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Technology evolves through ages

®» Technology has progressed through ages:
» The mechanical age.
» The electrical age.

» The electronic age.

e digital processing age.

oday we are in The Artificial Intelligence (Al) age.

Data coding standards are important because they enable interoperability

» MPEG used to be the standards organisation for data processing-based digital
media with a business model of

“make good standards by rewarding patents worth inclusion”

» That business model is now worn out.

»- . MPAL.

community
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This is the first of a set of presentations about the standards organisation
designed to cope with the needs for data coding standards in the Al age.

> MPA' MPAI Is based on 4 pillars

ommunlty # Pillar
1 | Develop standards based on a rigorous
Moving Picture, Audio and Data process

oding by Artificial intelligence 2 | Set IPR Guidelines before developing a
International, unaffiliated, not-for- standard
centred data coding standards Workflows (AIW) executed in a
Data coding: fransformation of standard Al Framework (AlF)
data from a format info another 4 | Governance of the MPAI ecosystem
more suitable to an application

*~ - MPAL.

community
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Rigorous standards development process

All Principal Members

| |
| Stage 0 Stage 1

Proposal [ Interest
"\ Collection

Standard MPAI
< Standard

—

Stage 7
I |

Stage & Stage 4 NN
| [ - MPAL.

Principolllv\embers All All Mémbers 5 community




\ / Goal: make standards
\ / accessible & timely available

Before initiating a standard, Active Principal Members

S N — develop & adopt the Framework Licence (FWL), a
| licence without values: $, %, dates efc. declaring that
.( the eventual licence(s) will be issued
am 1. Not after products are on the market.
f« 2. At aprice comparable with similar standard technologies.
|

During the development, any Member making a
contribution declares it will make its licence available
according to the FWL.

After the developmeni, Members holding IP in the standard
select the preferred patent pool administrator.

> .». MPAI.
2/25/202 6 community



MPAI-AIF: Al Fraomework Al module (AIM)

Text
MPAI develops component-based standards ~ ~ISpeech| speech
e analysis Emotion
Al Workflow (AIW) i
I e 2 —3 Al —s Access
—>{ Module —> —>{ Module —>
Z >l —>_(AM) —> —Tam_— —| o
o =
£ S Al — — )
B AIM —>{ Module —>""7] " ’g' I — g"
Storage | —1_AM _[—>"7 X”\xe 2
Confroller
Communication Global Storage Access
p— >
Al Framework (AIF) » - MPAL.
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The MPAI ecosystem iIs governed

» MPAI gives rise to an ecosystem whose
components are:

» MPAI produces MPAI standards.

» |[mplementers make components
and applications

MPAI Store verifies security and
conformance and label implementations
for interoperability and reliability.

Performance
ASSESSOrS

» Performance Assessors grade
reliability of implementation:s.

» End Users download implementations.

» MPAI is the root of trust of the MPAI
Ecosystem issuing the governance rules.

»- . MPAL.
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5 MPAI standards

developed
IN 15 months

1. Al Framework

2. Company Performance Prediction

3. Context-based Audio Enhancement

4. Multimodal Conversation

5. Governance of the MPAI Ecosystem

n .
".». MPAL
community

9



Al Framework

Component-based standard

Enabling execution of Al Workflows

posed of Al Modules

oth defined in tferms of their functions and interfaces

»- . MPAL.

community
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Company Performance Prediction

A standard to

®» Predict a company’s
Default probability, and

®» Business discontinuity probability

INn a given time frame measured in years, and

» Assess governance adequacy.

»- . MPAL.

community
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Context-based Audio Enhancement (MPAI-
CAE)

» A standard enabling the improvement of the user experience for audio-
related applications in

» Fntertainment
Communication

®» Teleconferencing

» Gaming
» Post-production

®» Restorafion etc.,

® |n a variety of contexts such as in the home, in the car, on-the-go, in the
studio

» [Jsing context information .

»- . MPAL.

community
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Multimodal Conversation (MPAI-MMC)

To enable forms of human-machine conversation that emulate human-human
conversation in completeness and intensity.

» Conversation with Emotion supporting audio-visual conversation with @
achine impersonated by a synthefic voice and an animated face;

Multimodal Question Answering supports request for information about a
displayed object;

» Automatic Speech Translation — Unidirectional, Bidirectional and One-to-
Many - support conversational translation using a synthetic voice preser-
ving the speech features of the human.

»- . MPAL.

community
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Governance of the MPAI Ecosystem

Guarantees end users that implementations are

®» Secure.

» Conform to an MPAI application standard (e.g., MPAI-CAE).
»/  Are reliable, e.g., unbiased.

»- . MPAL.

communit
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MPAI Is now

developing
9 standards

Al-Enhanced Video Coding

End-1o-End Video Coding

Online Gaming

Connected Autonomous Vehicles

Mixed-reality Collaborative Spaces

. Genomics
. Visual Scene and Objects

Neural Network Watermarking

VO Oy o0 AW~

. Avatar Representation and Animation

~* - “ MPAIL

communit
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Al-based Video Coding

» Al-Enhanced Video Coding (MPAI-EVC)

» A video compression standard that substantially enhances the performance of
a fraditional video codec (MPEG-5 EVC in this case) by improving or replacing
traditional tools with Al-based tools.

Al-Based End-to-End Video Coding (MPAI-EEV)

®» A video compression standard that seeks to compress video by exploiting Al-
based data coding technologies. No legacy assumed — as in MPAI-EVC - on
traditional use of data processing technologies.

»- . MPAL.

community
16



Online Gaming (MPAI-SPG)

»  Aims fo minimise the audio-visual and gameplay discontinuities caused by
high latency or packet losses during an online real-time game.

» |f informaftion from a client is missing, client data are fed to an Al-based
stem that predicts the missing data.

Data from a cheating player can also be detected.

»- . MPAL.

community
17



Connected Autonomous Vehicles (MPAI-
CAV)

» A Connected Autonomous Vehicle (CAV) is a system
» capable of moving autonomously

» based on the analysis of the data produced by sensors exploring the
environment and the information transmitted by other sources in range, e.9.,
other CAVs.

» MPAI-CAV aim at standardising the IT components of a CAV.

»- . MPAL.

community
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Mixed-reality Collaborative Spaces (MPAI-
MCS)

» A project for scenarios where humans represented by avatars collaborate
in virtual-reality spaces.

» Virtual twins of humans — avatars — are represented with as realistic as
ossible features, especially: face, head, arms, hands and speech.

»- . MPAL.

community
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Neural Network Watermarking (MPAI-NNW)

A project developing requirements for a standard enabling the measure, for a
given size of the watermarking payload, of

1. The impact, e.g., the degradation of the user experience caused by the
atermark applied to a neural network.

. The resistance to attacks, e.g., fransfer learning, pruning.

3. The processing cost of watermarking injection, e.g., time, processing cost.

»- . MPAL.

communit
20 !



Program

4/  THe | Speaker | Country
1 Intfroduction to MPAI Leonardo
2 MPAI-AIF - Al Framework Andrea IT
3 MPAI-CAE - Context-based Audio Enhancement Marina US
4 MPAI-MMC - Multimodal Conversation Miran KR
5 MPAI-CUI - Compression and Understanding if Industrial Data Guido IT
6 Reference Software, Conformance and Performance Panos UK
/ MPAI-GME — Governance of the MPAI Ecosystem Paolo UK
8 MPAI-SPG - Server-based Predictive Multiplayer Gaming Marco IT
9 MPAI-EVC - Al-Enhanced Video Coding Roberto IT
10 MPAI-EEV - Al-based End-to-End Video Coding Chuanmin CN
11T MPAI-CAV - Connected Autonomous Vehicles Gianluca IT
12 MPAI-MCS - Mixed-reality Collaborative Spaces David S
13 Conclusions Leonardo CH
" ... MPAI.

2/25/202 2 community
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Why an Al Framework standard?

» A standard Al Framework can

v Create, compose, execute, and update component-based workflows.
Inferconnect components trained to specific tasks from multiple vendors.
Implement possibly high-complexity Al Workflows

Exgcute Al Workflows exchanging standard format data between AlMs.

efits various actors

Technology providers can offer conforming Al components to the market
Application developers find components for their applications on the market
Innovation fueled by demand for novel/more performing Al components
Consumers have a wider choice of Al applications in a competitive market

Society can lift opaque veils from large, monolithic Al-based applications. >, . MPAL.
23 community



What the MPAI-AIF standard does/ |

» Specifies
» Architecture
» |nterfaces
®» Profocols
S
of/ & Framework executing Al-based applications.
» Has the following main features:
v Is component-based.
v Defines the interfaces among its components.
v Is secure as the components operate in a trusted zone.
v  Supports mixed hardware-software implementations.
v Supports distributed and local execution environments.
v Supports Machine Learning. e .
v Supports operation of AlFs in proximity " .». MPAL

community
24




The MPAI-AIF standard/2

Al WORKFLOW (AIW)

—— —>
—> Al —> — Al RN
—> Module —>
Al MODULES (AIM) ol R e — L |
o =
< T °]
SN —> —> C
Text Internal | —>| Module —>—">1 Al — 7
-~ —_—> %% Module ——>
&) Videe Storage ALl AM —>
ﬁé L——> _
) 7

- analysis | Emotion
g Controller

Access Communication Global Storage Access MPAI Store

Al FRAMEWORK (AIF)

*- - MPAL.
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AlF Components: Conftroller

» Provides functionalities such as scheduling, inter AIMs communication, access
to all the AIF components.

» Acftivates/suspends/resumes/deactivates AIWs or AIMs according to the user’s
or other inputs.

» | oad balancing.

poses three APIs:

» A/M API through which modules can communicate (register themselves,
communicate and access the rest of the AlF environment)

» (Jser APl through which the user or other Controllers can perform high-level
tasks (e.g., switch the Conftroller on and off, give inputs to the AIW through the
Controller).

» MPA| Store APl to enable communication between the AIF and the Store.

May run one or more AIWs. " .. MPAI.

community
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AlF: Other Components

Al Module (AIM): data processing element receiving AlM-specific Inputs and
producing AlIM-specific Outputs according to its Function. An AIM may aggregate
AlMs.

Al Workflow (AIW): organised aggregation of AIMs implementing a Use Case
receiving AlIM-specific Inputs and producing AlM-specific Outputs according to its
Function.

. provides access to static or slowly changing data that are required by an
applcation such as domain knowledge data, data models, etc.

Cgmmunication: connects the Components of an AlF.

lobal Storage: stores data shared by AIMs.

Internal Storage: stores data of the individual AlMs.

MPAI Store: makes available Implementations for users to download.
User Agent: The Component interfacing the user with an AlF

»- . MPAL.

community
27



Al Framework: Features

» Fvent-based, and port and channel-based (unicast)

» Two types of Messages: High-Priority and Normal-Priority Messages
®» Messages may be communicated through Channels or Events.

» Conftroller may run on a different computing platform than the AIW.

s may run on different computing platforms, e.g., on the cloud or in
oordinated drone swarms.

API Profiles allow Implementation on different computing platforms and
using different programming languages.

» The Conftroller is always present even if Implementation is lightweight.
» AlMs may be hot-pluggable and register themselves on the fly.

» Swarms of devices with multiple controllers supported. " 'MPAI

community
28
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of Industrial Data standard (MPAI-CUI)

Guido Perboli — Politecnico di Torino

The Compression and Understanding
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MPAI-CUI: Contents

»he MPAI-CUI standard

Applications of the MPAI-CUI standard

» MPAI-CUlI Demo (anonymous companies)

~* - “ MPAIL

2/25/202 31 community
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The «Al-based
Compression
and
Understanding
Industrial
Datay
standard

ompany Performance
Prediction use case

®» The Company Performance
Prediction of MPAI-CUI is a powerful
and extensible way to predict the
performance of a company

»Financial risks
»\ertical risks (seismic and cyber)

» Predicts the performance of a

company from its governance,
financial and risk data in a given fime
norizon of prediction.

» First full standard released by MPAI
" ... MPAI.

community
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What does “performance” mean?

« Default probability: the probability the company will default
(e.qg., crisis, bankruptcy) In a specified number of future
months dependent on financial features

 Organisational Model Index: the adequacy of the
organisational model (e.g., board of directors, shareholders,
iiarity, conflicts of interest)

 /Business continvuity Index: the probability of an interruption of

the operations of the company for a period of time less than

2% of the prediction horizon.

"~ MPAL.

community
34



MPAI-CUI Workflow

Prediction

Horizon

Governance —

Financial
Statemen

User
Agent

Risk |
Assessment

Governance

Features

Organisafional

Model Index

Default

Financial
Features Default §
Probability
Risk
Matrix

Probability

Business
Discontinuity”
Probability

\

Communication

\

2/25/202 Z

Global Storage

MPAI Store

“+* . MPAI.
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MPAI-CUI Workflow

1. Input:
1. Prediction Horizon
2. Governance Data
3. Financial Data
4. Risk Assessment Data.
2. Processing

Al Module Input data Output data

Governance Assessment  Governance and Financial Governance Features

Financial Assessment Financial Statement Financial Features

Risk Maftrix Generatfion Risk Assessment Risk Matrix

Prediction Governance Features, Financial Organizational Model Index, Default
Features Probability

Perturbation Default Probability, Risk Matrix Business Discontinuity Probability

. Output

1. Organizational Model Index

2. Default Probability 2o .

3. Business Discontinuity Probability " .. MPAI.

community
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MPAI-CUI — An Al-based standard

* Prediction AIM is a neural network.
= Back testing on a sample of 160.000 companies both
active and bankrupted
= Prediction Accuracy: 85% vs 37% of tfraditional techniques
Reviewed by the scientific community

See further details in G. Perboli and E. Arabnezhad. A Machine
Learning-based DSS for mid and long-term company crisis
prediction. Expert Systems with Applications, 174, 114758, 2021

»* - MPAIL

community
37



Al-based standard

 Novelties of MPAI-CUI

» Extracts the most relevant data
with controlled information loss AN
by analysing the large amount of * 2~
ata required by regulation.

Extends prediction horizon up to
60 months, using Al.

~* - “ MPAIL

community



Standard development process

2/25/202
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/ N\
Interest Functional Commercia Call for MPAI \
Collection Requirem. Requirem. Technolog. Standard \ /

\ N _7

. Stage 0 Stage 1 Stage 2 | | Stage 3, . Stage 4 Stage 5 | | Stage 6 | Stel[gel - =
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Members Members _--" Mempeﬁ;
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What next?

risks (e.g., Environmental, Social) not included in the present

version of the standard. .
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ow IS MPAI-CUI going to be used?

COMPANY BOARDS

+ Develop efficient
strategies.

+ |dentify clues to
crisis or bankruptcy
years in advance.

+ Help to:

« Decide path to
recovery,

« Conduct what-if
analysis,

« Devise efficient
strategies.

2/25/2022

BANKS/FINANCIAL
INSTITUTIONS

+ Assess the
financial health of
companies

+ Aids the financial
institution to make

the right decision in:

« funding or not
funding that
company,

* having a broad
vision of its
situafion.

PUBLIC AUTHORITIES

+ Assess public
policies in advance

+ Evaluate scenarios
of public
interventions

+ |dentify proactive
actions to increase
resiliency of
industrial sectors.

41

/“ MPAI.
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A real example: Evaluate the effects of o
public policy

« Evaluate the impact of funds made available to
SMEs in the Piedmont region by analysing the
probability of default before and after public
infervention.

» The study confirmed the effectiveness of the public
intervention put in place by showing that public
infervention improved the default probability.

See further details in G. Perboli et al. Using machine learning to assess public policies: a real
case study for supporting SMEs development in Italy. TEMSCON 2021

»* - MPAIL

community
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What is the demo

 lllustrate a real application by applying an Al-based
Company Performance Prediction (CPP) decision
support system.

Compuvute instantaneously the Default Probability and
the Organizational Model Index after entering the
company VAT number.

»* - MPAIL

community
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emo - Home

Actions possible in the Action section:
View report, view the complete report of the selected company.

Aout survey, view the parts to be filled in, (e.g., the input of risk data).

Delete, delete the selected company.

QChange Company registry, change or update company data (e.g., Ateco
Code).

]
>

45
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Demo- Dashboard Menu

Home Intro Financial KPls Shareholders Board of Director Advisor Risk Analysis~ Red Flags Disclaimer Contact
Y 8]

TSRS Company No. 3

,. :” w QRSB Dashboard
. ~~ *\\ K X Y X X )(. x
‘ The report includes various information, the most important are:
Flnanglql KPIs, in .ThIS Risk An.alys.ls, mformq’rlon Red Flags, this section
section the main section in which it is :
. : : \ presents the instantly
financial KPIs of the possible o see the risk
: . ) computed scores that
company are collected analysis compiled in the . s
: . . satisfy a condition.
and presented in survey section in graphic
tabular form. formar. d.

2/25/202«\ 46 community




Demo- Risk Analysis - Example

Cyber Risk
3.5
Cyber Risk no., 1 Description
3.0
Cyber Risk no. 1 Description

25 Occurrence: Medium
= Business Impact: Major
a Gravity: Not very relevant
E Implication: Administrative and penal
g 20 Severity: 3
£
“
=3
]

1.5

Cyber Risk no. 2 Description
1.0
0.5
0.5 1.0 1.5 2.0 2.5 3.0 3.5 2 .
Occurrence I MPAL
2/25/202 \ 47 community



Demo - Instant Score - Example

Red Flags: Last section but one of the most important of the report.

©)

Default’'Probability Organisational Business
(%) Model Index (%) Discontinuity
(%)
22% chance of 24% the risk of 31% the risk of
default in the iInadequacy of business
next 36 months the organizational discontinuity
model
LOW RISK GOOD STRUCTURE GOOD RISK
MANAGEMENT
INSTANT SCORE QNN
« The ML/AI used in this DEMO Software is indicative of the MPAI-CUI potential. I cmnliﬁ!;

2/25/202 « This demo is a work by Arisk Srl 48




2/25/202

fo://cul.mpai.community/

222222222 49



MPAI.
community

n
|

50

gVl
L ,\,,,,, .\\ .,—
At
ey,
,.,w 5'

(0

5

\ :
LAY
\}4«%14«.@,

f"» '4
/

[ & “\ 4 .
4 \

A
I

Ny
Y/ "I,
s

Enhancement standard (MPAI-CAE)

Marina Bosi

The Context-based Audio
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MPAI-CAE ’ ow to Best Experience Audio

» While we are surrounded by sounds and sounds can elicit a gamut of emotions - from
Imminent danger to the gentle whispers of a lullaby, often the audio experience can be
inaccurate and distorted

Think for example of an audio conference where it is difficult to follow the thread because of a
noisy environment and/or multiple speakers talking at once;

or trying to enjoy music while bicycling in town: we want to continue to be aware of any danger

from the surroundings but still have the option of listening to high quality audio

or trying to preserve oral/ audio cultural heritage so that it can be enjoyed for generations to
come

» MPAI-CAE addresses different scenarios where the improvement of the user experience is
achieved by Al context information in a variety of situations

» [Four specific use cases have been identified and currently standardized in MPAI CAE

Version 1 |
ersion (3 L MPAI.

community
o1



MPAI-CAE Version 1 Use Cases

1. Emotion-Enhanced Speech (EES). add a specified emoftion o
an emotion-less speech.

dio Recording Preservation (ARP): exiract preservation
information from video tape of the reading head.

Speech Restoration System (SRS): restore a damaged segment
of a digital vocal track where replacements for the damaged
vocal elements will be synthesized.

Enhanced Avudioconference Experience (EAE): improve
conference call experience.

»- . MPAL.

community
52



Emotion-Enhanced Speech (CAE-EES): Overview

» Converts an emotionless speech segment to

one with emotion.

Input and output speech segments are

ontained in files.

The desired emotion is expressed

» . asalabel (e.g. “angry”) belonging to a standard list
of emotions

» . orderived by extracting speech features from a

model utterance. = I | MPALI.

communit
2/25/2022 53 3"



Emotion-Enhanced Speech (CAE-EES): Workflow

Mode
Selection
Model SPESEn Speech
Utterance FECIUTE Features
analyserl
Emotion Speech With
Emotion-less Emotion- Inserter Emotion
Speech Speech loss
TEEIUE Speech : Emotion
: . Analyser2 Fp’r Feqt Speech
Emotion List eatrures eaiure  rogfores
> Inserter
Language
Controller

>
Global Storage Communication MPAI Store 3 MPA_'.
community




CAE-EES Worktlow: Explanation

Two Pathways for addifion of emotional charge to neutral utterance
(Emotionless Speech).

Pathway 1 (upper and middle left of workflow):
1. Model Utterance is input with Emotionless Speech
2. Features of Model Utterance can be captured and transferred to Emotionless Speech.

PathMKZ (middle and lower left of workflow):
1. /Emotionless Speech is input with Emotion List specifying desired emotion:s.

Speech Feature Analyser2 exiracts Emotionless Speech Features describing inifial state
... and sends them to Emotion Feature Inserter

4. ... which produces Speech Features that will yield emotional charge specified by

Emotion List
5. ...and sends them fo Emotion Inserter
6. ... which uses them to synthesize Speech With Emotion. l

»- . MPAL.

communit
A\ 55 !



MPAI-CAE Audio Recording Preservation (ARP)

» Audio archives need to digitise their records, especially analogue magnetic tapes.
®» Preservation requires important resources: people, time, funding.

» The magnetic tape carrier may hold important information: multiples splices and
anngtations; display several types of irregularities (e.g., corruptions of the carrier,

tape of different colour or chemical composition).

International guidelines (e.g., International Association of Sound and Audio-visuals

Archives; World Digital Library; Europeana), but no international standards.

» Al can help cultural heritage by making cultural heritage preservation sustainable

by drastically changing the way it is preserved and accessed for added value.

»- . MPAL.

community
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MPAI-CAE Audio Recording Preservation (ARP)

Restored
Preservation Tape Audio |Audio Files Access Copy
Audio File | Restoration | gqiting Files
. st |
Irreg] File
§ . Audio Blocks
] A/:\\zldlfer Irreq. File EEEIgE
! Ireq. File Tape : Preservation
Irreg. Fil Ireg. File imegularity | Master Files
Preservation °g. e J- req. Image Classifier Irreg. N
Audio-Visual File Video 9. Mdgg MOGes
Analyser Irreq. File
— :
1
Controller

[ 2
Communication Global Storage MPAI Store > MPA'
2/25/202 7 community




—_— '«/‘\/_ —_—
Tape Audio Restoration l \L

MPAI-CAE ARP

reservation Audio &
Audio Visual Files

Access Copy
Files

0
55 56 57 58 59 60 61 62 63 64 65
Time [s]
Audio A |

Tope Irregularity Preservation
Classifier Master Files
"> . MPAL.

Video Analyser 58 community



MPAI-CAE ARP

1. Irregularities can be found on the
audio signal and video of the tape
acquired during the digitization process
of an open-reel tape (e.g., damages of
the carrier, splices, marks).

2. The detected irregularities are classified
and selected by artificial intelligence
algorithms.

3. The selected irregularities are used to
restore the audio signal and also
included in the copies for preserving
and accessing the open-reel
recordings’ content. ) 'MPAI

community
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Speech Restoration System (CAE-SRS):
Overview

» Problem: damaged or missing voice segments F—————

»  Audio restoration has aimed to repair damaged vocal audio

... by filtering extraneous noise
... or filling minor gaps by extrapolating from surrounding audio

» . perhaps using Al

But can’t handle substanftial vocal gaps: nothing to repair!

Proposal: replace damaged segments
» | earn model of relevant voice from undamaged voice samples
» Then (if script available) regenerate damaged segments

» Fine-tune if necessary

Major advantage: restores even missing segments (0

.- MPAL.

communit
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Speech Restoration System (CAE-SRS):
Workflow

Damaged
Segments
Damaged
List A o Restored
/ Text List SSEMISH Segment
Neural Speech [Synthesised
Audio Segments Speech Model |Network| Synthesiser Speech
for Modelling Creation Speech
Model
/
7
Controller
Communication Storage MPAI Store S
- { > MPAIO

community




CAE-SRS Workflow: Explanation

Entire Damaged Segment can be replaced by synthesized segment, or parts can be syn’rhesized
and infegrated.

Sequence:
1. Speech Model Creation receives Audio Segments for Modelling
1. ~ Recordings used to train a Neural Network Speech Model in Speech Model Creation

2. Neuvural Network Speech Model passed to Speech Synthesiser

1. hich also receives a Text List as input
Each element: string specifying text of a damaged section of Damaged Segment (or text of
entire Damaged Segment).

3. Speech Synthesiser produces synthetic replacement for each damaged section
or for entire Damaged Segment) and passes to Assembler.

Assembler receives entire Damaged Segment, plus Damaged List (locations of any
damaged sections; null if entire Damaged Segment to be replaced).

Assembler produces Restored Segment

1. ...inwhich repaired sections have been replaced by synthetic sections c

»- . MPAL.

... or in which entire Damaged Segment has been replaced. community



= Enhanced Audioconference Experience (EAE): Separating
the speech sources, noise cancellation and packaging the
separated speech sources with their spatial information on
the transmitter side

-

J, AR |

P u
Problem: Want to Conventional solution MPAI-CAE EAE
capture asingle - Costly - Low cost
speaker, but... - Inconvenient - Convenient
- In’rgrfering speakers Impractical - Practical o
- Noise . - [Typically] manual - Automatic > MPAI
- Reverberation - Hard to extend - Flexible / Scalable eommunlty

2/25/202
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https://www.pexels.com/@fauxels?utm_content=attributionCopyText&utm_medium=referral&utm_source=pexels
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MPAI-CAE Enhanced Audioconference Experience

Microphone

2/25/202
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MPAI-CAE EAE: How Does it Worke

®» Process signals from a microphone array to capture a compact
description of the sound field in the spherical harmonic domain

®» Process this representation to detect and separate speakers
timate the number and directions of speakers in the room

Reduce/eliminate background noise and reverberation in order
to enhance the quality and intelligibility of the separated
speech signal

» Package speech signals as well as their spaftial attributes for
reconstruction at the receiver side of the audioconference

»- . MPAL.

community



Next Generation CAE - Candidate MPAI-
CAE Version 2 WD 0.1: Stand Alone Use Case

» Audio-On-the-Go (AOG): improve sound quality on the go without losing contact with
the acoustic surrounding

Transport info
\ Geometry info | Speech |
/ Envgfunnrgen’r signal Envslfunr:gen’r Relevant .| Dynamic Signal | Dynamically Delivery Speech
robhadne Sodnd sencieiion Geometry , Sounds Equalisation Equalised
P P information | Processing speech
/
Controller
\
Communication Global Storage Usfrro':iéoé'é‘g MPAI Store
» - MPAL.
community
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The Multimodal Conversation
standard (MPAI-MMC)

Miran Choi
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MPAI-MMC - Summary

1. Common Characteristic: human-machine conversation that
emulates human-human conversation in completeness and
intensity using Al

MPAI-MMC Use Cases:

a . . . . . What is the paragraph

. Conversation with Emotion (CWE): AV conversation with a machine
inpersonated by a synthetic voice and an animated face. ?
)

Multimodal Question Answering (MQA): Request for information about _
a displayed object.

the speaker’s speech features in the translated speech: R O e

Wyt ofsf wii obd olat mlefs)d skivieh ool 317} ofay]

. Automatic Speech Translation: Translate a spoken sentence preserving | T T T W

1. Unidirectional Speech Translation (UST).
2. Bidirectional Speech Translation (BST).

3. One-to-Many Speech Translation (MST). (Y MPAI.
49 community




Conversation with Emotion

Input :|
Selection
Input
Text Meaning
L Text S
CIlTI’Ig(;J gr?e ( ) Text Outpo?
standing (Speech) Text
speech J Emotion Dialog
(Text) Proce-
Mé Recog- ecognised Text ssing Outout
Speech Al Speech uipu
Emotion : Text With Svnthesis Speech
Speechy| EMotion Fused Emotion Ey i Output :
Fusion | Emotion (Emotion) |5 cccr|  Lips
. Emotion Anim- Qutput
Aput Video (Video) Output | afion Video
/(/ideo Analysis Emotion
W\ /
Confroller
\

Communication Global Storage MPAI Store Video Of
Faces KB AL
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Multimodal Question Answering

Input
Selection
I?puf’r{ Outpu Ssyeﬁsgs?s Output
eX Speech
N Text (Text) e
Lan- Ques-
: ) . fion
Input Video Object .| 9VdS€ Meaning
. > > _
Video || Analysis | [dentifier | Under A
stan- wering
ding | Meanin ; Intention
Recogniseq. 9] Question : Output
ndot Speech Text Analysis =0
Sobech recog-
nition Recognised
Text L
\
| \ /

Management and Control

Communication Global Storage ,, MPAI.
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Unidirectional Speech Translation

Input
selection Translated
Requested Text
Languages .
Translation
Input Text Translated
Text
_ Speech Recognised
Recognition Text speech i | \diated
Input_ Synthesis Speoch”
Speech S (Features)
Fgo’rure speech
: Features
Extraction
Controller
> .». MPAI.
Communication Global Storage 75 community
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MPAI-MMC data formats

B ) D

Emotion

Intention

Language identifier
Meaning

Object Identifier
Speech

9.

10.
11.
12.

Speech Features
Text

Text with Emotion
Video

Video File

Video of Faces KB
Query Format

»- . MPAL.
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Emotion — Syntax

{ "emotionSetName":{

"$schema”:"http://json-schema.org/draft- "type":"string"
07/schema’”, }

}
}
"type""object",

"definitions":{
"EmotionType":{
"type""object",
"properties’{

"properties”{
"ephotionDegree" {

"primary":{
felsEe AN Alle] WS aainaarcte [ iat S M Clan "$ref":"#/definitions/EmotionType"
3
"emotionName"{ ‘secondary”y{
"typestring'” "$ref""# /definitions/EmotionType”
1, }
}
} 5o .
" ... MPAL
community
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Emotion — Semantics

 Name | Definiton
Specifies the Emotion that the input carries.

Specifies the Degree of Emotion as one of
“Low,” “Medium,” and “High.”

emotionName SpeC|f|es the name of an Emotion.

Specmes the name of the Emotion set which
emotionSetName contains the Emotion. The Basic Emotion Set is
used as a baseline, but other sets are possible.

*- - MPAL.

community
75
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Emotion — Basic Set (some entries)

happy joyful
confent
delighted
amused

sad lonely

grief-stricken
discouraged
depressed
disappointed

CALMNESS calm peaceful/serene
resigned
anxious/uneasy

anger furious
ANGER irritated
frustrated

DISGUST disgust loathing

arrogant
SOCIAL DOMINANCE, CONFIDENCE [elelplile(=]a]]
submissive
PRIDE/SHAME ashamed guilty/remorseful/sorry | i
2/25/202 embarrassed 76 community




Text with Emotion — Syntax

{

"$schema":"http://json-schema.org/draft-07/schema”,
"definitions":{
"TextWithEmotionType™:{
"type":"object",
"properties”:{
"text":{"type":"string"},

" {"type":"string"},
me":{"type":"string"},

"emotionDegr

"emotignSetName":{"type":"string"}

"type":"object”,

‘Joroperties”:{
"primary":{"$ref":"#/definitions/TextWithEmotionType"},
"secondary":{"$ref":"#/definitions/TextWithEmotionType"}

»- . MPAL.

community
/7



2/25/202

Text with Emotion — Semantics

 _Name | Definiton
Indicates the Emotion that the text carries.

T e g Indicates the Degree of the Emotion expressed as
| . human readable words: "Low”, "Medium”, "High".
Indicates the name of the Emotion.

Name of the Emotion Set which used to describe
the Emotion: Basic, Extended or Proprietary
Emotion Set.

emotionSetName

*- - MPAL.

community
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Future Plan for MPAI-MMC

Version 2
Extended data formats for existing AlMs
Human to Connected Autonomous Vehicle Interaction
Mixed-reality Collaborative Spaces

Version 1

Reference Software
Conformance Testing
Performance Assessment

»- . MPAL.

community
/9



2/25/202

fo://mmc.mpai.community/

—

communit



MPALI.
community

n
|

881

) “»' »\ @\\ ’4«'5 d
1»"’\” / ’»’\’lﬂ»’—.’\,

%w«vnyﬁ .

SR

Reference Software, Conformance

Panos Kudumakis
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What is an MPAI standard?@

» A collection of 4 documents with associated software and data
sefs:

1. Technical Specification guiding users to make implementations.
2.

eference Software Specification with attached software implementation
and data sets, normatively equivalent to the technical specification.

. Conformance Testing Specification with datasets and/or the methods to
generate them, the tools, and the procedures for testing the technical
correctness of an implementation.

. Performance Assessment Specification with datasets and/or the methods
to generate them, the tools, and the procedures to assess how well an
Implementation “performs”. Performance is a multi-dimensional notion
meaning, e.g., that the implementation is unbiased.

»- . MPAL.

community
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The Al Framework

_ _
Al — Al
—> Module ——> s Module S
o |——> T AM — — AM — —>| O
3 Al Workflow (AIW) L %
C
- | — Al — 5| S
AIM —> Module ——>""" N Ac\zlll > «»
—> oaule —>
Storage | — L AM > I M S
. —>
Controller
. Global
Communication AcCcess MPAI Store
Storage
"> . MPAL.
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Technical Specifications/|

» Technical Specifications (TS) contain normative clauses to be followed by a user

wishing to develop a conforming implementation.

There are two types of TS:

System-oriented specs concern support for Al operation, e.g., the MPAI-AIF standard,

» Application oriented specs concern specific domains, e.g., MPAI-CAE and MPAI-MMC.

An application standard contains applications aka use cases (UC), e.g., Multimodal

Conversation TS contains 5.
» Each TS is identified by 3 characters (e.g., MMC); each UC by 3 characters, e.g., CWE.

» For each UC, the TS specifies the Al Workflow (AIW) implementing the UC with the AIMs
".». MPAL

community
84



Technical Specifications/2

» AIWs/AIMs are specified by
1. The function executed by the AIW/AIM.
2. The syntax and semantics of the input and output data of the AIW/AIM.

. The topology of the AIMs composing the AIW.

The TS includes the syntax and semantics of all data formats used by all AIMs and AIWs
in a single section because some data formats are shared across AIMs/AIWs. Some are

also shared by different standards.

» MPAI plans on developing a standard collecting all AIMs/AIWs used by multiple

standards.

»- . MPAL.
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Reference Software Specification

» A Reference Software Specification contains
» Conditions of use
» Descriptions of the Reference Software Implementation

» Relevant data sets used by the AIWs and the AlMs defined in the Use Cases of the
PAl Technical Specification they refer to.

» SOftware Implementations of AIMs are made available in one or more than
one of the following Software Formes:

1. As source code providing a satisfactory user experience and/or functionality.

2. As source code providing a more limited user experience, sufficient to assess the
value of the standard.

3. As compiled code providing a safisfactory user experience and/or functionality.

4. As source code software wrapping access to a third-party service enabling a
conforming AIM Implementation (Wrapper AIM). l

»- . MPAL.

community
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Reference Software Disclaimers

» RS is a working Implementation of the Standard, not suitable for any other purposes.
» RS is not aready-to-use product, it only exposes correct /O interfaces.

» RS isreleased according to the MPAI modified BSD licence.

» A compiled AIM of the RS may not be used in commercial products or services.

Sample input data is provided if required to operate the Software.

ers shall check whether they have the right to use referenced 3@ party software.

Wrapper AIM (W-AIM)

» Provided only in source code for the part calling the service.

» Accompanied by description and references to documentation of 3@ party services.

» Submitter maintains W-AIM for 12 mo. after 15t publication of RS.

» |f the 39 party discontinues service within 12 mo., best effort to find a similar third-party serviee

L 3
» [f Wrapper-AIM does not function after 12 mo., users should update W-AIM by themselves.” © *»

87
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Conformance Testing/ |

» TS sets the Conformance Testing (CT) rules to determine whether an implementation is

technically correct.

» |n digital media an “encoder” produces data that a “decoder” can decode. Therefore,

CT can be formulated as

ovide bitstreams and check that the decoder under test can correctly decode them”

“Feed bitstreams of the RS encoder and check that RS decoder can correctly decode them”.

Two digital media decoders may very well not decode the same bitstream in the same
way because two decoders may have: different initial state & different precision levels.

While different, they may very well pass the conformance testing.

In MPAI different outputs from different implementations is the norm. AIMs may contain

NNs of unspecified architectures, trained with unspecified data sets. "

»- . MPAL.
88
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Conformance Testing/2

» An MPAI CT specification

» Defines the datasets and/or the methods to generate them, the tools, and the procedures (the *“Means”) to
test the technical correctness of an implementation.

»  Specifies the tolerance of the output of an AIM given the input data used for the Test.
» MPAI CT is based on the following process:
iId Conformance Tests may only be carried out by the MPAI Store using the Means.

When the Datasets are not made public, the MPAI Store randomly selects a large subset of test items and
feeds it to the AIM under test.

» [End users are informed of which Conformance Tests it has passed in two way: a descriptive sentence and the
full table of results.

» The submitter can verify that the AIM provides the result reported by the MPAI Store by verifying that, the
submitted AIM by being subjected to the inputs corresponding to the identifiers of the records of the relevant
CT Dataset, produces the same output as the MPAI Store.

» Some Datasets may only be accessible for a time window and for a number of accesses after receivigg the

test results. | I MPAL
89 89 community



Input

Speech

Speech
Recog-
nition

Conformance Testing/3

» MPAI CT reflects the state of technology at the time of publication of CT spec.

» |t may be extended by new Versions of the CT Specification, as follows:
» A new Version of the CT Specification applies to the current Version of the TS.

» The current Version of the TS may apply to a new, current or preceding version of the CT
Specification. If it applies to a preceding version, MPAI should not have discontinued

support of that Version of the CT Specification.

» For example, in Conversation with Emotion, an AIM takes input speech and produce

text and emotion of the input speech as output.

Recognised
Text =
Emotion _ "

»- . MPAL.
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Conformance Testing/4

» |n this case CT is defined as the ability of an implementation to produce Unicode Text
and Emotion expressed as one of the MPAI standard Emotions.

» [For a user, knowing that the data are syntactically and semantically correct is
irelevant if Recognised Text is not what was contained in the Input Speech and the
tion is declared as Angry when in the Input Speech, it was Happy.

Imposing that an AIM implementation Conforms only when the output is perfect is not

realistic, because no implementation can be perfect in all cases.
» The word error rate is known way to give a grade to a speech recogniser.

» Nothing equivalent for Emotion. MPAI is considering three “emotion error rate” measures:
» Use human testers,

®» Train a network fo measure the distance between Emotions "

»- . MPAL.

» Define an emotion space with suitable metrics. community
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Performance Assessment

®» Researchers are engaged in the problem to determine when Al is reliable.

» MPAI defines Performance of an implementation as the set of the following attributes:

» Reliability: implementation performs as specified by the standard e.g., within the application
scope, with stated limitations, and for the period of time specified by the Implementer.

» Robustness: the implementation can cope with data outside of the stated application scope with
an estimated degree of confidence.

» Replicability: the assessment made by an entity can be replicated, within an agreed level, by

another entity.

» Fairness: the training set and/or network is open to testing for bias and unanticipated results so that
the extent of applicability of the system can be assessed.

» Performance can have Grades, possibly depending on the specific domain.

» Performance Assessment is the specification defining datasets and/or the method to
generate them, the tools, and the procedures used 1o assess the performance of an ,
implementation. " ... MPAI.

community
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Ecosystem (MPAI-GME) standard

Paolo Ribeca

The Governance of the MPAI
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Interoperabllity

» Standards are defined to guarantee interoperability

» MPAI defines Interoperability as the ability to replace an AIW or an AIM

Implementation with a functionally equivalent Implementation.

PAl defines 3 Interoperability Levels of an AIW executed in an AlF:

» [evel 1 - The AIW is Implementer-specific satisfying the MPAI-AIF Standard.

» [evel 2 -The AIW is specified by and tested against an MPAI Application
Standard.

» |evel 3-The AIW is specified by and tested against an MPAI Application
Standard, and certified by an MPAI-appointed Performance Assessor. -« =

»- . MPAL.
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The foundations of the MPAI Ecosystem

» Developers: develop components - require interoperability to bring their

components to the market.

» |ntegrators: assemble components - require interoperability to be able to

assemble third party components.

onsumers: use assembled components = require that components and

their assembly be trusted.

» We need an entity guaranteeing:
» |nteroperability.

» Tryst.

» Availability. 12 'MPAI.

communit
A \ 96 ¢



The need for the MPAI Store

To verify that implementations of MPAI components:

» Are secure.

» Conform with the MPAI standards defining the components, i.e.,
®» |mplement the claimed function

Expose the specified interfaces.

» Offer a minimum level of quality.

» Can be used reliably, according to the MPAI definition of Performance:
» Reliability: performs within the application scope, with the stated limitations.

» Robustness: handles data outside the stated application scope with an estimated degree
of confidence.

» Replicability: performance assessment can be replicated within the stated Grade.

®» [Fairness: performance assessment does not detect bias or unanfticipated results.

»- . MPAL.
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The functions of the MPAI Store

The MPAI Store implements the requirements above as follows:

®» Receiving submissions of MPAI implementations.

» Verifying security of the implementations.

» Testing conformance of implementations, including function, interfaces and quality.
» Cgllecting results of performance assessment

Publishing a catalogue of implementations with clearly identified interoperability level

Guaranteeing:
» High-availability component download as per MPAI-AIF specifications.

» Cenftralised licensing system with suitable access interfaces for both developers/integrators
and end users.

» Component integrity by offering signature services.

Managing a reputation system for implementations.

»- . MPAL.
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The MPAI Ecosystem

» The direct and indirect results of MPAI

activities give rise to an Ecosystem
» MPAI Standards
plementers Implementations

MPAI Store Test & distribution

» Performance Assessors  Reliability

» End Users Consumption

» Governance of the MPAI Ecosystem sets

its rules of operation.

ASSESSOrS

»- . MPAL.

community
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The Governance of the MPAI Ecosystem

Implementer Implementation MPAI Store

Performance Implementation P

OK Assessor Down-

loads
.| v Assesses OK Implem-
Implementation i .
Perfor- Ex%e”ence entafion

core
mance

Stamdards Establisheg and controls

> Issues standards: Technical Specification-Reference Software-Conformance Testing-
Performance Assessment

» Appoints Performance Assessors assessing Reliability, Robustness, Replicability and Fairness of
implementations

> Establishes MPAI Store, not-for-profit commercial entity distributing implementations

“r MPAL.
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How the MPAI Ecosystem works

Standard Implgmen- . Expelience
etlan Licgnce
ycence
MPA $ MPAI Store
: Eover?s «  Verifies Security
cosystem ,
Standards Establishes, controls & confers - Conformance
Conformance Testing Authority
Implemen-
tatlon $ OK OK
N 2/ D B

Appoints for
Performance Assessment

}
|
Performance Assessors |
[}
. Assesses Performance |

}

»- . MPAL.
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The Server-based Predictive Multiplayer

Gaming (MPARSPG) Project

Marco Mazzaglia
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The game loop

>, MPAL
104 » community
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Offline gaming

Render

Game Process
I/O devices input

»- . MPAL.
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Update game
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Game State (GS)

The Game State is the collection of different variables and data of the game.

It is a representation, a snapshot of the system in a moment of the execution of the game.

If we consider the video game Pong, a primitive Game State of Pong will be:

> MPAL.

106 community




Game state: a sample

Game Statfe
ball (xPosition, yPosition, vectorX, vectoryY)

matchStatus (state, scorePlayerl, scorePlayer?2,
victoryScore)

playerl (xPosition, yPosition, vectorX, vectorY)

player2 (xPosition, yPosition, vectorX, vectorY)

. MPAL.
2/25/20 107 community




Controller Data (CD)

The controller data are the inputs created by different controllers. They can be digital

inputs (joytick), analog inputs (paddle or analog sticks) and so on...

This is an information that changes the status of the system when it is received by the

comporients of the game engine.

*- - MPAL.
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Online gaming (single player)

CD = Controller Data GS = Game State GSc = Client Game State
GM = Game Message GM' = Game Message Video = video streaming
from GSE to Other Engines | from Other Engines to to the thin client monitor
Online Game Server Online Game Client
GM
CD
GM’ GSc
GM |/O devices
GS -
- video,, Video Display
> ... MPAI.

community
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Online gaming (two or more players)

CD = Controller Data GS = Game State GSc = Client Game State

GM = Game Message GM' = Game Message
from GSE to Other Engines | from Other Engines to

Online Game Server

GM CD

| Gsct
GM §

P GSc?2

S s Client 2
GM >
GM' e

CD
GM P GScn
7 - ,
", . MPAI.

community

110



Multiplayer cloud gaming

CD = Controller Data

GS = Game State

GSc = Client Game State

GM = Game Message
from GSE to Other Engines

GM' = Game Message
from Other Engines to

Video = video streaming
to the thin client monitor

GM CD

Online Game Server

GM

GM

CD
Virtual <1 Thin
Client 1 Videol  Client 1
. CD .
Virtual <1 Thin
Client 2 vVideol  Client 2
CD
Virtual <1 Thin
Clientn Videol  Client n

]
>
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2021 Global Games Market

newzoo Per Device & Segment With Year-on-Year Growth Rates

4

Mobile PC

$93.2Bn

+7.3% YoY -0.8% YoY
2021 TOTAL
$180.3Bn
+1.4%
YoY
Console

$50.4Bn

-6.6% YoY

> ... MPAI
Source: ©Newzoo | Global Games Market Report | January 2022 > .
newzoo.com/globalgamesreport com munlty
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In the Game Industry online games are a profitable sector that involves all the platforms
(game consoles, personal computers and mobile devices like smartphones and tablets)
In Steam, the digital video game platform and store of Valve, ? out of the first 10 most

played games of 2020 are online games.

Counter Strike: Global Offensive 1,305.71

Cyberpunk 2077 1,048.89
PlayerUnknown's Battlegrounds

DOTA 2

Terraria

Among Us

Monster Hunter: World
Grand Theft Auto vV
Mount & Elade

Destiny 2

200 400 600 200 1,000 1,200 1400 1,600
Number of players in thousands

»- . MPAL.
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The online games are so important that have brought in the development of a new branch of the Game Industry: the e-Sports.

e-Sports also are attracting a huge number of companies not closely related to the Game Industry as Sponsors, increasing the

incomes.

1,617.7

Revenue in million U5, dollars
[

250

2019 2020 2021 2024~

D) Statista 2022

»- . MPAL.
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Notwithstanding the results, there are still two problems that plague online gaming:

the problem of latency Players trying to cheat

or packet loss to win games

MPAI-SPG works in order to solve or mitigate these two important issues.

»- . MPAL.
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The idea starts to generalise the structure of a game engine and then to make a digital

twin where each main component is a neural network (green boxes) able to learn the

behaviour of the physical component.

Server-based Predictive

CD
GScl

Online Game Server

Multiplayer Gaming  |[sser
< GS§
oM Physics GMp =
Game Engine-Al 7
State o GMo
Engine Rules Game
Al Engine-Al State
Engine
oM Behaviour GMp
Engine-Al
Controller

Communication

Storage

CD

GScl

GS

Client 1

CD
GSc2

GS

CD
GScn

Client 2

GS

Clientn

]
>
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The goalis to create a prediction server based, considering all the game states of all previous

matches both simulated by CPU (machine learning) and played until now by human players.

Server-based Predictive |& :
Multiplayer Gaming  |ss Online Game Server |
< GS os | Client 1
oM Physics CMp S GSp
Game Engine-Al i’ CD
State GSc2
; M Rules eV | Game i
En_%ire Engine-Al State cs [ Client2
Engine
oM Behaviour GMp cob v
Engine-Al GScn
Clientn
7 GS
Controller
Communication Storage NS
> ... MPAI.

community
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clients.

When the game is running, each Game State of the server is calculated starting from the

information - Controller Data (CD) and Client Game States (GScn) — collected from the

Communication

Storage

Server-based Predictive | & ,
Multiplayer Gaming || ONliné Game server
< GS
oM Physics CMp - =
Game Engine-Al z
Esr;r(g]itqee oM Rules CMe- | Game
Al Engine-Al State
Engine
oM Behaviour GMp
Engine-Al
[
Controller

CD
GScl
cs | Client 1
CD
GSc2
s Client 2
oy
GScn

Client n

GS

]
>
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How the system works

To show how MPAI-SPG works, we are going to use a prototype of PONG, designed in @

server authoritative environment.

> MPAL.

191 community




Server-based Predicti
Multiplayer Gaming

How the system works — packet |oss

In case of packet loss, recurrent neural networks complete the missing information and send

Dnline Game Server

CD

the complete Predicted Game State (GSp) to the Online Game Server to continue the game.

GScl

N

GS

oM Physics CMp
Game Engine-Al 7
State
: GM* GMp
Engine Rules Game
Al Engine-Al State
Engine
oM Behaviour SMp
Engine-Al
Controller
Communication Storage

GSp

Client 1

CD
GSc2

GS

CD
GScn

Client 2

GS

Clientn

]
>
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gome).

How the system works — cheating

In case of cheating, the behaviour is similar; in this case the information sent to recurrent neural networks is complete but the Game State
predicted will be different from the Game State calculated by the Online Game Server. MPAI-SPG generates an alert. It will be forwarded to
the Online Game Server that will decide how to manage this information (client alert, a temporary ban, kicking out the game client from the

CD
GScl

Gs Client 1

CD
GSc2

a5 Client 2

CD
GScn

Server-based Predictive | s ,
Multiplayer Gaming  |eér Online Game Server
< GS
oM Physics CMp oo
Game Engine-Al 7
ngine | [ rues ]| Game
Al Engine-Al State
Engine
oM Behaviour SMp
Engine-Al
Controller
Communication Storage

s Clientn

»- . MPAL.
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MPAI-SPG will be used as added component to be configured as plug-in in a generic game
engine. In the game development, each project will add MPAI-SPG and the online server
instance will exchange information with MPAI-SPG in order to check information or get the

missing information needed to complete a Game State.

UNREAL

ENGINE

¥ Cemeengine

»- . MPAL.
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The Al-Enhanced Video Coding
(MPAI-EVC) Evidence Project

Roberto lacoviello
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Video coding improvement by means of Al

According to Cisco, Video transmission is expected to
dominate 82% of current global internet traffic in 2022

Classic block-based hybrid coding frameworks have
not changed significantly for decades

The MPAI Enhanced Video Coding mission is to exploit
advances in Artificial Intelligence to develop video
coding standards that improve coding efficiency

"+ MPAI.

128 *» community



There are good video codecs: Essential Video Coding

Sading Efficiency

>20 years old tools Simplified IP AN
structure '] '2; I 'CMHI:,%!;

\

/25/202 2




Traditional block-based hybrid framework

Input .

~ | Residual

t
Frame

Y | Coding
> Intra Coding—
«— »| Pred. Frame | ReSIdL!aI
B %, . Decoding
» Inter Coding——
Ref Frame a?t_ll
| +
Reference | ~ In-Loop Lf\’“
Frame Buffer | Filtering /
Output
Video

Entropy _Output
- Coding Bitstream

*- - MPAL.
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MPAI-EVC Evidence Project

Down-
scaling

nput
rame

Xt

P

+ /M " | Residual
N Coding
Al Intra Coding '
e 2)
:W'i‘ﬁ
J
.ﬁ, - » Pred. Frame ReSIdu.aI
o %, Decoding
. \
> Inter Coding——
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v +
Reference |, - In-Loop L/\
Frame Buffer \ Fi|tering J
Al | SR

A

y

] Output Video ‘
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___,| Entropy _Output
Cod I ng Bitstream
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Al Infra enhancement

lnput Down- + ™\ 1 | Residual Entropy%t,
ame | scaling Y | Coding Coding Bitstream
. _

Al Intra Coding

4 2)
:ii‘"iii
J
L Pred. Frame RESIdL_IaI
? X . Decoding
|

:llnter Coding‘

\ A

Ref Frame ft_ll

Reference | . In-Loop _/D\.*
Frame Buffer | Htar "
\_ Filtering

Al | SR

\ 4

) ] Output Video )
J native resolution

*- - MPAL.
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Al Intra enhancement

Context

Predictor

For each, e.g., 32x32 CUs, 64x64 intra
predictor context is sent to autoencoder

The autoencoder returns a 32x32
prediction

The autoencoder output always replaces
the DC predictor

The bitstream can be decoded

“+* . MPAI.
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Reference schema

——) ENC DEC |mmmmmmp (Predictommmd| ABS

——
—
Predictor

»- . MPAL.
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Results with Quantisation Parameter QP [22-47]

MPEG ClassB Xiph Netflix
FullHD 4K

BasketballDr -8,90 GTAV -5.58
BQTerace 400 MINEDRAFT 112
Cactus -5.46 BlueSky -2.45
Kimono] .3.88 InToTree -2.59
ParkScene -4.17 RedKayak -4.86
AVG .5 57 Sunflower -3.04
AVG -3.04

Minimizing ABS, 32x32+16x16+8x8+4x4, 500 epochs O} ’ ' MPAL

community
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Super-Resolution

scaling

/

Al | SR
o ] Output Video I,
native resolution {0 > MPA'.
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Super-resolution results

BDRate [%]

Rome_]1 0.1902
Rome_2 -18.8094
Talk_show -21.7534
Rush_hours 49017
Diego_and_the_owil 8.1107
Crowd_run -1.2430
Parkjoy -4.2977
AVG -4.701
QPs 15,30,37 and 45 N
- - MPAI.
community
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Future Plans and Perspectives

= Filtering:

v reduce blockiness by filtering out some high frequencies caused by coded
pblocks

»nter prediction:

v/ estimate motion using Deep Learning architectures to refine the quality of
inter-predicted blocks

v infroduce new inter prediction mode to predict a frame avoiding the use of
side information

»- . MPAL.
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The Al-based End-to-End Video
Coding (MPAI-EEV) project

Chuanmin Jia
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Video Coding Schemes using Fully Neural Models

» Fraome generation-based End-to-end video coding (EEV)

» Neural infra codec plus frame interpolation

» Hybrid framework EEV

» Prediction plus transform-based codec using fully neural networks

7
)
)
|
I
)

Bi-directional coding
(Djelouah et al.)
ICCV2019 [39]

]
>

, 3D Auto-encoder o Bi-direction frame
Frame interpolation 1 With RDO Frame generation interpolation
(Wu et al.)  (Habibian et al.) (L;mbz};dgzgtlc;l-): (Yang et al.)
eur
FrAme-based ECCV2018 . _IC_C_VEO_IQ_ __________ | CVPR2020
mter/extrapolation
based E2ZEVC 2021
2017 2018 2019 2020 —
ance
VC solutions
MS-SSIM
DeepCoder
(Chel; etal) VoxelCINN bVC optimized E2ZEVC | Hybrid framework
VCIP2017 (Chen et al.) CVPR2019 CVPR20L9 with deep networks

TCSVT2018
2/25/2022
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MPAI EEV Milestones

Kick-off the EEV project First Coding Tool Development:
1 Motion compen?‘ation network

2021.11-now 2022.01

021.11.03 2021.12.21-now

\ 4 \ 4

State-of-the-art analysis Test conditions &
End-to-end coding solutions Reference model

»- . MPAL.

2/25/2022 1 42 community




Al-based End-to-End Video Coding & OpenDVC

h -

Reference model of EEV: OpenDVC -—69?:-7-7 """"""""

Xt Res

Current Defoder Net

» Neural Motion Estimation Eimne

Ve
Bit Rate
Estimation Net

» Opftical Flow (motion field) Xt Motion
Compensation Net
2
MV Decoder Net

» Neural Motion Compensation

L

Framework

» Predicted Frame

idual Compression

» Autoencoder

Decoded Frames Buffer

La 4 4
sl gL g e e ‘Iﬁﬂ’l’\’

Motion Estimation Net g

»- . MPAL.

OpenDVC: An Open-Source Implementation of the DVC Video Compression Method, https://arxiv.oro/abs/2006.15862 community
143

Bit-rate estimation

=» Motion field

» Residual coding



https://arxiv.org/abs/2006.15862

Open DVC Performance

JCT-VC Class D (240p) JCT-VC Class B (1080p)
36 P -
-~ 36 | -
’f; - ’al
34 Pt 1 - -
-~ 1 -
» Test dafta “ -7
Q32 ] 341
» JCT-VC sequences £ Z 33
£ 39| 4
OpenDVC (PSNR) 32 —e— OpenDVC (PSNR)
» Performance of OpenDVC DVC paper —— DVC paper
281 H.265 31+ —v— H.265
H.264 — H.264
» Better than x264 and x265 =t ofd TR
01 02 03 04 05 06 0.7 01 02 03 04 05 06
bpp bpp
JCT-VC Class D (240p) JCT-VC Class B (1080p)
0.99 - 0.98 -
= - - - — -
0.98 0.97 | _
0.97 1
s = 0.96
wu 7]
o 0.96 o
= OpenDVC (MS-SSIM) | = 0.95 OpenDVC (MS-SSIM)
0.95 OpenDVC (PSNR) OpenDVC (PSNR)
DVC paper 0.94 | DVC paper
0.94 H.265 ' H.265
H.264 H.264
| | | I I I , 0.93 | | | ; ; :
01 02 03 04 05 06 07 01 02 03 04 05 06
bpp bpp

»- . MPAL.

OpenDVC: An Open Source Implementation of the DVC Video Compression Method, hitps://arxiv.org/abs/2006.15862 144 community



https://arxiv.org/abs/2006.15862

Future Plan of EEV

» Collaborative process
» Common test conditions for MPAI-EEV
® Training data
» Test set

ovel coding tools for EEV

» Motion compensation network using non-local attention networks

» Reference model development

== L MPAL
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The Connected Autonomous
Vehicles (MPAI-CAV) project

Gianluca Torta
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What is a Connected Autonomous Vehicle@¢

A CAV is a vehicle capable of autonomously reaching a location by:
» Understanding human utterances.

lanning a route.

Sensing and interpreting the environment.
» Exchanging information with other CAVs.

» Acting on the CAV's motion subsystem.

»- . MPAL.

communit
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A standard for Connected Autonomous
Vehicles' [T components

» Why
» Many disparate technologies in a CAV.

The size of the future CAV market.

» Users and regulators want to know if a CAV is safe, reliable and explainable.

» MPAI s the right body for a CAV standard
» A CAV standard: multidisciplinary and Al-informed.
» MPAI: works on data coding for all fields of endeavour.

» MPAI standards are component- and interface-based.

»- . MPAL.
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The 4 subsystems of a CAV

(¢)
«;ﬁp @)

Human-CAYV Interaction HCI Handles human-CAYV interactions.

Environment Sensing Subsystem ESS  Acquires Environment information via a variety of sensors.
Autonomous Motion Subsystem AMS Issues commands to drive the CAV to the destination.

Motion Actuation Subsystem MAS Provides Environment information, actuates motion com_mqnds

" .. MPAL.
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Design of Human-CAYV Interaction (HCI)/1

» CAV should verify the identity of the human (out of cabin):
» Separate speech from sound environment —recognise speaker identity.

» Separate human shape from visual environment — recognise visual identity.

V should understand what humans communicate while on board:

» Separate speech from sound in cabin, recognise speech and its emotion.
» Visually separate and recognise humans and objects with their location in the cabin.
» Extract emotion from face and gestures of humans in cabin.

» Understand questions and statements, and their associated emaotions.

»- . MPAL.
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Design of Human-CAYV Interaction (HCI)/2

» CAV should communicate to humans on board:
» CAV should materialise as an entity with speech and face.
» Speech should be uttered with an emotion matching humans’ emotion.

Face should express the intended CAV “emotion”.

» Avatar's face should express same emotion and lips move in sync with speech.

» Fyes should gaze at the human the speech is intended for.

» Humans should be able to access and navigate CAV's representation of the

environment:

» 3D visual scene

»- . MPAL.

®» 3D sound scene 151 community
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Design of the Environment Sensing Subbsystem (ESS)

» CAV should acquire

® | ocation in Environment (pose, speed, acceleratfion) using:
» Global Navigation Satellite System (GNSS).
» Mechanical sources (odometer, speedometer, accelerometer).

» Online maps.

Information about the audio and visual environment using:

» Non-visible (Radar and Lidar) and visible range (Cameras) information.

» Audible and non-audible (ultrasound).

» Other environment data (temperature, humidity, etc.).

» CAV should create a (Basic) World Representation of the environment using sensed
information and online maps.

»- . MPAL.

» CAV should Record a selected subset of the data acquired/processed. community
153



Environment Sensing Subsystem

Pose-Velocity-Acceleration )l
Other Environment Data N
GNSS Data > GNSS Coordinate GNSS > State
~1 & 1.5 GHz Radio — Data Extractor Coordinates <€—>| Vehicle Localiser
Radar Data ~25 Visual Objects &
2 75 Gl Radio | —)—){ Radar Data Processor Soone >
. Basic World
) ) . €—>| ESS Data Fusion
Lidar Data 3 . Visual Objects Represent.
~200.THz infrared > Heel Digiie) [Froeesser & Scene
ltfrasound quo N Ultrasound Data Visual Objects &> Moving Object
>20 kHz Audio Processor Scene Tracker
Video Cameras >l Camera Data visual Objects
Processor & Scene Traffic Signal.
Audio Array Microphone Sound Audio Objects Recogniser
> Data Processor
Environment Data
Recorder
| |
Controller

>
. . MPAI.
: : Offline communit
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Design of Autonomous Motion Subsystem (AMS)

» AMS should

» Receive motion instructions from Human-CAYV Interaction
» Plan the route to the intended destination
» Receive Basic World Representations (BWR) from

» CAV's Environment Sensing Subsystem

» Other CAVs in range
» Create the Full World Representation (FWR) by fusing BWRs received
®» [ssue motion command to Motion Actuation Subsystem (MAS) based on current FWR

» Record all steps of the decision process that has led to motion command

» Update its FWR based on feedback received from MAS ".». MPAL
155 community



Autonomous Motion Subsystem

)

. Basic World L
Basic World € > —l o\
Represent > Represent. . ' -

. o
Other T
) € > \ -
Other EDV'ro”} Full World Representation Fusion V2X Data
ment Data
Full World
Full World Represent.
Represent.

i 1 I € B_osic World

Represent.
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>
Route 3 Path | 3 Behaviour | 3 Motion | 3 Avoider Command
Planner Planner Selector Planner — Command -
<€

S R S S A A

Decision Recorder

Controller

Offline - " .. MPAL
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» MAS should constantly

» Send the Environment Sensing Subsystem

» | ocation information (pose, speed, acceleration)

» Other Environment Data (temperature, humidity, etc.)
®» Fxecute motion commands
®» Receive responses from command interpreter

» Send feedback to Autonomous Motion Subsystem

]
>

157

Design of Motion Actuation Subsystem (MAS)
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Motion Actuation Subsystem

Accelerometer e——t—> .
Pose, Velocity, Mot
Speedometer ——3 Acceleration Data [?O'%”
Odometer —_ 3 Generation
Other Environment
Data
Road wheel motor €——> Commands
. . €
Road wheel direction Command
<> Interpreter Feedback
Brakes <&—t—>
Controller

Communication

Global Storage MPAI Store

]
>
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» Human-CAYV Interaction
» Audio from microphone array
» Speech and sound separation
3D Audio Scene Description
» Visual Object Separation

Environment Sensing Subsystem

» Offline Maps

» Visual Objects and Scene from
Cameraq, Lidar, Rada, Ultrasound and
Fusion

» Basic World Representation -

Some CAYV technologies for standardisation

» Autonomous Motion Subsystem

» Command/Response
» [Full World Representation
» Pqath, Pose, Route, State
» Traffic rules and signals
= Trajectory
Motion Actuation Subsystem
» Commands from/Feedback to AMS
» Road Wheel Direction Command/Feedback
» Road Wheel Motor Command/Feedback

»- . MPAL.
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Collaborative Spaces (MPAI-

MCS) project

David Schultens

The Mixed-reality
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MCS —what it is

» Mixed-reality Collaborative Space is a virtual environment where virtual
humans, twins of physical humans, are directed by their partficipating humans

to achieve an agreed goal, for example:
» Holding a meeting.

» Attending a lecture.

» Visiting a space that is fictitious or replicates a real space.

» Physical humans are embodied in speaking avatars having a specified
degree of similarity — in tferms of voice and appearance — with their human

twins.

» An MCS is typically implemented by a set of clienfs connected fo @ ser\re'r,. lMPAI.
1642 community



Avatar-based videoconference use case/ |

» A group of geographically dispersed participants holds a videoconference in

a virtual room equipped with table and chairs for avatars to sit.

» AN avatar

Utters the natural voice of the participants it represents.

» Shows a face reproducing the participant’s face with the emotions displayed on it.
®» Moves its head in sync with the parficipant’s head movements.
» Makes gestures in sync with the parficipant’s gestures.

®» Shows ifs torso and head only.

»- . MPAL.
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Avatar-based videoconference use case/2

» The server
» Provides the room
» Authenticates the avatars

® Translates participants’ speech to the selected languages.

Avatars do not walk around, they move by teleportation.
Parficipants can share and navigate audio-visual objects in the room.
Clients receive all audio and visual objects to create their scene.

Participants can select the viewpoint of the scene created.

»- . MPAL.

communit
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Designing the transmitting client

» The participant’s speech should be separated from the environment’s sound
» Participant should be identification by speech and face

»  Descriptor extraction
®» Fmotion and meaning should be extracted from speech
» Emotion should be extracted from face

» Descriptors should be extracted from face, head and gesture
Face-head-gesture descriptors should be used to create the avatar’s descriptors

Meaning of parficipant’s utterance and fused emotion may be used to refine the

avatar's appearance

165

Speech, language preference and avatar model are tfransmitted to the server.» ) | lMPAl
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An MCS Client (fransmitter)

Language Preference

Language
Preference Speech
Speech Speaker Speech Descriptors (Auth.)
Analysis
Input Audio Speech Recognised Text Meanin
Language g
Separ- |Speech | Speech Undgers’rgn.
ation Recogn. | Emotion (Text)
Speech : Emoti h :
| P Emo’rlo-n motion (Speec ))' Emodtion Fuse_d
‘ Analysis . Fusion Emotion
Emotion (Face) Avatar Avatar Descriptors
= Face Analysis] Descrip
Face Descriptors guisit
>| Face Analysis2
} Head Descriptors
Input  — Head Analysis
Video
Gesture Descriptors
Gesture Analysis
Face Descriptors (Auth)
= Face Analysis3
Avatar Avatar Model
Model

Controller

> MPAL.
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Designing an MCS server

®» The server should select a suitable room template
» Participants should be identified through speech and face

®» Porticipants’ speech should be tfranslated as requested by participants

Avatar descriptors, audio-visual objects and their actions should be forwarded to the

clients without modification.

»- . MPAL.
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AN MCS server

Ambient Model Ambient Ambient Descriptors ]

Description

Participant Identities
Speaker Descriptors (Auth.) Participant Participant ID
Face Descriptors (Auth.)| | Authentication L N
N Selected Language
Speech Speech
Speech 5| Translation
Avatar Descriptors Avatar Descripfors
Controller

Communication Global Storage MPAI Store

*- - MPAL.
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Designing the receliving client

» The following should be used to create the visual component of the scene in the form

desired by a participant
» The room
» The avatars and avatar models

» The visual component of the audio-visual object as modified by a participant’'s action.

The following should be used to create the audio component of the scene in the form

desired by a participant
» The parficipants’ speech positioned at the avatar location.

» The audio component of the audio-visual object as modified by a participant’s action.

» The participant should select a viewpoint. 8

»- . MPAL.
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The MCS Client (recelver)

Viewpoint
Participant ID (xN)
Speech (xN) AudioScene | Audio Output
Creation Scene Audio
AV
Participant ID (xN) Scene
Viewer Output
Ambient Descriptors J Visudl S;ene S\/isuol Visual >
_ Creation cene
Avatar Descriptors (xN

Confroller

Communication Global Storage MPAI Store

*- - MPAL.
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XR Theater Use Case

USERS EXPERIENCE GENERATION

{real & virtual)

Al DATA FUSION & CONTROL EXPERIENCE DELIVERY DISTRIBUTION & EXHIBITION PLATFORMS

O L L T T e P e P T T T
9

e 1

VI [video jockey)

Console Operator/
Show Control

Live Audience
& Stage
Performer

Live Metaverse

Customers/
Participants

Executive Management

Producer/Director |
Operations

Marketing Management

Data from Consale,
Controllers, Machine Vision
wiGesture Recognition, VR

Controller ete.

Contral Commands from
DM, BAIDI, SMPTE
Timecode, atc.

Data from Controllers,
Tracking Devices, MoCap,
Machine Vicion w/Gestura

Recognition, Volumetric
Imaging etc.

Performer Avatars
Audience Avatars
Wirtual Environrmeant
Spectator Camera Control

Ticketing Data, Marketing

Drata, Fimancial Data, Opt-in

Custemer Data, Customer
Settings/Badges/nosats

A k r

Imape Generalor
Videds Server

Realtime 30 Emironrment
Exiernal Cameras
External Video Senvers

Al Image Processing

—

Spatial Audio Generator
#udio Files
Realtime 30 Enironment
Soundwawe Syrithesis
Al Audio Prooessing
External Audio

Image Mapping & Display
LED Dorme,/Sereen
Projection Dome/Scresn
WE/AR Headsets
Metaverse Feeds
Streaming Feeds

Special Effects Contraller
Stage Effects
Holographic Displays
Robatics
4D Effects (anoma, wind,
strobes, mist, moftion ctl.)

P ————

Budio Output
spatial Audio System
Wibroacoustic)/Infrasouwnd
WR/AR Headoets
Metaverse Feeds
Streaming Feeds

Data Management
Ticketing Managemant
Survey Management
Marketing Management
VIP BManagement
Back-End Management

Spetial Effects
Stage/Metaverse Effects
Hadographic Displays
Robotics
4D Effects |aroma, wind,
strobes, mist, mation ctl_}

——

Audience Management
Tickating System
Audience Survey
Marketing Interface
VIP Experience Delivery
Back-End Database

VR/AR EXPERIENCES
*  WR Theater
*  Mixed Reality
* AR Experiences

FULLDOME CINEMA & LIVE SHOWS
*  |Digital Dome Cinemas
*  Planetariums
* Giant Screen Theaters
*  Dome CineTheaters

VIRTUAL ENVIRONMENTS
* Metaverse
*  MMORPG's
*  {(Games
STREAMING

s Mobile Media
*  Streaming Events
s OTT Television
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Conclusion of “MPAI talks to

iINndustry” presentations

Leonardo Chiariglione
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MPAI In a nutshell...

» Need for efficient, especially Al-based data coding standards
for the Al age.

» Robust standards development process tested during the
development of its first 5 standards.

Process designed to facilitate timely access to essential IP at
anficipated terms and conditions.

» Component- and interface-based standards.

= Root of trust of the governed ecosystem brought about by MPAI
standards. . MPAL

>

174

community
2/25/2022



Many are already on board...
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If you wish to
be part of
the MPAI
adyventure,
you should...

* A legal entity or an individual representing a university
technical department

*Supporting the MPAI mission and
* Able to contribute to MPAI standard development

s Choose

*One of the two classes of membership:
*Principal Members have right to vote (2400 € p.a.)
* Associate Members participate in standard development (480
€ p.a.)

—— BRNEIgle)

* A copy of:
*The filled-out template for MPAI Membership applications.
*The signed MPAI Statutes.
*The bank transfer receipt.
to secretariat@mpai.community

e FOr more info visit

* mpai.community/how-to-join/join/

176

LUIIIIIII.IIIII.?



Join the fun, build the future
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