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Agenda

A perspective, current projects and future work

* Introducing AKII Microlab

« VIRTOOAIR: Virtual Reality TOOIbox for Avatar Intelligent Reconstruction
* When Al meets VR for society

* Previous projects in Al and VR

* Next steps



Introducing AKIl Microlab
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Confucius Institutes in Germany

Audi Konfuzius Institut Ingolstadt (AKII)
Specialization in Technology, Innovation, Management and Sustainability

Stadt Ingolstadt

* Among 19 locations in
Germany, AKIl is unique in
its focus.

* AKIl offers the usual basic
Chinese language and
cultural programs.

* AUDI and the Local
Administration Ingolstadt
are dominant partners
bringing a technological,
innovation management
and sustainability
component to AKII.
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Ingolstadt * AKIl has an advisory board
from SCUT and THI as
@ imchen academic components.
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VIRTOOAIR
Virtual Reality TOOIbox for Avatar Intelligent Reconstruction
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VIRTOOAIR — Current development

« asimple, yet efficient, approach for avatar motion reconstruction
« combines Deep Learning for upper body reconstruction
* most recent and efficient approaches for single camera based pose recovery methods for the lower body.
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VIRTOOAIR — Current development

* infrastructure built on a modular architecture comprising:
e a predictive avatar tracking module; an inverse kinematic learning module; an efficient data representation and
compression module.
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VIRTOOAIR — Current development

* infrastructure built on a modular architecture comprising:
e a predictive avatar tracking module; an inverse kinematic learning module; an efficient data representation and
compression module.
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VIRTOOAIR — Current development

e infrastructure built on a modular architecture comprising:
e a predictive avatar tracking module; an inverse kinematic learning module; an efficient data representation and
compression module.

Tracking data acquisition Inverse kinematics regression
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VIRTOOAIR — Current development

* infrastructure built on a modular architecture comprising:
e a predictive avatar tracking module; an inverse kinematic learning module; an efficient data representation and

compression module.

Method MPJPE MPJRE Time
Limb 29.5 mm 67.9° 0.1 ms
CCD [20] 54.7 mm 105.8° 0.8 ms

FABRIK 2] 43.7 mm 88.4° 0.2 ms
VIRTOOAIR 25.8 mm 13.9° 2.2 ms

11
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VIRTOOAIR — Current development

* infrastructure built on a modular architecture comprising:

e a predictive avatar tracking module; an inverse kinematic learning module; an efficient data representation and
compression module.

» extensions for highly-realistic rendering: silhouette extraction, light probing and texture extraction.

SilhouetteFinder Convolutional Encoder-Decoder

Output

Pooling Indices

The work compares and evaluates different
algorithms to analyze their capabilities.

Starting from simple robust algorithms like t
difference imaging which only work for static RGB Image I Conv + Batch Normalisation + ReLU Segmentation
backgrounds we investigated more versatile and S Pooling ERlupsampling __ Softmex
flexible implementations, e.g. optical-flow based
algorithms or deep learning based ones.

The project also explores the use of non-
conventional, frameless cameras (event based).
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VIRTOOAIR — Current development

e infrastructure built on a modular architecture comprising:
e a predictive avatar tracking module; an inverse kinematic learning module; an efficient data representation and
compression module.
* extensions for highly-realistic rendering: silhouette extraction, light probing and texture extraction.

LightProber

Realistic lighting conditions are extremely important
in VR and light probing is a standard technique.

In such a task, one or more trackable light probing
objects (most likely one diffuse reflecting white
sphere and one specular reflecting sphere) are moved
in the tracking area of the VR setup.

Through analysis of the video stream we reconstruct
an environment map which can be used for image
based lighting.

13
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VIRTOOAIR — Current development

* infrastructure built on a modular architecture comprising:
e a predictive avatar tracking module; an inverse kinematic learning module; an efficient data representation and
compression module.
* extensions for highly-realistic rendering: silhouette extraction, light probing and texture extraction.

TextureExtractor

Given the silhouette of the
user in a RGB stream, we can
easily extract the relevant
pixel data for the user.

Furthermore, there exists a
corresponding 3D model of
the user's avatar in the correct
pose. The environment is
homogeneously well-lit.

Extracted
Texture

Simple RGB input

In this project we create a UV-
mappable texture for the 3D
avatar from the 2D pixel-
based color information.

SMPL input

14
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: 0.. VolkswagenStiftung

Artificial Intelligence and the
Society of the Future

VIRTOOAIR EDTECH Grant application in review

When Al meets VR for society

Virtual Reality TOOIbox for Avatar Intelligent Reconstruction in EDucational TECHnology

JS
® il ‘f%?‘.\\\
| g
+ Combine Al and VR \W/,

* Augment teaching methodologies and learning techniques Immersive Design

Research——La

virtuelle
hochschule
ayern

+ Use in remote and online learning. @

 Build a high-fidelity for avatar reconstruction,
» pose and shape to facial expressions and dynamic textures,

* integrate other sensors, such as audio, for a dynamic merging of virtual and real objects
» Will contribute to the advancement of teaching methodologies
» easy adoption

* relatively immediate integration in the educational process.

* International and interdisciplinary consortium.

16
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When Al meets VR for society ABB
. e ABB Research Award
Physical Rehabilitation Technology in Honor of Hubertus
VIRTOOAIR REHABTECH von Gruenberg

17

Grant application in review

Virtual Reality TOOIbox for Avatar Intelligent Reconstruction in Rehabilitation Technology

MOREPHEUS: MOtor Rehabilitation in an Extended reality Platform using High-fidelity Exercise Understandingand Sensing

N
VR CAVE
0 O
Enhanced Reality (ER)
BodySensor Network
for Motion Tracking, e.g. Bsensorswith3DOF

j“ Q%v MOREPHEUS

Neu ral Network Sensol Fu5|on and Avatar Generation

\ TN i T *  MOREPHEUS: MOtor Rehabilitation in
an Extended reality Platform using
High-fidelity Exercise Understanding

| Function Learn'ing ey
“ N\  Mapping 11Dt 27D =~ /.

Right Hand
Sensor 3

VR Motions database

@ ﬂ um ﬁm el sener and Sensing.
‘ N Sensory comelation extraction
o ; . VRandAlthatlead to aninnovat
Kinematic Regression SegmentatlonandTraclung : o an a ea O an |nn0va |Ve
S R Ve HIR o == ’ engineering solution with clear
[ Full-body VR Avatar ] » . ﬁ 27D data Body Motion Reconstruction g. . g .
Reconstruction = N societal impact, personalized motor
on high-fidelity avatar D'D"‘ om ner! oge . .
Virtual Reality (VR) L emonrctn ]<::| Sensed Reality (SR) rehabilitation and posture control in

Parkinson’s Disease patients.
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When Al meets VR for society

VIRTOOAIR AUTOTECH rw m
Virtual Reality TOOIbox for Avatar Intelligent Reconstruction in Inspection Technology

Planning pilot project

Automotive Inspection Technology

+ Automated visualization & Al analysis of car damage / homologation inspection data in VR _ o
AVANTI: Automated VR visualization

and Al uNderstanding of TUV
Inspections

» Al based Anomaly / defect (scratch) finding in 360 images of cars.
« Homologation problems.

Detected scratch

Deep Neural Network

Detected custom tuning

L
v
o)

. . . - USED VEHICLE
Explosion diagram of car or 3D pictures TUV® | inspecTioN REPORT
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When Al meets VR for society / ZIM

rales
Rehabilitation Technology Innovationsprogramm
VIRTOOAIR SPORTTECH
Virtual Reality TOOIbox for Avatar Intelligent Reconstruction in Sports Training Technology Planning project

+ Combine Al and VR Goalkeeper Biomechanical and Psychological Training
Zeitfolge Bewegung

Rete B C:OALPLAY
Torspieler- e
Bewegung zu null.
Al-gestiitztes Trainingstool
& & Reale Trainingsfunktion Virtual Reality Trainingsfunktion
Sensor- £ =
1A ‘A ‘& . Stress

daten N ARy (—t'\’t'g y o PN H Reales Training mit Q VR-Training mit VD;’ [‘I_arm%‘:he .

LEhls 5 A ,_T{-g ,-_tf:-g ¥ & * % ¥ == Sensorhandschuhen Sensorhandschuhen S_zeI:eI::ilgrg\S_ . :?“

schuhe | 15 G| 7N Ty le le v

Zy_ ESS
L e —1 . v '\xg Al-Algorithmen y :\'xg Al-Algorithmen

Al-Algorithmen

struktion
und Qualitative und quantitative Rekonstruktion Bewegung

Analyse Q

Trainingsanalyse und Avatar-basierte Rekonstruktion

Avatar-basierte

Avatar-basierte

Rekonstruktion der
Bewegungen

Trainingsanalyse

Trainingsanalyse Rekonstruktion der
Bewegungen

Mobiltelefon und Smart TV App VR-Headset kombiniert mit App-Anwendung

21
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When Al meets VR for society

Medical Technologies (MedTech)

VIRTOOAIR MEDTECH Helios Klinikum Miinchen West
Virtual Reality TOOIbox for Avatar Intelligent Reconstruction in MEDical TECHnology Akademisches Lehrkrankenhaus der

Ludwig-Maximilians-Universitidt Miinchen

- precise avatar representation in VR for pain management and attenuation. Da Fia KLI Yz

Leitencde Oberirztin

- high-end VR with precise avatars may decrease the number of treatment sessions and may Gynakologisches

reduce or eliminate the need for pharmaceutics during painful procedures. Krebszentrum
|
» Potential direction: Peripheral Neuropathy caused by chemotherapy. Interdisziplinares
Brustzentrum

* muscle or joint aches are prevalent symptoms

Planning collaboration
+ Taxanes are believed to induce sensorimotor neuropathy by impairing neurons’ function.

* The symptoms:

* numbness in the hands and feet, VR ‘

- 1

+ tingling in the hands and feet, sensitivity to cold temperatures, nerve pain, muscle/joint aches,
muscle weakness, and loss of balance.
* Local interdisciplinary collaboration.

2 Easy adoption setup
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Al in the digital world — Automotive

BMW Automotive Data HadeayS* — MOblllty SaaS (Project completed)

The Automotive Hackdays are a 5 day coding event where developers, designers, engineers and
makers get together to rapidly prototype and iterate new automotive concepts using data
gathered from real BMW and MINI cars.

Adaptive
Inference
System

~—@
——

EAdaptive Neural Network System :

Knowledge base prior
(standards, law)

utomotive services and mobility

. .
Awarded 1st prize (5000EUR) /,_/,_

—=
| We challenge you to (re-)invent

23
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Al in the digital world — Fintech

Daimler Financial Tech Data Hackaton®™ — Anomaly Detection Agent  (Project completed)

Develop an Al agent constantly runs through the data (leasing contracts in Sweden) and makes
the user aware of potential data inconsistencies, incorporates user’s feedback and adapts.

Statistics & Entropy & Ext.ract » Causal relations among variables
Clustering Data Mutual Information Links’ strength encode uncertainty
Input Data

ﬁ o0

Adaptive Fuzzy Neural Network _ Update
Rule System I Regression Anomalyt
§ Dete ct User assesmen
., I feedback
[{ ZW

Learn rules among
variables

‘&H

+F-THEN Rules®

*Awarded 1st prize DAI M L E R
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Al in the digital world — HR and Psychology

25

Burda HR Data Hackaton* — Psychometric Data Mining (Pproject completed)

Using neural networks to learn the complex patterns that exist among and between the

responses to items in questionnaires. These could represent crucial aspects of human

personality if only they could be made available to human resource professionals.

Browser Azure WebApp || Azure Machine Leaming API
Get Website ’
‘ sends Website .
User answers the queslbn%] o
Sends answers "
Sends results

A

Browser plots the result‘%

Browser

L]
L
L
L]
L]
L]
L4
L4
L]
L]
L ]
L ]
L ]
L]
L]
o

Azure WebApp

Azure Machine Leaming API

Hubert Burda Media

*Awarded Microsoft Cognitive Technologies Prize

BURDA

HACKDAY

—— Episode § ——
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Al in the digital world — Industrial Automation

Andritz Big Data Analytics — Industrial Process Optimization (Project completed)

The task was to find relationship between alarms, operator actions and process data from some
pUIp and paper mill. The prﬂcess data was given as time Seri-e.s:;.“:{h?[?.th?."t‘:?[i.a.i?I.E.g.‘l:?!l.‘.e.s. AN EEEEEEEEEEEEEEEEEEEEEEEESN
always have a timestamp.

Ltaver2 | [ tayers | [ Lavers |

Y - .
8 = Bg
. N O ’ .
| B (@ ,
LR B
n output [ ]
~ m - Fuzzification Normalization of .
S3 . IF ~ part the degree of .
[Hﬂ-\ . . {:I‘r.h: rules ) fulfillments .
= E Ema i . T-acil THEN - part Adaptlve Neuro :
. Degree of of the rules .
r n . ruolf:&?n%:f (Consequents) Fuzzy System =
| FeEsEsEEEEEEEEESR w .IIIII....IIIII....IIIII....IIIII....III.

3 i mEE

g

MTI 2L AL BIG DATA ANALYSIS
T YT  PIONEERS | ANDRITL
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VR in the digital world — Automotive (rrojects ongoing)

« Automotive projects for collaborative VR:

« High-end renderings;
« Construction validation;
« Virtual installation;

« Ergonomics.

« Latencies in distributed VR causes
misunderstandings and decreases the
efficiency.

» Cooperation with Audi to develop a
measurement system to measure delays

between distributed VR systems.

27
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VR in the digital world — Artistic performances and historical projects (rrojects completed)

« The Futurologische Kongress is an art and interactive
media event in cooperation with the Theater Ingolstadt.
* Over 14.000 people visit the congress and THI for an

interactive 3D experience in the VR CAVE.

Game playing High-end renderings

« Virtual Reconstruction of the
Ingolstadt Fortress as of 1875.

« Collaboration with public
28 instutions and companies.
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VR in the digital world — Rehabilitation (rroject completed)

29

Software to treat deficiency in stereopsis — perceiving
depth using our two eyes using an immersive VR.
Cooperation project and preliminary tests with
optometrists of Brillenburg Ingolstadt.

Preliminary study shows the effectiveness of the

system in improving depth perception.
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Next steps
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Next steps

AUDI
KONFUZIUS-INSTITUT

INGOLSTADT

Ter::hmscheHuchsc Ellllt";
Ingolsta

* To introduce current research and explore overlap in research for short-term project.
* To lay down the implementation plan of a Student Exchange Program (program with AKII stipend).

* To explore and design new joint research & development programs for long-term projects.
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