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Abstract

Recently, new objective speech quality evaluation methods, designed and adapted to new high voice quality contexts, have been devel-
oped. One interest of these methods is that they integrate voice quality perceptual dimensions reflecting the effects of frequency–response
distortions, discontinuities, noise and/or speech level deviations respectively. This makes it possible to use these methods also to provide
diagnostic information about specific aspects of the transmission systems’ quality, as perceived by end-users. In this paper, we present
and analyze in depth two of these approaches namely POLQA (Perceived Objective Listening Quality Assessment) and DIAL (Diagnos-
tic Instrumental Assessment of Listening quality), in terms of quality degradation indicators related to the perceptual dimensions these
models could embed. The main goal of our work is to find and propose the most robust quality degradation indicators to reliably char-
acterize the impact of degradations relative to the perceptual dimensions described above and to identify the underlying technical causes
in super wideband telephone communications [50, 14000] Hz. To do so, the first step of our study was to identify in both models the
correspondence between perceptual dimensions and quality degradation indicators. Such indicators could be either present in the model
itself or derived from our own investigation of the model. In a second step, we analyzed the performance and robustness of the identified
quality degradation indicators on speech samples only impaired by one degradation (representative of one perceptual dimension) at a
time. This study highlighted the reliability of some of the quality degradation indicators embedded in the two models under study
and stood for a first step in the evaluation of performance of these indicators to quantify the degradation for which they were designed.
� 2013 Elsevier B.V. All rights reserved.
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1. Introduction

With the introduction of transport of information on
packet networks, the old bandwidth limitations of TDM
(Time Division Multiplexing) networks have vanished. In
particular, the coding of audio signals is no longer
restricted to PCM (Pulse Code Modulation) frames coded
at 8 kHz. Thus, new audio contents, without theoretical

constraint on their temporal and spectral characteristics,
can be carried onto telecommunication networks, opening
the door to new services and new customer experience.
Amongst these services, high quality telephony is promised
to a fruitful future. Nowadays, Wideband (WB) (i.e. [50–
7000] Hz) telephony, also known as HD (High Definition)
Voice (Danno, 2013), is more and more common, and there
are even some soft-telephony solutions allowing a so-called
super wideband (SWB) telephony, corresponding to fre-
quencies up to 14 kHz (i.e. [50–14000] Hz) and a sampling
rate at 32 kHz or beyond.

The user experience of such services completely differs
from what we have been facing until now. For instance,
rich musical contents, or unfiltered environmental noise,
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can be carried together with or without voice. Some audi-
ble defects in the audio signal, particularly present in the
higher frequencies, become annoying in SWB context
whereas they are attenuated and hardly perceptible in Nar-
rowband (NB) context (i.e. [300–3400] Hz). This explains
why the current knowledge on quality expectations and
perception has to be revisited.

Besides, the complexity of transmission and signal pro-
cessing scenarios makes it harder and harder to trouble-
shoot end-to-end quality problems. New diagnosis tools
are therefore needed by operational teams to help them
in targeting the sources of degradations.

To achieve these two goals, the development of new tests
and measurement methods (or the update of existing ones)
is required. As far as voice quality measurement is con-
cerned, the well-known PESQ (Perceptual Evaluation of
Speech Quality, ITU-T Recommendation P.862 (ITU-T
Rec, 2001) listening quality model, for instance, predicts
MOS (Mean Opinion Score) values with a high correlation
with auditory tests results (also known as subjective tests
(ITU-T Rec, 1996) in Narrowband audio telephony con-
text, but such a method presents several drawbacks. It is
not able to cope with SWB telephony (and its Wideband
extension called WB-PESQ (ITU-T Rec, 2005) presents
some limitations (Beerends and Van Vugt, 2004; Côté
et al., 2006), and it does not provide further diagnostic
information about specific aspects of the transmission sys-
tems’ quality, as indicated for instance in Beerends and
Van Vugt (2004). To overcome these obstacles, ITU-T
study Group 12 decided to develop a new method (project
named POLQA), adapted to the new audio contents (e.g.

including super wideband audio contents) and potentially
integrating, beside global quality scores, estimators of
speech quality features grouped in what we call hereafter
“perceptual dimensions” (because of their similar impact
on speech quality as perceived by human ear).

With regard to voice quality perception, a distinction
between three types of perceptual dimension, associated
with corresponding degradations (proven to be orthogo-
nal) has been already proposed in Wältermann et al.
(2006). The first dimension, called “Directness/Frequency
Content” (Scholz et al., 2006), or “Coloration” (Wälter-
mann et al., 2008), is related to frequency–response degra-
dations. Results obtained by Leman et al. (2010) in
Narrowband telephony context revealed that the “Colora-
tion” dimension is mostly linked to coding. Consequently,
with a view to diagnosis and to deal with all possible degra-
dations, coding was included in this dimension.

The “Continuity” dimension corresponds to degrada-
tions in the time domain, such as loss of signal, clipping,
and sudden level variations. Finally, “Noisiness” is linked
to perceived noise degradations. The existence of a fourth
perceptual dimension reflecting the impact of the speech
level, (called “Loudness”) has been recognized in McDer-
mott (1969). These four perceptual dimensions are assumed
to cover the whole speech quality space including modern
telecommunication networks and services.

To estimate quality degradation on these dimensions in
the new telephony context and troubleshoot problems,
Quality Degradation Indicators (QDIs) must be developed.
These indicators are designed to quantify the underlying
technical causes for a specific degradation perceived on
speech quality. Instead of building them from scratch, we
found it wiser to look first at those already developed,
and then built new ones only if the study of existing ones
concluded that they could not be used as reliable and
robust diagnostic tools. When looking at the state-of-the-
art, it became quickly obvious that the best place to dig
out such indicators was inside signal-based voice quality
models. When we started our study, ITU-T was just ending
the POLQA (Perceived Objective Listening Quality Assess-
ment) project launched in 2007, aiming at standardizing a
new objective perceptual speech quality evaluation model
to overcome PESQ, with a broader scope (in particular
SWB speech). One of the 6 candidate models called DIAL
(Diagnostic Instrumental Assessment of Listening quality)
(Côté, 2011) has been developed jointly by FT (France
Telecom) and DT (Deutsche Telekom). DIAL was explic-
itly built on the 4 perceptual degradation dimensions men-
tioned above and provided a global predicted MOS-
LQOsw (MOS-Listening Quality Objective in super wide-
band context) value, together with 4 additional MOS val-
ues for each perceptual dimension respectively.

Once the essential parts of the code of the winner of the
POLQA competition (now standardized as ITU-T P.863
Recommendation (ITU-T Rec, 2011), and simply called
POLQA in what follows), had been made public, we
included it also in our study. Note that, since there is not
a directly compilable version of POLQA available, we
had to implement the missing blocks and build an execut-
able version. In this latter case, the perceptual dimensions
were implicitly integrated in the model.

The goal of our study was to find and propose QDIs in
order to quantify the impact of the degradations on the
four dimensions exposed above as well as to identify the
underlying technical causes in super wideband context.
Such indicators are potentially, but not necessarily,
extracted from the two models introduced above. How-
ever, in this paper, we only present and analyze indicators
found in the codes of DIAL and POLQA. It is important
to underline that we considered these two objective models
in our study for two reasons: (1) they stand for the first
objective models to characterize the voice quality impair-
ments in super wideband context whose codes were avail-
able and (2) they explicitly or implicitly integrate the four
perceptual dimensions described above. Other objective
models explicitly based on the 3 perceptual dimensions
(“Directness/Frequency Content”, “Continuity” and
“Noisiness”) were proposed in Wältermann et al. (2008),
Leman et al. (2010) but these models were limited to Nar-
rowband context. Note that our work did not intend to
compare these two models from the point of view of their
performance to predict the speech quality, but was rather
to select the most relevant QDIs that are robust enough

1048 S. Tiémounou et al. / Speech Communication 55 (2013) 1047–1063



Download	English	Version:

https://daneshyari.com/en/article/567093

Download	Persian	Version:

https://daneshyari.com/article/567093

Daneshyari.com

https://daneshyari.com/en/article/567093
https://daneshyari.com/article/567093
https://daneshyari.com/

