TSG-SA4#60 meeting
Tdoc S4 (10)0641
16-20 August, 2010, Erlangen, Germany


Source:
VODAFONE Group Plc, HEAD acoustics GmbH 

Title:
Correlation of Objective Speech Quality Measures to P.835 Subjective Test Results: A Comparison between ITU-T G.160 and ETSI EG 202 396-3
Document for:
Discussion

Agenda Item:
9


Introduction

The performance evaluation of speech quality in the presence of background noise is one of the most challenging and important tasks in modern telecommunication scenarios. A huge number of mobile phones are deployed into the various places across the world and mostly every mobile phone is used in noisy environments. But not only mobile phones, also all sorts of hands-free devices (headset and speakerphone) but corded phones as well are used in noisy conditions.

On the other hand signal processing power is available in mostly every phone. This signal processing  power is cheap and can be used for all types of voice enhancement such as echo cancellation but also the noise cancellation on the send side. However, all such signal processing algorithms need to be optimized in such a way that the best possible quality for individual phone design can be achieved. Therefore objective procedures which correlate well to the subjective users experience are highly desirable.
The speech quality in background noise has to be seen in this context. However, perceptually it is just one (important) part of the overall speech quality as perceived by a user during a phone call. If one describes on the speech quality from the users point of view Fig. 1 illustrates more in detail the different conversational situations, the associated quality parameters and the instrumental measures for speech quality with background noise at the send side. This figure is not complete but illustrates the complexity of the problem. 

Currently there are two standards available which focus on the problem of speech quality in background noise.

· Appendix II from ITU-T G.160 (06/2008) [1]

· ETSI EG 202 396‑3 (11/2008) [2]
The approach of both standards is different. While ETSI EG 202 396-3 provides a hearing model based prediction model allowing to predict the speech-, noise- and overall-quality in background noise situations as perceived subjectively by the user the ITUT Appendix II from G.160 provides a set of instrumental measures allowing to quantify certain parameters relevant for noise cancellers. These instrumental measures are very useful to measure certain technical performance characteristics of noise cancellers. All these parameters are important to quantify and compare different technical noise canceller implementations. However, to what extent these parameters correlate to the quality as perceived subjectively by the user is unknown.
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Fig. 1: Speech quality and speech quality in background noise – overview about subjectively perceived and instrumental parameters

The approach of both standards is different. While ETSI EG 202 396-3 provides a hearing model based prediction model allowing to predict the speech-, noise- and overall-quality in background noise situations as perceived subjectively by the user the ITU-T Appendix II from G.160 provides a set of instrumental measures allowing to quantify certain parameters relevant for noise cancellers. These instrumental measures are very useful to measure certain technical performance characteristics of noise cancellers. All these parameters are important to quantify and compare different technical noise canceller implementations. However, to what extent these parameters correlate to the quality as perceived subjectively by the user is unknown.
In the following the different measures are compared based on their correlation to results acquired subjectively in listening tests according to ITU-T P.835 [3].
Test Setup

Tests were carried out with four different realistic background noise scenarios. The Test setup was according to ETSI EG 202 396-1 [4]. The background noises used and their levels are shown given in Table 1. 

All background noises were taken from the ETSI standard EG 202 396‑1. 
	Recording in business office
	Work_Noise_Office_Callcener_binaural
	30 s
	L: 56,6 dB(A)

R: 57,8 dB(A)
	binaural

	Recording at pavement
	Outside_Traffic_Road_binaural
	30 s
	L: 74,9 dB(A)

R: 73,9 dB(A)
	binaural

	Recording at pavement
	Outside_Traffic_Crossroads_binaural
	20 s
	L: 69,1 dB(A)

R: 69,6 dB(A)
	binaural

	Recording in a cafeteria
	Mensa_binaural
	22 s
	L: 63,4 dB(A)

R: 61,9 dB(A)
	binaural

	Recording at the drivers position
	Fullsize_Car1_130Kmh_binaural
	30 s
	L: 69,1 dB(A)

R: 68,1 dB(A)
	binaural


Table 1: Background noise scenarios from ETSI EG 202 396-1 used for analyses
The calculation of S-MOS, N-MOS and G-MOS was according to ETSI EG 202 396-1 [4]. 

The calculation of SNRI, TNLR and DSN was according to ITU-T G. 160, Amendment 1 [1]. The reference signal was recorded with a microphone close to the terminal microphone position. The reference signal was filtered by the terminal response characteristic. Such the focus of the setup was on the noise cancellation algorithm.
The terminals used were evaluated subjectively in a listening test according to ITU-T P.835 [3].
7 different terminals were used in handset mode for the experiment. The terminals were selected in such a way that they represent a typical quality range observed for one channel microphone solutions.
Correlation of the Different Results – ETSI EG 202 396-3 (3QUEST)
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Fig. 2: Correlation between Auditory N-MOS and 3QUEST prediction
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Fig. 3: Correlation between Auditory S-MOS and 3QUEST prediction
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Fig. 4: Correlation between Auditory G-MOS and 3QUEST prediction

In Figs. 2-4 the correlation of the EG 202 396-3 model (3QUEST) prediction is shown for the phones. As expected, the correlation between subjective and objective results is quite good.

Correlation of the Different Results – ITU-T G.160 DSN
As seen in Fig. 1, additional objective Parameters are defined in ITU-T G.160. These Parameters are more engineering parameters and it is known that their correlation to the subjetively perceived quality is very limited. But it is certainly of interest to understand for which type of background noise the different parameters can be used for system optimization and what their effect on the subjectively perceived quality might be.
When looking in ITU-T G.160 it seems that the DSN (SNRI‑to‑NPLR difference) comprising a comparison of the SNRI and NPLR measures, is a measure to acquire an indication of possible speech attenuation or speech amplification. It therefore seems to be the only speech quality related measure in ITU-T G.160. A comparison between DSN and the auditory S-MOS is given in Fig. 5, the comparison to the auditory G-MOS in Fig. 6. Although the correlation is weak, it seem that speech attenuation or amplification contributes to the speech quality perceived subjectively and such also to the G-MOS perceived subjectively. However, it cannot be used by itself to predict the S-MOS. 
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Fig. 5: Correlation between Auditory S-MOS and DSN
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Fig. 6: Correlation between Auditory G-MOS and DSN

Correlation of the Different Results – ITU-T G.160 SNRI

Currently the parameter most often mentioned for noise canceller measurements is SNRI (Signal-to-Noise Ratio Improvement). And it seems logical that this parameter should have quite some impact on the noise quality since it qualifies the ability of a system to remove the noise. The main influence of this parameter is expected on N-MOS. 

Fig. 7 and 8 show the correlation of SNRI to N-MOS and G-MOS.
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Fig. 7: Correlation between Auditory N-MOS and SNRI
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Fig. 8: Correlation between Auditory G-MOS and SNRI

When looking into the correlation of SNRI to N-MOS and G-MOS the result is a bit disillusioning. A correlation can be hardly found. Esp. for the higher level and dynamic noises SNRI differences of up to 15 dB may result into the same S-MOS or G-MOS value. As a consequence it can be stated that – although most often used and being a very good engineering  parameter - the contribution of SNRI to the noise quality perceived subjectively is rather limited.
Certainly any SNR improvement may also influence the S-MOS. Therefore also the correlation between S-MOS and SNRI is checked. However, as it can be seen in Fig. 9 also here there is mostly no correlation between SNRI and S-MOS.
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Fig. 9: Correlation between Auditory S-MOS and SNRI

Correlation of the Different Results – ITU-T G.160 TNLR

Another Parameter in ITU-T G.160 is TNLR (Total Noise Level Reduction). This is a very useful parameter to determine the ability of a NR algorithm to attenuate the background noise level during both, speech activity and speech pauses. However the calculation of TNLR is performed during long speech pauses.
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Fig. 10: Correlation between Auditory N-MOS and TNLR
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Fig. 11: Correlation between Auditory G-MOS and TNLR

As it can be seen in Figs. 10 and 11 the correlation between TNLR and N-MOS/G-MOS in general is not satisfying. However, differences can be found to SNRI. It seems that for stationary noises like the car noise the correlation of TNLR to N-MOS and G-MOS is better than for the other noises. 
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Fig. 12: Correlation between Auditory S-MOS and TNLR

When looking into Fig. 12 the correlation of TNLR and S-MOS is as weak as it is to the other G.160 based numbers.

Conclusions

ITU-T Recommendation G.160 gives useful instrumental parameters for engineering purposes. These parameters can be used to compare and optimize noise cancellation algorithms. However, the correlation of these parameters to the quality finally perceived by the user is weak. Therefore these parameters should be used in conjunction with the objective prediction model described in ETSI EG 202 396-3. Its seems that the use of just a G.160 parameter as a performance parameter in a standard may lead to terminal implementations which provide insufficient speech quality in background noise from the users perspective. Therefore it is proposed to use such parameters in standards always in conjunction with parameters which objectively predict the users perception of speech, noise and overall quality as ETSI EG 202 396-3 does.
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