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1. Introduction
According to the Submission Process for VRStream Audio Profiles ([1]) Cross-Check labs could submit Audio Quality Characterization Cross-Check Results at SA4#99. The source selected Test 2 for the HIQ mode of the Audio Profile candidate proposed by Dolby for cross-checking. This document provides information and results on this test conducted at Philips Research.
2. Test 2 (Codec Quality Characterization Test with Binaural Rendering)
2.1 Introduction
Test 2 is an optional Codec Quality Characterization Test defined to assess the Codec Quality of proposed Audio Profiles. Its requirements are:
· According to 3GPP TS 26.259 Clause 7
· Using Common Informative Binaural Renderer for Reference and Degraded conditions
· Over headphones
· Based on ITU-R BS.1534-3 (MUSHRA)
· Evaluates Basic Audio Quality

2.2 Test setup
The audio material was received from Dolby using the cloud OneDrive ETSI 365. The test material was already divided into two sets of ten audio items each, see Table 1. These two sets were tested in two separate sessions as prescribed in the Submission Process document.
	Signal number
	Session 2a
	Session 2b

	1
	8Obj_Music+Bird
	8Obj_Reservoir

	2
	Capoeira
	audiosphere_A

	3
	CICP19_1A
	audiosphere_B

	4
	CosmosTwister
	CICP19+2DynObj_Festival

	5
	Fork
	CosmosJungle

	6
	HOA6_Musicopter
	DronesAndAnimals

	7
	Indiana
	JammJam

	8
	Leaf
	LaLechera

	9
	silent_A
	PitStop

	10
	silent_B
	Spoon


[bookmark: _Ref518387418]Table 1 Division of the Audio Items over the two sessions
The audio material was provided in two distributions, one without headphone equalization and one with headphone equalization for Sennheiser HD600. As we did not use Sennheiser HD600 headphones we used the distribution without headphone equalization.
The test was conducted using the MUSHRA methodology with randomized representation. A quality scale is used where the intervals are labelled "bad," "poor," "fair," "good," and "excellent." The subjective responses were recorded on a scale ranging from 0 to 100. The Audio Research Labs STEP tool (version 2.00) was used for conducting the test. See Figure 1 for the setup of the STEP tool, and Figure 2 for an example of the GUI of the STEP tool at the start of a listening session.
[image: C:\Docs\Organisations\3GPP\VRStream\Proposals\Dolby_HIQ\scores\Step - Session Administration.png]
[bookmark: _Ref518387299]Figure 1 Setup of the STEP tool
[image: C:\Docs\Organisations\3GPP\VRStream\Proposals\Dolby_HIQ\scores\Step - test session.png]
[bookmark: _Ref518387309]Figure 2 GUI of the test administration tool

In the test seven conditions were assessed, see the Table 2.

	Codec number
	Acronym
	Description

	1
	HR
	Hidden Reference

	2
	Sys1
	HIQ mode at r1 kb/s

	3
	Sys2
	HIQ mode at r2 kb/s

	4
	Sys3
	HIQ mode at r3 kb/s

	5
	Sys4
	HIQ mode at r4 kb/s

	6
	LP70
	7kHz low-pass filtered version of the Reference

	7
	LP35
	3.5kHz low-pass filtered version of the Reference


[bookmark: _Ref518387733]Table 2 Conditions that were assessed: the Hidden Reference, four test conditions and the two Anchors
[bookmark: _GoBack]The listening test was conducted using Beyerdynamic DT990 headphones (with no head-tracking) connected to an ASUS 15" Win10 VivoBook S15 laptop in a quiet listening room with background noise levels not exceeding the levels in Table 1 of 3GPP TS 26.259 Clause 6.6. Each of the 12 experienced assessors listened to both sets of 10 audio items. Half of the assessors  started with session 2a, the other half with session 2b. Before starting the test itself the assessors started with a training session of two items. Pre- and Post-screening of assessors was per ITU-R BS.1534-3 section 4.1.2 and all assessors passed both pre- and post-screening.

2.3 Test results
In Figure 3 the test results of the first session are given.
[image: C:\Docs\Organisations\3GPP\VRStream\Proposals\Dolby_HIQ\analysis\2a_s12_crop.png]

[bookmark: _Ref518392841]Figure 3 Test results of the first session

In Figure 4 the test results of the second session are given.

[image: C:\Docs\Organisations\3GPP\VRStream\Proposals\Dolby_HIQ\analysis\2b_s12_crop.png]
[bookmark: _Ref518392848]Figure 4 Test results of the second session
As all assessors participated in both sessions, the averages over all 20 audio items can be calculated as well and are given in Figure 5.
[bookmark: _Ref518471613][image: C:\Docs\Organisations\3GPP\VRStream\Proposals\Dolby_HIQ\analysis\2_s12mean_crop.png]
Figure 5 Mean results of the two sessions combined

In Table 3 a summary of the test results of Test 2 is given.

	Codec number
	Acronym
	Mean
	95% CI

	1
	HR
	99.2542
	0.2961

	2
	Sys1
	87.5333
	1.5728

	3
	Sys2
	93.2042
	1.0273

	4
	Sys3
	94.8125
	0.8123

	5
	Sys4
	95.8292
	0.7000

	6
	LP70
	57.6708
	2.3344

	7
	LP35
	26.0875
	1.3096



[bookmark: _Ref518545868]Table 3 Summary of the combined results of the two sessions of Test 2

3 Conclusions
A MUSHRA test was conducted at Philips Research using audio items provided by Dolby. In the test, using headphones, the “Basic Audio Quality” was assessed by a panel of experienced listeners. The following conclusions can be drawn:
· The scores for the Hidden Reference and the Anchor conditions are in line with ITU-R BS.1534-3 (MUSHRA)
· All four test conditions, i.e. Sys1, Sys2, Sys3 and Sys4 obtained a mean score in the range from 87 to 96 points, i.e. all within the “Excellent” range
· The Sys2, Sys3 and Sys4 test conditions performed significantly better than the Sys1 test condition

[1] AHVIC-135, Revision of DRAFT VRStream-2 - Submission Process for VRStream Audio Profiles
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