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ABSTRACT: This contribution presents an updated method to generate reference conditions for super-wideband (SWB) and fullband (FB) ITU-T P.835 listening tests. So far the processing was described for narrow- and wideband (NB/WB) in [1] and [2]. The main idea is to keep the method as identical as possible but with slight adaptions regarding the characteristics of the new bandwidth operational modes. Finally, auditory results of the new processing are presented.

Introduction

For the ongoing development of NB and WB ITU-T P.835 prediction [3] multiple listening test databases were created by several labs with various speech materials. The usage of reference conditions is an important method in order to connect all the different tests with commonly processed test material. They help to avoid bias and/or offsets across listener panels, labs and language-dependencies.

Additionally, reference conditions provide a common anchoring of tests. Usually the quality range of an auditory evaluation is unknown until the test is conducted. Listening test databases with an unbalanced corpus (focus on either only very good or very bad quality aspects) can hardly be compared against other databases. By adding a certain amount of reference conditions with evenly distributed quality aspects on the full scale (e.g. different noise levels, several speech distortions), test results of different databases become more comparable.

Processing

The basic idea of the reference condition creation procedure introduced in [1] is to apply typical noise reduction artefacts to speech samples. Since these reference samples are hidden within the test and are similar to the real test conditions, test subjects are usually not able to distinguish between them. 

To add such distortions to a clean speech sample, a modification of a free noise reduction algorithm is used (specsubm.m, see [4]). The principle is to pass over a noisy mixture of speech and noise, but apply the wiener filter to a specified clean speech file. Strength and aggressiveness of the noise reduction can be configured by several switches. Additionally, the signal-to-noise ratio (SNR) of the noisy input also influences speech distortions. The Matlab code and four configuration sets are provided in [1]. 

For the processing of super-wideband and fullband reference conditions, the first trial was to use the wideband configurations for the different noise suppression levels (NSLVL) as specified in [1]. The definitions of the different degrees of distortions are provided in Table 1 whereas the column SNRNSLVL specifies the dummy noisy input for the noise reduction algorithm.

	Info
	NSLVL
	SNRNSLVL [dB]

	strong NS
	1
	3

	 
	2
	6

	 
	3
	9

	least NS
	4
	12


Table 1: Configuration of different degrees of noise suppression (NS) levels


Figure 1
 shows a generalized and generic flow chart for SWB and FB processing which could also be re-used again for NB or WB mode. For this purpose, a pre-filter is used instead of a down-sampling. The filters used for FB and SWB are shown in Figure 2.
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Figure 1: Flow chart of reference condition processing
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Figure 2: Pre-filtering for SWB and FB processing
The speech source files should be designed according to the guidelines of [1]. Beside several other aspects, the rearrangement of test sentences centred in ranges of 4.0s is important. In this experiment, German speech material as shown in Figure 3 according to ITU-T P.501 [6] was merged and used. Two male and two female talkers with two sentences each lead to an overall sequence of 32.0s.
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	Figure 3: Rearranged German P.501 sequence


Background noises according to [5] can be used in general. As proposed in [1], car noise (“Fullsize_Car1_130Kmh_binaural”) was used for this experiment.

Note: The introduced processing chain uses a single background noise file for two tasks, creation of speech degradations and mixture of noisy speech signal for output. In general these two branches could also be feed with two different noises. However, for sake of simplicity, only one noise is used for both.

In order to remain backward compatible with the existing solution for NB and WB, the noise reduction is performed with sampling rate FS = 32 kHz for SWB and FS = 48 kHz for FB (resampling is applied within Matlab call). 

Several combinations of NSLVL and SNRs result in 12 reference conditions according to Table 2 and are given as a summary in Table 2.

	ID
	NSLVL
	SNR [dB]
	Type

	R01
	-
	-
	Clean

	R02
	-
	0
	Noise Level

	R03
	-
	12
	

	R04
	-
	24
	

	R05
	-
	36
	

	R06
	1
	-
	Speech Distortion

	R07
	2
	-
	

	R08
	3
	-
	

	R09
	4
	-
	

	R10
	3
	24
	Overall

	R11
	2
	12
	

	R12
	1
	0
	


Table 2: Reference condition processing overview

Auditory Results

The 24 conditions created by the processing described in the previous section were split into samples with duration of 8.0s containing two sentences of the same talker. These resulting 96 samples were presented to a group of 5 experienced and 5 expert listeners. The listening test procedure was designed according to ITU‑T recommendation P.835, which implies three repetitions per sample and single votes for speech, noise and global quality on the well-known five-point scale.

All samples were presented in a randomized order. Super-wideband as well as fullband conditions were mixed within this auditory experiment, the listeners did not know to which bandwidth they currently were listening to.

The test procedure including introduction, training samples and pauses took about 1 hour. After the test, results were averaged versus conditions. The mean opinion scores for speech (S-MOS), noise (N-MOS) and global quality (G-MOS) are presented in the next sections.

Super-Wideband

Table 3 provides average scores as well as the 95% confidence intervals (CI95) for the super-wideband conditions for each attribute. Each MOS and its confidence interval are based on 40 votes per condition.

	Type
	ID
	S-MOS
	CI95

(S-MOS)
	N-MOS
	CI95
(N-MOS)
	G-MOS
	CI95

(G-MOS)

	Clean
	R01
	4.60
	0.19
	4.95
	0.07
	4.50
	0.20

	Noise Level
	R02
	4.75
	0.17
	1.38
	0.16
	2.00
	0.14

	
	R03
	4.85
	0.14
	2.58
	0.18
	3.05
	0.16

	
	R04
	4.85
	0.12
	3.27
	0.19
	3.80
	0.23

	
	R05
	4.85
	0.12
	3.98
	0.05
	4.28
	0.14

	Speech Distortion
	R06
	1.52
	0.20
	4.97
	0.05
	1.80
	0.22

	
	R07
	1.82
	0.22
	5.00
	0.00
	1.90
	0.23

	
	R08
	2.60
	0.23
	5.00
	0.00
	2.62
	0.24

	
	R09
	3.50
	0.25
	4.97
	0.05
	3.42
	0.26

	Overall
	R10
	3.05
	0.25
	3.33
	0.20
	2.77
	0.22

	
	R11
	2.58
	0.25
	2.35
	0.21
	2.15
	0.19

	
	R12
	2.15
	0.27
	1.25
	0.14
	1.18
	0.12


Table 3: Auditory results for super-wideband processing

One function of reference conditions in listening tests is to sufficiently “span” and “spread” the different quality dimensions. The bar diagrams shown in Figure 4, Figure 5 and Figure 6 illustrate the increase of speech noise and overall quality versus the inserted degradations. Condition R01 (clean speech without any noise/distortions) is always shown at the very right position as an absolute reference for all degradations.
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	Figure 4: Scaling of reference conditions for speech distortions (SWB)
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	Figure 5: Scaling of reference conditions for increasing noise levels (SWB)
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	Figure 6: Scaling of reference conditions for overall quality (SWB)


Fullband

Table 4 provides average scores as well as the 95% confidence intervals (CI95) for the fullband conditions for each attribute. Each MOS and its confidence interval are based on 40 votes per condition.

	Type
	ID
	S-MOS
	CI95
(S-MOS)
	N-MOS
	CI95
(N-MOS)
	G-MOS
	CI95
(G-MOS)

	Clean
	R01
	4.62
	0.19
	4.97
	0.05
	4.58
	0.19

	Noise Level
	R02
	4.67
	0.15
	1.27
	0.14
	2.00
	0.16

	
	R03
	4.97
	0.05
	2.38
	0.16
	3.08
	0.17

	
	R04
	4.83
	0.12
	3.30
	0.19
	3.75
	0.19

	
	R05
	4.85
	0.12
	3.98
	0.09
	4.22
	0.14

	Speech Distortion
	R06
	1.65
	0.20
	5.00
	0.00
	1.90
	0.17

	
	R07
	1.95
	0.20
	4.92
	0.15
	2.15
	0.20

	
	R08
	2.90
	0.26
	5.00
	0.00
	2.92
	0.24

	
	R09
	3.42
	0.24
	4.97
	0.05
	3.25
	0.25

	Overall
	R10
	3.35
	0.21
	3.48
	0.16
	3.00
	0.16

	
	R11
	2.83
	0.25
	2.35
	0.19
	2.33
	0.20

	
	R12
	2.15
	0.29
	1.20
	0.13
	1.23
	0.14


Table 4: Auditory results for fullband processing

Similar as in the previous section, the bar diagrams shown in Figure 7, Figure 8 and Figure 9 illustrate the increase of speech noise and overall quality versus the inserted degradations. Again, condition R01 is always shown at the very right position as an absolute reference for all degradations.
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	Figure 7: Scaling of reference conditions for speech distortions (FB)
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	Figure 8: Scaling of reference conditions for increasing noise levels (FB)
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	Figure 9: Scaling of reference conditions for overall quality (FB)


Comparison Super-wideband vs. Fullband

Since the auditory test included both SWB and FB data with similar processing, a bandwidth comparison could illustrate possible audible differences (either due to bandwidth or different behaviour of the modified noise reduction algorithm which inserts degradations). Figure 10 shows a scatter plot between both operational modes. 
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	Figure 10: Correlation analysis between SWB and FB conditions.


Conclusions

This contribution presented an adapted processing chain for creating ITU‑T P.835 reference conditions and an auditory experiment which evaluated these samples. 

The creation of super-wideband and fullband conditions seems to produce adequate samples at least for the German speech material according to ITU‑T P.501. The auditory results provide a proper scaling for speech distortion, noise level and overall quality. These results were obtained by using a configuration which is backward-compatible to the reference condition processing presented in [1] and [2] for wideband. It is recommended to use this setting at least for German speech for further auditory testing activities.

It is proposed to conduct similar experiments for other languages and/or speech material if used in these types of tests. Using this method a comparable reference system for auditory testing can be created for all speech material used in testing when appropriately adjusting the settings of the reference impairment system.

Further, no noticeable difference between super-wideband and fullband could be derived from this auditory experiment. It is assumed that the difference (mainly in the frequency range between 14 and 20 kHz) is negligible. Thus the upcoming super-wideband prediction algorithm according to [2] should directly be developed towards fullband processing which implicitly includes super-wideband. A switch between these two bandwidth modes seems to be unnecessary.
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