Scene-Aware Audio for 360°
Videos

Dingzeyu Li, Timothy R. Langlois, Changxi Zheng

Denis THY




Review:Product Importance Sampling for
Light Transport Guiding

e Evaluation of MonteCarlo Ray Tracing

* Previous work: Guiding technique
e Gaussian Mixed Model (GMM)
 EM Algorithm

* Process

* Preprocessing BRDF
* Training

* Rendering
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* Technological advances

Motivation & | ° 360" video
e Lack of immersive audio
o0oal

* Adding scene-aware spatial audio to 360°
videos




Previous work: Spatial Audio in VR
Schissler et al.] 2016

* Novel analytical formulation for large area and volumetric sound sources in
outdoor environments.

e Spatial Room IR



Simulation of sound propagation

Wave-based: expensive computation [Raghuvanshi et al]

Geometric acoustics: cheaper

Bidirectional path tracing [Cao et al.]

Precomputation of impulse response [Raghuvanshi et al]



Current

solution

Ambisonic microphone




Main idea




Constructing a
directional Impulse
Response (IR)

e Direct sound

 Early reflection impulse
response (ERIR)

 Late reflections impulse
response (LRIR)
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* The direction of the sound source is given by
D| re CtiO N the direct sound and the early reflection

* Precedence effect




Late reverberation’s isotropy
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Method overview




360° video * 3D Scene reconstruction

e Structure-from-motion [Huang et al. 2017]

dnd |VS | S * Point cloud scene




* IR measurement — sine sweep technique
[Farina 2000]

Room IR bt (s
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e Late Reverberation




Measurement Setup
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Sense the acoustic material properties
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Room IR * Late reverberation part

, * Sense the acoustic material properties
dlnad |yS|S * Transition point between ERIR & LRIR




 Compute ERIR from source and positions of the

Spatia | du d iO reconstructed camera path
generation e Combine ERIR and LRIR




Room acoustic analysis for 360°
scene




* Geometric acoustic model
ROO M * Bidirectional path tracing to simulate

acoustic sound propagation

* Ignoring wave behaviors




* Frequency modulation method

* Fourier transform:

Room H(w) = F[A(t)] and H(w) = F[H(®)]
forty, <t<ty+At
resonance




Ambisonic Audio




* Trajectory analysis : structure-from-motion
[Huang et al. 2017]

Dl rectio ﬂ-Awa re » Simulating ER: collect a set of incoming rays

* Constructing IR

| R construction  ERIR: Linkwitz-Riley 4" order crossover filter
+ Modulation 2 H, g
* LRIR: H;(t) = K « H(t) fort > tgp




Background

Helmholtz equation:
o(r—m)
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Generating A+Ep = )=
ambisonic audio Sound pressure:
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Generating ambisonic channels

Early: G = Y(0) (5:() * Hy0 (1))
Late: s;(t) = s;(t) « H.(t)




Strength & * Cheap * Outdoors scene
limitations e Fast * Smaller obstacles




Results & Applications



http://www.cs.columbia.edu/cg/360audio/scene-aware-360-audio-siggraph-2018-Li-et-al.mp4

Settings

 Ricoh Theta V 360 Camera
* TA-1 3D Audio Microphone
e Zoom H2n Recorder

* Presonus Eris E3.5 Reference Speaker
e 4-core Intel i7 CPU



* The key idea is combining simulated early
reflections with recorded late reverberation

e Directional information from ERIR

S Umimad ry e Recording an IR provides many information such
as material acoustics properties

* This method converts a mono-channel input
into a spatial audio




Thank you for listening
Any guestion 7



