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This contribution provides the report of Codec Quality Characterization Tests with headphone rendering of Dolby’s VRStream audio profile candidate [1].
1. Test plan

1.1
Introduction

The test was carried out in accordance with test plan [2].

The Codec Quality Characterization Tests with headphone rendering were carried out according to Mushra test methodology ITU-R BS.1534-3 [3]. System under test was Dolby’s VRStream audio profile candidate [1], operated in two modes, FOA and HIQ. These two modes were tested in two independent tests. 
1.2
Experimental Design
The experimental design of the Codec Quality Characterization Tests was such that all assessors rated all test Conditions. To control for possible presentation order biases, the presentation order of the test items was fully randomized during the experiment (double-blind test). The tests were run in two sessions A and B with 10 test items each. The test material and allocation to sets for sessions A and B was chosen by ETSI secretary. The test items we time limited to a duration of 12s. The test of the system in FOA operation mode tested 2 codec operation points (bit rates). The test of the system in HIQ operation mode tested 4 codec operation points.
1.3
Assessors
The selection of assessors followed the guidelines in [3] Clause 4.1. Only experienced assessors participated in the experiments. Both Dolby-external and Dolby-internal assessors were used. 

1.3.1
Pre- and post-screening of assessors

Pre- and post-screening of assessors was done in accordance with [3].
The applied post-screening method excludes assessors who assign a very high grade to a significantly impaired anchor signal, and those who frequently grade the hidden reference as though it were significantly impaired, as defined by the following metrics:

· an assessor should be excluded from the aggregated responses if he or she rates the hidden reference condition for > 15% of the test items lower than a score of 90;

· an assessor should be excluded from the aggregated responses if he or she rates the mid-range anchor for more than 15% of the test items higher than a score of 90. If more than 25% of the assessors rate the mid-range anchor higher than a score of 90, this might indicate that the test item was not degraded significantly by the anchor processing. In this case assessors should not be excluded on the basis of scores for that item.

1.4
Content
Critical audio Material representing typical virtual reality content was used for this test. The test material as allocated to sessions A and B is shown in the following table.

Table 1: Allocation of tests items to test sessions
	Session A
	Session B

	silent_B   
	CICP19+2DynObj_Festival

	CICP19_1A
	PitStop

	CosmosTwister
	LaLechera

	Indiana
	audiosphere_B

	leaf   
	8Obj_Reservoir

	8Obj_Music+Bird
	JammJam

	Fork
	Spoon

	silent_A
	audiosphere_A

	HOA6_Musicopter
	CosmosJungle

	Capoeira
	DronesAndAnimals


1.5
Content Presentation
The content presentation and grading process was done according to [3] Clauses 5.3 and 5.4. 
1.6
Listening Environment
The listening environment were fully compliant with the test plan requirements [2] Clause 7.6.
1.7
Listening System
The listening system was headphone-based using the Common Informative Binaural Renderer (CIBR) [4] Clause 4.5.1.2 for both the Reference and Degraded conditions.

The binauralization was done using the HRTFs of the Google Resonance Audio binauralizer plugin [5] of the CIBR, meaning that the HRTFs were based on a head and torso simulator (HATS). 
The headphones used were Sennheiser HD600. The headphone rendering was equalized using equalization filters for that type of headphone. The equalization filters were kindly provided by Qualcomm.
1.8
Listening Level
The listening level was according to [3] Clause 8.

1.9
Anchor/Reference Conditions
The tests included one Hidden Reference and two Anchor conditions. The two Anchors were 3.5kHz and 7kHz low-pass filtered versions of the Reference condition, as described in [3] Clause 5.1.

The Reference and Hidden Reference conditions were the source test material items directly rendered to an HOA3 representation, which subsequently was fed in ESD16 representation into the CIBR. The direct rendering to HOA3 representation is documented in the renderer description of Dolby’s VRStream audio profile candidate [1].
1.10
System under test and Test Conditions

The Test Conditions were generated in accordance with the test plan requirements.

One particular requirement for the tests are that all content be encoded to the target bit rate +/- 10%.  The following table lists the encoded bit rates for all content in the study both for FOA and HIQ tests.  All content sits within the targeted max allowed bit rates.  The FOA at 81.2 @ 81.2 Kbps is not required for the study but was added to demonstrate operation at lower bit rates.

Table 2: Coding bit rates (kbps) for FOA and HIQ tests per item
	 
	HIQ
	HIQ
	HIQ
	HIQ
	 
	FOA
	FOA

	Condition label
	HIQ_r4
	HIQ_r3
	HIQ_r2
	HIQ_r1
	
	FOA_r2
	FOA_r1

	Target
	512.0
	384.0
	256.0
	128.0
	 
	128.0
	81.2

	Max allowed
	563.2
	422.4
	281.6
	N/A
	 
	140.8
	N/A

	
	Total
	Total
	Total
	Total
	 
	Total
	Total

	8Obj_Music+Bird
	561.7
	401.7
	280.6
	161.8
	 
	131.6
	84.0

	8Obj_Reservoir
	558.8
	398.8
	279.3
	160.5
	 
	131.8
	84.2

	CICP19+2DynObj_Festival
	561.0
	401.0
	280.3
	161.5
	 
	131.9
	84.3

	CICP19_1A
	557.5
	397.5
	280.3
	161.5
	 
	131.5
	83.9

	Capoeira
	556.7
	396.7
	280.4
	161.6
	 
	130.9
	83.3

	CosmosJungle
	563.1
	403.1
	279.8
	161.0
	 
	132.0
	84.4

	CosmosTwister
	556.2
	396.2
	279.4
	160.6
	 
	131.4
	84.4

	DronesAndAnimals
	556.7
	396.7
	278.7
	159.9
	 
	131.6
	84.0

	Fork
	562.2
	402.2
	280.6
	161.8
	 
	131.8
	84.2

	HOA6_Musicopter
	560.0
	400.0
	280.1
	161.3
	 
	131.8
	84.2

	Indiana
	562.3
	402.3
	280.4
	161.6
	 
	131.7
	84.1

	JammJam
	562.9
	402.9
	280.0
	161.2
	 
	132.2
	84.6

	LaLechera
	558.0
	398.0
	279.2
	160.4
	 
	131.4
	83.8

	PitStop
	557.1
	397.1
	280.3
	161.5
	 
	131.7
	84.1

	Spoon
	562.7
	402.7
	280.1
	161.3
	 
	131.9
	84.3

	audiosphere_A
	555.0
	395.0
	277.2
	158.4
	 
	131.2
	83.6

	audiosphere_B
	562.7
	402.7
	280.6
	161.8
	 
	131.7
	84.1

	Leaf
	561.2
	401.2
	280.7
	161.9
	 
	131.7
	84.1

	silent_A
	561.1
	398.1
	279.7
	160.9
	 
	131.4
	83.8

	silent_B
	559.1
	399.1
	280.1
	161.3
	 
	131.6
	84.0


1.11
Attributes

The tests assessed the Basic Audio Quality attribute as described in [3] Clause 6.4.

2. Test Report and Presentation of Results
2.1
FOA test results

2.1.1
Number of assessors

The FOA test results are based on the scores of 10 assessors, after post-screening as defined above. No assessor was removed after applying the post-screening procedure.
2.1.2
Observations/Peculiarities

No particular observations were made and no peculiarities were encountered during test execution. 

2.1.3
Results after statistical analysis

Figure 1: Mean and 95% confidence range (Min/Max) of listener scores for FOA test
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2.1
HIQ test results

2.1.1
Number of assessors

The HIQ test results are based on the scores of 10 assessors, after post-screening as defined above. No assessor was removed after applying the post-screening procedure.

2.1.2
Observations/Peculiarities

No particular observations were made and no peculiarities were encountered during test execution. 

2.1.3
Results after statistical analysis

The following graph displays the mean and the 95% confidence range of the listener scores per item and as a total across all items (‘mean’).   

Figure 2: Mean and 95% confidence range (Min/Max) of listener scores for HIQ test
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