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************** BEGINNING OF MODIFIED CLAUSE *****************
5
Considerations on Test Methodologies for Immersive Audio Systems 
5.1
On the validity of the CIBR baseline testing for VR Stream
5.1.1
Summary

The Source conducted two binaural renderer tests using a Comparison Category Rating (CCR) based testing methodology. The test results suggest that listeners can reliably discriminate between different rendering solutions using the CCR testing paradigm. The Source also observed that the Common Informative Binaural Renderer (CIBR), as proposed in [2], provides a reasonable quality comparison point for characterizing a proposed VRStream Audio Profile Reference Renderer.

5.1.2
Introduction

Document [1], containing agreed submission information for VRStream Audio Profiles. [1] specifies that all VRStream Audio Profile Proponents shall conduct a Reference Binaural Renderer Quality Characterization Test (Test 3). Because there is no “true” reference for certain binauralized immersive audio formats, the Source suggested use of a Rendering Comparison test based on CCR, following the proposal in [1a].
The following concerns have been expressed with Test 3 in general: 

· No experience with such test 

· Unsure if a reference is needed

· Unsure if overall preference is a reasonable or if there are more dimensions necessary.

And the following concern was expressed about the proposed CIBR in particular:

· The conversion of the virtual loudspeaker feeds into the Ambisonics domain would materially degrade objects and channel based signals and not be a relevant baseline comparison point for the Reference Renderer.
To investigate the significance of these concerns the source conducted two binaural renderer tests using a CCR based testing methodology.

5.1.3 Comparison Category Rating Tests for Reference Renderer

5.1.3.1
Test design

5.1.3.1.1
Test Material

Since the concerns expressed have been particular to the impact of the proposed CIBR for channel and object-based test content, the Source selected eight critical test items with immersive channel-based content (22.2 and 7.1+4). Two of these critical test items also included audio objects. All eight test items were binauralized in three different conditions: (1) Condition REF, (2) Condition CIBR and (3) Condition N1. 
(1) Condition REF: A direct binauralization (convolution) of the 22.2 and 7.1+4 loudspeaker feeds with the associated HRTFs corresponding to the loudspeaker azimuth and elevation. This condition could be considered as the Reference Renderer per definition in [2].

(2) Condition CIBR: All 22.2 and 7.1.4 loudspeaker feeds (and objects where present) are treated as objects and panned according to 16 virtual loudspeaker positions (Table 1). These 16 positions are also specified as the sampling points for the Equivalent Spatial Domain for 3rd order Ambisonics in [3]. These 16 virtual loudspeaker feeds are then binauralized with the CIBR as proposed in [4].

Table 1 - Virtual speaker positions for the CIBR condition 

	Virtual Speaker ID
	Azimuth
	Elevation

	1
	0
	90

	2
	0
	41

	3
	64
	-26

	4
	-14
	-59

	5
	66
	28

	6
	117
	-10

	7
	-79
	-26

	8
	16
	-10

	9
	-126
	0

	10
	132
	37

	11
	-161
	37

	12
	173
	-11

	13
	123
	-62

	14
	-36
	0

	15
	-81
	35

	16
	-141
	-51


(3) Condition N1: All 22.2 and 7.1.4 loudspeaker feeds (and objects where present) are treated as objects and panned according to 4 virtual loudspeaker positions (Table 2). These 4 positions are also specified as the sampling points for the Equivalent Spatial Domain for 1st order Ambisonics in [3]. These 4 virtual loudspeaker positions are then converted to 1st order Ambisonics and binauralized with the 1st Order Ambisonics HRTFs.

Table 2 – Virtual speaker positions for condition N1

	Virtual Speaker ID
	Azimuth
	Elevation

	1
	0
	90

	2
	0
	-19

	3
	120
	-19

	4
	-120
	-19


5.1.3.1.2
HRTF Selection

Different HRTFs can have a material impact to externalization, coloration and localization of virtual sound sources. To eliminate the influence of different HRTFs from the rendering comparison, the HRTFs used in all three conditions are based on the same set of measured manikin transfer functions. In Condition REF, each loudspeaker feed is directly convolved with the associated HRTFs corresponding to the loudspeaker azimuth and elevation. For Condition CIBR and Condition N1, the binauralization is carried out in the spherical harmonics domain. 

5.1.3.1.3 
Listeners

10 listeners participated in two tests that were designed using the CCR paradigm. All 10 listeners had previous experience in audio development and subjective assessment, although this was not a requirement for participation in the test. A larger listening panel is of course required for reduced confidence intervals and shold be considered when documenting Test 3. 

5.1.3.1.4
Test Description, Interface and Randomization

Test 1 is a CCR of Condition REF against Condition N1. Test 2 is a CCR of Condition REF against Condition CIBR. In each trial, subjects listened over headphones to the two stimuli labeled as A and B. Each stimulus had a duration of about 11 to 16 seconds and a sampling rate of 48 kHz. Listeners were asked to rate their preference on a 7-point scale as can be seen in the GUI below from the STEP software (https://www.audioresearchlabs.com/step/).
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Figure 1 - GUI of CCR Listening Test
The order of trials and the order of the conditions in each trial was randomized, resulting in eight double-blind AB test conditions per CCR test. All listeners listened to all eight test items. The average testing time per listener was 10min.

5.1.3.2
Results

The average scores across test items are depicted in Figure 2 (Test 1) and Figure 3 (Test 2). 

In Test 1, the overall score across all test items shows that Condition REF is statistically significantly preferred over Condition N1. Further, for half of the test items the REF condition is statistically significantly preferred over Condition N1.

These results suggest that the N1 renderer may not be an adequate candidate for a common informative binaural renderer because this renderer significantly degrades the binaural signal for the channels and object based test materials chosen. 
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Figure 2 - CCR Test 1 for a Reference Renderer (REF) vs. a 1st order Ambisonics Renderer (N1)

In Test 2 (Figure 3) the overall score across all test items indicate that there is no statistically significant difference in the preference between Condition REF and Condition CIBR. This suggest that the CIBR provides a quality that is similarly preferred to the REF condition. 

Somehow surprising, the listeners statistically significantly preferred the proposed CIBR for item Sig5. A possible explanation is that Sig5 contains objects and rendering of the object elements to the 16 virtual loudspeakers grid (Table 1) of Condition CIBR is preferrable to the more limited 11 loudspeaker configuration (7.1+4) of Condition REF. In contrast, item Sig1 tends to be preferred in Condition REF. Sig1 is channel-based music content that would not necessarily benefit from the larger loudspeaker feed count provided by the CIBR. 
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Figure 3 - CCR Test 2 for a Reference Renderer (REF) vs. the proposed CIBR 
Figure 4 plots the difference scores of the listeners between the two CCR tests (all listeners participated in both tests). Six of the eight test items show a statistically significant preference of the CIBR condition over the N1 condition. For the test item Sig6 neither condition is preferred. Overall, a statistically significantly higher preference for Condition CIBR over Condition N1 can be inferred. This outcome is reassuring because the CIBR was considered to provide a higher spatial accuracy than the N1 condition.
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Figure 4 - Difference score between the 1st order Ambisonics Renderer (N1) and the proposed CIBR
5.1.3.3
Conclusion and Proposal

This document provides two sets of test results for the CCR based assessment of a renderer. The results of both tests in Section 3.2 suggest that listeners in a CCR test can discriminate between renderer solutions if critical test materials are used.

The results in Test 2 indicated that renderer preference can be item-dependent. These dependencies may be better understood by also assessing the underlying quality dimensions as already proposed in [1].

Based on these test results it is clear that the proposed CIBR renderer is capable of providing a reasonable quality comparison point for characterizing a Proposed VRStream Audio Profile Reference Renderer. Thus, the Source restates its proposal to adopt the CIBR described in [4] for the purposes of characterization Test 3 of [1]. The Source further proposes that the CCR test methodology is adopted for Test 3. The Source further proposes to discuss the potential use of Condition N1 as a low or mid quality anchor condition for the test.
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