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Abstract:
Performance factors are important in today's* competitive telecommunications market
where price differentials have been minimized. An important aspect of service performance is speech
quality. This paper illustrates the theoretical foundation of Perceptual Evaluation of Speech Quality
(PESQ), the most recent ITU-T standard for objective assessment of speech quality in
telecommunication networks, and a methodology for its implementation in wireless networks.
Further, the development of the PESQ algorithm according to the standard is presented with the
methodology of obtaining the PESQ scores which measure the perceived speech quality of the
telecommunication network under test. Finally, the results obtained with the developed measurement
setup are discussed. How the results can be used to analyse the impact of various factors on the
speech quality of wireless networks is explained. The results were also used to examine the correlation
between channel conditions (e.g. network load and signal strength) and the perceived speech quality.

A new generation of objective speech quality
assessment techniques has been developed to
take these complex factors into consideration
when predicting the perceived quality of
speech in telecommunication networks. The
Perceptual Evaluation of Speech Quality
(PESQ) is the latest ITU-T standard (ITU-T
P.862) [1] for end-to-end speech quality
assessment of narrow-band telephone networks
and codecs. Such standards have become
increasingly important in recent times due to
the proliferation of packet-switched voice
techniques and wireless networks, where
speech quality degradation is not uncommon.

1. Introduction
In the past few decades, wireless telephony
networks have shown an exponential growth in
subscribers, reach and complexity. At present,
in the highly competitive telecommunication
industry in which the price and technological
differentials have been minimized, speech
quality becomes a key market differentiator. A
reliable prediction of quality can also be very
useful in improving the network performance
with new infrastructure planning and for
optimizing the network parameters in order to
meet the expected end-to end quality.

2. Fundamentals of speech quality
assessment tools

In the early stages of telecommunication
networks, speech quality could be predicted
from signal processing metrics such as
frequency response, noise and delay.

Until recently the only way to measure users'
perception of the quality of speech in
telecommunication networks was to conduct a
subjective test in which subjects hear recordings
degraded by candidate networks, and vote on
their opinion of the quality of each recording.
The benchmark of quality is the opinion scale
against which the subjects vote; an example,
listening quality, is given in Table 1. Votes are
averaged across subjects to give a mean opinion
score (MOS). The MOS reflects the perceived
performance of the whole network [2],

However, the recent technological advances
have
introduced
compressive
coding
techniques, level adjustment, echo cancellation
and silence detection etc. which render
conventional
speech
quality
assessment
techniques unsuitable. Therefore, there has
been continuous growth in speech quality
assessment technologies which are capable of
accounting for numerous factors affecting the
quality in modern networks such as filtering,
variable delay, distortions due to variable
channel conditions or poor received signal
strength. These factors are more significant in
wireless networks than in the wired networks.
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