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Introduction
The objective method defined in ETSI EG 202 396-3 [1] predicts the three subjective ratings for Speech Quality (SIG or S-MOS), Background Noise Intrusiveness (BAK or N-MOS), and Overall Listening Quality (OVRL or G-MOS), as obtained from listener panels using the method defined in ITU-T P.835 [2].  Recent contribution S4-110718 [3] demonstrates how ETSI EG 202 396-3 performs when the French speech used for training and validation in wideband is replaced with English speech, as proposed for use in GSMA HD Voice acoustic requirements in S4-110717 [4].  This contribution reports results from a P.835 evaluation conducted in accordance with Annex C to S4-110717 [5], Section C2.10.2.
Description of listening conditions
As the listening conditions are detailed in Annex C to S4-110717 [5], only a portion of the setup will be described here.
Reference Conditions

The reference conditions of Annex C require use of MNRU to anchor the SMOS dimension, and use of additive car noise to anchor the NMOS dimension.  Twelve levels are used as listed in Table 1.
	Reference Conditions

	File
	MNRU
	SNR
	Noise Type

	i01
	Source (original)
	No Noise
	n/a

	i02
	36dB
	No Noise
	n/a

	i03
	24dB
	No Noise
	n/a

	i04
	12dB
	No Noise
	n/a

	i05
	0dB
	No Noise
	n/a

	i06
	Source (original)
	36dB
	n/a

	i07
	Source (original)
	24dB
	n/a

	i08
	Source (original)
	12dB
	n/a

	i09
	Source (original)
	0dB
	n/a

	i10
	24dB
	24dB
	Fullsize_Car1_130Kmh_binaural

	i11
	12dB
	12dB
	Fullsize_Car1_130Kmh_binaural

	i12
	0dB
	0dB
	Fullsize_Car1_130Kmh_binaural


Table 1.  Reference conditions from Table C2 [5].
As defined in C2.10.2, both speech and noise signals used for reference conditions are filtered using MSIN and LP7 filters from G.191, prior to application of MNRU and mixing.  While there are advantages to the SIG reference system employed in S4-110718 [3] compared to using the MNRU system required in Annex C [5], the intent in this work is to maintain consistency with Annex C [5].
Presentation Method

In accordance with Annex C [5], listener presentation is diotic, over headphones equalized to diffuse field, at a level of 73dBSPL.
Test Conditions

In accordance with Annex C [5], test conditions comprise presentation of speech at -1.7 dBPa at MRP combined with eight noise types, according to Table 2.

	Test Conditions

	File
	Speech level

@ MRP
	Noise level

@ HATS ear simulators
	Noise Type

	i13
	-1.7dBPa
	L: 75,0 dB(A)

R: 73,0 dB(A)
	Pub_Noise_binaural_V2

	i14
	-1.7dBPa
	L: 74,9 dB(A)

R: 73,9 dB(A)
	Outside_Traffic_Road_binaural

	i15
	-1.7dBPa
	L: 69,1 dB(A)

R: 69,6 dB(A)
	Outside_Traffic_Crossroads_binaural

	i16
	-1.7dBPa
	L: 68,2 dB(A)

R: 69,8 dB(A)
	Train_Station_binaural

	i17
	-1.7dBPa
	L: 69,1 dB(A)

R: 68,1 dB(A)
	Fullsize_Car1_130Kmh_binaural

	i18
	-1.7dBPa
	L: 68,4 dB(A)

R: 67,3 dB(A)
	Cafeteria_Noise_binaural

	i19
	-1.7dBPa
	L: 63,4 dB(A)

R: 61,9 dB(A)
	Mensa_binaural

	i20
	-1.7dBPa
	L: 56,6 dB(A)

R: 57,8 dB(A)
	Work_Noise_Office_Callcenter_binaural


Table 2: Test conditions from Table C2 [5]
Test Devices

Six wideband devices were used for the test.  Four of the devices are commercially available, and of those, three employ a 1-mic NS system and one has a 2-mic NS system.  Two of the devices are simulated, employing 2-mic NS systems.  For all devices, presentation was acoustic, as required in Annex C [5].  For the simulated devices, a physical mockup of a handset using handset mic components was used.  The signals from the two mics were recorded and processed offline.  Processing included a fixed-point implementation of AMR-WB, operating at the same bit rate of 12.65kbps as used in the network simulator for the commercially available devices.  Sending processing also included equalization and level adjustment to meet the wideband acoustic Sending requirements of 3GPP TS 26.131 [6].

Listening Laboratory and Listening Panels

Dynastat acted as listening laboratory, providing the American English source speech conforming to the requirements of Annex C [5]; the 32 naïve listeners, native speakers of American English conforming to the requirements of Annex C[ 5]; and presenting the stimuli to listeners and capturing responses using the randomization required according to Annex C [5].  In all, 60 conditions were tests, comprised of 12 reference conditions and 48 test conditions, 8 noise types for each of 6 devices.  For each condition, 128 responses were collected.
Results
The results and are analysis presented here are considered preliminary; additional analyses are in process and will be reported subsequently.
Reference Conditions
Results for reference conditions are shown in Figure 1.  From this figure, it can be seen that the references signals are performing the required function of anchoring the responses to near extreme values of 1 and 5 for each of the rating dimensions.  These results are similar to those from S4-110718 [3].
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Figure 1.  Mean subjective ratings for reference conditions.  Error bars indicate 95% confidence intervals
Results for NMOS and SMOS averaged across noise types
Annex C [5] places requirements on the NMOS and SMOS scores, requiring for each device that the average across the eight noise types be not less than 3.0 for both dimensions.  Figure 2 presents the NMOS scores on the ordinate and SMOS scores on the abscissa, with acceptance region indicated by red dashed lines.  For the devices A through F, means are across subjects, and then across noise types, as required by Annex C [5].  The error bars on the symbols indicate the 95% confidence intervals. The symbols ‘X’ represent the NMOS and SMOS scores for the reference conditions, as from Figure 1, but plotted in the NMOS-vs-SMOS format.
Observations

The results for devices A and B fall into the acceptance region, where as the results for devices C, D, E, and F do not.  For all devices, the SMOS scores are similar, in the region 4.2 to 4.3.  In contrast, the NMOS scores cover a range from about 2.6 to 4.0.  It is the variation in NMOS that differentiates the devices.  Further, it can be seen from Figure 2 that the reference conditions are properly anchoring responses in the NMOS and SMOS dimensions at or near the extremes (i01, i05, i09, i12) and also within the interior of the NMOS-SMOS space.  Ideally, the anchors would be such that results are independent of SMOS (e.g. close to SMOS 5, ranging for NMOS 1 to 5 across the right edge), independent of NMOS (e.g., close to NMOS 5, ranging for SMOS 1 to 5 across the top edge) and jointly dependent on NMOS and NMOS (e.g. along the NMOS=SMOS diagonal).  The MNRU system for SMOS is not quite independent of NMOS, as indicated by the results for i03, i04, i05, where NMOS decreases slightly with decreasing SMOS (along top edge).
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Figure 2.  Mean subjective ratings, averaged across noise types for devices A-F.  
Error bars indicate 95% confidence intervals
Comparison with objective predictions, English
Objective predictions were computed for the results using ETSI EG 202 396-3 [1].  In this case, to obtain the best correlated predictions, the speech signals used were the eight P.501 American/British English speech sentences provided with the tool.  Measurements using these speech signals were obtained at the same time and under the same conditions as were the 32 American English sentences used in the subjective test.  Results are shown in Figure 3, in the same format as Figure 2, with filled symbols indicating subjective results and open symbols indicating objective predictions.  The reference values for the extreme anchors are retained for reference.
Figure 3 shows that, for all devices, the objective predictions for NMOS are overestimated and those for SMOS are underestimated.  Also, if acceptance in Annex C were based on objective predictions as in C2.10.1, all six devices would meet acceptance criteria, although Device B which, subjectively, is well within the acceptance range is objective considered just barely acceptable in terms of SMOS.  This is primarily due to the underestimate of SMOS, which ranges from 0.6 for Device C to 1.2 for Device B.
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Figure 3.  Subjective and objective results averaged across noise types.

Comparison with objective predictions, French
While the validation of the wideband prediction method in ETSI EG 202 396-3 [1] was in French, the results presented in S4-110718 [3] were for English.  To compare the predictions using French, predictions using the eight French sentences from P.501 provided with the tool were computed for the conditions of this report.  A comparison of predictions in both French and English to subjective results using English is shown in Figure 4.  All recordings, English and French, subjective and objective, were made at the same time.

Figure 4 shows that the predictions for mixed American/British English are generally quite similar to those for French.  This is consistent with the results presented in S4-110718 [3].
However, the small differences are important for devices which have performance close to the acceptance limits.  Using French sentences, Device B would fail for SMOS, which is more underpredicted, compared to the subjective results.  Similarly, Device D would fail for NMOS using the French sentences.  For Device D, the overprediction of NMOS is slightly less for French sentences than for American/British English sentences, and the underprediction of SMOS is slightly more.
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Figure 4.  Subjective and objective results averaged across noise types.   Square symbols for English, Round symbols for French.
Results for NMOS and SMOS for each noise type

Figure 5 plots results in format similar to Figure 2.  In this case, the results for each device are plotted according to the device label, with separate symbols for each noise type.
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Figure 5.  Subjective results for each noise type.  Black symbols show results for reference conditions.
Figure 5 indicates that the SMOS scores for all devices and noise types are above 3.5, indicating that, in general, these devices are providing reasonably good voice quality.  The range of NMOS scores across devices and noises is much larger, from 2.0 to 4.75, indicating that there is a wide range of ability to suppress noise.  Note that the results do not extend into the region for SMOS <3.5, except for those reference conditions which are intended to anchor this region of the NMOS-SMOS space.
Figure 6 plots the objective results in the same format as for Figure 5.  In contrast to Figure 5, here the SMOS scores range from 1.5 to 4.5.  Underestimates of SMOS for individual noise types can range up to 2.7.
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Figure 6.  Objective results for each noise type.  Black symbols show results for reference conditions.
The NMOS results range from 1.6 to 4.7.  As the subjective NMOS scores had values in excess of 4.5, there is bounding of the overestimates at the upper limit of 5.0.  There are a few combinations of Device and Noise for which the NMOS predictions are lower than the subjective results (e.g. Devices E and F, results with NMOS less than 2.0 near lower left corner).  However, the majority of the NMOS scores are overestimated, as shown in Figure 3.
Remapping

The use of remapping of subjective data to objective predictions is used in S4-110718 [3].  While such remappings have often been used, such remappings are justified only when the overall context differs between subjective experiments, or between subjective experiments and objective predictions.  Figure 7 compares the results for reference conditions reported here and those reported in S4-110718 [3], using the format of Figure 2.
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Figure 7.  Objective results for each noise type.  Black symbols show results for reference conditions. Red symbols show results for reference conditions of S4-110718.  Colored letters indicate results for each device and noise type.
From Figure 7, it can be seen that the results for reference conditions for both experiments span nearly the same extent of NMOS-SMOS space.  The improvement achieved through use of the new SMOS reference system is shown in the increased independence of NMOS of the SMOS range, along the top edge.  Here, the reference responses are nearly independent of NMOS, while SMOS ranges from 4.8 to about 1.45.

The key point here is that any remapping must be performed only on the basis of references, with the goal to best align the results on the references, without using results for test conditions in determining the remapping.  
Scatter plot comparisons

A more typical comparison of predicted and measured scores is in a scatter plot.  Figures 8, 9, and 10 show scatter plots of objective predictions vs. subjective ratings for SMOS, NMOS, and GMOS respectively
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Figure 8.  SMOS: Objective results plotted on the ordinate, subjective results on the abscissa.  The colors show results for each phone, with each symbol representing one of the eight noise types.  The green-dashed line shows perfect agreement; the grey dashed line shows best linear fit, with dashed black lines showing 95% confidence interval.  The correlation coeffiecient and rmse values are listed at the lower right.
[image: image9.png]Objective N-MOS

mTmooOw >

3quest WB -- N-MOS

corr: 0.5169
RMSE: 0.9316

0 [ ]
[ ]
[ ]
[ ]
>
[ ]
[ ] ,
® ’
&
[ J P
7
/
[
)
7
7
7
[ 2
s [ ]
[ ]
"a
"
L -
#
#
-
&
#
L
»
-
’
L
»,
i

Subjective N-MOS




Figure 9.  NMOS: Objective results plotted on the ordinate, subjective results on the abscissa.  The colors show results for each phone, with each symbol representing one of the eight noise types.  The green-dashed line shows perfect agreement; the grey dashed line shows best linear fit, with dashed black lines showing 95% confidence interval.  The correlation coeffiecient and rmse values are listed at the lower right.[image: image10.png]Objective G-MOS

3quest WB -- G-MOS

7
® A P
o B - - 7
" 4
® C Pride s
__—’ 4
e D o 7’
Prig ‘/
etide e
F T e K4
__‘,——‘ i
- 7
= [ ,
- PY N P
Ké
%
[ ] Py PY ®
s ° o °
o o PY
4 [
7
°e *--8
S (]
Lan®
7 ‘ .
.
7
S
‘/‘ .
i ® [ ]
’
e
e ®
// bd
e e ---—'"_
. [ ] T
e -
7 _—“"
4 s
7 ot
K4 Pt e
’ o corr: 0.2452
e Prid
§o RMSE: 0.7953
-
Padll i i
2 3 4

Subjective G-MOS




Figure 10.  GMOS: Objective results plotted on the ordinate, subjective results on the abscissa.  The colors show results for each phone, with each symbol representing one of the eight noise types.  The green-dashed line shows perfect agreement; the grey dashed line shows best linear fit, with dashed black lines showing 95% confidence interval.  The correlation coeffiecient and rmse values are listed at the lower right.

Summary and conclusions

There appear to be differences between subjective results and objective predictions, both as defined in Annex C [5].  One recommendation is to adopt an improved reference system for SMOS, as used in S4-110717 [3].  Another recommendation is to employ remappings based solely on reference conditions.   One aspect that has not been evaluated is the possible impact of regional differences on subjective scores.  A final recommendation is that the French speech files for prediction be used to do so.
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