Ditze
Bidirectional Cross-Layer Management of QoS
Capabilities in Wireless Multimedia Environments

c-lab



C-LAB Publication

Herausgegeben von
Published by

Dr. Wolfgang Kern, Siemens AG
Prof. Dr. Franz-Josef Rammig, Universitat Paderborn

Das C-LAB - Cooperative Computing & Communication Laboratory - leistet Forschungs- und Entwicklungs-
arbeiten und gewahrleistet derenTransfer an den Markt. Es wurde 1985 von den Partnern Nixdorf Computer AG
(nun Siemens AG) und der Universitadt Paderborn im Einvernehmen mit dem Land Nordrhein-Westfalen
gegrlindet.

Die Vision, die dem C-LAB zugrunde liegt, geht davon aus, dal} die gewaltigen Herausforderungen beim
Ubergang in die kommende Informations- und Wissensgesellschaft nur durch globale Kooperation und in
tiefer Verzahnung von Theorie und Praxis gelost werden konnen. Im C-LAB arbeiten deshalb Mitarbeiter von
Hochschule und Industrie unter einem Dach in einer gemeinsamen Organisation an gemeinsamen Projekten
mit internationalen Partnern eng zusammen.

C-LAB - the Cooperative Computing & Cooperation Laboratory - works in the area of research and development
and safeguards its transfer into the market. It was founded in 1985 by Nixdorf Computer AG (now Siemens
AG) and the University of Paderborn under the auspices of the State of North-Rhine Westphalia.
C-LAB's vision is based on the fundamental premise that the gargantuan challenges thrown up by the transition
toafuture information and knowledge society can only be met through global cooperation and deep interworking
of theory and practice. This is why, under one roof, staff from the university and from industry cooperate
closely on joint projects within a common research and development organization together with international
partners. In doing so, C-LAB concentrates on those innovative subject areas in which cooperation is expected
to bear particular fruit for the partners and their general well-being.



C-LAB Publication

Band 26

Michael Ditze

Bidirectional Cross-Layer Management of QoS
Capabilities in Wireless Multimedia Environments

D 466 (Diss. Universitat Paderborn)

Shaker Verlag
Aachen 2009



Bibliographic information published by the Deutsche Nationalbibliothek
The Deutsche Nationalbibliothek lists this publication in the Deutsche
Nationalbibliografie; detailed bibliographic data are available in the Internet

at http://dnb.d-nb.de.

Zugl.: Paderborn, Univ., Diss., 2008

Copyright Shaker Verlag 2009

All rights reserved. No part of this publication may be reproduced, stored in a
retrieval system, or transmitted, in any form or by any means, electronic,
mechanical, photocopying, recording or otherwise, without the prior permission
ofthe publishers.

Printedin Germany.

ISBN 978-3-8322-8018-5

ISSN 1438-3527

Shaker Verlag GmbH ¢ P.O.B0OX 101818 « D-52018 Aachen

Phone: 0049/2407/9596-0 « Telefax: 0049/2407/9596-9
Internet: www.shaker.de ¢ e-mail: info@shaker.de



Bidirectional Cross-Layer Management of
QoS Capabilities in Wireless Multimedia
Environments

Dissertation

A thesis submitted to the
Faculty of Computer Science,
Electrical Engineering and Mathematics
of the
University of Paderborn
in partial fulfillment
of the requirements for the degree of Dr. rer. nat.

by

Michael Ditze

Paderborn



Supervisors:
Prof. Dr. Franz Rammig, University of Paderborn
Prof. Dr. Holger Karl, University of Paderborn

Date of public examination: September 15, 2008.



Abstract

The massive increase of bandwidth availability in access networks has trig-
gered a shift in consumer computing paradigms toward a progressive de-
ployment of networked multimedia applications. Their transmission across
wireless networks imposes new and unique design challenges to the QoS
traffic control which requires leveraging of the interaction among individ-
ual QoS approaches across different layers in the communication model. The
new challenges trace back to imperfect wireless transmission channels and
the indeterministic behavior of wireless medium access control schemes. In
conjunction with highly fluctuating traffic arrivals of multimedia applications
they result in a low utilization of resources and inefficient packet schedules
on the communication model’s lower layers. On the higher layers, the un-
predictably changing environmental conditions claim for an improved adap-
tation support to adjust the source coding rate to the present network condi-
tions.

This thesis motivates, develops, and implements BiCyQLE, a framework for
bidirectional cross-layer management of QoS capabilities in wireless multi-
media environments. It is bidirectional in that it improves the utilization and
provisioning of scarce wireless network resources toward the lower layers
of the communication model. In direction of the higher layers, it performs
adaptive source rate control of multimedia transmissions with different lev-
els of granularity. The rate adaptation gracefully adjusts the user-perceived
QoS to presently experienced link conditions. The purpose of BiCyQLE is to
increase the visual quality and the quality-cost ratio of multimedia transmis-
sions.

The evaluation of BiCyQLE in the ns-2 simulation environment confirms
its significant impact on the transmission of multimedia traffic in fluctuat-
ing wireless networks. It outperforms several other combinations of QoS ap-
proaches, and its individual components are superior to comparable solutions.
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