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1. Introduction
Currently, the most accurate method for evaluating quality of noise reduced signals is subjective tests. Conversational tests are the unique way to naturally take into account all effects due to background noise, such as Lombard effect for example. Listening tests according to ITU-T Recommendation P.835 [1] however represent another reliable and much less expensive (time, money) solution: ITU-T P.835 was defined for the difficult task of subjective evaluation of noise reduced signals, it was proposed to solve the bi-dimensional problem linked to the evaluation of noise reduced signals (some users focus on the background noise whereas others on the distortions produced on the speech signal). The protocol consists in asking the listener to successively attend to and rate the processed speech signal on: i) the speech signal distortion alone using a five-point scale; ii) the background noise intrusiveness alone using a five-point scale; iii) the overall quality using the classical ACR (Absolute Category Rating) MOS scale. The principle of P.835 is to draw listener's attention on both types of distortion which may be present on noise reduced signals. This avoids the natural human behavior which would focus on only one type of degradation without being aware of the presence of the other one.

There is only one objective measurement method available to assess the quality of noise reduced signals in a similar way as P.835: ETSI EG 202 396‑3 (11/2008) [2]. ETSI EG 202 396-3 provides a hearing based prediction model allowing to predict the speech-, noise- and overall-quality in background noise situations as perceived subjectively by the user. 

In the following we present and discuss the result of tests performed by Orange on wide-band mobile devices to analyze the correlation between listening tests according to ITU-T P.835 and objective measures according to ETSI EG 202 396‑3. The goal is to determine whether ETSI EG 202 396‑3 would be suitable for estimating the performance of noise reduction features embedded in mobile phones in real background noise conditions. 

2. Test Setup

As illustrated on Figure 1, the test setup was according to ETSI EG 202 396-1 [3]. Four identical loudspeakers equally spaced were used for background noise simulation in a semi anechoic room. The distance between the centre of the test arrangement was 1m70. 

Fig. 1: Test setup for recordings
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Tests were carried out with cafeteria noise as background noise. Three background noise scenarios were tested: no noise, 69 dB(A) (high level) and 59 dB(A) (low level). The background noise corresponds to a recording of real noise in real life conditions. It is not the one taken from the ETSI standard EG 202 396‑1 but exhibits properties close to the cafeteria type in EG 202 396-1. 
Six different Wide Band (WB) mobile terminals were tested in handset mode.

The calculation of S-MOS, N-MOS and G-MOS was made according to ETSI EG 202 396-3 and performed in two different ways:

· M1: one measure per condition (mobile device n, background noise level k), each measure being based on the use of a unique speech signal with 4 different talkers (a double sentence for each talker);

· M2: four measures per condition (mobile device n, background noise level k), a measure is here limited to one talker (a double sentence for each talker). The objective MOS scores for a given condition (mobile device n, background noise level k) is then obtained by averaging over the 4 results.
A subjective test according to ITU-T P.835 was also performed on the M2 recorded samples in order to analyze the correlation with the objectives measures.
3. Correlation Results – ETSI EG 202 396-3 (3QUEST)
Results for all measures are presented on figures 2 to 4. The blue color corresponds to the measurement protocol M1 and the red color to the measurement protocol M2. Six different plots types are used, one for each mobile terminal.

Fig. 2: Correlation between Auditory Speech Scores and EG 202 396-3 predictions
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The correlation for speech is 0,79 for M1 (RMSE=0,76) and 0,9 for M2 (RMSE=0,36). The protocol M2 clearly improves the reliability of the objective measure. However there is a device dependency. The device “+” is very underestimated by the objective measure.

Fig. 3: Correlation between Auditory Noise Scores and EG 202 396-3 predictions
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The correlation for noise is 0,87 for M1 and 0,92 for M2, but with high deviation (RMSE=0,45 for M1 and RMSE=0,81 for M2). Both objective measures overestimate P.835 noise scores. 
Fig. 4: Correlation between Auditory overall quality Scores and EG 202 396-3 predictions [image: image4.jpg]EG 202 3963 Overall Quality Score
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The correlation for overall quality is 0,70 for both protocols (RMSE=0,46 for M1 and 0,33 for M2). The protocol M1 exhibits a device dependency, the device “+” is always underestimated by the objective measure.

4.
Conclusions

Objective prediction model described in ETSI EG 202 396-3 may represent an interesting solution for measuring speech distortion introduced by noise reduction features in mobile devices. However, tests results show that the reliability of the measure depends on:

·  the protocol: use of one measure with two double sentences of four takers or average of four measures with a double sentence and a talker per measure;

· the mobile terminal: a dependency has been observed for one device which was always very underestimated.

As a result, some optimization of the objective measure of ETSI EG 202 396-3 could still be needed to make it a reliable tool for objective evaluation of noise reduced signals.

These are preliminary conclusions since only one type of noise has been evaluated. These results will be completed at the next meeting with other types of noise.
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