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4.3.9
Analysis of Ambisonics

Ambisonics is being deployed in commercial, over-the-top VR streaming services. For many of the available commercial services, First Order Ambisonics (FOA) using 4 channels of audio is employed, but also, Higher Order Ambisonics adoption is increasing. Ambisonics is a relevant VR audio format for consideration by 3GPP.

There is the question whether FOA would be a suitable VR audio representation for 3GPP VR applications. Four listening tests were conducted as part of the study (see Clause 6.1.3, 6.1.5 - 6.1.7). The tests were performed with specific choices of renderer and different results might be seen for other renderers or reproduction environments.
The two studies presented in Clause 6.1.3 and 6.1.5 assessed the localization quality. 
The test results in Clause 6.1.3 show that significant localization quality can be gained when going from FOA to HOA, with the choice of renderer used in that test. Those tests used binaural rendering with generic HRTFs which may limit the ability to correctly localize and externalize sound sources for certain subjects. The same also applies for the reference conditions of the listening tests. 

In Clause 6.1.5 the overall quality and spatial localization (direction and localization blur) for 1st, 2nd, and 3rd order Ambisonics by rendering using a circular array of 16 loudspeakers in two levels was evaluated. Anchors in form of 0th order Ambisonics (rendered from a mono channel), stereo and first-order Ambisonics with attenuated gradient signals were used. A reference was provided in form of a written description of the spatial sound scene. The results indicate an increased overall and localization quality going from first-order Ambisonics to higher orders, but also statistically significant improvements of first-order Ambisonics over the mono and stereo conditions, i.e. over what is achievable using existing 3GPP speech and audio services. Higher order Ambisonics (e.g. 4th or 5th order) were not assessed in this test. 

Two other studies, presented in Clauses 6.1.6 and 6.1.7, assess coding of FOA B-Format signal representations with 3GPP eAAC+ and 3GPP EVS codecs, respectively. These are comparative studies assessing the quality of coded FOA representations compared to uncoded FOA.

The study presented in Clause 6.1.6 suggests that two 3GPP eAAC+ stereo streams can faithfully carry B-format audio that was derived from 7.1.4 channel audio, after a conversion to A-format. Renderered to a 7.1.4 loudspeaker array as well as binauralized to headphones with generic HRTFs and without head-tracking MUSHRA listening test results indicate that the “Good” to “Excellent” quality range is achievable at bitrates from 64kbps (2x32kbps) to 192kbps (2x96kbps). In that range a quality increase is observed that is commensurate with increased bitrate. While with loudspeaker rendering the quality assessement of FOA may be affected by the loudspeaker configuration, the evaluation with binaural rendering using generic HRTFs may be limited regarding the ability to correctly localize and externalize sound sources for certain subjects. The same also applies for the reference conditions of the listening tests. 
Clause 6.1.7 shows that the 3GPP EVS codec can be used to encode super-wideband FOA B-format representations obtaining MUSHRA scores in the “Good”/”Excellent” quality range with increasing quality from 4x24.4 kbit/s to 4x96 kbit/s compared to uncoded FOA. 
10.1
Conclusion on Ambisonics audio aspects

While technology trends in the VR area seem manifold, there are strong indications that scene-based VR audio representations based on Ambisonics are highly relevant. Although the audio experiments presented in this technical report are limited, e.g. in the number of audio items and renderers utilized, there is an indication that FOA-based VR services utilizing some 3GPP codecs are possible. It has not been studied whether it is feasible to support HOA using existing 3GPP codecs.


One study, presented in Clause 6.1.5, indicates that FOA can provide a statistically significantly better spatial localization quality than what can be achieved in mono or stereo (as supported in 3GPP speech and audio services). An important aspect of the Ambisonics representations is the ability to present immersive sound allowing time-variant rotations (yaw, pitch, roll) which results in a more natural listening experience than is achievable with static mono or stereo channels. 
Two studies, presented in Clauses 6.1.3 and 6.1.5, have also shown that the localization quality of FOA representations is statistically significantly lower than for HOA representations. The findings suggest that solutions providing HOA representations can provide a higher quality than what can be obtained by FOA solutions.
Two other studies, presented in Clauses 6.1.6 and 6.1.7, assessed coding of FOA B-Format signal representations with 3GPP eAAC+ and 3GPP EVS codecs, respectively. These were comparative studies assessing the quality of coded FOA representations compared to uncoded FOA.
The study presented in Clause 6.1.6 suggests that two 3GPP eAAC+ stereo streams can faithfully carry B-format audio that was derived from 7.1.4 channel audio, after a conversion to A-format. Renderered to a 7.1.4 loudspeaker array as well as binauralized to headphones with generic HRTFs and without head-tracking MUSHRA listening test results indicate that the “Good” to “Excellent” quality range is achievable at bitrates from 64kbps (2x32kbps) to 192kbps (2x96kbps). In that range a quality increase is observed that is commensurate with increased bitrate.  
Clause 6.1.7 shows that the 3GPP EVS codec can be used to encode super-wideband FOA B-format representations obtaining MUSHRA scores in the “Good” to “Excellent” quality range with increasing quality from 4x24.4 kbit/s to 4x96 kbit/s compared to uncoded FOA. This shows the potential of using the 3GPP EVS codec for FOA-based VR audio services for conversational and streaming use cases.
An EVS-based FOA solution would without optimizations result in a worst-case computational complexity and RAM usage of four times the EVS codec. This would be 351.88 WMOPS and 596 kW (16-bit) RAM for the combination of encoders and decoders, while it would be 126.88 WMOPS for decoder-only use cases.  It can however be assumed that program instructions and ROM can be shared between the codec instances, i.e. resulting in the same requirements as for the EVS codec for mono signals. 
By carrying ACN/SN3D formatted FOA signals, it was shown in Clause 6.1.7 that a generic FOA renderer (designed to process ACN/SN3D formatted FOA signals) can be used to deliver coded audio signals to the listeners over loudspeakers. Aspects of binauralization were not particularily assessed in the study.
The results presented in this report indicate that: (1) FOA enables a user experience for VR exceeding the experience with mono or stereo audio in a statistically significant manner, and (2) there is additionally a statistically significant quality increase with HOA over FOA. The results show further that some existing 3GPP speech/audio codecs are capable of encoding FOA audio with high quality. This suggests that normative work specifying VR services could rely on existing 3GPP codecs at least as short-term solution for enabling the carriage of the VR audio component. By specifying a generic Ambisonics format such as ACN/SN3D and a fixed bit-distribution between the channels the need for additional metadata and SDP parameters would be limited. It could e.g. be that the existing EVS SDP parameters for transport of 4 EVS channels are used and a new SDP parameter implying the ambisonics format is defined. Carrying a defined Ambisonics format would allow utilizing audio rendering and binauralization technologies that already exist outside of 3GPP. Thus, end-to-end solutions for the audio component of 3GPP VR services could be enabled in a brief time frame.
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