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1 Introduction
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. 

At the last meeting (SA4#62), results were presented for cafeteria noise (Tdoc S4 (11)0085). In this contribution, we focus on street noise and car noise.
2 Test setup

As illustrated on Figure 1, the test setup was according to ETSI EG 202 396-1. 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 street noise and car noise as background noise. For each noise, three background noise scenarios were tested: no noise, 69 dB(A) (high level) and 59 dB(A) (low level). These two background noises correspond to recordings of real noise in real life conditions. They are not the one taken from the ETSI standard EG 202 396‑1 but exhibit properties close to Outside_Traffic_Road and fullsize_car1 in EG 202 396-1. 
Six different Wide Band (WB) mobile terminals were tested in handset mode, from 4 different mobile manufacturers.
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.
For each type of noise, a subjective test according to ITU-T P.835 was performed on the M2 recorded samples in order to analyze the correlation with the objectives measures. The P.835 listening test was based on the use of monaural HD 25 Sennheiser headset. The listening level was 79 dB SPL. 24 naïve people participated to reach P.835 test. For each condition, two sentences (S1, S2) per talker (F1, F2, M1 and M2) were presented to the naïve listeners, so 48 scores (24 scores for S1 + 24 scores for S2) were collected per condition for each talker. To cover the full range of quality (from “bad” to “excellent”), 12 reference conditions were used. As illustrated on Figures 1 to 3, the full quality range was covered.
	Number
	Test Condition
	noise

	1
	Ref(SNR=42dB), MNRU=42dB
	SNR=42dB

	2
	Ref(SNR=42dB), MNRU=34dB
	SNR=42dB

	3
	Ref(SNR=42dB), MNRU=26dB
	SNR=42dB

	4
	Ref(SNR=42dB), MNRU=18dB
	SNR=42dB

	5
	Ref(SNR=34dB), MNRU=42dB
	SNR=34dB

	6
	Ref(SNR=26dB), MNRU=42dB
	SNR=26dB

	7
	Ref(SNR=18dB), MNRU=42dB
	SNR=18dB

	8
	Ref(SNR=34dB), MNRU=34dB
	SNR=34dB

	9
	Ref(SNR=26dB), MNRU=26dB
	SNR=26dB

	10
	Ref(SNR=18dB), MNRU=18dB
	SNR=18dB

	11
	Ref(SNR=10dB), MNRU=10dB
	SNR=10dB

	12
	Direct
	no noise


Figure 1. Speech mean opinion score for reference conditions
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Figure 2. Noise mean opinion score for reference conditions
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Figure 3. Overall Quality mean opinion score for reference conditions
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3 Correlation Results – ETSI EG 202 396-3 (3QUEST)
Results for all measures are presented on figures 4 to 9. 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.

1.1 Results for Street Noise
Fig. 4: Correlation between Auditory Speech Scores and EG 202 396-3 predictions
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The correlation for speech is 0,41 for M1 (RMSE=0,73) and 0,69 for M2 (RMSE=0,46). The protocol M2 clearly improves the reliability of the objective measure. However the device “+” appears to be difficult to estimate in all tested conditions, especially with protocol M1. 
Fig. 5: Correlation between Auditory Noise Scores and EG 202 396-3 predictions
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The correlation for noise is 0,96 (RMSE=0,43) for M1 and 0,77 for M2 (RMSE=1,01). Both protocol M2 overestimates P.835 noise scores, the overestimation being much higher with M2.
Fig. 6: Correlation between Auditory overall quality Scores and EG 202 396-3 predictions 

[image: image7.jpg]EG 202 3963 Overall Quality Score

45

35

25

15

EE3 3
o o of®
oo +0°%y
B7RTTTE ST
. &% o
= ¥
e
+ +
¥

15

2 25 3 35 4 15

P.835 Overall Quality Score





The correlation for overall quality is 0,70 for both protocols (RMSE=0,46 for M1 and 0,40 for M2). 
1.2 Results for Car noise

Fig. 7: Correlation between Auditory Speech Scores and EG 202 396-3 predictions, Car noise
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The correlation for speech is 0,65 for M1 (RMSE=0,77) and 0,77 for M2 (RMSE=0,4). The protocol M2 improves the reliability of the objective measure. However the device “+” appears to be difficult to estimate in all tested conditions with both protocols. 

Fig. 8: Correlation between Auditory Noise Scores and EG 202 396-3 predictions, Car noise
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The correlation for noise is 0,85 (RMSE=1,06) for M1 and 0,84 for M2 (RMSE=1,37). Both protocols clearly overestimates P.835 noise scores.
Fig. 9: Correlation between Auditory overall quality Scores and EG 202 396-3 predictions 
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The correlation for noise is 0,61 (RMSE=0,46) for M1 and 0,59 for M2 (RMSE=0,55). Both protocols have similar performance with car noise. 
4 Conclusion
These new tests results on street noise and car noise confirm our preliminary conclusions on cafeteria noise. Since computation of G-MOS in EG 202 396-3 is based on S-MOS and N-MOS, performance of both protocols would be improved if much better 3QUEST N-MOS estimates were provided. As previously observed, the reliability of the objective prediction model described in ETSI EG 202 396-3  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.

Optimization of the objective measure of ETSI EG 202 396-3 is needed to make it a reliable tool for objective evaluation of noise reduced signals.
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