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Abstract

In this paper, we introduce a spatial sound rendering system that provides 6DoF spatial sound in real time in response to the
movement of a listener located in a virtual environment. This system was implemented using MPEG-I AEP as a development
environment for the CfP response of MPEG-I Immersive Audio and consists of an encoder and a renderer including a decoder.
The encoder serves to offline encode metadata such as the spatial audio parameters of the virtual space scene included in EIF and
the directivity information of the sound source provided in the SOFA file and deliver them to the bitstream. The renderer receives
the transmitted bitstream and performs 6DoF spatial sound rendering in real time according to the position of the listener. The
main spatial sound processing technologies applied to the rendering system include sound source effect and obstacle effect, and
other ones for the system processing include Doppler effect, sound field effect and etc. The results of self-subjective evaluation of
the developed system are introduced.
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Table 1. The main role of each function block in renderer

Name Main role
sound effect processing Operations such as RT60, HOA, and extent sound source processing are performed
update processing L1, L2, and L3 update operations are performed.

Coordinates of the Mesh or Transform object are updated for the time period of the corresponding frame in
case of a moving obstacle. Then, it searches for obstacles among the transmitted obstacle candidates for
the straight path between the sound source position and user position of the corresponding frame, and
applies the transmission and diffraction loss of the face detected as an obstacle.

Doppler effect processing The Doppler effect is implemented by pitch shifting method using waveform on the time axis.

It calculates the angle between the sound source object and the listener, finds the most similar directivity
information to the calculated angle from the given directivity information and processes it.

The relative coordinates between the listener and the sound source are calculated, and the HRIR data of
the appropriate location is read from the SOFA file and processed.

sound field effect processing | Audio signal processing such as distance attenuation and reverberation operations are performed.

obstacle effect processing

directivity processing

HRIR processing
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Table 3. Set-up for subjective test environment defined by the MPEG-I Immersive Audio CfP

Components Detailed Information

VR system: HTC Vive
Headphone: DT-990 Pro
External Sound Card: Focusrite Scarlet 2i2 (3rd Generation) with ASIO ad_asio Focusrite USB 2.0
driver
VR capable PC (mandatory system):

Hardware +  Graphics Card: NVIDA GeForce RTX 3090
* Processor: Intel(R) Core (TM) i9-10900K, 10 Core(s), 20 Logical Processor(s)
* Memory: 64GB RAM
= Storage: SSD
Analog Headphone Amplifier: Sony PHA-2
OS: Windows 10
Unity: V.2019.2.19f1

Software Max: Max 8 (64bit)
AEP: master branch of the "ImmersiveAudio/AudioEvaluationPlatform" project in the MPEG Gitlab
Renderer: 14 renderers from 7 proponents

Test environment Test Space: 3x3 m2

Noise level: 47.3 dB(A) measured by NTi Audio XL2 with calibration using B&K 4231

¥ 4. MPEG-I Immersive Audio CfPO{| I}E TJ} &M 3 O £
Table 4. Test scenes and their attributes by the MPEG-I Immersive Audio CfP
No Item (Test scene) Attribute
1 Park Size/shape of a sound source
2 SingerinTheLab Directivity
3 Park Occlusion (by obstacles; partially translucent & hard)
4 SimpleMaze Diffraction (around corners --)
5 Hospital Coupling/sound propagation between adjacent rooms
6 DowntownBus Early reflections (from walls, rocks, )
7 VirtualBasketball Late reverberation
8 Cathedral Transition between different environments
9 Beach Distance attenuation and far field effects (behavior in a distance)
10 ParkingLot Doppler
11 Battle Interaction (M) + L1 + 6DoF localization (N)
o | e o gy
13 Recreation Teleport transitions between very different acoustic environments
14 | OutsideHOA 3DoF HOA
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Table 5. Subject information and test time

Subject Scis Age Gender '.I'ir.'ne (incl. breaks) : .Time (net)
No. Training Test Training Test
1 C. Expert 42 M 1:52 2:46 1:32 1:48
2 B. Expert 55 M 2:27 1:38 2:06 1:14
3 B. Expert 42 M 3119 2:03 1:41 1:31
4 Beginner 24 F 1:33 1:49 1:17 1:23
5 Beginner 22 F 2:15 1:41 1:48 1:14
6 Beginner 26 M 3:48 1:54 2:.09 1:30
7 B. Expert 49 M 2:24 2:14 2:27 1:16
8 C. Expert 35 M 2:07 2:09 1:34 1:40
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