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COSA SONO LE TELECOMUNICAZIONI?
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COSA SONO (DAVVERO) LE TELECOMUNICAZIONI?

Why your mobile-generation children
have a totally different sign for phone:
https://www.dailymail.co.uk/femail/article
-8503415/Dad-shows-new-hand-gesture-
kids-use-theyre-phone.html
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COSA SONO (DAVVERO) LE TELECOMUNICAZIONI?

https://abcnews.go.com/International/leo-xiv-conclave-numbers-
number-cardinalsslength-voting/story?id=121606316
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L'EVOLUZIONE DELLE TELECOMUNICAZIONI

G = Generation

innovazione
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90 [ smsui

THE BEST 5G PHONE?
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— Internet of Massive broadband
Voice calling SMS Internet Applications Internet of Things
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L'EVOLUZIONE DELLE TELECOMUNICAZIONI
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L'EVOLUZIONE DELLE TELECOMUNICAZIONI

Di cosa parleremo stasera?

i

Realta aumentata/virtuale Guida autonoma “Metaverso”
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% of families I 75%-100%

INTERNET NEL MONDO connected s s

25% - 50%
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http://agcom.it
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INTERNET (DA NOI™)
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PUBBLICA SICUREZZA

e Total bytes == HTTP bytes

At A A

Tue, Jun 3 Sat, Jun7 Wed, Jun 11 Sun, Jun 15

Inizio del conflitto Israele-Iran
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https://radar.cloudflare.com/traffic/ir?dateRange=7d

e

Thu, Jun 19
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CHE SOLUZIONI PER LA CONNETTIVITA?

3%
23%
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LE RETI NON TERRESTRI

Droni, palloni aerostatici, satelliti...
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M. Giordani and M. Zorzi, "Non-Terrestrial Networks in the 6G Era: Challenges and Opportunities," in IEEE Network, vol. 35, no. 2, pp. 244-251, Mar. 2021.
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LE RETI NON TERRESTRI: DRONI
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DRONE (UAV)

“Volare basso”

Elevata flessibilita

Possono essere dispiegati “on demand”

Consumo elevato di potenza

Cono di copertura limitato
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LE RETI NON TERRESTRI: SATELLITI

Satellite

PROs

CONs

GEO

36’000 km di altezza
Raggio di copertura ENORME

Ritardo di propagazione

Saturazione della capacita di cella

MEO/LEO

300+15’000 km di altezza
Raggio di copertura GRANDE

Non stazionario
(deve operare in costellazioni)
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/ News / Industria / Spazio, Ue lancia Iris2: 290 nuovi satelliti per rispondere a Starlink di Elon Musk

i f‘ g.} ) INDUSTRIA Leggi dopo []
: : j: {’} 1ISole - Wl
3 '.:. ':"v | o ) A (
e/ 4 Spazm, Ue lanc Servizio | Il confronto 241 \DBE

e (e . ™S Internet dallo spazio: Iris? & davvero la
risposta europea a Starlink di Musk?

La Commissione eu ll- o °
chiave Thales Aleni I Sate ltl europel ] DorrhA la cactallarinnag naowr Pintarnat catallitara Aol TThinna aliropea non Saré la

SpaceX, Colao: Iris 2, il progetto europeo per costruire una rete internet
“Rischiamo di fi satellitare: «<Potremo connetterci anche in un ambiente
ostile»

nelle mani di un

mOﬂOPOllSta' La Prevede il lancio in orbita di una costellazione di 290 satelliti con I'avvio delle

1 1 1 operazioni nel 2030. Intanto anche la Cina lavora a una sua Starlink chiamata | |
Svegll’ S14Mmo 1n Guowang: 13mila satelliti che saranno lanciati nei prossimi 10 anni GORRIERE DELLA SERA |<e_\/[/ b i Z
ritardo”

- Bl satelliti e autonomia dei servizi digitali.
~ IRIS2, I'alternativa europea a Starlink di
Intervista all'ex ministro del governo Draghi: “E Musk = KU|per dl Bezos

con aziende che dipendono da singole persone.
non creare una dipendenza strategica” | e

‘ agi dappondau
premium
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STARLINK VS. IRIS?

Starlink

IRIS?

Sistema privato

Sistema UE (pubblica sicurezza)

LEO (550 km)

LEO (2’000 km) + MEO (10'000 km)

In servizio (40€/mese)

INn servizio dal 2035

~7000 satelliti (~42'000 in previsione)

290 satelliti (in previsione)

2.6 miliardi di USD

10 miliardi di Euro

Copertura globale

Copertura mirata per regioni strategiche UE
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TIPI DI SCENARI: TRASPARENTE

Amplify-and-Forward

N6

UE

v

Internet
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TIPI DI SCENARI: RIGENERATIVO

Decode-and-Forward

UE

Gateway

N6

v

Internet
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SATCOM: ALCUNI RISULTATI

 GEO, in alcuni casi, € meglio di LEO (in simulazione...)

» Usare frequenze maggiori (Ka) € piu conveniente...

800

Throughput [Mbps]

T

750 1000 1500
Source rate (R) [Mbps]

Grazie a: Mattia Figaro, Francesco Rossato, Alessandro Traspadini, Michele Zorzi
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SATCOM : ALCUNI RISULTATI (VERI)

* RTT: rete terrestre migliore per distanze brevi, ma
Starlink & competitiva (o migliore) su lunghe distanze.

» Starlink competitivo con rete 5G per applicazioni real-

time, soprattutto in aree remote.

Clear Clouds

3004 =8 NT 4 EEE NT
| T

— RTT — FPS — Jitter Buffer

® Game Delay

2501

Rete Starlink

g 200 A |
E - |
&, 150 gr—
: I_’—\_l_,_\—\_’_\_\— 1
<<
100 A
T T T T T T
0 710 720 730 710 720 730
o . Time (s) Time (s)
,\foe\—\ k@w §{— Sb A\b\c SA @% \°~§ —\Qc 27\@ A\,{;‘\_\ L{"w S
S §°° ﬁ o8 ‘f;&” & o‘zi«? @;& g}% SE T & Mohan, Nitinder, et al. "A multifaceted look at starlink
< < D & ¥ performance." Proceedings of the ACM Web Conference 2024.
Grazie a: Bartolomeo Morellato
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5 LIVELLI DI AUTOMAZIONE

Y e N Y N Y e N Q- /I 73"7:\:\ / - 7"/:1 N
NV & V&7
-& -& -& ;_ﬁl_:,!;’_ r Qdy4%
o | 4 N 5 |
No Driver Partial Conditional High Full
Automation Assistance Automation Automation Automation Automation

U/

Zero autonomy; the
driver performs all
driving tasks.

Vehicle is controlled by
the driver, but some
driving assist features
may be included in the

Vehicle has combined Driver is a necessity, but The vehicle is capable of The vehicle is capable of
automated functions, is not required to monitor performing all driving performing all driving
like acceleration and the environment. The functions under certain functions under all
steering, but the driver driver must be ready to conditions. The driver conditions. The driver
must remain engaged take control of the may have the option to may have the option to

vehicle design.
with the driving task and vehicle at all times control the vehicle. control the vehicle.
monitor the environment with notice.

at all times.
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NO, LA GUIDA AUTONOMA NON E COSI SEMPLICE...
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QUANTO COSTA TRASMETTERE? %+ & i &

Mbps Mbps

https://www.speedtest.net/global-index/italy

* Velocita media upload 4G LTE: ~10 Mbps.
* Velocita media upload 5G: ~20 Mbps.

300
)
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Q0
S 200 -
—
=
(oF
= —
%D 100
o
=
=
[

0 -
150 200 200
Distance d [m] Distance d [m]
Grazie a: Marcello Bullo, Amir Ashtari Gargari, Paolo Testolina, Michele Zorzi M. Bullo, A. A. Gargari, P. Testolina, M. Zorzi, M. Giordani, “Statistical Analysis and End-to-End Performance Evaluation 38

of Traffic Models for Automotive Data”, submitted to the IEEE Transactions on Wireless Communication, 2025.
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COMPRESSIONE
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QUANTO COSTA COMPRIMERE?

« Compressione € causa di data processing.
« L'impatto della compressione non é trascurabile.

algoritmi di compressione algoritmi di compressione
Octree (LOW) Octree (HIGH) —e— G-PCC Octree (LOW) Octree (HIGH) —e— G-PCC
—4— PNG (Cartesian) J-LS (Cartesian) —&— MIJ2 (Spherical) —4— PNG (Cartesian) J-LS (Cartesian) —#&— MJ2 (Spherical)
—&— PNG (Spherical) J-LS (Spherical) —4— LZW (Spherical) —&— PNG (Spherical) J-LS (Spherical) —4— LZW (Spherical)

100

Decompression time [s]

Compression time [s]

v v

Points (-107) Points (-107)

Grazie a: Francesco Nardo, Paolo Testolina, Davide Peressoni, Andrea Zanella F. Nardo, D. Peressoni, P. Testolina, M. Giordani, A. Zanella, “Point Cloud Compression for Efficient Data Broadcasting: A

Copyright © Prof. Marco Giordani. All rights reserved. Performance Comparison”, IEEE Wireless Cormmunications and Networking Conference (WCNC), 2022. 40
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Epidermal lesions Melanocytic lesions Melanocytic lesions (dermoscopy)

Carcinoma: 135 Images

1 TR e R ¢ .
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—— Algorithm: AUC=0.96 | '
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® Average Dermatologist [ |
0 i i
0 1
Sensitivity
= B2
[ '
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c i .
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©
=
R e "’ : - | " v ; FEAANY
Esteva, Andre, et al. "Dermatologist-level classification of skin cancer with deep neural
networks." nature 542.7639 (2017): 115-118.
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1.28 MILIONI
DI IMMAGINI
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AFFIDABILITA

» Detection complessa quanto piu “l'oggetto” e piccolo.
« L'impatto della compressione non é trascurabile.

algoritmi di detection algoritmi di detection
. B 8 pv-RCNN [ B PointPillars || # SECOND l 8 PV-RCNN [ B PointPillars I | SECOND
C
ke
3] 60
ot
0} b
© o =)
o1 < S
S| § Z
9 Z =
€| = e
© S
s
(ol
8xx  9xx  10xx 1Ixx pO pl p2 p3 8xx  9xx  10xx 1Ixx
Draco G-PCC Draco
minore compressione minore compressione
Crazie a: Filippo Bragato, Michael Neri, Paolo Testolina, Federica Battisti F. Bragato, M. Neri, P. Testolina, M. Giordani, F. Battisti, “Teleoperated Driving: a New Challenge for 3D Object Detection in 48
Copyright © Prof. Marco Giordani. All rights reserved. Compressed Point Clouds,” submitted to the IEEE Transactions on Intelligent Transportation Systems (T-ITS), 2025.

Marco Giordani (marco.giordani@unipd.it)



Copyright © Prof. Marco Giordani. All rights reserved.
Marco Giordani (marco.giordani@unipd.it)

POSSIAMO
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FIDARCI DELL'AI?
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TI FIDI DELLE AUTO A GUIDA AUTONOMA?

68%
I ;
! 51% 3%
: 43%
| )
: 34% 31%
I 22%
: 17%
|
|
|
|
: Gen Z adults Millennials Gen Xers Baby Boomers
e 1995-2010 1980-1994 1965-1979 1946-1964

credits: morning consult
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E SE L'INCIDENTE
FOSSE INEVITABILE?
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https://www.moralmachine.net




ALCUNE STATISTICHE...

https://www.moralmachine.net

| PIU AMATI i | MENO AMATI

Stroller 4 IL), .......................... i
Girl - ‘* ........................... !
Boy { & o )
Pregnant - ﬁ ........................... i Large man -
Male doctor - ,* ........................... Homeless -
Female doctor - * ........................... i Old man -
Female athlete A x ........................... Old woman A
Executive female - * ......................................................... i Dog 4.
Male athlete - t ......................................................... Criminal {-
Executive male - * .......................................................... i Cat 4,
~0.2 -0.1 . . | ’ -0.2
change |
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CHI DEVE
DECIDERE?
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