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1- Augmented Reality, Virtual Reality, Mixed Reality
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2- European Telecommunications Standards
Institute

3- Zero-Touch Service Management

4- Experiential Networked Intelligence

5- Machine Learning

6- Deep Learning
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Immutability

Legend
AR: Augmented Reality NFT: Non-Fungible Token
VR: Virtual Reality IoT: Internet nF things
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Physical World

al
Intelligence

* Machine learning
* Deep learning
* Machine vision

* UAV/Satellite
communication

* Quantum communication

Sas hnol

Enabling Technologies

___________________________________ o
Computer
Visions

* Scene reconstruction
* Object detection

+ Event detection + BlockChain

* NLP « Video tracking S Drones

* Automation and . gpject recognition « NFC
Robotics * 3D pose estimation « Smart farming

* Reinforcement « Motion estimation « Smart City
learning * Visual servoing « E-Govern.

* Supervise and . 3p scene modeling « Intelligent sensing
unsupervised + Image restoration « Belkin WeMo
learning « Canary

* MBRLLC * Augmented Reality (AR)
* mURLLC. * Virtual Reality (VR)

* HCS. * Mixed Reality

* MPS. * XR and BCl equipment.
* Pervasive Al * Audio-Visual Technology.
* Blockchian and DLS. * AR/VR headsets

* CRAS. * spatial understanding

* Optimize

* Super robust, flexible,

Digital World (Metaverse)

Internet of
Things

* Wearable
* Edge Computing
+ Cloud computing

design  and
operations

* Ambient Backscater
* Autonomous vehicles
* Decentralized business
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* Modes: World space vs.

User space vs. Object
anchoring

|
I
|
I
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
I
|
Spatial I
Computing {
|
I
|
I
I
I
|
I
|
I
|
I
|
I
|
I
I
I
I
I

@ Egrae g Olall 53938105515 55 (ol (Lol Son
il sle coblB ol jglaie 4,66 a1 ST
sl 50,5095 (s lsing 5 (Sl i )5 S 055
drwgd 4y dilgl o aS Conl ool Koo 5l cesiileS gisle
Bl 1 6 " 50 > ol (6 ,F i S5 6G
a0 39290 (28315 13 (Sldpioms S5 46G o (g5l
3l ggdge ol SLoiFol, Wilsi oo (cogilsS (5515 5 5 0392
2,105 o illo LS 156G slaaSad dnugs i
612025 (512) 05 Jlomn Sl 53U B 5l @l sl
3hgaz axle (oo )5 (sl 2) 05 b b (slige (5L
ST S N RN N IN]
soral o5 )

6..\.».15 ébé)ﬁwﬁ Lmd.as) aods O yg—ods Jlae u.)l).)
O 8 28l53 (o) g S0 )8 (3825 50 135,36
gdsl>dod 4 o0 S 35 10 BEG/6G (i&iohyg jebay
(HTY) Sl Folam 1900, 51 g wisle (g oloas Anaags
28 2l53 (oo el LBl 23 5005 pglie

-~

a5l plojg el a8 Csl (95 o0 )5 51 (S (5t
Lo ablis alads gl .aums &)l ales oo 1 plre

oSl 6 jlome (SLad SO Jals oS sl (ST 3b g Jluzms

7- Real-Time
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¥’ Virtual or Computer simulated
environment
¥ Fully immersive senses controlled
by system
¥ Block of real environment
-Requires
¥ Headset or handheld controller
v High quality display
v Significant $
v Examples: VR headset Oculus Rift
(3D, 360 Degree views)
v Risks
v Depersonalization
v Cyber/motion sickness
v Accidents (eg., tripping, hitting
celling fans)
¥ Uses: medical, training, education,
entertainment
¥’ Users do no aware about real-
world

Mixed Reality (MR)

¥ Real and Virtual World
¥ Combines VR and AR
v More complex and nuanced apps
(eg., high-spec sensors scan a
user’s environment and recreate
for haptic interfacing).
v Requires
v Headset
v Equipment
v Significant $
v Examples: Microsoft HoloLens,
holograms
-Risks
v See VR, AR
¥ Uses: engineering, education,
architectures, military, business,
manufacturing
v Users aware about real-world
v’ Real and Virtual contents interact
v’ Users interact with real and virtual

Augmented Reality (AR)

V' Virtual and real-time World
environment.
v Requires
v Lower quality display
v Less cost verse VR
v Significant $
v Examples: APPs(i.e., Pokémon
Go), pop out 3D emails,
holograms, Google glass, 3D video
games, Microsoft HoloLens
v Risks
v Lack of focus or impaired
perception
¥’ Security and privacy
v Stress/overload
v’ Uses: marketing, tourism, design,
navigation, education,
entertainment
¥ Active or passive
v’ Personal vs. collective
v Users aware about real-world

¥ Real and Virtual contents do not
interact
¥’ Users do not interact with real and
virtual world in real-time

v It uses Audio-Visual
Technology.
v Enables us to perceive
3D digital content
such as AR/VR
headsets
¥ Itallows us to interact
naturally with 3D
digital content (such
as voice control, eye
tracking, hand/body
tracking and haptics)

world in real-time
¥ Real and Virtual contents do not

interact
v’ Users interact with real and virtual
world in real-time

¥ Few applications of
spatial technologies
PTC envisions within
the industrial
workplace
v’ Enable
seamless interactions
v Close the loop on
performance
management
v Improve machines’
spatial understanding
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10- Point cloud techniques
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15- Ultra mobile broadband

16- Ultra-massive machine-type communication
17- Ultra-high precision communication

18- Extended 3-dimensional coverage

19- Computation-centric communication

20- Context-driven communications
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13- Real-Time
14- Extremely reliable low latency communications
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21- Tactile Internet
22- Human to Human
23- Machine to Machine

24- International Telecommunication Union
25- Proprioception
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