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Shaker  Verlag
Aachen  2015

Arbeiten über Digitale Signalverarbeitung

Band 40

Lu Huo

Attribute-based Speech Quality Assessment

– Narrowband and Wideband



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.: Kiel, Univ., Diss., 2015

Copyright  Shaker  Verlag  2015
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
of the publishers.

Printed in Germany.

ISBN 978-3-8440-3661-9

Shaker  Verlag  GmbH  •  P.O. BOX 101818  •  D-52018  Aachen
Phone:  0049/2407/9596-0   •   Telefax:  0049/2407/9596-9
Internet: www.shaker.de   •   e-mail: info@shaker.de



Acknowledgements

After the completion of this dissertation, my first and greatest thank is to two person.
The first one is my supervisor Prof. Dr. Heute. He is the one who has guided me in
my Master study and the Phd. research, and supported me in the completion of this
work, even in difficulty. The other one is my husband Hooman, who is always supporting
strength behind me. Literally to say, without the support of these two person, this work
may have never been born.

My second thank is given to all the people that have encouraged me in the completion
of this work. I’d like to thank the dear colleagues at the Institute for Circuit and System
Theory and the Information and Coding Theory Lab for their creation of this pleasant
research atmosphere at the institute.
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Abstract

After decades of rapid development in the field of telecommunication, the modern speech
transmission has evolved from the simple analog system into a huge hybrid network of
diverse principles such as Voice over IP (VoIP), the wireless communications, as well
as the conventional telephone systems. In all cases, an important step led from the
“classical” narrow telephone bandwidth of the 3 kHz to “wideband” or even “super-
wideband” telephony, with 7 kHz or even 14 kHz.

In this work, an attribute-based diagnostic objective estimation model for the speech
quality at the output of such modern telecommunication systems is under investigation.

This approach is a further study in the sequence of investigations in TU Berlin and
TF/CAU at Kiel. All the three already identified quality dimensions coloration, discon-
tinuity, and noisiness are labeled here as the global quality dimensions. They are further
decomposed into more specific attributes, here called subdimensions, which provide more
details or insights to the corresponding global quality dimensions. These subdimensions
are directness and frequency content for the quality dimension coloration, interruptedness,
musical noise and clipping rate for the dimension discontinuity, as well as signal-correlated
noise, additive LF noise and additive HF noise for the dimension noisiness.

The main effort of the present work is put into the development of the objective algo-
rithms for these quality-relevant attributes and the establishment of the attribute-based
objective model for both the narrowband- and the wideband-speech quality: Firstly, a
thorough study of each of these subdimensions has been made and the corresponding
objective estimation algorithm was investigated and evaluated; secondly, the estimation
model of each global quality dimension was built based on these subdimensions; thirdly,
a multi-step estimation model of the overall speech quality was established and evalu-
ated using the given databases. In the end, the present algorithms developed for the
narrowband speech are extended to the wideband speech.

In all cases, the instrumentally estimated and the subjectively received quality evalu-
ations were highly correlated.
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