation Colloqui-
um organized by the NAV chair.
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Javier Garcia Gomez

- 25.06.-07.09.2018:
Bell Labs Crawford Hill, Holmdel, NJ, USA
Dr. René-Jean Essiambre

Onur Giinlii

- 02.02.-31.03.2018:
Information and Communication Theory Lab, TU Eindhoven, The
Netherlands: Prof. Frans M. J. Willems

Andreas Lenz
- 17.07.-13.09.2017:

University of California, San Diego (UCSD), CA, USA

Prof. Paul Siegel, Center for Memory and Recording Research
- 21.11.-12.12.2018:

Israel Institute of Technology (Technion), Haifa, Israel

Prof. Eitan Yaakobi, Computer Science Department

Fabian Steiner
- 17.08.-14.09.2017:

Technical University of Denmark (DTU), Lyngby, Denmark,

Prof. Seren Forchhammer, Dr. Metodi Yankov & Dr. Francesco da Ros
- 02.09.-02.11.2018:

University of California, Los Angeles (UCLA), CA, USA,

Prof. Rick Wesel & Prof. Dariush Divsalar

Peihong Yuan

- 04.03.2018 - 10.03.2018:
Ben Gurion University of the Negev (BGU), Beersheba, Israel,
Prof. Haim Permuter

6.3 Guest Talks

26.10.2016  Prof. Wolfgang Ertmer, Leibnitz Universitit Hannover:
Quantum Systems in p-g and on Earth - New Horizons for Quantum
Sensors (NAV-Colloquium)

26.10.2016  Dr. John Burke, US Air Force Research Laboratory:
A Compact, High Performance all Optical Atomic Clock based on Telecom
Lasers (NAV-Colloquium)

21.11.2016  Prof. Pierre Loidreau, University of Rennes, France:
Skew Polynomials, Gabidulin Codes, Coding and Cryptography

23.11.2016  Prof. Toshimichi Otsubo, Hitotsubashi University, Japan:
Satellite Laser Ranging Station Network Simulations and Prospects for the
Future (NAV-Colloquium)



12.01.2017  Prof. Frederic Guilloud, Telecom Bretagne, Brest, France:
Continuous Phase Modulation: A “New” Waveform for 5G Massive
Machine-Type Communications

25.01.2017  Prof. Wolfgang Kaiser, Technische Universitit Miinchen: ~ Honal

Als Wissenschaftler bei den Bell Labs in Murray Hill vor 60 Jahren ——
Relations

07.03.2017  Sven Miielich, M.Sc., Ulm University, Germany:

Error Correction Schemes for Physical Unclonable Functions

22.03.2017 Dr. Gwezheneg Robert, French Department of Defense,
France: Gabidulin Codes for Space-Time Coding

05.04.2017 Dr. Elsa Dupraz, IMT-Atlantique, Brest, France:
Source Coding and Big Data: Massive Random Access and Learning over
Compressed Data

06.04.2017  Dr. Danilo Silva, Federal University of Santa Catarina
(UFSCQ), Brazil:
On Integer-forcing Precoding for the Gaussian MIMO Broadcast Channel

10.05.2017  Prof. Sanjoy Mitter, Massachusetts Institute of Technology
(MIT), Cambridge, MA, USA:
Information Flow in Stochastic Control

04.07.2017 Dr. Yury Polyanskiy, Massachusetts Institute of Technology
(MIT), Cambridge, MA, USA:
Fundamental Limits and Schemes for Random-access in Wireless Channels

12.07.2017  Prof. Kristine Larson, University of Colorado Boulder,
CO, USA: Environmental Sensing with Reflected GPS Signals (NAV-
Colloquium)

13.07.2017  Prof. Junping Chen, Shanghai Astronomical Observatory,
China: Analysis of Inner-consistency of BDS Broadcast Ephemeris
Parameters and their Performance Improvement (NAV-Colloquium)

19.07.2017 Dr. Yuval Kochman, Hebrew University of Jerusalem, Israel:
Distributed Hypothesis Testing via Equivalence to Channel Coding

24.07.2017 Jan Kodet, Prof. Ulrich Schreiber, TUM and Geodetic
Observatory Wettzell, Germany: Co-location of the Space Geodesy
Instruments on the Observation Level (NAV-Colloquium)

07.08.2017  Prof. Amin Aminzadeh, Sharif University of Technology,

Tehran, Iran:
On a Measure of Private Common Information
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25.08.2017 Prof. Ayfer Ozgiir, Stanford University, CA, USA:
The Capacity of the Relay Channel

22.09.2017 Khac-Hoang Ngo, M.Sc., CentraleSupélec, Gif-sur-Yvette,
France: An Achievable DoF Region for the Two-user Non-coherent MIMO
Broadcast Channel with Statistical CSI

04.10.2017  Dr. Christian Deppe, Bielefeld University, Germany:
Search Games with Lies and Data Transmission Models with Errors

19.10.2017  Dr.-Ing. Gholamreza Alirezaei, RWTH Aachen University,
Germany: Optimal One-Bit Quantizers - Is the Optimum Quantization
Threshold Symmetric or Asymmetric?

24.10.2017  Prof. Mari Kobayashi, CentraleSupélec, Gif-sur-Yvette,
France: Coded Caching over Wireless: Challenges and some Solutions

25.10.2017 Dipl.-Ing. Georg Pichler, TU Wien, Austria:
Clustering by Mutual Information

15.11.2017  Prof. Camilla Hollanti, Aalto University, Helsinki, Finland:
Private Information Retrieval from Coded Storage

22.11.2017  Dr. Ragnar Freij-Hollanti, Aalto University, Helsinki,
Finland:
Coding for Data Storage via Matroid Theory

05.12.2017 Marco Mondelli, Ph.D., Stanford University, CA, USA:
Fundamental Limits of Weak Recovery with Applications to Phase Retrieval

05.12.2017  Prof. Felix Ulmer, University of Rennes 1, France:
Skew Reed Muller Codes

13.12.2017  Dr. Christian Héger, Chalmers University of Technology,
Gothenburg, Sweden: Coding and Deep Learning for High-Speed Fiber-
Optic Communication Systems

18.12.2017 Prof. Eitan Yaakobi, Technion, Haifa, Israel:
Nearly Optimal Constructions of PIR and Batch Codes

19.12.2017 Dr. Oliver Gnilke, Aalto University, Helsinki, Finland:
Private Information Retrieval with non-MDS Codes and Small Field Sizes

09.01.2018  Julia Lieb, Ph.D., University of Wiirzburg:
Construction of MDP Convolutional Codes

17.01.2018 Marco Falcone, European Space Agency, Paris, France:
Galileo System Status and Future Plans (NAV-Colloquium)



30.01.2018  Prof. Tuvi Etzion, Technion, Israel:
Applications and Distance Measures of Subspace Codes

19.02.2018  Prof. Emil Bjornson, Linkdping University, Sweden:
Cracking the Pilot Contamination Nut

26.02.2018  Prof. Vladimir Lebedev, [ITP, Moscow, Russia: Relations
Algorithms for Q-ary Error-correcting Codes with Feedback

27.02.2018  Julien Lavauzelle, M. Sc., INRIA Saclay, France:
Construction of Computationally Efficient PIR Protocols

06.03.2018 Prof. Andreas Winter, Universitat Autonoma de Barcelona,
Spain: Locking vs Private Capacity of Quantum Channels

09.03.2018  Prof. Pratap Misra, Tufts University, Boston, MA, USA:
The value of a “perfect” GNSS clock (NAV-Colloquium)

19.04.2018 Dr. Gottfried Ungerbock, Switzerland
Guidance from Information Theory - An Engineering Perspective

26.04.2018  Prof. Paolo Vettori, University of Aveiro, Portugal:
MRD Rank Metric Convolutional Codes

16.05.2018 Dr. Thomas Westerbick, Aalto University, Helsinki, Finland:
Polymatroid Theory applied to Coding Theory

18.05.2018 Prof. Navin Kashyap, Indian Institute of Science, Bombay,
India: Probabilistic Forwarding over Networks: To Code or not to Code?

04.06.2018 Elena Andreeva, Ph.D., KU Leuven, Belgium:
Authenticated Encryption, State of the Art and Directions

06.07.2018  Prof. Giuseppe Durisi, Chalmer University of Technology,
Gothenburg, Sweden:

Design of Short-packet Transmission Systems through Finite-blocklength
Information Theory

06.07.2018  Prof. Alexandre Graell i Amat, Chalmer University of

Technology, Gothenburg, Sweden:
A (very) Brief Introduction to Spatially Coupled Codes
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(1) Thomson Reuters Highly Cited Researcher in Computer Science,
2014-2016

Gerhard Kramer was honored by Thomson Reuters for the years 2014-2016
as one of the most influential researchers in Computer Science. Influence is
determined by citation analysis to identify those who have published work
with the most impact over the past decade. Highly cited articles rank in the
top 1% by citations for their field and year of publication.

(2) IEEE Information Theory Society Distinguished Lecturer 2015-2016

The IEEE Information Theory Society established the Distinguished Lecturer
Program to promote interest in information theory by supporting chapters
who wish to invite prominent information theory researchers to give talks
at their events. Distinguished Lecturers are selected by the Membership and
Chapters (MC) Committee in consultation with the Board of Governors. Ger-
hard was elected for the period 2015-2016.

(1) DFG Emmy Noether Program (2016)

The Emmy Noether Program gives exceptionally qualified early career re-
searchers the chance to qualify for the post of professor at a university by
leading an independent junior research group for a period of six years.

(2) TUM Institute for Advanced Study (TUM-IAS) Rudolf Mébauer
Tenure Track Assistant Professor

Within the TUM Faculty Tenure Track system, TUM-IAS created a special
fellowship offering merit-based academic career options from the appoint-
ment as Assistant Professor through a permanent position as Associate Pro-
fessor and on to Full Professor. Rudolf Méfsbauer Tenure Track Professor-
ships are intended for outstanding, high-potential early-career scientists who

nd

Awards

Gerhard Kramer

Chair of Communi-
cations Engineering
(LNT) since October
2010; Alexander von
Humboldt Professor

Antonia Wachter-Zeh

Assistant Professor-
ship of Coding for
Communications and
Data Storage (COD)
since October 2016;
Inaugural lecture on
January 30, 2017

&9



Awards

Georg Bocherer

‘ E Senior Researcher at
LNT from April 2012
until November 2017;
= Habilitation at the
| Y TUM-ECE Depart-
“ VB ment in November
2017

90

Antonia with D. Dzwonnek (DFG, left) and State Secretary C. Quennet-Thielen (BMBF)

have already achieved a major scientific breakthrough and who have the am-
bition of developing a new field of endeavor when joining TUM.

(3) 2018 Heinz Maier-Leibnitz Prize of the DFG

On May 29, 2018, the German Research Foundation (DFG) has awarded
the 2018 Heinz Maier-Leibnitz Prize to Antonia Wachter-Zeh and nine oth-
er young researchers. The prize is considered the most important award for
early-career researchers in Germany. It is named after the nuclear physicist
Heinz Maier-Leibnitz, the former president of the German Research Founda-
tion and one of TUM’s most prominent scientists.

(4) 2018 ERC Starting Grant

The European Research Council (ERC) has awarded a Starting Grant to An-
tonia Wachter-Zeh. Her project inCREASE (Coding for Security and DNA
Storage) deals with protecting data from unauthorized access and errors. ERC
Starting Grants are aimed at scientists with 2-7 years of experience since the
completion of their doctoral studies, and who have a scientific track record
showing great promise and an excellent research proposal.

(1) 2017 Johann-Philipp-Reis Award of the ITG/VDE

On November 22, 2017, Georg Bocherer was awarded with the highly rec-
ognized Johann-Philipp-Reis-Preis of the Information Technology Society
(ITG) of the German Association of Electrical Engineering, Electronics, and
Information Technology ¢.V. (VDE). The award is given to engineers up to
the age of 40 who have published an outstanding, innovative work in the field
of communications that is expected to have an impact on the economy.



Georg’s work being recognized is Bandwidth Efficient and Rate-Matched
Low-Density Parity-Check Coded Modulation published in the IEEE Trans-
actions on Communications in December 2015. This paper introduces a new
layered architecture for coded modulation. The paper further develops infor-
mation theory that proves that the architecture achieves Shannon capacity
with unprecedented flexibility.

Johann Philipp Reis was born in 1834 in Gelnhausen and died in 1874 in
Friedrichsdorf. He constructed the first device for sound transmission, the
telephone. On October 26, 1861, he introduced the device for the first time in
Frankfurt am Main, Germany.

The Johann-Philipp-Reis Award has been given biannually since 1986 by
the VDE, the cities of Friedrichsdorf in the Taunus and Gelnhausen, and the
Deutsche Telekom.

(1) 2018 Bell Labs Fellow

The Bell Labs Fellows Award recognizes and honors Nokia employees who
have made outstanding, sustained research and development contributions to
the company. It is the highest honor bestowed on members of the technical
community. René-Jean Essiambre was named a Bell Labs Fellow in 2018.

(2) 2018 Nobel Prize in Physics Lecture (presenting for Arthur Ashkin)

At the Nobel Prize Ceremony on December 10, 2018, in Stockholm, Sweden,
René-Jean Essiambre will give the lecture on physics in representation of
Arthur Ashkin, the physics Nobel Laureate 2018.

(1) 2017 Graduate Student Fellowship Award (IEEE Photonics Society)

Tobias Fehenberger has been awarded a Graduate Student Fellowship Award
by the IEEE Photonics Society for his very impressive accomplishments and
academic record. Tobias received his award during the Awards Banquet of
the IEEE Photonics Conference in Florida, USA, in October 2017.

The Graduate Student Fellowship Program provides fellowships to out-
standing IEEE Photonics Society student members based on their research
excellence and contributions to IEEE publications and conferences. Just ten
Fellowships are awarded each year to the most exceptional students from all
over the world.

(2) 2018 Friedrich-von-Klinggriff Medal

Mit der Friedrich-von-Klinggraff-Medaille, benannt nach nach dem Griinder
des Kosener Senioren-Convents-Verbandes, werden junge Corpsstudenten und
Alte Herren ausgezeichnet, die sowohl im Studium als auch im Corps iiber-
durchschnittlich engagiert und erfolgreich waren —also z.B. ein Doppelstudium
oder Studium und Promotion in kurzer Zeit mit hervorragenden Noten beendet

Awards

René-Jean Essiambre

Tobias Fehen

Physicist at Nokia
Bell Labs in Murray
Hill, TUM Ambas-
sador and TUM Ru-
dolf Diesel Industry

< Fellow

berger
Doctoral/Senior Re-
searcher with the
Professorship of Line
Transmission Tech-
nology (LUT) from
February 2012 until
August 2018
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Mari Kobayashi

Professor at Centrale
Supélec, France;
Guest Scientist at
LNT since 2017
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Tobias and Prof. Hans D. Schotten, Managing Director of the ITG. (Photo: Hannibal /
VDE

haben und gleichzeitig eine {iberdurchschnittliche Corpsaktivitit vorweisen
konnen. Seit seiner Griindung im Jahre 1986 hat der Stifterverein Alter Corpss-
tudenten e.V. 168 Corpsstudenten mit der Friedrich-von-Klinggraff-Medaille
ausgezeichnet.

(3) 2018 ITG-Dissertation Award

Our alumnus Tobias Fehenberger received the 2018 dissertation award of
the Information Technology Society (ITG) of the German Association of Elec-
trical Engineering, Electronics, and Information Technology e.V. (VDE) for his
thesis Analysis and Optimization of Coded Modulation for Nonlinear Fiber-
Optic Communication Systems. The supervisor was Prof. Norbert Hanik.

Each year, three theses from the field of communications engineering are
awarded the prize. The award ceremony took place at the Berlin-Brandenburg
Academy of Sciences and Humanities on November 5, 2018.

(1) Humboldt Fellowship for Experienced Researchers in 2017

Mari Kobayashi received a Humboldt Fellowship for Experienced Research-
ers from the Alexander von Humboldt Foundation. This prestigious fellow-
ship is granted to approximately 500 applicants annually across all fields of
research and at all German universities. The fellowship provides funding for
Mari’s sabbatical stay at TUM and LNT.



(1) 2018 IEEE Information Theory Society Paper Award

Frank Kschischang and Mansoor Yousefi won the 2018 IEEE Information
Theory Society (ITSoc) Paper Award for their three-part paper on Informa-
tion Transmission using the nonlinear Fourier Transform (NFT), published
in the IEEE Transactions on Information Theory in July 2014. The 1TSoc
Paper Award is given annually for an outstanding publication in the fields of
interest to the Information Theory Society appearing anywhere during the
preceding four calendar years.

(2) 2018 Fellow of the Canadian Academy of Engineering

Frank was named a Fellow of the Canadian Academy of Engineering on June
18, 2018. The ceremony took place in Calgary.

(3) 2018 IEEE Information Theory Society Padovani Lecturer

In January 2018 Frank was named a IEEE Information Theory Society Pa-
dovani Lecturer. The award, sponsored by a generous gift of Roberto Padova-
ni and administered by the IEEE Foundation, defrays travel and accommoda-
tion expenses to a lecturer selected to speak at the North American Summer
School of Information Theory.

(1) Fulbright Scholarship for Doctoral Candidates

Andreas Lenz received a Fulbright Scholarship for Doctoral Candidates in
2018. The scholarship supports and funds research stays with a duration be-
tween four and six months at an American University. With this scholarship,
Andreas will visit the University of California, San Diego, in spring 2019 for
a research project in collaboration with Prof. Paul Siegel, who is Chair of the
Center for Memory and Recording Research.

(1) 2018 Professor Dr. Ralf Kotter Memorial Award

Tobias Prinz is the recipient of the 2018 Professor Dr. Ralf Kétter Memorial
Award for his outstanding Master’s thesis entitled “Polar Codes for Higher-
Order Modulation and Probabilistic Amplitude Shaping”. The results of the
Master’s thesis have been presented at several IEEE conferences, including
the 2017 IEEE Workshop on Signal Processing Advances in Wireless Com-
munications in Sapporo, Japan.

The prize was initiated in 2009 and is endowed by Ruth and Hubert K&tter,
the parents of Ralf Kotter, head of the LNT from 2007-2009. The award
ceremony took place on April 14, 2018 in the City Hall of Kronberg/Taunus.
The laudatio for Tobias was given by Prof. Gerhard Kramer.

Awards

Frank Kschischang

= Distinguished  Pro-
fessor at the Uni-
versity of Toronto,
Canada; TUM Am-
bassador and TUM
Hans Fischer Senior
Fellow

Andreas Lenz

Doctoral Researcher
with the COD group
since 2016; Topic:
Coding for DNS Sto-
rage

Tobias Prinz
p Doctoral Researcher
with the LNT since
July 2016; Topic:
Higher order modu-
lation and decoding
algorithms for polar
codes
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Thomas Stockhammer

Ingo Viering
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Doctoral Researcher
with the LNT (1996-
2004); CEO and Co-
founder of Nomor Re-
search; Director Tech-
nical Standards at
Qualcomm (2014-)

Lecturer with the
LNT since 2006; Co-
founder and CEO of
the LNT start-up No-
mor Research

Award Ceremony in the City Hall of Kronberg/Taunus. From the left: Jorg, Hubert, and
Ruth Kétter, Tobias Prinz, Klaus Temmen (Mayor of Kronberg), and Gerhard Kramer

(1) The 3GPP Excellence Award 2018

Thomas Stockhammer received the 3GPP Excellence Award in 2018 for his
outstanding contributions and leadership in delivering Rel-14 Enhanced Tele-
vision (enTV) Services via 3GPP eMBMS. He has provided technical input,
support for progress, and at the same time ensured that the 3GPP status and
progress are understood by the broadcasters. 3GPPs enTV specifications
provide the basis for broadcast delivery in 5G. The award was conferred at
SA4#97 by the 3GPP SA4 leadership team in Fukuoka, Japan.

(1) “Honorarprofessor” of the TUM Department of Electrical and Com-
puter Engineering.

Ingo Viering became an Honorarprofessor of the TUM Department of Elec-
trical and Computer Engineering in 2018. Ingo has been teaching the Master-
level course System Aspects in Communications for many years.

His activies are an excellent example of the added value that industry lec-
tures bring to a technical university: education on an important industry to-
pic, internships and theses topics for students, employment opportunities, and
contact to a company at the forefront of standardization activities.



Award Ceremony in Berlin:From the left: Dr. Gerd Kraft and Dr. Franziska Zeitler
(both DLR Raumfahrtmanagement), Fabian Steiner, Patrick Schulte and Thomas
Jarzombek MdB (Koordinator der Bundesregierung fiir Luft- und Raumfahrt)

(1) TUM’s Shapecomm wins Space Industry Competition

Shapecomm CEO Fabian Steiner won the INNOspace Masters ideas compe-
tition for innovative proposals for satellite and space applications. Together
with his Shapecomm partners Patrick Schulte and Georg Bocherer, he devel-
oped and implemented a novel technology for bandwidth efficient communi-
cation called Probabilistic Amplitude Shaping that overcomes the limitations
of current satcom modems. Applications include satellite broadcasting ser-
vices for TV and radio, inflight entertainment, and broadband internet access
to remote areas. The technology could possibly culminate in DVB-S3.

On June 5, 2018, in Berlin, Fabian Steiner of LNT and Shapecomm was
selected as the overall winner of the INNOspace Masters competition. The
shapecomm UG was founded in January 2017 by G. Bocherer, P. Schulte and
F. Steiner of the LNT to offer consulting, development and research in the
field of telecommunications.

(1) 2018 IEEE Information Theory Society Paper Award

Mansoor Yousefi and Frank Kschischang won the 2018 IEEE Information
Theory Society (ITSoc) Paper Award for their three-part paper on /nforma-
tion Transmission using the nonlinear Fourier Transform (NFT), published
in the IEEE Transactions on Information Theory in July 2014. The 1TSoc
Paper Award is given annually for an outstanding publication in the fields of
interest to Information Theory Society appearing anywhere during the pre-
ceding four calendar years.

Awards

Fabian Steiner

Doctoral Researcher
with the LNT since
August 2016; CEO
of the LNT start-up
Shapecomm

Mansoor Yousefi
' & Assistant Professor
at the Telecom Par-
isTech; Postdoc with
© the LNT from Octo-
ber 2012 to February
'-._\\ 2016
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(2) 2018 ERC Starting Grant

The European Research Council (ERC) awarded a Starting Grant to Mansoor
Yousefi. His project COMNET (Communication using the nonlinear Fourier
transform) deals with increasing data rates on fiber-optic channels.

ERC Starting Grants are aimed at scientists with 2-7 years of experience
since the completion of their doctoral studies, and who have a scientific track
record showing great promise and an excellent research proposal.



Giinter Soder et al.

8.1 Abschlussbericht zum LNTwww

Ich berichte in dieser Reihe noch-
mals (und letztmalig) iber unser E-
Learning-Projekt LNTwww: Lerntu-
torial fiir die NachrichtenTechnik im
world wide web. 2001 haben Klaus
Eichin und ich mit LNTwww begon-
nen und 2018 wurde es (bis auf we-
nige Kleinigkeiten) erfolgreich fer-
tiggestellt.

LNTwww ist eine virtuelle Lehr-
veranstaltung im Umfang von 36 Se-
mesterwochenstunden mit 23 SWS
Vorlesung (eher theoretisch orien-
tiert) und 13 SWS Ubungen (An-
wendung des Gelernten). Bereitge-
stellt werden ferner viele im Rahmen
unseres LNTwww-Projekts erstell-
ten multimedialen (meist interakti-
ven) Elemente.

Unter https://www.LNTwww.de
gelangen Sie zur Startseite. Dort
finden Sie neben einer Bedienungs-
anleitung (,,Uber LNTwww*) und
aktuellen Hinweisen folgende Links:
— Biichersammlung: Hier kom-

men Sie zu neun Fachbiichern,

die das Lehrgebiet der Informa-
tions- und Telekommunikations-
technik und der dazugehdrigen

Grundlagenfacher in didaktisch

aufbereiteter Form présentieren.
— Aufgaben: Bereitgestellt werden

zu den 40 Theoriekapiteln mehr

als 600 Aufgaben mit ausfiihr-
lichen Musterldsungen.

— Lernvideos: Aufrufbar sind
mehr als 30 Lernvideos im mp4—
und ogv—Format, teilweise zwei-
oder dreiteilig. Diese laufen in
der neuen Version auf (fast) allen
Browsern und auf Smartphones.

— Interaktive Applets: Angebo-
ten werden zehn neu erstellte
Applets basierend auf HTMLS,
zudem noch 50 unserer fritheren
Module im SWF-Format.

Hauptarbeit der beiden letzten Jahre

war die Uberfiihrung der Vorginger-

version 2 in die jetzige Wiki-Version,
was leider nicht automatisiert zu be-
werkstelligen war, und die Neupro-

grammierung der Applets in HTML 5.

Ich bedanke mich bei den beteiligten

Studierenden fiir ihr Engagement, bei

MoliTUM fiir die finanzielle Forde-

rung, insbesondere aber bei meinem

Kollegen Tasnad Kernetzky (LUT),

der fiir alle auftretenden Probleme

immer wieder eine Ldsung fand.

Mein Dank geht zudem an alle bei

LNTwww irgendwie Beteiligten, die

unter ,,Autoren genannt sind.

Aufgabedernichsten Monate wird
sein, noch mdglichst viele Applets fiir

Smartphones zuginglich zu machen

(Umwandlung von SWF in HTMLYS).

Sonstiges

Abschlussbericht zum
LNTwww

Neuerungen in der
Infrastruktur

Personliches
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Sonstiges

Wie in den Jahren zuvor sind unter
dieser Rubrik als erstes wieder viele
Baumafinahmen zu nennen. Die Vor-
derfront unseres Gebdudes N4 hat
eine neue Fassade bekommen (siche
linkes Foto) und das Treppenhaus

Unser Lehrstuhlgebiude N4
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wurde renoviert (FuBBboden, Wande,
Geldnder). Die mit viel Larm und
Dreck (L&D) verbundenen Arbeiten
sind nun beendet. Alles ist sehr schon
geworden, vielleicht etwas steril.
Auch beziiglich unserer Réume
gab es viele Verdanderungen (wieder
L&D). Die frithere E-Werkstatt haben
wir an den Lehrstuhl von Prof. Boche
(LTT) abgegeben und den EIKon-
Raum mussten wir aus Platzgriinden
schlieBen. Die Rechnerrdume fiir Stu-
dierende und Géste wurden in das
friihere Mobilfunklabor verlegt. Diese
wurden auch neu mdbliert und mit

leistungsféahigen Xeon-Workstations
ausgestattet. Wir bedanken uns bei
MoliTUM fiir die finanzielle Unter-
stiitzung.

Die so frei gewordenen Riume
im dritten Flur wurden in fiinf Biiros
umgewidmet, u.a. fiir Antonia Wach-
ter-Zeh (COD) und ihre Mitarbeiter.
Neue Besprechungs- bzw. Semi-
narriume mit separatem Eingang
wurden durch Verkleinerung von
»grolem Praktikum* und Bibliothek
gewonnen. Diese und auch unser gro-
Ber Seminarraum N2408 wurden mit
lichtstarken Beamern ausgestattet.

Neu eingerichteter Besprechungsraum



Alle von LNT/LUT/COD /NAV
bedanken sich bei Robert Schetterer,
der durch sein Organisationstalent die
Beeintrichtigung unserer Arbeiten in
Grenzen gehalten hat und aus Brand-
schutzgriinden zig Kubikmeter Pa-
pier der Ara ,,60 Jahre LNT in N4
entsorgt hat. Martin Kontny hat ihn
bis Juli 2017 tatkriftig unterstiitzt.

Robert ist eigentlich Systemadmi-
nistrator fiir alle Forschungsgruppen.
Auch in diesem seinem Kerngeschéft
zeigt er groflen Einsatz und liefert her-
vorragende, manchmal unkonventio-
nelle Arbeit ab. Auch den anderen
Sysadmins T. Prinz (LNT), M. Lilf
(NAV), T. Fehenberger und T. Ker-
netzky (beide LUT) gilt unser Dank.

8.3 Personliches

Abschlielend berichten wir tiber personliche Ereignisse von derzeitigen und
ehemaligen Mitgliedern von LNT, LUT und COD — natiirlich nur positive.

Runde Geburtstage

85. Geburtstag:
Gottfried Binkert, Akademischer Direktor am LNT 1963-1994.

60. Geburtstag:
Erika Herian, Offiziantin am LNT seit 1985.

50. Geburtstag:

Dr.-Ing. Rupert Herzog, Doktorand am LNT 1994 — 2000, jetzt DPA,
Dr.-Ing. Thomas Hindelang, Doktorand am LNT 1994 — 2000, jetzt EPA.
Wir gratulieren allen Jubilaren und wiinschen fiir die Zukunft alles Gute.

Hochzeiten

Aug. 2018: Herzlichen Gliickwunsch an Hanna Becker & Lars Palzer!

Geburten

Jan. 2017: Lea — ihr Vater Markus Staudacher ist seit 2014 als Doktorand von
Gerhard Kramer am LNT.

Aug.2017:  Jonathan —sein Vater Stefan Dierks war von 2011-2017 Mitarbeiter
des LNT und hat seine Dissertation 2018 abgeschlossen.

Febr.2018: Emma — ihr Vater Sven Puchinger ist erst seit Mai bei COD; bei
ihrer Geburt und seiner Promotion war er noch in Ulm.

Febr. 2018:  Johannes — scin Vater Tobias Prinz ist seit 2016 Doktorand von
Gerhard Kramer am LNT.

Febr. 2018:  Paul Alexander und Karl Johannes — ihr Vater Tobias Fehenberger
war 2011-2018 bei LUT; Promotion 2017 bei Norbert Hanik.

Sept. 2018:  Aurelian — seine Mutter Antonia Wachter-Zeh ist seit 2016 bei

COD; seine Schwester Amira geht bereits in den Kindergarten.

I
Sonstiges

Erika Herian und Gerhard Kramer

NG
A S

Aurelian und Amira
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Sonstiges

Paul Alexander (li) und Karl Johannes

Jonathan mit Stefan und Bruder Jannik (3) Lea mit Markus Emma mit Sven

Die Lehr- und Forschungseinheit fiir Nachrichtentechnik begliickwiinscht alle Eltern und wiinscht den Neugeborenen
trotz der derzeit etwas verriickten Welt eine gliickliche Kindheit und Jugendzeit, verstindnisvolle Eltern und ein er-
fiilltes Leben.
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The cover design is by Patrick Schulte and the following text by Lars Palzer.

The figure illustrates the geometry of Quantized Compressive Sensing. Com-
pressive Sensing is a recent mathematical theory that addresses the efficient
acquisition and compression of natural signals. In many cases, these signals
exhibit a certain lower dimensional structure. For example, images can of-
ten be represented by only a few Wavelet coefficients. Mathematically, we
can model such signals as living on some lower-dimensional manifold that is
embedded into a higher dimensional space. The key insight of this theory is
that such signals can be reconstructed from a small number of linear measure-
ments. Linear measurements are created through superpositions of different
components of the signal and can be represented by a matrix multiplication.
Thus, these linear measurements simply rotate and scale the signal manifold.
If one takes enough measurements (this can be drastically fewer than the
ambient signal dimension such as the number of pixels in an image), the
structure of the signal can be preserved by the measurements and the signal
can be reconstructed via numerically efficient algorithms.

As a simple example, we might have a four-dimensional space where all
signals of interest live on a two-dimensional hyperplane. Through a measure-
ment matrix, this hyperplane is rotated and mapped into a three-dimensional
measurement space, which is depicted in our figure. Here, we additionally
employ scalar quantization in order to store the measurements on a digital
system. The quantization cells are illustrated by the many parallel hyper-
planes that cut the space into small boxes.

Together with the Chair for Applied and Numerical Analysis (Prof. For-
nasier) at TUM, we are investigating fundamental limits and efficient algo-
rithms for quantized and distributed Compressive Sensing in the framework
of the DFG Priority Programme Compressed Sensing in Information Process-
ing (CoSIP).
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