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1 Introduction
A method to obtain scores using the method of [1] for comparison between laboratories was proposed in [2]. This contribution follows the method of [2] and reports reference scores obtained in the source’s laboratory
2 Test set-up
The test setup follows the method of [2].  Figure 2 from [2] is reproduced below for convenience.  Results here are reported for both wideband using the filters as shown in the figure, and for narrowband where the 4th order low pass at 8000 Hz was replaced with a 4th order low pass at 4000 Hz, and the algorithm from [1] was operated in narrowband mode.
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Figure 1 Block diagram of test set-up from [2]
3 Results
The reference scores obtained in Audience’s acoustic labs for each of the 8 noise types used in [3] and also the clean speech condition, are provided below, first for narrowband, then for wideband.
3.1 Narrowband Results
	Short Name
	File name
	G-MOS
	N-MOS
	S-MOS

	Pub
	Pub_Noise_binaural_V2
	2.3
	1.9
	3.1

	Road
	Outside_Traffic_Road_binaural
	2.2
	1.9
	2.9

	Crossroads
	Outside_Traffic_Crossroads_binaural
	2.8
	2.3
	3.5

	Train
	Train_Station_binaural
	2.7
	2.2
	3.4

	Car
	Fullsize_Car1_130Kmh_binaural
	3.2
	2.3
	3.9

	Counter
	Cafeteria_Noise_binaural
	3.1
	2.3
	3.9

	Mensa
	Mensa_binaural
	3.4
	2.6
	4.1

	Callcenter
	Work_Noise_Office_Callcenter_binaural
	3.9
	3.1
	4.5

	Clean
	<none>
	4.4
	4.0
	4.8


Table 1 Narrowband reference scores
The values from Table 1 are also plotted in Figure 2, with error bars indicating the standard deviation across the 16 speech samples.
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Figure 2 Narrowband reference scores

3.2 Wideband Results 

	Short Name
	File name
	G-MOS
	N-MOS
	S-MOS

	Pub
	Pub_Noise_binaural_V2
	3.2
	2.3
	4.2

	Road
	Outside_Traffic_Road_binaural
	3.0
	2.5
	3.9

	Crossroads
	Outside_Traffic_Crossroads_binaural
	3.5
	2.8
	4.3

	Train
	Train_Station_binaural
	3.5
	2.8
	4.3

	Car
	Fullsize_Car1_130Kmh_binaural
	3.6
	2.7
	4.5

	Counter
	Cafeteria_Noise_binaural
	3.5
	2.7
	4.4

	Mensa
	Mensa_binaural
	3.7
	3.1
	4.5

	Callcenter
	Work_Noise_Office_Callcenter_binaural
	4.0
	3.3
	4.6

	Clean
	<none>
	4.4
	4.3
	4.6


Table 2 Wideband reference scores
The values from Table 2 are also plotted in Figure 3, with error bars indicating the standard deviation across the 16 speech samples.
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Figure 3 Wideband reference scores
Comparing results between narrow- and wideband, it can be seen that the wideband reference scores tend to be higher than those from narrowband.  Also, the standard deviation across the sixteen speech samples is larger in narrowband than it is in wideband, except for the clean speech condition.
3.3 Comparison with previous results
In the figures below, the results from wideband above are compared to the results from [2].  Figure 4 shows a scatter plot for the SMOS scores.  Results from [2] are plotted on the x-axis as “QCT”.
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Figure 4 Scatter plot of SMOS between labs
In Figure 4, the solid green line is for linear regression.  The dashed grey line shows a line of slope 1, with intercept 0.  Correlation and RMSE are provided in Table 3.
	Correlation
	RMSE

	0.978
	0.047


Table 3 Correlation and RMSE for linear fit of SMOS
Figure 5 shows a scatter plot for the NMOS scores, with formatting as for Figure 4, with correlation and RMSE in Table 4.
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Figure 5 Scatter plot of NMOS between labs

	Correlation
	RMSE

	0.992
	0.075


Table 4 Correlation and RMSE for linear fit of NMOS
Figure 6 shows a scatter plot for the GMOS scores, with formatting as for Figures 4 and 5.  Table 5 provides correlation and RMSE values.
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Figure 6 Scatter plot of GMOS between labs

	Correlation
	RMSE

	0.992
	0.051


Table 5 Correlation and RMSE for linear fit of GMOS
Figure 7 shows a scatter plot for all scores, SMOS, NMOS, and GMOS, with correlation and RMSE provided in Table 6.  Blue symbols are for SMOS, Red symbols are for NMOS, green symbols are for GMOS.
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Figure 7Scatter plot for all scores between labs.

	Correlation
	RMSE

	0.997
	0.058


Table 6 Correlation and RMSE for linear fit to SMOS, NMOS, and GMOS
Comparing across Figures 4, 5, 6, and 7, it can be seen that the reference scores between the two labs are generally quite similar, with high correlation (>0.97) and low RMSE (<0.06).

Figure 7 shows that, in the region of lower NMOS scores, there are differences of up to 0.4 MOS for some noise types.  By excluding the data point for “clean” and replotting Figure 5, it can be seen in Figure 8 that there appears to be a constant offset of roughly 0.3 MOS.
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Figure 8 Scatter plot for NMOS between labs, no "Clean"
	Correlation
	RMSE

	0.971
	0.077


Table 7 Correlation and RMSE for linear fit to NMOS without "Clean"
This offset also extends into the GMOS.  The most likely cause is differences in the background noise equalization.  Figures 9, 10, 11, 12, 13, 14, 15, and 16 show plots of the power spectrum for each noise type, recorded at the ear with independent of direction equalization.
3.4 Spectral comparison

The following Figures 9 – 16 compare the power spectra measured at the Right ear to the power spectra of the corresponding channel of the source file in 1/3rd octave bands.  
Measurements at DRP are corrected to Independent of Direction before computing power spectra.  For purposes of comparing the power spectra, the measured file is normalized to the level of the source file.  Green curves are for measured data; blue curves are for reference data. The black dashed lines show ±3dB tolerance for the reference source file. In general, the measured data are within the tolerance band from 100Hz to 10000Hz, with the exception of Callcenter at 100Hz which exceeds the upper limit by 2dB.
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Figure 9 Power spectra for Pub noise
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Figure 10 Power spectra for Road noise
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Figure 11 Power spectra for Crossroads noise
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Figure 12 Power spectra for Train Station noise
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Figure 13 Power spectra for Car noise
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Figure 14 Power spectra for Cafeteria Counter noise
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Figure 15 Power spectra for Mensa noise
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Figure 16 Power spectra for Callcenter noise
3.5 Absolute level

The absolute levels of the noise at the right ear are in Table 8, including comparison to the reference values.
	Short Name
	Measured Level [dBSPL(A)]
	Reference Level [dBSPL(A)]
	Difference

	Pub
	71.58
	73.00
	-1.42

	Road
	71.41
	73.90
	-2.49

	Crossroads
	66.69
	69.60
	-2.91

	Train
	66.95
	69.80
	-2.85

	Car
	66.14
	68.10
	-1.96

	Counter
	64.34
	67.30
	-2.96

	Mensa
	59.8
	61.90
	-2.10

	Callcenter
	54.73
	57.80
	-3.07

	Average
	 
	 
	-2.47


Table 8 Measured levels at the HATS right ear compared to reference values
The absolute noise levels used were somewhat low, an average of about 2.5dB below the reference values, which in fact exceeds the limit of [3] by about 1.5dB.  However, lower noise levels are inconsistent with the systematic error of lower NMOS reported here than in [2].  Lower noise would be expected to lead to higher, not lower, NMOS scores.
The speech level used was checked and found to be 93.3dBSPL ASL at MRP, or about 1dB higher than the target of 92.3dBSPL ASL.  In contrast to the NMOS scores, there is no apparent systematic error in SMOS, despite an error in absolute level for the speech comparable to that of the background noise.
4 Discussion & Proposal
The approach described in [2] appears to provide a good basis for determining the impact of inter-lab variation in set-up of the background noise reproduction system.  Results taken in the source’s lab compare very well in terms of correlation with those from [2]. However, there is a systematic offset in the NMOS reference scores of about 0.3MOS.  There was no apparent systematic error in SMOS.

While the power spectra of the reproduced noise are well-matched to those of the reference files for all eight noise types, the absolute levels of the noise used in this study had an average error of about -2.5 dBSPL(A).  Not only is this error small, about 1.5dB more than the limit, it appears to be inconsistent with systematically lower NMOS scores. 
This underscores the need for careful equalization and calibration of the background noise generation system. The source proposes that additional data be collected, including the effect of varying noise levels, to determine appropriate criteria on accuracy of noise reproduction as reflected in variation of scores from [1]
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