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Audio Codec Trend and 3D audio
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Introduction Sharing & Discussion QaA
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........... General Trend of Audio Industry

---------- . NGA: Benefit and how

---------- ‘ 3D Spatial Audio/Soundfield Audio
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‘ ------------------------ ' Audio Codec/Industry Trend

‘ .................... ‘ New Requirement for Audio codec

' NGA

‘ 3D Spatial Audio




Introduction L'ev'd%StaCk

1 « Huang Chuanzeng: Henry && 80s

 Master of Acoustics Signal processing
from the Institute of Acoustics, CAS

« 7 year work experiences with audio,
Introduction mainly with Dolby, just start dating with
Bytedance.
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.......... . General Trend of Audio Industry
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Audio World

|l OVB-T & DVB-T2
[l DVB-T (RRC'06 Signatories)*
NGA & Il ATsC
I ISDB-T & SBTVD-T
DTMB




AV codec and application trend =lveVideoStack

New video codec, new audio codec opportunity

MPEG2 — Digital MPEG2 — Digital HEVC - UHD

New video codec, new audio codec from MPEG

MPEG1 L-Il - 2.0 vs MPEG1 L-Il - 2.0 vs MPEG-H - More Open Source nonsens

5 1 E 1
T [ g

Broadcast and E-Media have merged
SmartTV — Netflix, Amazon...

DTV -ATSC, DVB DTV -ATSC, DVB




Audio Codecs evolution
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L
-
<T
o
-
o

MPEG1 L2

1994-99
MPEG-2
1994

AC-3
AAC-LC

Codec Evolution

HE-AAC
E-AC-3
2003-2006
AVC
2003

NGC
2014-15

HEVC
2013



Improving Today
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Improve Reach

Efficient delivery
to all devices

Simplify Operations

Intelligent loudness,
A/V frame alignment

Enhance
Accessibility

Descriptive audio,
dialogue enhancement

Bridge to the Future

Deliver today’s audio
and add new features
later

11



Enabling Tomorrow =iveVideeStack

7 End to End




Today’s Broadcast wivoVideoStack
AUd IO — B M M K L X —

Complete
Stereo SAP/DVS
5.1 Complete Main SAP/DVS



Improving Upon Today =iveVideoStack

Complete
Stereo SAP/DVS
5.1 Complete Main SAP/DVS
Object-based : English  Spanish | English § Spanish
Personalized ML &2 [Bfereiis Dialogue DVS DAVAS Metadata



Tomorrow’s Broadcast wiveViden Statk
Audio — EMAE AN R —

Complete
Stereo SAP/DVS
%W Complete Main JSAP/DVS
: English  Spanish | English § Spanish
Complete Main
Object 1§ Object 2 Object 3 Object 4 §Object 5 IERE Object n

Object-based
Personalized

Channel-based
Immersive

Object-based
Immersive
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Efficient Personalized Audio

Object-based
Personalized

English
Complete Main

English
Main + DVS

Spanish
Complete Main

Spanish
Main + DVS

192 kbps 48 kbps 48 kbps 48 kbps 48 kbps

English § Spanish | English § Spanish
/I\ N

Music & Effects

4 Complete Presentations at ~384kbps



A Future nght of @ivteyg@@s:@ck
Broadcast Content — ARET

News Drama Sports Movie
Stereo 5.1 5.1 M&E + 6 Objects 7.1.4 Immersive

ch 112

Ch 3/4 5.1 Complete Main 5.1 Music & Effects

S i 7.1.4
Ch7/8 SIS
Ch 9/10

Ch 11/12

Ch 13/14 SAP / DVS
Ch 15/16 Metadata
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Dynamic Object-based Delivery

Music & FX ((JN )
Dialogue Helper
Dialogue English
—
Dialogue Spanish
Description English
Description Spanish




File-based Object wiva\idacSHR
Del |Ve ry —— =5 th ol e AN AL X ——

Object to

Channel .

Legacy
Render

Music & FX ((J!

e
Legacy 5.1

Dialogue Helper ‘A./’

Adaptive
Loudness
Est|mat|qn & Object
Correction

I to
English Complete main Channel
(16 spatial groups) Immersive

Render

Dialogue English gv

lauiqwio)
dnolo jeneds

—_
7.1.4

Channel-based

Immersive

Dialogue Spanish g'v
1

Adaptive

Description English /
Loudness

Estimation &
Correction

Personalized
Object-based
Immersive

Description Spanish /



Broadcast and E-Media(OTT) =IveVideoStack

M AR X

The domain of Broadcast and E-media permeates and merges somehow.

Broadcast: Cable->Satellite->on-demand  E-media: streaming podcast, Samsung Galaxy
Beam, etc.

TS ﬁ: 1, m
il“lL\_‘Ls g,x
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treaming Delivery
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Tomorrow’s needs (NGA

Requirement

NGA detail

1 Enable immersive audio IZ Enables broadcast delivery of the industry leading immersive experiences such as movie
content, and immersive audio including height and objects

2 Support for de“\,ery of channel-based audio M NGA through the use of NGA part-1 has already been included as a channel-based codec,
Part2 now brings further possibilities for delivering channel based audio

3 operating capabilities M The NGA system is capable of delivering much more than the capabilities given in the CM
requirements. Through informed use of the tools of NGA experiences and use cases can
be delivered with fewer elements in the bitstream

4 Creation of stereo output from channel based’ or immersive z The NGA standard provides a specification for predictable stereo down-mix capability

audio

5 Efficient support for supplementary audio M NGAbe:\fficit;ntly supr:)ordts sudpplementary streams having the ability to seamlessly re-
combine these at the decoder

6 |mproved Accessibility (e_g_ clean audio, audio description) M NGA has been designed with efficient and comprehensive accessibility features

7 Loudness Management m Il\cl)ig;‘secsl:anle—gezgig;oudness management enables robust compliance with all broadcast

8 Personalisation M Advanced personalisation allows control of aspects such as volume or position
of elements to be personalised

9 Binaural audio IZ NGA can carry both pre-rendered binaural audio and in addition can enable the rendering
of any NGA stream to a binaural headphone output

10 Hybrid delivery and companion device m NGA contains the elements needed to allow audio frame accurate synchronisation and
allows for audio presentations to be built from elements that are delivered through
multiple paths, if needed NGA also contains the ability to carry the identification and sync
metadata as part of the audio stream

11 Preservation and interoperability of production metadata M NGA was built with Metadata in mind and, with the other elements of the audio system
allows for the production metadata to flow from capture to playback

12 | Codec Performance Evaluation m Dolby are happy to submit NGA for codec evaluation as specified in this CR. NGA strikes
the perfect balance of practicality ease of integration and performance

13 AppIicabiIity to Broadband and Mobile De"\,ery IZ NGA is part of the DVB-DASH specification, and prototype tablets and mobiles can already
decode NGA, the seamless splicing and sync features also make it ideal for IP

14 m NGA is commercially available NOW, and major manufacturers such as Sony and TP Vision

Timing

have already committed to integrating NGA. Encoders are already available




. miveVideoStack
NGA - Delivering on NGA  — /007

“requirements

Accessible Personalized Immersive Adaptable

Put the
consumer in
the action
and the
venue

Descriptive Modify the Optimal
playback on

every device

Audio, Dialogue
Enhancement,
Multiple
Language

presentation
to the
listener’s
preference Lifelike

experience




NGA: Next Generation Audio =iveVideeStack

Efficiency (‘A’) @

Spectrum Loss Reach/Opex

Compliance % -'\/J\[\;—

Accessibility Loudness

@ NGA



Content goodiness VS overhead to makeg it °®Stack

MORE MEDIA GOODNESS HALF THE BIT-RATE



Current Audio Codec VS NGA eiveVideoStack

— B R ALK —

Excellent

Good

Excellent

3'd generation codec

Good

Mono (speech)  Mono (general) Stereo 5.1 channel 7.1 channel Lifelike

Audio Experience



Legacy audio codec EivevideoStack
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MPEG1 L2 1993 -
N _-




Audio Matrix comparison Codees forceStack
HEVC&UHD — B MM K g X —

ol | Em =
oo Bl - B .

E-AC3 2006 *% *% *%

On February 26t 2015 the DVB added a new Audio codec NGA to the specification TS
101 154, and the DVB signalling spec EN 300 468
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_Turns into this

E-AC3 2006

NGA ptl

(TS101 154 V2.2.1)

NGA pt2
MPEG-H



Enable immersive audio Ve deoStack

* Enables broadcast delivery of the industry leading immersive
experiences such as movie content, and immersive audio including
height and objects

TS 103 190-2 [2], clause 4.3, 5.2ff. Immersive CBA (7.1+4, 9.1+4, 22.2
and subsets)

« TS 103 190-2 [2], clause 5.7, 5.9: Immersive OBA

* Dolby ATMOS as a differentiator MPEG-H claim HOA (Scene
based)



Capabilities: MPEG-H 3D A
Audio LC Profile vs. NGA — EMA B ALK —

NGA Level 3
Level [Sampling [Total number of Channel-Based |Object-Based Objects

rate elements Non-Immersive Immersive Immersive (A-JOC (discretely
(channels or Total M&E D AA coded) codec)
objects

192kHz 17.1 elements 102 51 3 2 7.14 17.1 10

(Max core (Max core decode (Max core decode (Max core decode elements:

decode elements: 10.1 elements: 5.1.2) 5.1 static or 10 adaptive)

48kHz) channels or 10

objects/clusters)

MPEG-H 3D Audio LC Profile Level 3

Sampling [No of Core No output Max. Config Worst case |Max. HOA Max Objects
channels channels C+0O dmx config [order+Objects only

3 48kHz 16 12 7.1.4 + 4 obj 12->6 6th order + 4 obj 16

32



: =ivovideestack
Creation of stereo output from channel

based, or immersive audio

 The NGA standard provides a specification for predictable and
custom stereo down-mix capability

 [1], clause 4.3.12.2, [2], clause 6.3.8 & clause 6.3.9

* Both NGA partl and part2 and MPEG-H can do this.
 The Renderer does creep in here — More later



Efficient support _ - iveVideoStack
for supplementary audio — B A R

* NGA efficiently supports supplementary streams having the ability to
seamlessly recombine these at the decoder

AC-4 TOC

| French 5.1 Mix wiDescrption | Flevtral 5.1 MEE

| Spanish 5.1 i v DescHption | Substream

| English 5.1 ki w Description | ﬁ
Substrearm | Englizh Dialogue

|Frenc:h 51 Mix |

| Spanizh 51 hdix | Sunstiearn 2 | Spanish Dial ogue

| English 5.1 Mix

Substream | English Description

Substream D | Spanish Description

|
|
| Substream 3 | French Dialogue |
|
|
|

Substream | French Description

 [2], clause 4.5, [1], clause 4.3.3
« TS 101 154, clause 6.7.4



Improved accessibility

> we\/lde@Stack

= I Bk MR —

features

English Main

[1] ClaUSE nglish Main + AD

* [2], claus

TGC

Subrstream 0 | Ambienca

Subsfream 1 | Dialcg English

Subsiream 2 |-B|':-a.s.c.:g_ gr.;l:an_is h

Subsiream 3 | Audio des

criptian

e TS 101 154, clause 6.7.4

NGA has been designed with efficient and comprehensive accessibility

Spanish Mafn

* We are engaged with accessibility groups and encourage you to do so
too, we have improvements to offer, and they can help us build the
case for NGA in specs



MPEG-H can do it too alifece) o

MPEG-H Object-based Audio
Audio Scene Example

Audio Scene
Switch Group

GrouplD = 1 GrouplD =5

GroupiD =2 GrouplD =4

~Director's p » LDial

Groups ST -Effects .Dialog English B
oIm L L] = e -

Elements m—zl':::gﬁi:"’g = fiementiD = e

ZZ Fraunhofer

ns

36



Loudness Management  =leyceestack

* NGA'’s dual-ended loudness management enables robust
compliance with all broadcast loudness regulation

 [1], clauses 4.3.13, 4.3.12 and [2], clause 4.8.5, 6.3.8
TS 101154 clause 6.7.5

NGA's loudness management is pretty unique.
MPEG-H seems to be weaker although adequate here
But no one has worked out how to do loudness for NGA yet!



Personalisation =iV VideoStack

» Advanced personalisation allows control of aspects such as
volume or position of elements to be personalised

 [2], clauses 4.8.3.17/18, 6.3.8.5, 6.3.9
e« TS 101154, clause 6.7.4, 6.7.6

» Personalisation is a paper battle at the moment

* NGA Level3 has limitations on the individual items that can be
personalised, but is very flexible in how to carry elements and groups

« MPEG-H can in theory carry more individually personalised objects but
IS much more rigid in how it works

 The DVB is not expecting all elements to be personalisable



Binaural audio »IveVideoStack

* NGA can carry and signal pre-rendered binaural audio and in
addition can enable the rendering of any NGA stream to a
binaural headphone output

* [1], clause 4.3.3.5

Binaural is becoming important to broadcasters
BBC and Orange for example are trialling services
2 kinds of Binaural are being discussed —

» pre-rendered Binaural or Binaural recordings and

» Binauralised Rendering at the device

Not much competitive difference here, although MPEG-H makes
noise about HOA



Hybrid d_elivery_and w16V ideoStack
companion device

H K —

* NGA contains the elements needed to allow audio frame accurate
synchronisation and allows for audio presentations to be built from
elements that are delivered through multiple paths, if needed NGA
also contains the ability to carry the identification and sync
metadata as part of the audio stream

 [1] clause 6.2.15 and [2] clause 5.1.3, 5.1.2

 The DVB have not defined a mechanism nor signalling for this yet

» So neither system will really support it on dayl

» This however is in development at DVB SSS, but is a future feature

» Tread carefully with any Hybrid requests and consult a product expert



Preservation and -
interoperability of =M

—production metadata

* NGA was built with Metadata in mind and, with the other elements
of the audio system allows for the production metadata to flow from
capture to playback

 [2] clause 6.3.8, 6.3.9

This requirement pertains to ADM metadata
NGA is compatible with ADM, but does not carry it natively
It needs to translate it to its own format (OAMD-NGA).

Engineering has a mapping from one format to the other for the
relevant parameters

MPEG-H does a similar conversion although we would argue that ours
IS truer to the artistic intent



sl
Applicability to Broadband and Mobile

Delivery

* NGA is part of the DVB-DASH specification, and prototype tablets
and mobiles can already decode NGA, the seamless splicing and
sync features also make it ideal for IP

 [2] clause 5.11
« TS 101154, clause 6.7.7

* Inserted to try to minimise the gap between what’'s used in Broadcast
and Mobile

» No distinct advantage for either solution here but audio application
which proves that NGA is mobile-friendly
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3D Spatial Audio/Soundfield Audio
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3D Audio

e MPEG-H part3: HOA
* Object-based ATMOS
« ISF
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Example of Spatial Object

Groups

VeV

A Wl 4w IN

|de®§tack_

 Building blocks for
program creation

e Taken from the
Dolby ATSC3.0
proposal

Spatial Object & Channel-based Program Building Blocks
(examples only)

(

: N° - 1% 1°L
. N : N > - : -
l . i . . Spatial Groups i Object il Object
.| Spatial Groups . Spatial Groups ; i ‘ il i
=l ¥ B . (Dialogue) - (Commentary) = (Description)
.(Somplete Main) ‘____(Musn:: & FX) - Language X “.-Language X | |*.-Language X
L A L B ] ) [ ]
Metadata Metadata Metadata Metadata Metadata
5.1 - Channel 5.1 - Channel @'
Complete Main Music & FX
Metadata ( Metadata 14 -IChanm_aI-based 11.1 - Channel-based
mmersive Immersive
Complete Main Music & FX
Metadata Metadata
Veiadaa ) -> File carriage via BWF(ADM/ITU)

-> Serial (realtime) carriage via AES3/SMPTE 337 or via ED2




ITU-R
BS.2051-0

Advanced
sound
system for
programme
production

ITU-R
BS.2076
Audio Def.
Model

ITU-R
BS.1352
BWF
extension?

(Profiles for
typical use)

Production Live Production
Audio from Post- Audio from
Production Live Console
With Control Data No Control Data for
for Objects and Objects and
Loudness Loudness
TS~
Contribution
format / ” Rendering for
convention 7 Monitoring ?
Broadcast Control /
AN . )
Immersive Audio
SDI o . SDI (A/V) e
Playout )| Monitoring & Authoring I
Server
A
T
EH]? O o ©)
Joy Monitor Integrated Object Setting
Stick Mode udness (Interactivity,
Loudness, ...)
ITU-R BS.1770
Loudness
(for immersive/
objects )
content?)
Eg.7.1+4
» Speakers
ITU-R P
BS.2051-0 7
Loudspeaker A N
positions

MPEG-H Audio in
the broadcasting
chain

Immersive and objects?

Subjective testing
ITU-R BS.1534
ITU-R BS.1116

Encoding

MPEG-H
Audio
Emission
Encoder

Adaptive
Streaming
Segments

Web
Server

Consumer
MPEG-H
; 4 Audio
ranspol . A
i Emission
Decoder
incl. Rendering
UIer
control
IP
v _ v
2.0,
5.1,or
v 7.1+4
Speakers




Audio codec in VR =iveVideeStack
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3GPP — IVAS

49



MPEG-I
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il 42 7N

answers 6DOF =veVideeStack

3D Audio
X X Renderer X X
X X
X Format MPEG-H 3D Proponent X
> into > Audio »  Renderer >
X ADM Encoder/Decoder Extensions I X
X Userx
X A X
Proponent I
> Metadata
Original Environment Encoder Reproduced Envirpnment
Y0, o
\ XY,z

J
(New)
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