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1. Introduction
The use of PESQ for objective measurement of speech quality has become so entrenched in industry practice that is sometimes being used inappropriately. Although the correct usage of PSEQ is well documented in Recommendation ITU-T P.862, Perceptual Evaluation of Speech Quality (PESQ) [1], the measure is sometimes used by lay-people with a poor understanding of its limitations, and the results obtained can therefore be misleading. 
This is a particular problem when testing UE’s that contain noise suppression algorithms, to the extent that tuning an algorithm to maximise the PESQ score can result in reduced listening test scores. Since almost all modern UE’s now contain some form of noise suppression the use of PESQ for UE testing has become increasingly unsuitable. 
2. Proposal
In order to help reduce the problems caused by inappropriate testing the sources would like to add new sub-section to TR 26.931 showing the issues with PESQ and how problems can be avoided by using more suitable test methods. 

-------------------------------------------------------------------------------------------------------------------------
5.3
Results from a study on objective measures with noise suppression and background noise 

5.3.1 General

Recommendation ITU-T P.862, Perceptual Evaluation of Speech Quality (PESQ) [1], was published in 2001 to predict subjective scores as obtained in Recommendation ITU-T P.800 Absolute Category Rating (ACR) tests of Overall Speech Quality [2]. It is a very useful tool for assessing the speech quality of devices in many situations; however it has some significant limitations in that it is not suitable for assessing speech quality when noise suppression is used. Since almost all modern UE’s contain some form of noise suppression algorithm PESQ should not be used for testing UE’s in background noise as it produces misleading results as demonstrated in the following sections.
The unsuitability of PESQ for devices incorporating noise suppression is well documented. Recommendation ITU-T P.862.3, Application Guide for Objective Quality Measurement Based on Recommendations P.862, P.862.1, and P.862.2 provides unambiguous guidance regarding usage with noise suppression as can be seen in the following excerpt [p3-4]:
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1 The detailed procedure for obtaining MOS-LQO can be found in clause 10.
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Figure 1:  Excerpt from ITU-T P.862.3
5.3.2 Experiment 1 – NB P.835 v PSEQ

5.3.2.1 Setup 
In Experiment 1, a recording of American English speech consisting of four sentences from each of two male and two female native talkers, as used in ETSI TS 103 106 [3], was reproduced through an equalized HATS artificial at 92.3 dB SPL active speech level at the MRP of HATS.  The background noise generation method described in ETSI ES 202 396-1 [4] was used to reproduce eight noises described in Table 2d of Clause 7.12 of 3GPP TS 26.132 [5].  Six handsets were used, denoted as A, B, C, D, E, and F in the following plots.  Each device was mounted on the HATS in standard position and recordings made of clean speech, and speech mixed with the eight noises described above, at the output of a UMTS base-station simulator with AMR-NB speech encoding at 12.2kbps mode rate.

 A group of 32 naïve listeners, all native speakers of American English, using the ITU-T Recommendation P.835 [6] methodology, rated all sentences in all conditions in a partially balanced randomized blocks design, resulting in 128 votes per condition.  Results were used as training data for ETSI TS 103 106 [3] with further details in Clause 7.2.1 of that document.
5.3.2.2 Results

The results of this experiment are shown below, for four noise types:
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It can be clearly seen from these graphs that PESQ significantly underestimates the performance of the various handsets when compared to the results obtained from the P.835 test with human listeners. In addition the results obtined using PESQ do not preserve the rank order that is obtained with human listeners. For example handset D is the top or almost top performing handset for all noise types when human listeners are used, with a score of fair to good, however when tested with PESQ it is the 4th  or 5th ranking handset in 3 of the noise types with a score of only poor.
5.3.3 Experiment 2 – Problems with tuning for PESQ

5.3.3.1 Setup 

In Experiment 2, a recording of American English speech consisting of four sentences from each of two male and two female native talkers, as used in ETSI TS 103 106 [3], was reproduced through an equalized HATS artificial at 92.3 dB SPL active speech level at the MRP of HATS.  The background noise generation method described in ETSI ES 202 396-1 [4] was used to reproduce eight noises described in Table 2d of Clause 7.12 of 3GPP TS 26.132 [5].  In this case, a single handset was used, but with noise suppression parameters adjusted in two ways.  The tuning labeled “PESQ optimized” was defined so as to provide high values of Recommendation ITU-T P.862.1 [7].  The tuning labeled “alternative” was defined in general accordance with the requirements of the marketplace, based on network operator requirements.  The device was mounted on the HATS in standard position, and recordings made of clean speech, and speech mixed with the eight noises described above, at the output of a UMTS base-station simulator with AMR-NB speech encoding at 12.2kbps mode rate.

 A group of 32 naïve listeners, all native speakers of American English, using the ITU-T Recommendation P.835 [6] methodology, rated all sentences in all conditions in a partially balanced randomized blocks design, resulting in 128 votes per condition.

5.3.3.2 Results

[image: image7.png]4.40

4.20

4.00

3.80 = PESQ Optimised
Overall

== == Alt Optimised Overall





The results for the overall performance in a the P.835 listening test show that tuning an algorithm to get the best PESQ score does not produce an optimum result. The version of the algorithm tuned for PESQ significantly underperforms in 6 of the 9 noise types. 
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The above graph breaks down the performance in terms of the signal and background noise scores. It shows that while optimizing an algorithm to maximize the PESQ score slightly improves the perceived quality of the speech signal, it significantly degrades the perception of the background noise signal, leading to the degraded overall score shown in the previous graph.
5.3.4 Conclusions

The use of PESQ for assessing the performance of handsets in noise should be avoided, because PESQ produces misleading results when used in conjunction with noise suppression algorithms, and almost all modern UE’s now provide noise suppression as part of their default operation. Using PESQ to compare UE’s is unreliable since the results obtained with human listeners may have a completely different rank order, and generally score much higher. 

Furthermore the use of PESQ for comparing handsets encourages manufactures to optimize their algorithms to maximize the PESQ score. This is counterproductive for the user experience as this optimization degrades the performance as measured with human listeners.
-------------------------------------------------------------------------------------------------------------------------
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