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Context and Motivations

= Telephony codecs are mostly limited to mono
= Emergence of devices supporting spatial audio
= New needs for immersive audio compression

= Extend existing codecs
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Context and Motivations

= Telephony codecs are mostly limited to mono
= Emergence of devices supporting spatial audio
= New needs for immersive audio compression

= Extend existing codecs

Immersive communication, what for ?
= Call with 3D ambiance sharing

= Immersive content broadcasting (360 Video, VR...)
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Context and Motivations

= Telephony codecs are mostly limited to mono
= Emergence of devices supporting spatial audio
= New needs for immersive audio compression

= Extend existing codecs

Immersive communication, what for ?
= Call with 3D ambiance sharing

= Immersive content broadcasting (360 Video, VR...)
= Spatial audio conferencing
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3D Audio and Ambisonics

Ambisonics is a sound field decomposition into a sphercal harmonics basis.

[1] M. A. Gerzon, “Periphony: With-height sound reproduction,” AES Journal, Volume 21 Issue 1 pp.2-10, 1973.
[2] J. Daniel, “Représentation de champs acoustiques, application a la transmission et a la reproduction de scénes sonores complexes dans un contexte multimédia,” Ph.D., Université Paris 6, 2000.
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3D Audio and Ambisonics

Ambisonics is a sound field decomposition into a spherical harmonics basis.

= First-order ambisonics (FOA) was invented in 1970s by Gerzon et al. [1]
= Later extended to higher orders by Daniel et al. [2]
« Foranorder N, the number of componentsis n = (N + 1)°

1st Order
2nd Order
[1] M. A. Gerzon, “Periphony: With-height sound reproduction,” AES Journal, Volume 21 Issue 1 pp.2-10, 1973.

[2] J. Daniel, “Représentation de champs acoustiques, application a la transmission et a la reproduction de scénes sonores complexes dans un contexte multimédia,” Ph.D., Université Paris 6, 2000.
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3D Audio and Ambisonics

Ambisonics is a sound field decomposition into a spherical harmonics basis.

= First-order ambisonics (FOA) was invented in 1970s by Gerzon et al. [1]
= Later extended to higher orders by Daniel et al. [2]

« Foran order N, the number of componentsis n = (N + 1)

Source encoding for First-Order Ambisonic (F

b(t) =

[1] M. A. Gerzon, “Periphony: With-height sound reproduction,” AES Journal, Volume 21 Issue 1 pp.2-10, 1973.
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[2] J. Daniel, “Représentation de champs acoustiques, application a la transmission et a la reproduction de scénes sonores complexes dans un contexte multimédia,” Ph.D., Université Paris 6, 2000.
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Baseline

Multi-mono approach

= Each ambisonic components is coded independently by a mono codec
= Bitrate is uniformly distributed between components

Bitstreams
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.
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Baseline

Issues
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Several artefacts and spatial distortions
- Diffuse noise
- Phantom sources



Baseline

Issues

= Several artefacts and spatial distortions
- Diffuse noise
- Phantom sources

= Highly visible on spatial power map

SPARTA| PowerMap Ver 1.3.2beta, Build Date Apr 4 2019 SPARTAl PowerMap Ver 1.3.2beta, Build Date Apr 4 2019

Display Window | Nocamera = |LIR: | |UID:| |GS:|v Display Window | No camera v | LIR: [ | up: [ | Gs:(v]

Fig. 1: Power map of original (left) and coded (right) ambisonic signals
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Spatial artefacts are visible on power map
If the decoder knew the onginal power map, it could correct the spatial distortions



15

Spatial artefacts are visible on power map
If the decoder knew the onginal power map, it could correct the spatial distortions

Create a post-processing to correct multi-mono
Based on the power map
Re-using core codecs



Our approach — Power map

How does power map work ?
= Aset of points discretizing the sphere is taken
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A set of points discretizing the sphere is taken

For each, a weight vector d; is used to
create a bream forming in the direction

sift) = > dilk) - by(1)

0.5

-0.5




Our approach — Power map

How does power map work ?
= Aset of points discretizing the sphere is taken

= For each, a weight vector d ; is used to 1
create a bream forming in the direction

0.5

silt) = D di(k) - by (1)

-0.5
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Our approach — Power map

How does power map work ?

= By re-writing equations, the power of each direction
can be compute directly :

Where C = B- B?

19 EUSIPCO20 - Pierre MAHE




Our approach — Spatial correction

= Problem formulation: Vi, d;C.o-d; = d;Cd,
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Our approach — Spatial correction

= Problem formulation: Vi, d;C.o-d; = d;Cd,
= Let: B., = T]§
= Tryto find the matrix T such as: C., = TCT
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Problem formulation: Vi, d;C.o-d; = d;Cd,

Let: B., = TB
Try to find the matrix T such as: C.,, = TCT
Cholesky Factorisation: C =LL'

(TL)(TL)! = LL™!

Then: T =LL™!



HOA

Encoder

Decoder

23

Core
Encoder

v

Core
Decoder

—

Subbands (==l

Subbands ==l

Cov

Cov

vy

Correction
Mtx

Quant.

—————————————————————————————————————————————> Core

Decoder

Transform

HOA >

> Qma,m._1

*




Core codec

Encoder _—
HOA I FSEESTN -
Core @ COI’G
HPF Encoder ] Decoder | TTansforn) |et——
o ?
0
' DeCc%rger = Subbands = Cov
' d || Correction -
o av a» a» a» @ — Mitx Quant. . Quant.
Subbands = Cov

24




Core codec
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Our approach — Codec overview

HOA
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Powermaps

Spatial correction




Our approach — Power map after post-processing

SPARTAl PowerMap Ver 1.3.2beta, Build Date Apr 4 2019 SPARTA' PowerMap Ver 1.3.2beta, Build Date Apr 4 2019 SPARTA' PowerMap Ver 1.3.2beta, Build Date Apr 4 2019

Display Window | Nocamera N | LIR: [ |uiD: [ |Gs:[v]

Fig. 2: Power map of original (left), coded (middle) and post-processed (right) signals
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Subjective test and results

Test conditions
= Ref AB test
= Comparison with and without the post-processing e orams
= 2 tested core codecs: EVS and OPUS

A is better than B

= 2 subject panels: naive and expert b sty peer s
A'is the same as B e

= 2tested bitrates: 97.6 kbit/s and 128.0 kbit/s is sy ettr har A

B is better than A

B is much better than A

Ref A ' B
~ Player \ ~ Actions ——,
O ‘ :
. Play Stop 8 A . Next
© Loop File 4/20
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Subjective test and results

Test conditions
« Ref AB test >
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Subjective test and results

Results

= On average, audio quality is improved
= ANOVA shows that results are similar for
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both codecs and both bitrates
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Subjective test and results

Results

= On average, audio quality is improved
= ANOVA shows that results are similar for
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both codecs and both bitrates
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We proposed a post-processing for multi-mono coding
The purpose is to correct spatial artifacts and distortions
The post-processing is independent from the core codec

Subjective test showed improvement for different core codecs and different bitrates



Thanks for your attention

Any questions 7
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