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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]. PESQ is a very useful tool for assessing the speech quality of devices in many situations; however it has significant limitations for assessing speech quality when noise suppression is used, primarily because the model was developed and trained before modern UE noise suppression evolved. 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 inadequacy 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]:

[image: image1.png]6.1 Testing factors

[ITU-T P.862] is validated for the evaluation of test factors. coding technologies and applications.
which are listed in Table 1 of [ITU-T P.862]. In particular. care should be taken when one carries
out live network testing since there might be some equipment that causes

n between the
signal insertion point and signal capture point. It is also known that PESQ underestimates severe
linear frequency response distortions. This applies especially to. e.g.. bandwidth limitations
narrower than 300 Hz ... 3.4 kHz.

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 PESQ

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.

ITU-T Recommendation P.835 is the recommended methodology for assessing the listening quality of systems incorporating noise suppression. 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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Figure 2:  Results of Experiment 1 -  comparing scores from P.385 and PESQ (NB) in 4 noise types
It can be 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 crosing of the lines shows that the results obtained 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.
Figure 3 shows a scatter plot of the subjective P.835 OVRL ratings against objective scores.  The red-colored symbols are for PESQ (MOS-LQO), while the blue-colored symbols are for the GMOS output from the P.835 predictor of [3].  As noted above, the range of the PESQ predictions is compressed relative to the range of subjective ratings.  For example, subjective ratings in the range of 3.5, or mid-way between 3 “Fair” and 4 “Good” are predicted by PESQ in the range of 2 “Poor”.   In contrast, for GMOS, the predicted scores span the full range of the subjective ratings, and fall very close to the diagonal line of slope 1. 


[image: image4.png]as

Subjective [OVRL]

25
2
15
1
1

15

25

3
Objective

3s

as

GMos
pESQ

ref





Figure 3:  Results of Experiment 1 - correlation of  P.385 with PESQ (MOS-LQO) and TS 103 106 (NB)

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 artificial mouth. The active speech level was -1.7dBPa 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 “Tuned for PESQ” was defined so as to provide high values of Recommendation ITU-T P.862.1 [7].  The tuning labeled “Alternative Tuning” 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
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Figure 4:  Results of Experiment 2 – P.835 Overall Score 
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Figure 5:  Results of Experiment 2 – P.835 Signal Score
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Figure 6:  Results of Experiment 2 – P.835 Background Score
The results for the overall performance in a the P.835 listening test (figure 4)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. The additional graphs break down the performance in terms of the signal and background noise scores. It shows that while tuning an algorithm to maximize the PESQ score slightly improves the perceived quality of the speech signal (figure 5), it significantly degrades the perception of the background noise signal, leading to the degraded overall score shown figure 6.

5.3.4 Conclusions

The use of PESQ for assessing the performance of handsets in noise should be avoided. Almost all modern UE’s now provide noise suppression as part of their default operation and it is shown that PESQ produces misleading results when used in conjunction with noise suppression algorithms. Using PESQ to compare UE’s is unreliable since a comparison of the results with actual listening tests shows a different rank order between the two tests, i.e. the best ESQ score does not always produce the best overall score from a listening test. The raw PESQ scores (MOS_LQO) also substantially underpredict the P.835 OVRL scores obtained from the listening test. In addition, in Annex B of ETSI EG 202 396-3 [8], results for P.835 listening tests are compared to predictions from PESQ and are shown to not correlate well with the subjective results.
Finally, the use of PESQ for comparing handsets may steer manufacturers to tune their algorithms to maximize the PESQ score. For the reasons exposed, such tuning may actually degrade the speech quality as perceived by human listeners.

-------------------------------------------------------------------------------------------------------------------------
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