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1.
Summary
This cross check report provides listening test results for the Dolby VRStream audio profile candidate.

Contained are listening test results for Tests 1 (HIQ and FOA) and Test 2 (HIQ) as provided by Dolby. In addition to the Codec Quality Characterization Tests, an additional Listening Test was conducted to verify the “Intrinsic Renderer Quality”.
The source proposes to complement the listening test results, proposed by the proponent of the profile with the results of the tests and document them, along with the proponent’s results.
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X.1
Cross Check Package Description

The Dolby cross check provided two basic configurations, HIQ tests are based on the original test content processed by the renderer of the profile, wheras FOA tests used a 1st order ambisonics representation of the original test content both as a reference signal and to generate the coded conditions under test.
X.2
Test Setup
X.2.1
Test 1
The subjective listening tests were carried out based on the cross check package provided by Dolby. The test procedure was a “MUlti Stimulus test with Hidden Reference and Anchor (MUSHRA)” based on Recommendation ITU-R BS.1534-3 [X1] for the subjective assessment of intermediate quality audio for assessing the ‘Basic Audio Quality’ attribute described in [X1].
Loudspeaker tests “Test 1” were conducted in the acoustically isolated listening lab ‘Mozart’ at Fraunhofer IIS, which fulfills the room acoustics requirements described in BS.1116-2 [X2]. The signals were presented to the listeners using a high quality speaker setup, consisting of 30 Dynaudio BM6A MKII speakers (only 12 were active) and one Geithain TT920 subwoofer.
Both Test 1 (HIQ and FOA) tests were conducted as two separate sessions, with sessions a and b using the same assessors to allow the pooling of all test signals for statistical analysis.
For the HIQ test the cross check package contained the provided reference signal, 3.5 and 7 kHz anchors, and 4 test conditions r1, r2, r3 and r4. For the FOA test the cross check package contained the provided reference signal, 3.5 and 7 kHz anchors, and 2 test conditions r1 and r2.

X.2.2
Test 2

For “Test 2” the test procedure was a “MUlti Stimulus test with Hidden Reference and Anchor (MUSHRA)” based on Recommendation ITU-R BS.11534-3 [X1] for the subjective assessment of intermediate quality audio for assessing the ‘Basic Audio Quality’ attribute described in [X1].
Test 2 headphone listening tests were conducted in acoustically treated listening rooms using STAX headphones.
Only the Test 2 HIQ was conducted as separate sessions, with sessions 2a and 2b using the same assessors to allow the pooling of all test signals for statistical analysis.
X.2.4
Additional Intrinsic Renderer Quality Test

In addition to the Codec Quality Characterization Tests, an additional Listening Test was conducted to verify the “Intrinsic Renderer Quality”.

For Ambisonics and Object based input signals it is not possible to test the intrinsic renderer quality as these formats cannot be reproduced on a speaker setup without applying renderer algorithms prior to reproduction and would need an accompanying reference rendering for a given speaker setup.
However, for loudspeaker signals the original artistic intent can easily be reproduced by feeding the unprocessed speaker signals directly to the loudspeakers – the ideal reference renderer is not applying any modifications to the loudspeaker signals for reproduction.

In the “Additional Intrinsic Renderer Quality Test” all pure channel-based reference signals provided for Test 1 were compared to the original unprocessed channel-based Test Material submitted by Dolby, Fraunhofer IIS, Qualcomm, and Xperi for VRStream Audio Media Profile testing.
X.3
Test Panel

As these listening tests are aimed to evaluate audio not at intermediate but very high quality, only participants were chosen that were considered to be expert listeners, as required in clause 5.3 of [X7].

Participants at the Fraunhofer IIS test site were chosen from the Audio Division at Fraunhofer IIS that were considered to be expert listeners, additionally external expert listeners participated in the test. All external listeners have undergone a defined training program and participated in prior Listening Tests and proven to be critical and reliable listeners. 

Of the listeners 2 were female, 22 male. Listener age ranged from 18 to 46 years.
In compliance with BS.1534-3 we used following rules for post-screening in Tests 1 and 2: 

· none of the hidden references are supposed to be rated below 90 and 

· none of all midrange anchors are to be rated lower than low anchors.
Table X.1: Listeners per Test
	Test 
	Listeners 
	After Post Screening 

	Test 1
	11
	11

	Test 1 FOA
	5
	4

	Test 2
	14
	11

	Test addRend
	11
	10


X.4
Codec Quality Characterization Tests
X.4.1
Introduction

For the cross check of the Dolby proposal, Fraunhofer IIS conducted a series of tests. This includes testing over loudspeakers and over headphones.
X.4.2
Listening Test over Loudspeakers (Test 1)
X.4.2.1
Original Content (HIQ Tests 1a and 1b)
Test 1 for the original content was split into two sessions Test 1a and 1b with 10 items each, as defined in [X4]. Listeners randomly started with one of the Tests 1a or 1b.
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Figure X.1 Mean rating with 95% confidence interval of MUSHRA scores for HIQ Test 1 (1a and 1b ggregated)

Figure X.1 shows mean ratings with 95 % confidence interval (computed assuming normally distributed data and applying a t-distribution) for each item as well as pooled over all items. For all conditions under test the Dolby VRStream audio profile candidate shows a “Good” overall mean score.
Table X.2: Mean values and confidence intervals for Test 1 (1a and 1b aggregated)

	Condition
	Mean
	Ci_high
	Ci_low

	HR
	100.0
	100.0
	99.9

	LP35
	20.8
	21.4
	20.3

	LP70
	37.4
	38.3
	36.4

	r1
	64.3
	65.9
	62.7

	r2
	72.7
	74.2
	71.2

	r3
	75.6
	77.1
	74.2

	r4
	76.9
	78.4
	75.5


X.4.2.3
FOA Content (Test 1 FOA)
Test 1 for the 1st order Ambisonics content was split into two sessions Test 1a and 1b with 10 items each, as defined in [X4]. Listeners randomly started with one of the Tests 1a or 1b.
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Figure X.2 Mean rating with 95% confidence interval of MUSHRA scores for Test 1 FOA 
Figure X.2 shows mean ratings with 95 % confidence interval (computed assuming normally distributed data and applying a t-distribution) for each item as well as pooled over all items. For the conditions under test the Dolby VRStream audio profile candidate shows a “Fair” to “Good” overall mean score.
Table X.3: Mean values and confidence intervals for FOA Content (Test 1a and b FOA)

	Condition
	Mean
	Ci_high
	Ci_low

	HR
	100.0
	100.0
	100.0

	LP35
	20.9
	21.5
	20.3

	LP70
	40.0
	40.9
	39.2

	r1
	53.9
	55.9
	52.0

	r2
	63.5
	65.4
	61.6


X.4.2.4
Summary
The Dolby proposal achieves a “Good” to “Fair” overall mean score for the conditions under test, with “Good” quality in Test1 HIQ and “Fair” to “Good” quality in Test 1 FOA.
X.4.3
Listening Test over Headphones (Test 2)
X.4.3.1
Introduction

Tests over headphones were conducted as defined in [X4] and [X7]. The headphone equalization in [X7], clause 7.7, has been omitted due to unavailability of equalization filters for the combination of STAX headphones and Neumann KU100 dummy head when the tests were conducted by Fraunhofer IIS.
In each test presentation of test signals, the presentation order was randomized for each listener.
X.4.3.2
Original Content (Tests 2 HIQ)
Test 2 HIQ was split into two sessions Test 2a and 2b with 10 items each as defined in [X4]. Listeners randomly started with one of the tests 2a or 2b. 
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Figure X.3 Mean rating with 95% confidence interval of MUSHRA scores for Test 2 HIQ (2a and 2b aggregated)

Figure X.3 shows mean ratings with 95 % confidence interval (computed assuming normally distributed data and applying a t-distribution) for each item as well as pooled over all items. Conditions r1, r2, and r3 score a “Good” quality rating whereas r4 scores “Excellent” i.e. significantly better than 80 MUSHRA points.
Table X.4: Mean values and confidence intervals for Test 2 (2a and 2b aggregated)
	Condition
	Mean
	Ci_high
	Ci_low

	HR
	99.9
	100.0
	99.8

	LP35
	22.9
	23.9
	21.9

	LP70
	40.6
	41.7
	39.5

	r1
	62.5
	64.0
	61.0

	r2
	73.6
	75.1
	72.0

	r3
	78.4
	79.8
	76.9

	r4
	81.9
	83.3
	80.5


X.5
Intrinsic Renderer Quality Characterization Test
X.5.1
Original Channel Content Test
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Figure X.4 Mean rating with 95% confidence interval of MUSHRA scores for the additional channel rendering quality Test 

Figure X.4 shows mean ratings with 95 % confidence interval (computed assuming normally distributed data and applying a t-distribution) for each item as well as pooled over all items for the additional channel renderer test. The listening test results reveal a significant difference between the original channel input material and the rendered signals used as reference signals in the Dolby listening tests.

Table X.5: Mean values and confidence intervals for additional rendering quality test
	Condition
	Mean
	Ci_high
	Ci_low

	HR
	100.0
	100.0
	100.0

	LP35
	19.9
	20.5
	19.3

	LP70
	38.2
	39.2
	37.2

	dolby
	74.8
	78.1
	71.4


