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******BEGINNING OF NEW CLAUSE******
6.2.3 Audio Quality Evaluation of Scene-Based Formats
6.2.3.3 Report of one ITU-R BS.1534-3 binaural listening test for Localization quality of synthetic scene-based audio content with non-individualized HRTF and non-equalized headphones.
Introduction and Test Method
ITU-R recommends that the “testing, evaluation and reporting procedures given in ITU-R BS.1534-3 be used for the subjective assessment of intermediate audio quality.” [5] ITU-R BS.1534-3 has also been previously used in other standardization activities pertaining to spatial audio coding such as the MPEG-H standardization. To provide an understanding of what localization quality levels can be achieved for scene-based audio content at different Ambisonics orders, a test per ITU-R BS.1534-3 was conducted comparing 1st, 2nd, 3rd and 6th order Ambisonics.
In this experiment, six different synthetic materials (i.e. created through spatially mixing monaural sound recordings into Higher Order Ambisonics coefficients) were used. The reference signals were 6th order Ambisonics contents. Lower order Ambisonics test material were created by truncating the spherical harmonics sound field decomposition into 3rd order, 2nd order and 1st order Ambisonics. All test material was PCM 16bit 48kHz. 
The experimental design was such that all listeners listened to all test conditions for each system under test.
It is important to note that this procedure for generating content represents a condition that is quite distinct from the more common practical scenario of capturing Ambisonics content with a microphone array. Separate tests are needed to cover that space and different results can be expected.

Test Materials

The test materials included six different sound scenes. Four of the sound scenes are from Bertet et al, including three and four-party audio meetings, a kitchen and a classroom. These sound scenes are described in [1]. The two other sources include nature sounds and a movie trailer. Each of the five different Ambisonics solutions were tested with each of the six different sound scenes.
Listening conditions

For presentation, all test material was rendered to a 22.2 speaker layout (CICP 13) and binauralized. The binauralized stimuli were presented over headphones to the participants. No individualized HRTF or headphone compensation were used in this test. 
Note that the lack of individualized HRTF and headphone compensation may have impaired the localization capability. This aspect is to be covered in further studies.
Presentation interface
The ARL STEP software was used for presentation of the samples and collection of results.

Attributes

Participants were asked to consider the localization of all directional sound sources by comparing the systems under test and the reference signal when scoring the localization quality.

Assessors
The participants were all members of Qualcomm Advanced Tech R&D group and familiar with critical listening and audio quality evaluation. Post-screening of assessors was per ITU-R BS.1534-3 section 4.1.2 and two of the assessors were removed following post-screening.

Size of listening panel


The listening panel contained eleven assessors. Two assessors were removed following post-screening procedures.
Systems under test

Higher Order Ambisonics test items truncated to 3rd order (i.e., 16 HOA coefficients), 2nd order (i.e., 9 HOA coefficients) and 1st order (i.e., 4 HOA coefficients) were used in the test. In addition, 6th order (i.e. 49 HOA coefficients) test items were used as both reference and hidden reference signals. Relevant systems under test are listed on Table 1. 
Table 1 – Systems under test

	System under Test
	Bitrate / condition

	Hidden Reference
	Binauralized PCM 16-bit 48kHz original test items (6th order HOA)

	LP35
	Anchor 3.5 kHz lowpass

	FOA
	Binauralized original test items truncated to 1st order Ambisonics

	2nd order
	Binauralized original test items truncated to 2nd order Ambisonics

	3rd order
	Binauralized original test items truncated to 3rd order Ambisonics


Results
Figure 3 visualizes the absolute scores per test item and system under test. Table 2 further summarizes the results across all test items.
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Figure 3
Table 2 – Summary of Average Scores

	System
	High
	Low
	Mean

	3rd order
	90.11
	75.55
	85.31

	2nd order
	74.33
	67.67
	70.26

	1st order
	53.89
	45.22
	49.87

	LP35
	14.33
	11.11
	12.47

	Hidden Reference
	100
	98.89
	99.81


Observations

The following observations are made from the results:
1. For 3rd order Ambisonics, the localization quality scores averaged across all test conditions is within the Excellent range (80-100 MUSHRA points). However, for one of the test items (item 04 – kitchen), the mean localization quality is within the Good range (60-80 MUSHRA points). Broadcast audio quality is met at 80 MUSHRA points which should also represent the minimum level of performance needed for VR broadcast applications.
2. For 2nd order Ambisonics, the localization quality scores averaged across all test conditions and the mean of each test condition is within the Good range (60-80 MUSHRA points). 
3. For 1st order Ambisonics, the localization quality scores averaged across all test conditions and the mean of each test condition is within the Fair range (40-60 MUSHRA points).
4. There is a statistically significant difference between the hidden reference (6th order) and the 3rd order HOA contents, indicating that benefits for synthetic content can still be achieved beyond 3rd order.
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