3GPP TSG-SA4 Meeting #99
S4-180756
Rome, Italy, 9-13 July 2018
Agenda Item:
10.5.2
Source:
Ericsson LM
Title:

VRStream audio cross-check lab test results
Document for:
Agreement
1 
Introduction
This report presents cross-check results for the FOA mode of the VRStream audio profile candidate from Dolby [S1]. 
Test results of two codec quality characterization tests with binaural rendering, i.e. Test 2 as defined in [S2], are presented under clause X.1. Additional results for a partial Renderer Comparison Test, according to [S3] clause 6, i.e. Test 3 in [S2], are presented under clause X.2. The test is partial in the sense that there was only a comparison to 3rd order CIBR [S3] and the number of listeners is lower than required number because on very limited time for testing. 
In clause 3, some comments on the test methodology and the test framework for Test 3 are presented, based on listener feedback.
The source would like SA4 to consider the presented test results for the evaluation of the FOA mode of the VRStream audio profile proposed by Dolby, and document at least the completed tests in a TR or TS found appropriate.
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X
Cross-check results for FOA mode of Dolby VRStream audio candidate [S1]

X.1
Codec Quality Characterization Test with Binaural Rendering (Test 2)
X.1.1
Test setup
Two codec quality characterization tests evaluating the basic audio quality with binaural rendering according to [S3] were conducted at the DRI-Audio section of Ericsson Research in Sweden.
Both tests were done by 12 listeners that were instructed according to clause X.1.5. By default Sennheiser HD600 head-phones were used, but three listeners used the Sennheiser HD650 instead because of unavailability of HD600. Nevertheless, head-phone equalization filters for HD600 were applied for all listeners, i.e. also for listeners with HD650 headphones as this was considered better than utilizing no equalization at all because of their similar frequency responses.
X.1.2
Test conditions

The test conditions, according to the labels of the test items, were:
· foa35 (3.5 kHz low-pass anchor)

· foa70 (7 kHz low-pass anchor)

· r1

· r2

· ref (Hidden Reference)
X.1.3
Test material

The test material of Test 2a and 2b was obtained from the Dolby folder at the ETSI cloud. Each test included 10 items each according to Table X.1. The file names correspond to the selected items reported in [S4]. All items were pre-equalized by the proponent using equalization filters provided by Qualcomm for Sennheiser HD600 headphones. The equalization processing was not cross-checked.
Table X.1: Test material for Test 2
	Test 2a
	Test 2b

	8Obj_Music+Bird
	8Obj_Reservoir 

	CICP19_1A  
	CICP19+2DynObj_Festival

	Capoeira
	CosmosJungle

	CosmosTwister  
	DronesAndAnimals

	Fork
	JammJam

	HOA6_Musicopter
	LaLechera  

	Indiana
	PitStop

	Leaf
	Spoon  

	silent_A
	audiosphere_A  

	silent_B
	audiosphere_B


X.1.4
Test results

Pre- and post-screening was applied according to [S5] clause 4.1 resulting in 2 out of the 12 listeners being screened. These listeners were using the HD650 headphones, meaning that the final results were obtained by 9 listeners using HD600 and 1 listener using HD650 headphones.

The average scores with 95% confidence intervals, given a two-sided Student’s t-distribution, are presented in Figure X.1 and Table X.2. As the same listeners were taking both sub-tests, i.e. test 2a and 2b, the test results are combined for average scores. For statistical analysis, difference scores in comparison to condition “r2” are presented in Figure X.2 and Table X.3.
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Figure X.1: Average scores with 95% confidence intervals (t-dist.)
Table X.2: Average scores with 95% confidence intervals over all items
	Condition
	Mean
	CI_low
	CI_high

	foa35
	27.2
	25.9
	28.4

	foa70
	57.0
	54.9
	59.0

	r1
	81.1
	79.0
	83.3

	r2
	92.0
	90.6
	93.4

	ref
	99.2
	98.6
	99.7
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Figure X.2: Difference scores to condition “r2” with 95% confidence intervals (t-dist.)
Table X.3: Difference scores to condition “r2” with 95% confidence intervals over all items
	Condition
	Mean
	CI_low
	CI_high

	foa35
	-64.9
	-66.8
	-62.9

	foa70
	-35.0
	-37.4
	-32.6

	r1
	-10.9
	-12.92
	-8.8

	r2
	0
	0
	0

	ref
	7.2
	5.6
	8.7


X.1.5
Listener instructions
In this listening test you will grade the Basic Audio Quality for audio signals intended for Virtual Reality streaming applications presented over headphones.

The Basic Audio Quality denotes the single, global attribute used to judge any and all detected differences between the reference and a test sample. 

Each trial includes several test samples. You can listen to the samples by clicking on the “play” buttons above each slider, see GUI in the figure. You may listen to the samples in any order, any number of times. You can listen to a segment of the sample by marking it in the displayed waveform; see the yellow selection in the figure. Left click on the waveform to reset the selection. You may adjust the listening level [image: image4.png]+4 dB



 by using the volume slider. Please do not change the volume during a trial while scoring the samples.
Use the slider for each sample to indicate your opinion of its quality. You can listen to the reference signal by clicking the play button below the “Reference” label. 

The grading scale is continuous from “excellent” to “bad”. A grade of 0 corresponds to the bottom of the “bad” category, and a grade of 100 corresponds to the top of the “excellent” category. In evaluating the samples, please note that you should not necessarily give a grade in the “bad” category to the sample with the lowest quality in the test. However one or more samples must be given a grade of 100 because the unprocessed reference signal is also included as one of the samples to be graded.

When you are satisfied with your grading of all samples in a trial, click the “Next” button. The test consists of 10 trials.

Start the test by clicking <mushra*.tcl>. Write you Ericsson signum when UserID is requested.

Thank you for your participation!
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Figure X.3: Example of GUI
X.2
Renderer Comparison Test (Test 3)
X.2.1
Test setup

A renderer comparison test according to [S3], i.e. Test 3 in [S2] was conducted at the DRI-Audio section of Ericsson Research in Sweden. The attributes evaluated were: spatial quality (SPA), artefacts (ART), timbre (TIM), basic audio quality (BAQ) and loudness/level (LEV). Because of limited time, only 7 listeners were able to finalize the test. This is less than the requirement in [S3].
Sennheiser HD600 headphones with the Inertiacube 4 head-tracker attached on top were used by all assessors.
No specific instructions were given to the assessors, but as they are experienced listeners working with audio they had their own understanding of the attributes.
X.2.2
Test conditions

The test conditions were, according to the labels of the test items:

· ESD16_ref (3rd order CIBR [S3])

· ESD4_fromHOA
X.2.3
Test material
The test material of Test 3 was obtained directly from the proponent. The file names were identical to the ones obtained from the Dolby folder at the ETSI cloud except for a suffix EQ. The wave files are different, likely because of the applied headphone equalization, but this processing has not been verified. The test software was developed by the proponent and provided together with randomized input signals for 10 listeners.
The test included 12 test items according to Table X.4 as given by the obtained material. The file names correspond to the selected items reported in [S4], except for the item “obj_Rotkaeppchen” which is replaced by the item “Fork”. All items were pre-equalized by the proponent using equalization filters provided by Qualcomm for Sennheiser HD600 headphones.

Table X.4: Test material for Test 3
	8Obj_Music+Bird

	audiosphere_B

	chaFlamenco

	CICP19+2DynObj_Festival

	DronesAndAnimals

	Farm

	Fork

	hoaFlamenco

	Indiana

	silent_B

	Spoon

	Unfold


X.2.4
Test results

The results have not been post-screened as the referred clause 4.1 in [S5] was not found applicable for the test. Average scores with 95% confidence intervals, given a two-sided Student’s t-distribution, are presented in Figure X.4 and Table X.5.
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Figure X.4: Average scores with 95% confidence intervals (t-dist.)
Table X.5: Average scores with 95% confidence intervals over all items
	Attribute
	Mean
	CI_low
	CI_high

	SPA
	0.06
	-0.18
	0.30

	ART
	0.00
	-0.10
	0.09

	TIM
	0.11
	0.02
	0.21

	BAQ
	0.06
	-0.11
	0.23

	LEV
	0.00
	-0.06
	0.05


4
Feedback on Test 3

4.1
Comments about the material and test methodology
As feedback on the methodology and the proponent’s implementation of Test 3 some of the listener’s comments are presented below. 

1. The material is good and well produced but it is too complex for this test. With many moving sound sources it is hard to make use of the head tracking and hear the position of sources clearly. Fewer objects with static positions would make it easier. Also, there are a lot of synthetic sounds that are hard to judge subjectively when there is no reference.
2. It is not clear how the user should use the head tracking. If not clearly instructed, some users may not use head tracking at all.
3. Having only looping playback and not being able to manually start from a certain position in the clip also makes it harder to tune in on details.
4. Maybe a written reference, e.g. “Sound of a dog from 30 degrees to your right”, could serve as a guide when there is no audio reference.
5. If there are noticeable differences in loudness, it is really difficult to evaluate other aspects of the rendering. This was observed by an incorrect setup of the test causing a large level difference.
4.2
Comments about the Dolby test software

1. There are too many manual steps involved in setting up each test, which makes it prone to mistakes that are hard to identify later on. The storage of results is another manual step.
2. The head tracking works well with little observed delay. It did however stop working during one of the test sessions.
3. There is no indication of which of A or B is currently playing.
4. There is no indication on which item is the current one and how many there are left.
