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Abstract

The emergence of new services based on wideband speech communications raises new questions as well as older already resolved for narrowband applications. For instance, the standardised objective alternative to the subjective evaluation of voice quality, PESQ, is currently restricted to narrowband applications. Its proposed extension for wideband applications using 7 kHz signal bandwidth, which has not been yet validated, should anyhow allow a comparison of wideband conditions only.

The problem addressed here is more general in the sense we would be looking for an objective measure applicable both for narrowband and wideband speech, using a unified scale.

I. Introduction

Wideband speech processing and transmission technologies (i.e. using a sampling frequency of 16 kHz, able according to the Shannon theorem to code the spectrum of the signal up to 8 kHz) are not really new techniques. G.722, for instance, has been developed about 20 years ago. What is new is the possibility offered by packet transmission systems to support such techniques, what required dedicated infrastructures in the PSTN.

The widely accepted assumption that the use of wideband speech increases the listening quality and comfort due to the extension of the bandwidth in the low and high frequencies, even though it seems logical, is in fact based on a very few experimental data. In the current phase of co-existence of systems using narrowband and wideband communication techniques, the need raises for a consolidation of those data, in order to help making the good choices based on a fair comparison, like in the following cases:

· When developing a wideband scalable codec using a narrowband core, at which step or bit rate is it more suitable to move from narrowband to wideband?

· For service operators wanting to sell a wideband VoIP solution, which codec needs to be chosen in order to have a better quality than the PSTN or high quality narrowband VoIP, but without having a too large bandwidth?

Concerning subjective evaluation of voice quality, for a narrowband-only test, the high-quality reference is narrowband while for a wideband-only of for a mixed (narrowband + wideband) test the reference is wideband. Therefore, the expected quality will be different in both case and this will have an influence on the resulting MOS values.

Therefore, several questions can be raised:

· Is it possible to merge narrowband and wideband subjective scales?

· In order to adapt existing MOS scores for narrowband systems to such a common scale, should we introduce in all subjective tests wideband references?

· Or, can we find a mapping function to adapt narrowband subjective MOS values to wideband equivalent values?

· Would a wideband-PESQ be adequate for measuring both wideband and narrowband codecs?
· Is the mapping function of P.862.1 also applicable for wideband scenarios?

· Finally, how to compare wideband PESQ values with narrowband values?

We will try to answer some of those questions in the next pages.

First, we present in section 2 results obtained during two subjective tests: a mixed narrowband and wideband test, and a narrowband-only test, and we try to see if a comparison can be made between those results and how.

Then, based on the analysis of a few existing databases, we will examine in section 3 the suitability of the existing proposed extensions of PESQ for wideband and discuss the need for a specific mapping function for wideband.

II. Subjective experiments 

Two experiments have been conducted:

· Experiment 1a is a narrowband-only test. The 21 tested conditions include 4 standard codecs (alone or in tandeming positions at different bit rates), as well as 3 wideband codecs at different bit rates with output signals down sampled to 8 kHz. The high-quality reference is an 8 kHz clear channel.

· Experiment 1b is a mixed test. The 21 conditions and the reference of test 1a are present, together with the 7 wideband conditions without down-sampling and a 16 kHz clear channel. 

The method of assessment uses the ACR (Absolute Category Rating) method as given in Recommendation P800. Each judgement has been collected on a 5-point quality scale.

For each ACR test 1a and 1b, 3 different groups of 8 listeners listened to respectively 100 and144 sentences pronounced by 4 speakers (2 male and 2 female). Each listening session divided into 2 sub-sessions to avoid the fatigue effects.

The processed material was level adjusted to –26 dB with P.56 algorithm and was replayed through headphones at a constant nominal level of –79 dB SPL.

To calibrate the tests and to verify if all the MOS scale is covered, the two databases were tested respectively with the perceptual model PESQ.

To distinguish the different MOS values and scales, we will now use the following notations:

· WMOS for experiments on wideband only conditions.

· NMOS for experiments with only narrowband conditions.

· MMOS for experiments with narrowband and wideband conditions.

The results (mean opinion scores) for experiments 1a and 1b are presented respectively in figures 1 and 2 below.
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Figure 1: Experiment 1a results (NMOS)
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Figure 2: Experiment 1b results (MMOS)

Melting narrowband and wideband conditions in a same test has clearly some impact: a decrease of MMOS values for narrowband conditions in comparison of those obtained with an only narrowband test was expected. This trend is confirmed on figures 1 & 2. The difference in terms of MOS score (NMOS – MMOS for the same narrowband coder) lies between 0.01 and 0.63 MOS, with a mean value of about 0.3 MOS.

Furthermore, these two figures show that for narrowband conditions, the classification and the ratio between different codecs are respected. Adding narrowband conditions to a wideband test implies only a degradation of MMOS values of these conditions without impact of narrowband test conclusions.

We can also note on Figure 2 the improvement due to the increase of frequency range, which is approximately constant (about 0.84 MOS between the score of the wideband codec with and without down-sampling) whatever the subjective MMOS values.

Another very important result of test 1b (Figure 2) is that, with the exception of a very bad wideband codec (C6), all wideband codecs are judged to be as good or better than the best narrowband coder (C19). If confirmed by other test results, this information is very important for the future of wideband VoIP.

Last, but not least, when one plots points with x and y-values corresponding respectively to the scores obtained for the same condition during tests 1a and 1b (see Figure 3 below), one can see a relation between NMOS and MMOS scores. This sort of transfer function between these two scales is also represented in figure 3.
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Figure 3: Mapping function between NMOS and MMOS scores

If this transfer function is confirmed by other experiments, it will have an important consequence on the design of future subjective tests, since there would be no need to introduce wideband reference conditions in narrowband tests.

And so, it gives the possibility to have a better definition of the scale with a complete use of the NMOS scale, and the possibility to re-use anchoring narrowband references.

III. Comparison of PESQ with subjective results

Knowing the time and the cost it can take to run subjective tests, the results presented in section 2 above are not enough. It has to be discussed whether they can also be applied for objective evaluation results obtained with tools like PESQ.

As for in section 2, to distinguish the different PESQ values and scales, we will now use the following notations:

· WPESQ for experiments on wideband only conditions

· NPESQ for experiments with only narrowband conditions.

· MPESQ for experiments with narrowband and wideband conditions.

For narrowband speech communication systems, we already have an objective model: PESQ [1]. In order to compare directly the PESQ values to listening MOS scores, a mapping function has been introduced, which is described in P.862.1 [2].

As far as wideband speech is concerned, there is currently no such standard method. A modification of the input filter of PESQ has been proposed [3] but not approved, even if it seems to be relevant [4].

To allow the quality measure PESQ to be used for wideband speech, a mapping function is necessary. After applying the input filter modification, we have tried to determinate this function based on existing subjective test results. The databases used are the following:

· WB 0301 Experiment 1a

· 3GPP S4 AMR WB 0204

· 3GPP-S4-ETSI-SMG11 AMR WB qualification Experiment 1

· New mixed narrowband / wideband ACR_NBWB_0504

The result is quite similar to the mapping function of P.862.1, and is given by equation:
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With the following representation:
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Figure 4: Mapping function for better matching between WPESQ and WMOS

This mapping function has to be confirmed on more test material. Applied on wideband conditions of the new database described section 2, it gives expected results as shown by figure 5.
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Figure 5: Improvement due to the application of the wideband mapping function on WPESQ
The results of the subjective tests (section 2) and of the PESQ evaluation (section 3) tend to show that it is possible to apply separately NPESQ on the narrowband conditions, and WPESQ on wideband conditions, and to put them on a common scale thanks to the mapping function WMOS=f(NMOS) described in section 2.

IV. Conclusion

The emergence of new services using wideband speech communications and their co-existence with narrowband systems raise the verification of some assumptions, such as the improvement of the quality by the increase of the frequency range, the decrease of narrowband MOS scores when these conditions are introduced in wideband subjective tests, the fact that wideband MOS values are not affected,….

All these points have been confirmed by the two subjective tests described section 2. The good correlation between the results of these two tests and a transfer function let us think that it would be possible to have a transformation between the narrowband MOS scale and a unified narrowband-wideband MOS scale.

The extension of wideband applications and the use of scalable codecs with different bit rate and frequency range introduce the need of tools to evaluate easily narrowband vs wideband codecs. The PESQ mapped with the P862.1 function gives good results for narrowband applications. Its extension to wideband conditions with the input filter modification and a new mapping function seems to be well-adapted. To compare wideband and narrowband systems, the proposition is to merge the two scales applying the same transfer function as for the subjective data. These conclusions have to be confirmed on more testing material.

So, the direction that we suggest to compare voice quality of narrowband and wideband scenarios is to keep two different scales corresponding of narrowband and wideband conditions, and to switch from a narrowband scale to a unified narrowband/wideband scale, and vice versa, thanks to a transfer function.

V. Perspectives

If this direction is confirmed, the interest of such a tool is multiple. In a first time, an objective measure can be useful to validate the good MOS scale coverage for subjective tests. In a second time, it will be interesting to easily evaluate the best comprise between bit rate and bandwidth for scalable codecs. 
Another application of results, and particularly of the transfer function between the narrowband and the mixed narrowband/wideband scales, would be for the extension of the model-E to wideband applications with the determination of new equipment impairment factors Ie [5] according to the usual procedure using the auditory listening results.
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