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1	Introduction
The possibility to use P.800 tests [1] for telecom transmission beyond monaural audio has recently been discussed in both ITU-T and SA4 [2][3]. In ITU-T, a new work item P.SUPPL800 started to produce a supplement to P.800 containing examples of P.800 tests with various conditions. 
This contribution contains the description of a P.800 DCR test on stereo speech material which was done in parallel with a P.811 [4] test using the same material. The test was conducted at Beijing Institute of Technology (BIT) in collaboration with Ericsson. Note that this description is based on the original input to the ITU-T P.811 document, while a description can also be found in ITU-T P.811 Appendix II.1. It is proposed that a similar test setup may be considered for testing stereo conditions in IVAS.
While we see this as a good example of a P.800 DCR test on stereo material, we also wish to consider possible improvements. The instructions of the P.800 DCR test were inspired by the more elaborate P.811 instructions but could likely benefit from a simplified and shortened language. Further, there might still be room for improvement of the spatial distortion reference units SDRU and ESDRU.
2	Test description
As a part of Ericsson’s involvement in the development of P.811 standard, a listening test according to the draft P.811 specification was done in a collaboration between Ericsson and Beijing Institute of Technology (BIT). The test was conducted in October 2018 and was done in conjunction with a P.800 DCR test on the same test material. The purpose was to evaluate the proposed P.811 standard (called P.SOSH at the time) and to compare the overall score of the P.811 test with a P.800 DCR test which requires shorter test time. These tests were performed:
· Experiment 1: P.800 Degradation category rating (DCR) with spatial distortion reference units and listener instructions similar to the P.811 instructions, see appendix A
· Experiment 2: Subjective test methodology for evaluating speech oriented stereo communication systems over headphones (P.811)
The test design and processing were carried out by Ericsson, while BIT handled recording of the test material and execution of the test itself.
Test material
The test was conducted using stereo speech samples in Mandarin Chinese recorded at BIT. The talkers were 4 female and 4 male talkers recruited from the BIT students. The talkers were all native Mandarin Chinese speakers and were selected to have a rather neutral dialect. The stereo capture was done using a Sabinetek® SMIC Panoramic Microphone and the recordings were made using 48 kHz sampling rate.
Out of the 20 test items in total, 10 items contained one talker with a split of 5 female and 5 male talkers. The remaining 10 items contained two concatenated talkers at different positions, where each item contained one male and one female talker. The concatenation of the talkers was done with a short pause between each talker, i.e. no overlapping talk. The talkers were positioned at the angles of -90, -45, 0, 45 and 90 degrees relative to the front pickup of the microphone.
Listener subjects
Each of the experiments was performed with 32 naïve listeners (balanced between male and female). All of them were BIT adult students between 20-24 years old. In total, 64 different native listeners of Chinese were selected as test subjects.
The listeners were selected randomly from native Chinese persons in the BIT campus. After the pre-tests, the staff checked the subjects' scores to make sure they understood the rating criterion. If the listener gave inconsistent or confusing votes, they were asked to do the pre-test session again. If the inconsistencies were not resolved in the second pre-test session, the listener was excluded from the main test session.
Experiments Procedure
For both the P.800 and P.811 tests, the subjects were divided into 4 listening panels of 8 persons each. Each panel used its own randomization sequence files.
Preliminary tests (pre-tests) were held before the main tests. In the pre-test, 4 trials were run to make the subjects familiar with test methodology. The main test was divided into 4 sessions of 20 trials each. A break was inserted between each test session, of 5, 10 and 5 minutes respectively.
The processed speech material was presented to groups of listeners, who were seated in separate listening stations in an acoustically conditioned sound room meeting the requirements recommended in ITU-T P.800. A photo of the test room is shown in Figure 1. 
[image: ]
[bookmark: _Ref77314691]Figure 1: Listening laboratory
All test stimuli were presented to the subjects using Sennheiser® HD 280 Pro headphones. Tablets were used to collect votes during the two experiments. The voting table interfaces are shown in Figure 2 and Figure 3.
[image: ]
[bookmark: _Ref77314839]Figure 2: Voting interface on a tablet with spreadsheet for collecting votes in the P.800 test.
[image: cid:9455b997f9f310c85eab8ec643724578]
[bookmark: _Ref77314913]Figure 3: Spreadsheet for collecting votes in the P.811 test. The three rows for votes of a specific test file were marked with the same color to minimize the risk of confusion.
[bookmark: _Hlk529872252]The voting time was 5 seconds after the completed presentation of each new stimulus. All seated listeners were required to vote prior to the subsequent presentation of a new stimulus. Comments, experiences and suggestions from listeners were collected at the end of each experiment.
[bookmark: _Hlk529778350]The average test time per session was 18 minutes for the P.811 test and 6 minutes for the P.800 test. 
Scoring
Both experiments used the Degradation Category Rating (DCR) method where the reference is played first followed by a test sample to be judged in comparison to the reference.
In the P.800 DCR test, listeners gave their opinion on any degradation in Overall Quality they could perceive on the second sample compared to the first one (the reference). The instructions for the P.800 test with P.811 inspired instructions can be found in appendix A.
In the P.811 test, listeners gave their opinion of any signal degradation, difference in spatial localization and overall quality degradation they could perceive on the second sample compared to the reference, according to the instruction below:
Signal (SIG) degradation 
Attending ONLY to the SIGNAL (SPEECH and BACKGROUND NOISE or MUSIC), select the category that best describes the DEGRADATION in the second sample compared to the first sample.

Signal degradation in this sample was,
5   INAUDIBLE 
4   AUDIBLE BUT NOT ANNOYING 
3   SLIGHTLY ANNOYING 
2   ANNOYING 
1   VERY ANNOYING 

Spatial localization (SPA) 
Attending ONLY to the TALKER/SOURCE LOCATIONS, select the category that best describes the DIFFERENCE in the second sample compared to the first sample.

There was
5   NO DIFFERENCE
4   SMALL DIFFERENCE
3   MODERATE DIFFERENCE
2   LARGE DIFFERENCE
1   VERY LARGE DIFFERENCE

Overall (OVRL) quality degradation 
Attending to the OVERALL impression, including but not limited to signal quality and spatial localization, select the category that best describes the OVERALL Quality degradation of the sample compared to the reference.

Overall quality degradation was,
5   INAUDIBLE 
4   AUDIBLE BUT NOT ANNOYING 
3   SLIGHTLY ANNOYING 
2   ANNOYING 
1   VERY ANNOYING 


Anchors used in the test 
To span the signal degradation dimension, MNRU anchors at Q-levels 16, 23 and 30 were used. The Direct signal and Direct-Downmix to mono were also used in the test. In addition, there were two versions of spatial anchors, SDRU and ESDRU.
SDRU and ESDRU
The effect of the SDRU can be summarized as: 
1. a down-mix (collapse) of the stereo image for  and a full reversal of the channels for .
2. an amplitude modulation (panning) of the signal with a triangle wave with a period of 1 second.
The second dimension of this distortion reference unit creates a “ping-pong” effect between the channels which was regarded a bit unnatural in relation to the typical distortions introduced by stereo codecs. In addition, some listeners reported the effect induced dizziness. While dizziness may be an unavoidable side-effect of spatial distortion, it was found relevant to try a different variant of the modulation function. The formulation of the ESDRU, an alternative spatial distortion reference unit, is the same as the SDRU apart from the definition of the modulation function. Instead of a periodic triangle wave, a random stepwise pattern was introduced. The idea behind this was that the random deviation would be more similar to a stereo codec which may introduce quantization errors on a parametric description of the stereo image. It would also avoid the periodic panning which may give the illusion that the listener’s head is spinning.
Test conditions
The input speech items were processed for the 20 conditions listed in Table 1 below. The same test material was used in both the P.800 DCR test and the P.811 test. The processing bandwidth in the test was Super Wideband (SWB) sampled at 32 kHz. The SDRU in conditions c06 - c08 operate on 48 kHz, which means a sampling rate change was necessary. All sampling rate changes were implemented using the ITU-T STL filter tool with SHQ2 and SHQ3 resampling filters and delay compensation as described in Table 6 of [5].
[bookmark: _Ref77166911]Table 1: Processed conditions
	Label
	Condition

	c01
	DIRECT

	c02
	DIRECT downmix (L+R)/2

	c03
	MNRU Q=16

	c04
	MNRU Q=23

	c05
	MNRU Q=30

	c06
	SDRU 0.0

	c07
	SDRU 0.3

	c08
	SDRU 0.6

	c09
	ESDRU 0.0

	c10
	ESDRU 0.3

	c11
	ESDRU 0.6

	c12-c20
	Stereo codec conditions



Preprocessing
The stereo signals were split using  
· stereoop.exe -split <input> <outputL> <outputR>

Each channel was then high-pass filtered using filter, followed by a delay compensation of 839 samples  
· filter.exe HP50_48KHZ <input> <output> 960

The sampling rate was then changed from 48 kHz to 32 kHz and the level was normalized to 
-26 dBov using the following procedure:
· stereoop -maxenval <input> maxenval32
· sv56demo -log log.txt -lev -26 -sf 32000 maxenval32 dummy 640
· scale=`cat log.txt | grep "Norm factor" | awk '{print $6}'`
· scaldemo -gain $scale <input> <output>

DIRECT
Preprocessed input signal without further modification.

DIRECT downmix (L+R)/2
The passive downmix realized as , using the tool CopyAudio [6]:
· CopyAudio.exe --chanA="0.5*A+0.5*B" -P integer16,,32000,,2 -F noheader <stereo> <output>

MNRU
The MNRU conditions were generated using the SDRU tool [4], where the modulated noise generators are synchronized between left and right channels:
· BG_MNR07.exe <input> <output> <Q-value> H 1

SDRU
The SDRU conditions were generated using SDRU tool [4]:
· BG_MNR07.exe <input> <output> 100 H <alpha-value>

ESDRU
ESDRU conditions generated using the ESDRU tool [4]. The random seed may be set to get deterministic results for each processing run:
· matlab /minimize /nosplash /nodesktop /r "esdru('<input>', '<output>', 32000, <alpha-value>, 0.5, <random seed>);exit"

Post-processing level normalization
While the stereo coding normally preserves the level of the signal, the signal levels of SDRU, ESDRU and the DIRECT downmix often deviates from the input level. For this reason, the level was normalized for the SDRU and ESDRU conditions following the same normalization procedure as in the preprocessing:
· stereoop -maxenval <input> maxenval32
· sv56demo -log log.txt -lev -26 -sf 32000 maxenval32 dummy 640
· scale=`cat log.txt | grep "Norm factor" | awk '{print $6}'`
· scaldemo -gain $scale <input> <output>

The DIRECT downmix condition results in a dual mono representation, which tends to get a too high level with the described procedure. For this condition a separate normalization procedure was used. The procedure matches the energy of the down-mix signal with half the energy of left and right channels combined.
· sv56demo -rms -sf 32000 -blk 1280 -log tmp.log <stereo input> dummy.raw
· A=`cat tmp.log | grep "Norm factor" | gawk '{print $6}'`
· sv56demo -rms -sf 32000 -blk 640 -log tmp.log <downmix input> dummy.raw
· B=`cat tmp.log | grep "Norm factor" | gawk '{print $6}'`
· fac=`echo "$B/$A" | bc -l`
· scaldemo -gain $fac <downmix input> <downmix output>


3	Test results
The results of the listening tests are illustrated in Figure 4 and Figure 5 below. As seen in Figure 4, the signal distortion induced by the MNRU has the main impact on the SIG dimension (a) while keeping a fairly constant rating in the SPA dimension (b). Conversely, the spatial distortion of the SDRU and ESDRU has a strong effect on the SPA dimension (b) while it the showing less impact on the SIG dimension (b).
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[bookmark: _Ref77230392]Figure 4: The scores of the signal degradation (a) and spatial localization (b) of the P.811 test. 
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[bookmark: _Ref77231145]Figure 5: The scores of the overall dimension (a) of the P.811 test and the P.800 DCR scores (b).


Turning to Figure 5, the overall scores of the P.811 test in the OVRL dimension (a) show a high degree of similarity with the P.800 DCR scores (b). The correlation coefficient between these scores is 0.966. As a comparison, the correlation between the scores of the two listening labs for each experiment in the EVS selection SWB conditions tests [6] are shown in Table 2. Here the two labs used the same test configuration and processing scripts but carried out their tests in different labs and in different languages. 
[bookmark: _Ref77264561]Table 2: Correlation between scores from lab (a) and lab (b) in SWB experiments of the EVS selection tests.
	Experiment
	Corrcoef

	s1
	0.985

	s2
	0.972

	s3
	0.956

	s4
	0.960

	s5
	0.959

	s6
	0.888

	s7
	0.977



The relations between the scores may also be illustrated in the form of scatter plots. The relation between the SIG and SPA dimensions is shown in Figure 6. The scores of the MNRUs remains fairly stable for varying SIG scores, while the SDRU and ESDRU show a robustness in the SPA dimension. 
[image: ][bookmark: _Ref77233560]Figure 6: The scores of the SIG dimension on the x-axis versus the scores of the SPA dimension on the y-axis.



The relation between the OVRL dimension and the SIG and SPA dimension is illustrated in Figure 7 (a) and (b) respectively.
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[bookmark: _Ref77235721]Figure 7: Scores in the OVRL dimension (y-axis) compared to the scores of the SIG dimension (a) and the SPA dimension (b).



The relation between the P.811 overall score and the P.800 DCR scores is illustrated in Figure 8, indicating that the scores are highly correlated.
[image: ]
[bookmark: _Ref79486958]Figure 8: Scores of the P.811 OVRL dimension (x-axis) versus the scores of the P.800 DCR test (y-axis).
Focusing on the scores of the anchor conditions in Figure 9, one can see that the MNRU remains stable in the SPA dimension while declining in the SIG dimension (a). Conversely, the SDRU and ESDRU are stably in the SIG dimension while declining in the SPA dimension for increasing levels of distortion.
[image: ][image: ][image: ]
[bookmark: _Ref77263556]Figure 9: P.811 results for the MNRU (a), SDRU (b) and ESDRU (c).




Additional small test about dizziness
The test participants were encouraged to write comments after the tests about how they perceived the test methodology and the test material. These comments revealed that 8 out of the 64 test participants in the P.800 DCR and P.811 tests felt somewhat dizzy or uncomfortable during the test when the voices changed position between left and right channel. This behavior can be found for the spatial anchors. To examine if the SDRU and ESDRU anchors were perceived differently the test participant that had commented that they felt dizzy were invited to an extra test with only the SDRU and ESDRU conditions. 
The 8 students were divided into two groups, A and B with 4 persons in each group. All 20 speech files used in the P.800 and P.811 tests were also used in this test. Group A listened to sentence pairs 1-10 and Group B listened to speech examples 11-20. Each group listened to 5 samples with one speaker and 5 samples with two speakers.
The processed samples were presented after the reference samples as in the main tests, but in this test the test subjects should quantify how dizzy they felt while listening to the test samples according to this scale:

5 Not dizzy.
4 The degree of dizziness is very small
3 The degree of dizziness is moderate
2 The degree of dizziness is large
1 The degree of dizziness is very large

The results in Figure 10 reveal that the ESDRUs made the test subjects less dizzy than the SDRUs. This test was done only with persons that had reported that they got dizzy during the main tests. Most persons will however probably not get dizzy during a test as only 8 persons out of the 64 test participants commented that they became dizzy during the main tests.
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[bookmark: _Ref77316544]Figure 10: Mean scores for the degree of dizziness in the test with only the spatial anchor conditions. In this additional test, higher scores indicated lower degree of dizziness. The confidence intervals (95%) are indicated using black lines.
Comments and suggestions
The main comment from test participants regarding the P.811 test methodology was that it was boring with so many repetitions. They suggested that the test material should be more enriched and varying. Some commented that the test was too long and monotonous and that they felt tired and thought it was hard to focus at the end of the test.
As this can be a problem there should be a careful selection of conditions to keep the test as short as possible.
A suggestion from two listeners was that it would be enough to listen to each speech sample two times instead of three times. After hearing the speech sample, the first time they could judge the signal degradation and after hearing the sample the second time they could vote for both the spatial and the overall quality. This suggestion would of course shorten the total test time but might lead to less focus on each of the spatial and overall dimensions and possibly less accurate results.
Another suggestion was that it would be better to use a more automatic collection of the votes as that would certify that the vote is connected to the correct speech example. Then it would also be possible to hide the previous votes, so that the judgments are not so easily influenced by previous votes.
4	Conclusions and proposal
The listening experiments shows that the P.811 method does give a relevant rating in the different dimensions specified by the test, but the prolonged test time from asking three questions may result in listener fatigue and puts limitations on the test size (e.g., number of conditions). Further, the results for the overall quality in the P.811 and P.800 DCR tests were highly correlated which indicates that P.800 DCR with adapted instructions and spatial anchors is an attractive alternative to P.811 for tests where the main interest is the overall score.
The spatial anchor ESDRU received similar quality ratings as the SDRU while inducing less dizziness. Hence, the ESDRU is considered a good alternative to the SDRU.
It is proposed that the presented P.800 DCR test setup is considered for testing stereo conditions in IVAS selection and characterization tests. Further there may still be room for simplified listener instructions and improved spatial distortion reference units.
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Appendix A: Instructions for a DCR Rating Test
In this test, you will be evaluating multi-channel audio samples using stereo headphones. In each trial, you will hear a REF sample followed by a TEST sample in your headphones. Each sample is six seconds long. You have five seconds to rate. Then you will listen to the next sample.
You should listen to the audio sample as a whole and register your opinion of the Overall Quality of the TEST sample relative to the REF sample. Please use the ipad in front of you and rate after listening to each pair of audio samples. Please use the rating scale shown in Figure 1 to register your opinion of the Degradation in the TEST sample relative to the REF sample. Rating should cover all aspects of the audio sample, including but not limited to signal quality and talker/source location. 
Explanation of the terms:
· Signal quality relates to your judgement on the quality of the signal itself (e.g., due to noise, roughness, clicks or other distortions).
· Talker/Source Location relates to your perception on the spatial accuracy referring to the location where the talker is positioned while speaking.

[image: ]
Figure 1.  Overall quality rating scale

To try out the test methodology and be familiar with the audio samples, we conduct a pre-test. In the pre-test, you will listen to and rate four sound examples. After that there will be a short break for questions before the main test starts. The main test consists of four sessions. Each session lasts six minutes and there is a break of five to ten minutes in between the sessions. The entire test takes about one hour. To prevent loss of information, please be careful to write the vote in the right EXCEL cell and press the save button at the end of each session.
During the test, please mute or switch off your phone. Please do not discuss your opinions of the test or the samples with any other listeners participating in the experiment. If you have any questions, please ask the test administrator.


[bookmark: _Hlk518325820] 
The DCR test instructions in Chinese
失真等级评价（DCR）测试说明
在本次测试中，您将使用立体声耳机来评估多声道语音样本。在每次实验中，您将先听到一个参考样本，再听到一个测试样本，每条样本时长为6秒。在听完每一对语音样本后，您将有5秒的时间记录您的评分，然后再听下一对语音样本。
您应该关注样本整体质量，并记录您对测试样本整体质量相对于参考样本整体质量的评价。请使用您面前的ipad进行评分，每听一对语音样本进行一次打分。请按照图1中所示的评分标准来记录您对于测试样本相对参考样本的失真的看法。您的评分应涵盖音频样本的所有方面，包括但不仅限于语音信号质量和讲话者/声源位置。
信号质量：与您对信号本身质量下降程度的评价有关（例如，包括噪声，粗糙度，咔哒声或其他失真）。
讲话人/声源位置：与您对空间确切位置的感知有关，指的是讲话者讲话时所处的位置。


图1 整体质量评分标准


首先，我们进行预测听实验，目的是让您熟悉测试方法，并了解您将要听到的音频样本。在预测试阶段，您将听取四个语音样本并对其进行评分。在预测听实验前后都有短暂的答疑时间。之后，正式测听开始，每节用时约为6分钟，一共4节，中间有5-10分钟的休息时间。整个测听过程用时约为1小时。为防止信息丢失,请注意不要串行，每小节结束时请按保存键。
在实验过程中，请您保持手机静音或关机状态。请不要与参与实验的任何其他听众讨论您对测试或语音样本的意见。如果您有任何疑问，请咨询测试工作人员。
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