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Merging automotive and to move forwards
towards a new dimension

* Enhance the driving environment perception with “loT enabled” sensors
* Foster innovation in automotive, loT and mobility services

e Contribute to the development of loT Standardisation and ecosystem

e Use and evaluate advanced V2X connectivity technologies

* Involve Users, Public Services, Business Players to assess the loT socio-
economic benefits for Mobility
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Vehicles capabilities

¢«

Vehicle Capabilities

Vehicle System Architecture Transition,
from "Diversified" to "Standarized"

Self Learning

Collaborative State of the art

Security

Fail Safe

vehicles archtectures

Upgradeable
025
Connected
020 2020
Updatable

Server based vehicle
architectures with ZONE ECUs

Architecture concepts for
intelligent vehicle & its environment

Future "standardized" server
based vehicle architectures

J

New system architectures for in-vehicle electronics, (Source: Adapted from T. Maier, Continental, April 2019)
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"From diversified" to
"standardised" and
addressing the safety
validation of the
electronic components
and systems that are
part of the new
automotive high-
performance computing
platforms.
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loT generations

IoT Ecosystems Development

ToT Architecture Evolution
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& Centralised -> Decentralised -> Distributed -
= 4. Autonomous networked
z intelligence IoT
S Distributed heterogenous
E: architectures. Federation and
2 3. Internet of Things decentralised platforms at the
& evolution device. gateway, edge and
a IoT Platforms, centralised ©loud. Distributed ledger
z security solutions, centralised ~ technology integration.
B data collection and Tactile IoT. Operation and
g 2. Wireless sensor networks  processing. Software information  technologies
i Networked enabled decoupled from hardware, —convergence, artificial
g architectures. Limited software +vjrtualisation. Convergence ntelligence, autonomous °
_5 numing B the ) nodes physical,  digital, ‘\'imlal. systems ] of systems, E
= Collection of data in silos. cyber worlds, industrial, ~collaborative IoT =
& RFID and wireless sensor pysiness and  consumer intelligence. Human to )
E § . networks. Spatially distributed [pternet. ToX and Industrial Machine, machine to =
= 1. Wired networked devices aufonomous  sensors/actuators [oT emersence. Information Mmachine,  machine  to S
g Wired sensors and actuators. o monpitor  physical  or IEClu10](1E;-IT sfid operation  infrastructure cyber z
';D Wired !mercounect‘ed devices,  epvironmental conditions, (i.e. leclmolo:g;'—OT convergence.  collaboration. Common =
= Processung; units ‘and temperature, sound, pressure, [oT ecosystems. policy framework.
= programming logic devices.  etc and to cooperatively pass .
2 Centralised control. Wired t0 @ flieir data through the network
f central processmg  unit. o different locations
2 Soﬂwm‘_e m the centralised
computmg unit.
1940 2000 2010 2020 2030 (Source: IERC 2018)
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Cellular generations

10 billion human beings communication Digital .
More than the air

Radio Access Network Centric OFDM interface

Celluar

Digital
TDMA

1980s

Analog voice
AMPS, NMT, TACS

2010s

Mobile broadband
[TE, LTE Advanced,

Analog

CDMA2000/EV-DO

20005 Gigabit ITE I
Mobile data | Cellular meshed hybrid
1990s WCDMA/HSPA+, | Holistic approach

Digital voice
D-AMPS, GSM, 1S-95 (CDMA)

500 billion things control
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C-V2X Evolution with 3GPP Release

JGPP Rels. 8-13
... —March 2016

LTE V2N Uu

Hazard warning

3GPP Rel. 16
December 2019

JGPP Rel. 15
June 2018

vy

JGPP Rel. 14
March 2017

5G NR Uu URLLC

5G NR V2N Uu
High bandwidth/low latency

Direct Communication
LTE V2V/V2I (PCS5)

G Cooperative
* ] automated
driving

Enhanced Navigation
& Infotainment

V2V safety use case

snn VN = \V2VV2

Direct Communication 5G NR V2VIV2|
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Source: http://5gaa.org
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C-V2X Evolution with 3GPP Release

Timeline for deployment of C-V2X (V2V/V2l)

3GPP LTE ADVANCED PRO RELEASE 14 3GPP 5G RELEASE 15 3GPP 5G RELEASE 16

a3 Ea e D>

Inter-Operability Tests  Mode 4 Chips and Modules

Integration, Validation Testing with OEMs
(EU, China, US)

Testing Availability of products
C-V2X (R14) RSUs and OBUs (EU, China, US)

59 e spocrom et vt/

for Deploy 2020

e e EU : Final CEPT report Start of vehicle

CHINA: Test Spectrum Available 3 #
C-V2Xis real and O
oomrrn! ﬁ. In-vehicle commercial
chipsets set for deployment
2018 (i.e type approved)
is foreseen at the
latest by 2020

globally
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Source: http://5gaa.org
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V2X Intelligent Connectivity + Mobility @

Convergence of 5G, loT/lloT, Al, edge computing

>10 Gbps peak
Extreme data rates
Broadband 100 Mbps when-
ever needed

10 years on battery

Massive
Machine-Type

Communication

10 — 100x more

devices

Ultra-Reliable

Low Latency
Communication reliability

ultra-high

Image: BOSCH
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~, Radar V2X wireless sensor

%=~ Bad weather conditions See-through, 360°

non-line of sight sensing,

Long range Advanced Driver Assistance Systems .
. extended range sensing

Low light situations :
Sharing

Platforms

Blind Spot
Detection

Camera suonsver ~ - 3D HD maps
HD live map update
Sub-meter level

accuracy of landmarks

New

. “ Park Assistance
Interprets objects/signs
. Mobility

Rear Colllskon Warning

Connectivity
Autonomous

Elec_tric Driving
Vehicles Capabilities

Precise positioning
GNSS positioning
Dead reckoning

Park Assistance

Vehicle view @
€
1%

Medium range_

. . Surround View

Traffic Sign Recognition

Compute resources, Sensor fusion,

Ultrasonic
Machine learning, Path planning

Short range

. Lidar
Depth perception
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Programme
REMOVING THE HUMAN FROM THE DRIVER'S SEAT v CONNECTED AND AUTONOMOUS VEHICLE TECHNOLOGY ROADMAP
Replacing sensory functions with technology 5
: [ 20isW  2020Q 20250 2030l  2035]
8
- —— 3 .
E Vel 3 vav d 4 vaP

3D Cloud Based Navigation

Q MANUAL AUTONOMOUS #
= DRIVING DRIVING ¥

’ Decision Machine 3
making R — learning Safety and
capabilities algorithms 3 g::‘:::‘;““ _
z B i - ] B - — Li-Ciy [Low Speed] - Lk~ City [City Spoed]
e Maps/ e - : 1
A_\} T 5
’ Memory —>  environmental fewa Y E -

Aapndw

E
models —ar g
@ Eyes —_— Sensors Q .
=2
B
Vehicle to X (({' '])) ‘%
EBTS é communication ;
W Reflexes/ 1
coordination —— Actuator control B
of movement
'L é Technology
development
and fitment
Source: Roland Berger :z)st per vehicle
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Wireless technologies in V2X

« Two Competing Wireless Standards:
- DSRC (Dedicated Short Range Communications)
- C-V2X (Cellular V2X)

- DSRC:

- Defined by IEEE IE E E

- Dedicated radio in the 5.9 GHz band
- PHY layer uses 802.11p

- C-V2X:
- Defined by 3GPP ™

- Dedicated radio in the 5.9 GHz band =
- Additional radio in the licensed cellular band (LTE/5GNR) AGLOBALINITIATIVE
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Overview of DSRC - ITS G5

DSRC was introduced over 10 years ago to add intelligence to transportation systems

Uses 802.11p wireless technology in the 5.9 GHz band

Key features enabled by DSRC:

- Speed detection, collision avoidance, real-time road condition, toll payments, autonomous driving vehicle collaboration

Mature technology with proven road-tested experience

Limited market adoption:
« Not governmentally mandated to be installed in new cars
- Other technologies have solved some of the use-cases: RADAR, LiDAR, ultrasonic sensors, electronic toll systems

+ Latency of DSRC limits maximum speed for effectiveness
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data and real world model

Overview of C-V2X e R
Sharing of high throughput sensor

- C-V2X defined as part of the 3GPP initiative
C refers to cellular technologies (4G LTE/5G NR)

Path planning

Intention and trajectory sharing for
faster, yet safe maneuvers

- Builds on the capabilities of DSRC, and also adds a wide-area connection to the cellular network (key for

autonomous driving) Coordinated driving

Exchanging intention and sensor data for more
predictable, coordinated autonomous driving

- Requires (at least) two radios to operate: B @@
- Cellular radio (sub 6Ghz or mmwave): LTE/NR

- Dedicated radio (5.9 GHz): improves on 802.11p Real-time local updates

{ Real-time sharing of local data with infrastructure
: . " _and other vehicles (e.g. 3D HD
- Lower latency = operates at higher vehicular speeds (20 other vehicles (e.g maps)
. .. vzl 10 v2l
- Adoption timing unclear: e / 0 \‘PCS’
. . . £ RSU'
- New technology: automotive market adoption is delayed 6 — & v “II I, ?62“3
. . (UU) eNoael g
- Not governmentally mandated to be installed in new cars vzp\pcs / vap roeee

(PC5) (PC5)
[ 2] : i )
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Evolving C-V2X towards 5G forAD

D2D Enhanced Autonomous é
communications safety driving
R12/13 C-V2X R14 (Ph. 1) C-V2X R15 (Ph. I C-V2X R16 5G NR support (Ph. 111)

(Advanced safety applications)

stablished foundation Enhanced communication’s range Ultra-reliable, low latency, high throughput

or basic D2D comm. and reliability for V2X safety communication for autonomous driving

Network independent No Yes Yes

Communications! Broadcast only Broadcast only Broadcast + Unicast/Multicast
High speed support No Yes Yes

High density support No Yes Yes

Throughput High throughput for enhanced safety Ultra-high throughput

Latency Low latency for enhanced safety applications | Ultra-low latency

Reliability Reliability for enhanced safety application Ultra-high reliability

Positioning No Share positioning information Wideband ranging and positioning

1. PHY/MAC communications; R16 is still under development Source: Qualcomm
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Communication infrastructure

Internet of Vehicles

5G G5

Backseat 3DHUD / Roaming Data Video
Gaming AugmentedReality Plan Purchase Streaming

Poor Line of Sight 'y

—_— (cnr)) £ A
? P — - i e .y =
Intelligent e e e e e e e e
networks « » I P p—
X 3 Real-Time POl and Location-Based Ads
L 3 | S}éxll_:lis Traffic Reporting andocation Base >y - < "‘ i\;{obile
@ ¢ . y ayment
| N e N r el
Omniscient visibility into subscriber behavior, context and . . = Interference Zone
3 : N Y N &Y | i
per-service performance - supported by a network that \ 44 e s Begins
organizes itself to spin up services on the fly - offer a wealth — e e e e e e 8.8 B8 . e —
of opportunities to harvestrevenue and loyalty. \
Highbmaviah I grgreeDee _ g B v | |
: ¢ / - transmission over - 4 i |
\ hort period - | § *, S
1 (7 T R &5 Yy ' m P video Call
—mmme e -l " * --- ittt ‘ - m
——r—e ———— . L
H
- [
Home Security Car Security Colli Auto Diagnostics D2D Comm Cloud-Based Social Traffic Dynamic
& Automation .-\:o i é:,:e and Security Reporting Autopilot Networks Routing
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Vehicle to Environment Communication

V2P Communication Protocols

. e 5G, 4G, Wi-Fi, ITS-G5, C-V2X

Vehicle to Pedestrian (LTE-V2X, 5G NR-V2X)
V2H Communication Protocols
Vehicle to Home 5G, 4G, GPS
Communication Protocols
o V2D ) BLE, ZigBee, LoRa, sLoWPAN, NB-
Vehicle to Device loT, RFID, NFC, CAN
3 VoM Communication Protocols
Vehicle to Maintenance 5G, 4G, GPS

: 2 Communication Protocols
V
eflclets Ftsers 5G, 4G, BLE, Wi-Fi, NFC, NB-loT,
v2U GPS

Vehicle to Owner O Commn;rgc:éiogpl’sroiocols
V20 o

Source: H2020 AUTOPILOT

Communication Protocols 2V
ITS-G5, C-V2X Vi i
(LTE-V2X, 5G NR-V2X) ehicle to Vehicle
=
Communication Protocols V2G 5
5G, 4G, Wi-Fi, I?II..(E: ZigBee, NFC, Vehicle to Grid I?l T

Communication Protocols v2c
C-V2X (LTE-V2X long range mode? Vehicle to Cloud/Edge

5G NR-V2X)

Communication Protocols V2N
C-V2X (LTE-V2X long range mode] Vehicl }V’ irk
5G NR-V2X), GPS ‘ehicle to Networ

Communication Protocols v2r
ITS-G5, C-V2X Vehicle to Infrastructure
(LTE-V2X, 5G NR-V2X)

U4|’=‘T Co-funded by
[ )

MONICA  5YNCHRONICITY € _J CREATE-loT "o the European Union.

AETq)\/AGE Autoritotr  |SF




European
Large-Scale Pilots
Programme

Map =)

AET(_PVABE _A_ U T O P I LOT *:: ATE-loT U?T Horizofloéf(;jznod:gotgamme

of the European Union




European
Large-Scale Pilots
Programme

AUTOPILOT

A THINGS |
AT X

J
N \ ” V) .
) @) J

" ; - &

www.european-iot-pilots.eu E3 @OTEULSP m @loT_eulSP
www. create-iot.eu n @CREATE-loT u @CreateloT_eu

O

=

- U4I T ] Co-funded by
MONICA  SYNCHRONCITY () cresreser B i

o o
ACTOVAGE AutorioT  ISF  4¢




