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Computer vision for Augmented Reality

BT

e Simultaneous Localization and * Deep learning * Dense 4D reconstruction
Mapping (SLAM) * Object recognition * Non-rigid reconstruction

* 3D reconstruction * Semantic Segmentation * Body movements tracking

* Real-time stereo * Scene understanding e Temporal analysis

* Augmented Reality * Object Tracking
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3D computer vision

S 7. W)

AR-based worker support

Sensor Metaverse
fusion oG

Virtual
Worlds

Cognitive
Computing

Max. orientation =
error = 1.83°

Object
Tracking

2D computer
vision

Deep Learning
for pose
estimation

Object
Detection

Deep Learning Deep Learning
Head pose for sensor fusion
estimation
Deep Learning for

semantic

understanding

Depth

estimation . XR Training
segmentation

Image

AR assistants and explainability
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A network of excellence for distributed, trustworthy,
United edge Al
community
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Edge loT Industrial Immersive
Technologies and Spatial
Computing Continuum, Release 1

AIOTI WG Research and Innovation

Editors:
Ovidiu Vermesan, SINTEF
Valerio Frascolla, Intel

Alliance for Al, 1oT and Edge Continuum Innovation
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Metaverse:
Momentum or Hype?

Is the buzz surrounding the Metaverse
based on tangible advancements

or Is it overblown excitement
without precise direction and consumer Interest ?



Promises of the

Metaverse

Con\)brggnce of physical
and digital reality

Collective virtual/real
shared space

Virtual economy

Supported by multiple
technologies

— VR, AR

— Internet of Things, 5G/6G
— Spatial cgmputing

— Cryptocurrencies

— NFT

.

38% report familiarity
with the metaverse,
but less than one in
five Americans (16%)

can correctly define
the term

A majority of those aware feel excited or

curious about the metaverse.

Public opinion / Social Media




AUGMENTED REALITY IS A REALITY

Many smartphone applications

Facebook Live Masks _ IISEA Place app POKEMON Go app

APPLICATION AREAS

- Enhanced user engagement Immersive experiences « Enhanced realism
* Increased interactivity « Encouraging physical activity and exploration
Better product  visualization  User interest through innovation and « Social interaction

* Increased brand recall novelty



IMMERSIVE EQUIPEMENT IS BECOMING MAINSTREAM

Pass- through headsets
\‘\
-~

'

= -

Meta Quest 3 Varjo XR 4 Apple Vision Pro

See- through headsets

Hololens 2 - Microsoft Magic Leap 2

Meta Orion

12.11.2028B Dr. Alain Pagani - p. 10



A sensor - powered

Accelerometers
Device movement, speed, and orientation

Gyroscopes
Rotational movement for sensor fusion

Magnetometers
) S R
Cameras

Visual input for tracking, mapping, and pass
through visuals

Depth Sensors
Distance to objects for accurate 3D mapping

Eye Trackers
Track eye movement for foveated rendering

Proximity Sensors
Presence and head position

IR Sensors
Hand movements and gestures in low light

Microphones
Spatial audio and voice commands

user

experience

2.5 WH
BATTERY

FLEXIBLE

TEMPLE ARMS -

o‘~

ADJUSTABLE
£ s
NOSE PADS DUAL IMU BAROMETER
MAGNOMETER
.
4GB RAM, . [ a ¢
aocn U L MONO SCENE CAMERA
° - I) *—o640 X 480 PX,

WIFI 7X 150°HFOV X 120°VFOV

BLUETOOTH SPATIALIZED

MICS

POV (RGB) CAMERA
8MP 110°HFOV

>

” 4

STATUS
LED

PRIVACY
SWITCH

CAPTURE
BUTTON

MONO SCENE CAMERA EYE TRACKING

640 X 480 PX, CAMERAS
158 HFOV X 120°VFOV 320 X 249 PX,
LOW RES

o

EYE TRACKING
CAMERAS
320 X 240 PX,
LOW RES

https://www.projectaria.com
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COMPUTER VISION: ALGORITHMS FOR THE METAVERSE

Real - time High accuracy : See_lmless : Low power
processing tracking interactions - with consumption
real world
r | e St
L /& B oo &
L _| —
Spatial Object Semantic scene Emotion Human Avatar
computing recognition understanding detection interaction creation

Facial feature
scanning

Semantic scene
labelling

Real world
object tracking

=N

5N

S

G
t

|

Facial expresion
tracking

Pose estimation &

Tracking Hand & finger tracking

Body movement
mapping

Virtual object
interaction

Gesture - based

Surface detection
commands

3D spatial mapping Mood recognition

Voice - based
commands

nggggﬁlé?qht Object - specific actions Room layout analysis Responsive avatars Body shape analysis

SLAM & sensor fusion Semantic graphs

=N

=N

S

| v
t

Classical CV algorithms Artificial Intelligence Edge Computing

Research and innovation

Available software /hardware solutions



The metaverse vision :revolutionizing industries

« The goal is to create a highly
advanced, interconnected
Industrial landscape.

« This will be achieved through the
convergence of edge IoT, Al, Web
4.0, DT, IMT, loT of senses, AR, VR,
MR, XR, automation, and "verse"
technologies.

« These technologies will
revolutionize industrial processes,
training, and collaboration

12.11.2028 Dr. Alain Pagani - p. 13



The evolution of the Internet: Web 4.0 and Virtual Worlds

 Web 4.0 is the fourth generation of
the web, integrating Al, the semantic
web, humans and machines.

It combines the spatial web with
spatial computing, creating a more
Immersive and interactive
experience.

« Itis characterized by
decentralization, security, and user -
centricity.

It uses blockchain for secure
transactions and data management

12.11.2028 Dr. Alain Pagani - p. 14



From Digital Twins to Immersive Triplets

« Digital Twins (DTs) are digital
representations of physical assets.

* Immersive Triplets (IMTs) are
dynamic spatial, digital, and virtual
representations of physical objects,
updated inreal - time.

« They use immersive environments,
simulation, ML, and reasoning to
assist decision - making and create
real - time avatars.

« |IMTs are integrated with immersive
technologies like VR, AR, and MR to
make experiences more realistic and
Interactive

12.11.2028B Dr. Alain Pagani - p. 15



Edge Al for Humans: Human-Al collaboration in virtual worlds

User Understanding / User Analysis: In the metaverse, Al can analyze users' gestures, eye movements, and emotions
in real time, providing deeper insights into intent, engagement, and preferences. By understanding nonverbal cues, Al
can respond more empathetically and intuitively, making collaboration feel more natural and responsive to human
needs.

Local Sensing / Perception for personalization: Through advanced sensing capabilities, the metaverse enables Al to
process visual, auditory, and speech data from the environment. This local perception empowers Al to accurately
interpret user behavior and context, leading to more relevant suggestions, guidance, or content generation, making
Al a more effective collaborator.

Explainability: The metaverse can use XR (extended reality) to provide a visual layer where users can see and interact
with Al’s processes and decisions. This physical/digital visualization of Al’s "thought process" makes complex
algorithms easier to understand and trust, fostering transparency in collaborative work.

Grounding Al in Physical Space: Spatial computing in the metaverse anchors Al in a shared physical environment,
giving it the context of objects, people, and spatial relationships. This grounding enables Al to interact seamlessly
with humans in a way that respects and enhances the shared virtual-physical space, making collaboration feel more
immersive and integrated.
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Metaverse interdisciplinarity

* Interactive experience

AR, MR, VR... Communication
.. ,’ . ’ . and Networking e
 Artificial intelligence 5G/6G, WiF Experience

* ML, NLP, Data ana|ytICS Reslslrce AR, MR, VR, XR
Securlty and pnvacy Allocation
* Blockhain, NFT

Artificial

Ubiquitous

* Digital Twins and Immersive Triplets computing Intelligence
. . : Met Data, NLP,
« 3D models, simulation il SIEREES Data Analytics,
. . . Stor Optimisation,
 Ubiquitous computing — o DL kL
e Cloud/Edge spatial computing
* Communication and Networking Ll AL s Security and
. Digital Twin Privacy
* 5G/6G, loT, Resource federation 3D Modelling and Blockchain, NFT, Dc-F

Simulation, Detection,

Mathematical Risk Assessment,

) Countermeasures
Experimental

Modelling

Edge loT Industrial Immersive Technologies and Spatial Computing ContiRalease 1
AIOTI WG Research and Innovation, 2024



Non-functional requirements for the metaverse

| mmersveness LS
Spatiotemporal Ve @
. oye Virtual
Sustainability World Sub Verses [
L NA. i

Interoperability
Scalability
Heterogeneity

Edge loT Industrial Immersive Technologies and Spatial Computing ContiRalease 1
AIOTI WG Research and Innovation, 2024
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Benefits of Edge Al for the metaverse / virtual worlds

Real-Time Responsiveness: Running generative Al on the edge (like on a local device or close to the data source)
allows for rapid, real-time responses. This immediate feedback loop is crucial for fluid collaboration, enabling people
to experiment, iterate, and refine ideas without latency delays.

Enhanced Privacy and Security: Working on the edge means data doesn’t have to leave the local device, reducing the
risks of data breaches and ensuring greater privacy. This is essential for sensitive, collaborative environments—
whether it’s medical, corporate, or personal—where data security is paramount.

Personalization and Contextualization: Edge-based Al can adapt more closely to the specific context of the user,
learning from local data without needing to send that data to the cloud. This means the Al can generate outputs
more aligned with each user's unique preferences, enhancing collaboration by delivering personalized, relevant
suggestions.

Offline Functionality: Edge Al enables collaboration even in remote or network-limited areas. People can work with
Al tools in the field, regardless of connectivity, which is vital for industries like healthcare, agriculture, and disaster
response, where real-time Al support can be life-saving.

Energy Efficiency: Running Al on the edge optimizes resources and reduces energy consumption compared to using
large, centralized data centers. This sustainability aspect not only lowers costs but also aligns with environmental
goals, which are increasingly important to collaborative projects.
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Human - robot interaction through speech understanding

Please, go to the

kitchen and bring
me a glass of
3 water

- With some
ice?

12.11.2028B Dr. Alain Pagani - p. 20



3D Visual Grounding task

m -
@j e 3D visual grounding involves matching natural language
' b descriptions with their corresponding objects in 3D spaces

"Chair"

"The chair in the front 4
of the blue-lit monitor." Bedroom scene b Target: a lamp

12.11.2025 Dr. Alain Pagani - p. 21



3D Visual Grounding challenges
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"The couch along the wall and on the left "Facing fridge, this cabinet is middle of "Facing the door, the desk on the
hand side of the other couches, when the three upper cabinets to the right." right side."
you are facing the group of couches.”

"Facing the row of 4 chairs, it’s (the "Facing the windows, chose the center It you are facing the bed, it is the
chair) furthest left." desk under the clock.” pillow in the back, on the right.”
12.11.2028B Dr. Alain Pagani - p. 22




MIKASA : Multi - Key - Anchor & Scene - Aware Transformer

for 3D Visual Grounding

Input Data Vision Module Category Score
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MIKASA Multi- Key- Anchor & Scene - Aware Transformer for 3D Visual Grounding -
Chun - Peng Chang, Alain Pagani, Didier Stricker

IEEE/CVF Conference on Computer Vision and Pattern Recognition (CVPR), 2024
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Results on the Referit3d challenges

@
@ Model Sr3D Nr3D
Overall  Easy Hard VD" VI Overall Easy Hard \40h vI'

ReferIt3D [2] Eccv 20 40.8%  44.7% 31.5% 392%  40.8% | 35.6% 43.6% 27.9%  32.5% 37.1%
InstanceRefer [3]  1ccv2i 48.0% 51.1% 405% 454%  48.1% | 38.8% 46.0% 31.8% 345% 41.9%
3DVG-Transf. [4]  1ccv 2l 514% 542% 449% 44.6% 51.7% | 40.8% 485% 34.8% 348% 43.7%
SAT [5] 1ccv2l 57.9% 612% 50.0% 49.2%  583% | 492% 563% 42.4%  469%  50.4%
MVT [6] cCVPR22 64.5% 669% 58.8% 584%  64.7% | 551% 613% 49.1% 543%  55.4%
BUTD-DETR [7]  Eccv22 67.0% 68.6% 632% 53.0% 67.6% | 54.6% 60.7% 48.4%  46.0%  58.0%
NS3D [8] cvPrR23 62.7%  64.0% 59.6% 62.0%  62.7% - - - - -
ViewRefer [9]  1CCV 23 67.0% 689% 62.1% 522%  67.7% | 56.0% 63.0% 49.7%  55.1%  56.8%
Ours 752% 78.6% 67.3% 70.4% 754% | 644% 69.7% 594% 654% 64.0%

Comparative analysis of our end-to-end solution against others
on the Sr3D and Nr3D Challenges

+ 8% accuracy compared to most recent methods!

MIKASA Multi- Key- Anchor & Scene - Aware Transformer for 3D Visual Grounding
Chun - Peng Chang, Alain Pagani, Didier Stricker

IEEE/CVF Conference on Computer Vision and Pattern Recognition (CVPR), 2024
12.11.2028 Dr. Alain Pagani - p. 24



Thank You
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EAI

https://www.hipeac.net/2025/barcelona/#/program/sessions/8190/

The Workshop on Charting the Future of Edge is part of the HIPEAC 2025 Conference held in Barcelona, Spain.

The workshop is co-organised by large-scale Chips JU EdgeAl and Horizon Europe dAEPGE projects to exchange ideas for
providing a set of reference comprehensive benchmarking solutions by bringing together a diverse community of experts,
researchers, and industry leaders to collectively address the future edge Al technologies and applications.

Copyright © 2024 26



Workshop Topics

Edge Al trends and technological advancements.

Edge Al evolution from perceptive, enhancive to
generative.

Fundamental aspects of system engineering applied to
edge Al technologies.

Synergies between edge Al and generative Al.
Challenges for edge Al technology developments.

Demystify edge Al functional (FRs) and non-functional
(NFRs) requirements.

Edge Al FRs and NFRs examples, types, and best
practices.

Performance, key performance indicators (KPIs) and
measures.

Future Edge Al technologies and applications trends.

Copyright © 2024
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