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1. Introduction
DESUDAPS has objectives to provide SWB and FB P.835 databases for training and validation of a P.835 predictor [1].  This contribution reports on three SWB P.835 databases collected according to the subjective framework of DESUDAPS-1 [2], continuing the methods and results reported in the source’s previous contributions [3], [4] and [5].  Results from the previous experiments were used to guide the selection of test conditions for the experiments reported here.  The goal was to provide results in an additional language, and for various noise reduction systems
2. Description of database conditions
2.1. Devices and recordings
The same acoustic mock-up as used in [3], [4], and [5] was used for these results. Methods are identical to those used in [5], including both handset and hand-held speakerphone conditions.
2.2. Noise conditions
As in [3], [4], and [5], the eight-speaker background noise simulation method of ETSI TS 103 224 [6] was used.  The six noise types used are listed in Table 1, with the first four taken from Table 7 of [6].   As in the source’s recent contribution [4], two additional noise types, music and airport departure hall, as described in a recent contribution to ETSI STQ for update of TS 103 224 [9], were used for Experiments 6 and 7.  The music recording is the same source as the corresponding file in the ETSI ES 202 396-1.  The Airport departure hall contains background talkers and footsteps, but is dominated by the overhead public address announcements.
In addition, to produce scores in a wider range, the levels of some of the noises were adjusted by up to +/- 12dB.

Table 1  Noise conditions for recordings

	Condition
	Filename from [5]

	Car
	FullsizeCar_130_ handsfree

	Road
	Roadnoise_handset/handsfree

	Train station
	TrainStation_handset/handsfree

	Pub
	Pub_handset/handsfree

	Music
	RockMusic_handset/handsfree

	Airport departure hall
	Airport_Departure_handsfree


The first experiment reported here, numbered Experiment 8, uses the same conditions, noise types and processing as in Experiments 6 and 7 reported in [5], but conducted in Mandarin. 

The second two experiments reported here use the eight noise types in the DESUDAPS subjective framework [1].

2.3. Speech material
For Experiment 8, the full band Mandarin sentences reported in [7] were kindly provided by Qualcomm and used here.  All 32 samples were recorded, with four sentences replicated at the start to allow for convergence in processing. Sixteen speech samples, four from each of two male and two female talkers were used. 

For Experiments 9 and 10, the full band American English speech provided by Dynastat for Ext_ATS was used. All 32 sentences were recorded, with four sentences replicated at the start, to allow for convergence in processing.  Experiment 9 used speakerphone mode, while Experiment 10 used handset mode.
For all three experiments, sixteen samples (first sixteen after four for convergence), four each from each of two male and two female speakers were used, in order to obtain 32 votes per sample in each condition.

2.4. Processing
The recordings were processed at SWB (32 kHz sampling rate).  For Experiment 8, the same processing as in Experiments 6 and 7 from [5] were used.  For Experiments 9 and 10, two different noise suppression algorithms were used.

In each case, a bit-exact simulation of commercially available processing systems were applied, followed by the EVS SWB codec [10] at 13.2 kb/s.
2.5. Presentation

All stimuli were presented to all listeners diotically, at a level of 73 dB SPL, using Sennheiser HD 380 Pro headsets, equalized to diffuse field.  The P.835 method was used, with references as defined in DESUDAPS-1, but with normalization of individual speech samples for the NSLevel processing, as proposed in [6].  Full band references were used for all experiments.
Results reported here and in [4] were obtained with a listener’s interface that allowed the replay of a sample, as reported in [7].  

In addition to including the reference conditions in the practice block, as defined in DESUDAPS-1 [2], for the results presented here, listeners were given a listening familiarization to three of the references from [2] (R01: Source; R02: Source+0dBA SNR; R06 Source_NSLVL1).
2.6. Subjects

For Experiment 8, 32 naïve listeners who are native speakers of Mandarin were recruited. For Experiments 9 and 10, 32 naïve listeners who are native speakers of American English were recruited for each test.  In each experiment, subjects provided 32 votes per sample for each condition, and 128 votes per condition.

3. Results 
3.1.  Exp8 Mandarin
The results for Experiment 8 are shown in Figure 1, where the red symbols represent the results for the reference conditions while the blue symbols represent the results for the test conditions.  The error bars represent the 95% confidence intervals for both BAK (vertically) and SIG (horizontally). 
Figure 2 shows a scatter plot comparing results for the reference conditions from Experiment 8 in Mandarin to the results for reference conditions from Experiment 7 from [5], in American English, with identical conditions and processing.
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Figure 1 Plot of BAK by SIG for Exp 8; red symbols for reference, blue for test conditions.

[image: image2]
Figure 2 Scatter plot of reference conditions Exp7 and Exp8; green symbols for SIG, red for BAK.
The scores for Exp 8 span a wide range of SIG and BAK ratings, with results for the reference conditions similar to those from Experiments 6 and 7.  The scatter plot shows reasonably good correlation, with larger than 0.5 MOS difference in mean for the BAK rating of one reference.  Figure 3 shows a scatter plot of the test conditions for Experiments 7 and 8.
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Figure 3 Scatter plot of test conditions Exp7 and Exp8; circles for SIG with blue for speakerphone and green for handset; squares for BAK with red for speakerphone and orange for handset
For many conditions, the results are quite similar.  However, for a subset of conditions, there is considerable difference, nearly 1.5 MOS for BAK in one condition for speakerphone.  Nearly all the conditions with large differences are in speakerphone mode.
Expert listening confirmed that the large differences are present for these conditions.  Note that there are relatively few sentences, and the source conjectures that this represents sample-dependence more so than language dependence per se, as the majority of conditions, with both better and worse performance, are well-correlated.

3.2. Experiments 9 and 10
Figure 4 shows a plot of SIG versus BAK for Experiment 9,   Recall that the use case was handheld speakerphone mode, and the noise types and levels were as defined in the DESUDAPS test plan.  Two different noise suppression algorithms were tested, each with a range of aggressiveness set parametrically.

The results in Figure 4 span a more limited range of the SIG-BAK space, as would be expected based on the somewhat limited range of noise types and levels compared with earlier experiments.  The reference scores span a similar range as in Experiment 8 (as well as 6 and 7), indicating that they may be somewhat less affected by context than seen in earlier experiments (4 and 5), which may be in part due to the reference familiarization procedure and the replay function.  However, there is no direct evidence to support this conjecture as no validation tests have been conducted. 
Figure 5 shows a plot of SIG versus BAK for Experiment 10, which used stimuli from the handset use case.  As expected, the range of results is higher than for Experiment 9, and somewhat restricted in range.
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Figure 4 SIG vs BAK for Experiment 9
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Figure 4 SIG vs BAK for Experiment 10
3.3. Summary of results to date
Results reported in [3], [4], [5] and here, were all collected using the same reference signals, as defined in [2]. Therefore, the results can be combined using the reference-based linear mapping defined in clause 5 of [6].  Figure 5 shows a plot of the remapped results for all experiments reported, plus one pre-test of Exp 6, (different presentation level than Exp6 & 7).  The black-filled square symbols show the averaged reference scores across all mapped experiments; colored symbols show results for individual experiments.
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Figure 5 Plot of BAK vs SIG for all experiments, using reference-based mapping of [5]

The results collected so far span the range fairly well.  There is some bias to higher scores, due to handset-only experiments (Exps 1, 2, 3), as noted in  [3].
3.4. Distribution of confidence intervals at sample level
As model training is conducted at the sample (per sentence) level, Table 1 shows descriptive statistics for the distribution of 95% confidence levels at the sample level for SIG and BAK, across the summary of experiments shown in Figure 5.  For these data, the mean sample-level confidence intervals for SIG and BAK are similar.
Table 2 Mean and standard deviation of sample-level 95%CI for SIG and BAK, all experiments
	Statistic
	95% CI – SIG
	95% CI - BAK

	Mean
	0.3072
	0.3006

	standard deviation
	0.0895
	0.0958


3.5. Relation of OVRL to SIG and BAK

An earlier report from the source [13] examined the relation of OVRL ratings to SIG and BAK ratings, concluding that, in addition to linear terms, an interaction term (SIG*BAK) is necessary to capture the structure of the contributions of SIG and BAK to subjects’ OVRL ratings.  The 3-D scatter plots in Figure 6 show that this relation holds for the composite dataset of figure 5.
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Figure 6 Three views of 3-d scatter plot, OVRL vs SIG and BAK, for all experiments, using reference-based mapping of [5]

A model fit analysis indicates that the best-fitting model, using the AIC criterion of [xx], includes SIG, BAK, and SIG*BAK, as shown in Table 3.
Table 3 Model fit results, by model order

	Model
	Terms
	R2
	RMSE
	AIC

	SIG
	1
	0.7138
	0.5110
	3950.7

	SIG, BAK
	2
	0.9434
	0.2272
	-326.8

	SIG, BAK , SIG*BAK
	3
	0.9727
	0.1578
	-2250.8

	SIG, BAK, SIG*BAK, BAK*BAK
	4
	0.9758
	01488
	-2560.9


4. Conclusions
Three P.835 listening tests were conducted according to the subjective test plan of DESUDAPS-1 [2], with minor modification of normalizing each sample of the NSLevel reference signals [6].  The first was identical in conditions and processing to previously reported results, except using Mandarin instead of American English.  The second and third employed conditions as defined only in the DESUDAPS-1 [2] test plan, with two different noise reduction algorithms.
The scores span a wide range of SIG and BAK ratings, providing useful input as training or databases.  In addition, the comparison of the repeated databases provides some information on the reliability of the subjective data, a fundamental aspect of defining performance requirements for the predictor.
The results in Mandarin are consistent with strong dependence on particular samples, not strictly on language.  Similar conclusions were drawn in [7]. 
Collectively, the results reported by the source to date span nearly the complete range of scores, with good distribution.

An analysis of the relationship between SIG, BAK, and OVRL indicates that predictions of SIG and BAK should be combined linearly, as well as include an interaction term (i.e., SIG*BAK).

Full databases will be provided by the source to ETSI STQ for work item DTS/STQ-232.
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