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Ejemplos de actividades I1+D CTAG
C-ROADS, Autopilot, 5GMobix, Shuttle, HiDrive

Conclusiones
Introduccion segura y progresiva, cooperacion



Ol

Movilidad
Automatizada
y Conectada




/)

CTAG

Macrotendencias en movilidad

ALY

Connectivity Automated Vehicles Electrification MaaS

WU R e |

U o7
Aytopnol [

»»»»




)

CTAG

Macrotendencias en movilidad

Total car parc growth strongest in China; almost every new car
to be electric by 2035 in Europe; automation push in China

Total vehicle parc and technology penetration of new car sales (in million, %)

=

h 418
387
=— New LV Sales 352 359 366 300 323 359 364 307 33.1
(million) -28.9
I Total LV Parc I I
(million) 15.4 15.4 15.8 16.5 16.1 171
81%
,cJ connectivity S — _—
(C2-3, % new LV sales)
. 0 o
Electric 300, 66% 96% 1% 58% 40% 58% 81%
vehicles / 17% S —
(BEV, % new LV sales) f T 1 f T 1 f T ]
=" Automated \ 18% 36%
dl’iVing 0% 1% 7% 0% 3% 9% 320-/'———_
(L4/L5, % new LV sales) 2025 2030 2035 2025 2030 2035 2025 2030 2035

Digital Auto Report 2023 Volume 2
Strategy&

C2 = Advanced connectivity (infotainment/OTA at 3G/4G), C3 = Ultimate connectivity (next gen streaming/AD at 5G — incl. V2X)
LV = Light Vehicles = Cars + Light Commercial Vehicles < 6t GVYW  BEV = Battery Electric Vehicle ~ L4/5 = Level 4/5 automated driving

Source: PwC Autofacts® Mobility Demand Model, Strategy&

.

Fuente: PWC
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Macrotendencias en movilidad

Europe and US show moderate automated driving adoption;
China’s forecast very optimistic based on government’s plans

New vehicle sales by SAE level (in million units scaled to 100%)

21 =

15.4 15.4 15.8 16.5 16.1 171 28.9 30.7 33.1
1% % 5 - 0%
bl i % —fi}—
10% 14% 36%
36%
99% 99%
93% 82% 93% 77% 85% 48%
46%
17%
2025 2030 2035 2025 2030 2035 2025 2030 2035

LO-2 L3 I L4-5

SAE = Society of Automotive Engineers AD = Automated Driving
Source: PwC Autofacts® Mobility Demand Model, Strategy&

€€ Automated vehicles need to overcome various technological and legal hurdles
to get road ready. Moreover, consumers are still skeptical about the novel
technology. However, AD is slowly moving from trial to commercial. High AD
bgial Ao Repot 203 vawme 2 adOption expected in China, with significant policy support and 5G coverage. 2

Strategy&

B

Source: PWC
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Hacia la movilidad automatizada y conectada
Penetracion sistemas ADAS

ADAS System Demand ($B)

60

50

Source: AVS Strategy Analytics Apr 2020

V2V / V2X
Parking (With Camera)
Parking (Ultrasonic Only)
Parking (Surround View)
W Night Vision
N LDWS
Head-Up-Display
B Front Corner Alert
B Drowsiness Monitor
W Distance Warning
B ADAS Domain Controller
B Camera Mirror Repl.
W Blindspot
B AFL (Matrix)
B AFL (Dyn.)

STRATEGY ANALYTICS

© 2020 Strategy Analytics
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Hacia la movilidad automatizada y conectada
Penetracion sistemas ADAS

Global Advanced Driver-
Assistance Systems (ADAS)
Market, By Regions, 2022 to

2029

Global Advanced Driver-Assistance Systems (ADAS) Market is Expected
to Account for USD 114.16 Billion by 2029

2023 2024 2025 2026 2027 2028 2029

M North America ™ Europe ™ Asia Pacific » South America m Middle East and Africa

DMCA Protected & Data Badge Market Research- All Rights Reserved Source: Data Bndge Market Research Market Analysis Study 2022
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Automation €= Driver

Driver is
continuosly
exercising
longitudinal and
lateral control

No intervening
vehicle system

active

OIC A W5 s

Driver is
continuosly
exercising
longitudinal or
lateral control

Driver must
monitor the
system at all times

The other driving
task is
accomplished by
the system

System has
longitudinal and
lateral control in
a specific use case

cia la movilidad automatizada y conectada

Driver does not
have to monitor
the system at all
times: must always
be in a position to
resume control

Levels of Automated Driving

Driver is not
required during
defined use case

System has
longitudinal and
lateral control in a
specific use case.
Recognizes its

performance limits
and requests driver
to resume control
with sufficient time
margin

System can cope
with all situations
automatically in a
defined use case

System can cope
with all situation
automatically
during the entire
journey. No driver
required

Level O

No
Automation

Level 1

Assisted

( -HANDS ON - )

Level 2

Partial
Automation

(_- HANDS OFF - )

Level 3

Conditional
Automation

(__-EYES OFF- )

Level 4

High
Automation

(- MIND OFF - )

Level 5

Full
Automation

(- DRIVERLESS - )
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Hacia la movilidad automatizada y conectada

Urban driving*
Valet parking® (driverless parking)

<= » Trafficjam/ driving in traffic queues*

L e L L L

Key parking
Highway driving assistant

U8y Park assist

eeping assistant
ring assistant

SARAASRARRARRARASRASRAR AR S : e

pot monitoring

2020 2025 2030

10
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Tesla Model S (2015)
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Cadillac CT6 (2017)




DRIVE PILOT system architecture [Antenna array

ighly accurate positioning

Redundant braking system 7
Camera
Rear camera
Optical image capture for =

\

s 3 o
\ _~~ Detection of emergency vehicles

3D environment

: : Redundant electrical system
Interior microphones

Detection of emergency vehicle sirens

Ultrasonic sensors

Sonic impulses to detect the
near vehicle surroundings

3D environment

——__| Driver camera

Detection of driver attention

Redundant steering— .\ — . e
o b e —_| Road moisture sensor

Detection of road surface wetness

Radar 7 \ Redundant wheel rotation sensors

Electromagnetic waves for
distance and speed measurement

Mercedes S Clase Drive Pilot (2023)

12
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Ejemplos de soluciones L3

1

- Mercedes S Clase Drive Pilot (2023)

13
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Ejemplos de soluciones L3

BMW L3 Personal Pilot (2024)

14
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Ejemplos de soluciones L4. Automated Valet Parking

Automated Valet Parking

The driverless parking service

15
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Ejemplos de soluciones L4: Robotaxis

FMRobotax|

p  GABR(L4m)
SAIC Al Idl
]
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Ejemplos de soluciones L4: Robotaxis

Global Robotaxi Fleet Distribution by Country (2025)

United States and China Dominate Active Commercial and Pilot Robotaxi Deployments Worldwide

] Cervicorn
Consulting

The global robotaxi market remains highly concentrated, with the United States and China accounting for the vast majority of deployed autonomous taxi fleets, while

other regions are still in early-stage pilot expansion.

® Number of Robotaxis (Units)

3,200

2,300

350

United Arab
Emirates

United States China

180 150 120 100 90
[ ] ] [ — —
Germany United Japan South Korea France
Kingdom

70 60
| I
Singapore Canada

Source: www.cervicornconsulting.com

17
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Ejemplo de soluciones L4: Last Mile Shuttles
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Algunos retos y desafios

Infrastructre
adaptation

Connectivity

OpEd! ":L.(j:lll{u.;
AtiegRhERSNRITIN

Legislation HMI and UX 19
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Algunos retos y desafios. Sensores y percepcion

v' Localizar el vehiculo con alta precisién en su entorno
v' Detectar los objetos estaticos y dinamicos alrededor del vehiculoy predecir su comportamiento

+ Nueva generacion de sensores con costes contenidos: lidar, radar, camaras, ultrasonidos, ...
* Nueva generacion de mapas HD de alta definicion

* Sensado cooperativo

* Nuevos algoritmos de fusion de datos y percepcion

* Uso masivo de técnicas de inteligencia artificial

* Seguridad funcional y arquitecturas redundantes

Centro Tecnolégico
de Automocion de Galicia
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Algunos retos y desafios. Funciones y control

v Mission Planning, Manouvre Planning, Trajectory Planning (cubriendo requisitos y casos de uso predefinidos)
v Control dinamico preciso lateral y longitudinal del vehiculo

*+ Nueva generacion de actuadores
* Arquitectura determinista

* Seguridad funcional

* Inteligencia artificial

21
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Algunos retos y desafios. HMI & UX

v' Adaptacién del puesto de conduccién a dos modos diferentes. conducciéon manual y conduccién auténoma

Analisis de los diferentes modos de interaccion entre el usuario y las funciones auténomas en el vehiculo
* Analisis de transiciones entre el modo autéonomo y el modo manual
* Nuevas tecnologias HMI en juego

 Importancia de la experiencia de usuario abordo

WITH NATURAL GESTURES

22
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Algunos retos y desafios. Conectividad

v Implementacién de nuevas tecnologias de conectividad (ITS-G5, 4G, 5G, ...) y servicios de
conectividad para mejorar las capacidades del vehiculo automatizado

« Servicios cooperativos V2X (V2V, V2!, V2VRU, ..)

« Redes hibridas de comunicacion

* Sensorizacion cooperativa

» Servicios de conectividad para el vehiculo automatizado

« Soporte al posicionamiento de alta precision, actualizacion de mapas de alta definicion
« Ciberseguridad, Inteligencia artificial, loT

 Privacidad de datos,

23
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Algunos retos y desafios. Conectividad

Automation Level

Scenario Complexity

24
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Algunos retos y desafios. Conectividad

DAY 2
DAY 1 DAY 3+
AWARENESS DRIVING SENSING DRIVING COOPERATIVE DRIVING
~( services )
. SERVICES ) CAM, DENM, CPM, VAM, MCM
/ SERVICES CAM, DENM
CAM, DENM Basic Infraestructure support: | Coordination / Negotiation )
Basic Infraestructure support: \ CPM,SREM,SSEM ) N
K MAPEM,SPATEM, IVIM 4 USE CASES
g [ Automated GLOSA C tive Overtaki
USE CASES Overtaking Warning VRU Warning e U Ml
Roadworks warning Adverse Weather warning Hazardous Location Q o | )
Fe < NG | g N K > & ®, %
B o s B : N NS i :
N N 0/0’ S -3 Q‘\_. * @ %’: R
s ' ) - H
z 7 b o - < s “
= /&‘W Cooperative ACC Vehicle Collective Cooperative Lane Merge VRU Protection
é Traffic light info EL. Emergency Brake Perception - . \
z ' Light Warning - ' : ” - ’ g
. ST ~ N Q‘% -2 ' ﬁ ®
w - = - - . .
- l,“ @ \(\\. - t
- -
HD Ma R te Control
® - Green Priority Infrastructure Collective Ps y IO S e
Traffic Jam Emergency Vehicle Red Light Violation . Perception %\ > @m@-_q-
Warning warning . 7 [ P\ Drae — v “.‘., ‘
. ! v o . é
\‘: < 4 [\§ N g
- 3 1 9§ \ '
\ N & w =L /
§
- AUTOMATION LEVEL

25
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Algunos retos y desafios. Adaptacion de infraestructuras

v’ Adaptacién de la infraestructura fisica y digital
v' Facilitar el despliegue de |la nueva generacién de vehiculos automatizados y conectados, y generan
nuevos modelos de negocio
* Firme en buen estado y geometrias seguras
* Senalizacion horizontal y vertical correctas
* Diseno de carriles de incorporacion y salida. Zonas de parada de emergencia
Mapas HD de alta definicion
* Incorporacion y despliegue de tecnologias de comunicacion: Servicios cooperativos, servicios de
informacion en tiempo real para el vehiculo autonomo
« Balizacion e iluminacion adaptativa. Carriles adaptativos
« Nuevos centros para la gestion inteligente de la movilidad

26
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Algunos retos y desafios. Adaptacion de infraestru

~
-

.

cturas
R 1

27


https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwiFiMCOgKfhAhUJ1hoKHfUEBxcQjRx6BAgBEAU&url=https://www.eldiario.es/tenerifeahora/cabildo/Cabildo-reasfaltado-autopista-Realejos-La-Laguna_0_707630092.html&psig=AOvVaw1y8UtzmxxX0PdKt10PfLeM&ust=1553936615140077
http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&ved=2ahUKEwiArpHP1I_lAhXFIVAKHSXfA1cQjRx6BAgBEAQ&url=http://www.johnsoncontrols.com/en_au/insights/2018/buildings/features/australian-traffic-management-system&psig=AOvVaw3YEMuWUh0KvCgFswZZDajO&ust=1570727075545049




/’E'-;B G 01 | Movilidad Automatizada y Conectada

Algunos retos y desafios. Adaptacion de infraestructuras

29
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01 | Movilidad Automatizada y Conectada

Algunos retos y desafios. Adaptacion de infraestructuras

oicAms#= Levels of Automated Driving

Driver is
continuosly
exercising
longitudinal and
lateral control

No intervening

Driver is
continuosly
exercising
longitudinal or
lateral control

The other driving
task is
accomplished by
the system

Driver must
monitor the
system at all times

System has
longitudinal and
lateral control in
a specific use case

Driver does not
have to monitor
the system at all
times: must always
be in a position to

-

raining Destination
v b 3
g mergin - 2
3 ging . Manual:driving £
Driver i; zo' System can cope B AT i LN
required during with all situation i e
de?inod use case Automated Transition

of control

highway

driving

Everywhere
ighway

resume control

Everywhere

System can cope
with all situations

Tom Alkim

»Manual driving

First mile

First mile

oDD

* Automated
driving

i

Level 0

No
Automation

Level 1

Assisted

Level 2

Partial
Automation

(_-HANDS ON - )

(- HANDS OFF - )

s h automatically in a - et L i Manual driving |
yetom nos defined use case QOrigin " o '
longitudinal and - Orig|n
lateral control in a Allways & all conditions -
specific use case. Always & all conditions
Recognizes its
performance limits
and requests driver
to resume control
with sufficient time
margin
Level 3 Level 4 Level 5
Conditional High Full
A i i Automation e q .
Digital information provided to AVs
(__-EYESOFF- ) (" - MIND OFF - ) (- DRIVERLESS - ) _
9] =
- £2 9% ¢ g
o 28 £§8 £Ec 23
T Name Description £8 52 8% s
= P £e 54 g3 85
2L us ga@ 8
o8 =3 & 5 &
8w g = GRS
A Cooperative driving he infrastructure is able to quide AVs (groups of vehicles or single vehides) X X X X

in order to optimize the overall traffic flow

) Digital ? Coo ti . n ure is capable of percelving microscopic traffic situations and providing X X
infrastructure perative perception this data to AVs in real-time X
PR : All dynamic and static infrastructure information is available in digital form
C  Dynamic digital information and can be provided to AVs X X
. - ’ [P P . ——
D Static digital information / by physical reference points (landmarks signs).
) Map support Traffic lights, short term road works and VMS need to be recognized by AVs
Conventional
infrastructure

Conventional infrastructure /
no AV support

Conventional infrastructure without digital information.
AVs need to recognise road geometry and road signs

30
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Algunos retos y desafios. Testing y validacion

v' Asegurar el correcto funcionamiento de la conduccién auténomay conectada desde una
perspectiva integral que incluye z los vehiculos y a las nuevas infraestructuras

«  NuUmero exponencial de casos de uso y escenarios que suponen costes y tiempos de desarrollo y de
validacion inabordables
* Necesidad de nuevas técnicas de validacion integrando:
Q Simulacion
O Validacion digital en entornos MIL y HIL
O Validacion en pistas especializadas
O Validacion en carretera abierta
* Nuevas generacion de pistas y medios orientados a la movilidad autonoma y conectada
« Corredores ITS en carretera abierta para validacion CCAM

31



SIMULATED SCENARIOS DATA BASE

increase of testing coverage

REAL SCENARIOS DATABASE

increase of cost

———re PR T

32



02

Ejemplos de
=Yoa A \V4 o Yo [=3=
1+D CTAG
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CTAG

» Centro tecnoldgico de investigacion y Desarrollo
centrado en el sector de automocion y la
movilidad

* Fundacion privada sin animo de lucro

Divisiones técnicas:

* Nuevos materials
* Industrializacién y robdtica
e Validacién Teo o
» Seguridad Pasiva it e o e
* Electronica, ITS y Movilidad Inteligente = - ———

& PROCESSES "

e Gestion de la Innovacidén e

SERVICES

Personal: 900
Inversion acumulada: 70 Million €
Cifra de negocio: 66.7 Million €

34
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000

ADAS & VEHICLE CONECTIVITY CLEAN MOBILITY COMFORT &
AUTOMATION INTERIOR

i

400
Multidisciplinary
team

Wide experience in the
mobility and automotive

ST LR sector
ENGINEERING PROCESS, QUALITY & SAFETY >> C_u:/MI SP{?’CE _,._.-\

35
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CTAG. SISCOGA4ccAM CORRIDOR

= Living-Lab ITS permanente de mas de
200km de carreteras urbanas (Vigo) e

& interurbanas (AP9, A52, A55, A6, A8)
- e

e _ §# = 101 ITS-G5 RSUs en Urbano
T PP

. “ACoruna

= 41 ITS-G5 RSUs en el corredor interurbano

AP-9

= Cobertura PC5y5G

= Nodos MEC (Mobile Edge Computing)

= Centro Espaiiol PKI

= Conectado con el corredor C-ITS portugués

= Liderado por CTAG y con la participacion de
Administraciones de Espafia y Galicia, asi
como de empresas del sector de
infraestructuras, de telecomunicaciones vy
del sector de movilidad y transporte

36
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CTAG. SISCOGA4ccAM CORRIDOR

URBAN CORRIDOR INTERURBAN CORRIDOR

\ 7

SISCOGA*“AM | jving-Lab es un banco de test permanente para test de Movilidad Cooperativa, Conectada y Auténoma (CCAM), que
incluye laboratorios, pistas de pruebas y Carreteras equipadas con capacidades transfronterizas 37



CTAG. C-ITS Platform

/ PROVEEDORES DE \

DATOS Y SERVICIOS

- Centros de gestion
de trafico (DGT,
Ayuntamientos,
Operadores...)

- Plataformas
externas (DGT 3.0,
Here..)

- Datex Il
- Propietarios

\_ /

(DGT 3.0)

PLATAFORMA C-ITS

=
=
=
()
=

Gestion y supervision de elementos conectados
(vehiculos, RSUs, sensores cooperativos, ...)

Fuentes de informacion

(DGT 3.0, Centros de gestidon,Ayuntamientos, Operadores,
plataformas externas, ...)

Servicios cooperativos

(Dia 1, Dia 1.5, Dia 2, Dia 3+, ...)

Security

(PKI, mecanismos de ciberseguridad)
SOTA

Gestion de mapas HD

Analitica de datos

- ITSGS
- PC5

-3G/4G y G5

-

USUARIOS \

38
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CTAG. Projects and Pilots. From Research to Deployment

—

( siscosaFor |

“““““ €[ DRive-caxFot |
ap | cowmpassapior |
co-cisTicsh| CO-GISTICS ]
s | SCOOP ]
([ vrato |
ss@\e[ 56 CAR ]
e [ autopiot ]
O sieees | C-ROADS SPAIN ]
< | C-MOBILE )
C®NCGRDA | CONCORDA ]
% 56 l 5G-MOBIX ]
.| SHUTTLEsvenc
| HI-DRIVE ] I

| sca

—



i

CTA

SISCOGA-FOT. First Steps (2011)

40
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COMPASS4D / CO-GISTICS / C-MOBILE

(2014-2016)

4 (2013-2015)
compass —
3G/4G

ITS-G5

oo
c-::;ua (2017-2021)

3G/4G



C-ROADS
SISCOGA
Extended
Pilot
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A
C-ROADS. SISCOGA Extended Pilot

(2017-2021)

 DGT 3.0

* SISCOGA Extended Pilot
* Madrid Pilot

e Cantabrian Pilot

Y
(I C-ROADS

43 European cities

Starting with C-ITS deployment in urban areas

Since 2019

6.000 km of European road sections
equipped with C-ITS equipment

Since 2019

100,000 km of European roads in total
covered by C-ITS services

B
Facifity of the European Unlon

43
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C-ROADS. SISCGA Extended Pilot

44
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AUTOPILOT

(2017-2020)

» -
3. A APPLICATIONS JQ r i‘O h‘CI nS'Form

: ’ B 2 & & automated driving
F ﬁ ' " V:ILJSTTQ;:‘:KEII;‘ HIGHWAY PILOT PLATOONING URSAN DRIVING
g @ | ® %) A SERVICES Vehicle loT integration

system _

. - \2)
- s ® O
ﬁ £ \ v A':;znl!d driving Cty m;mx
1 2 .3 4 @ .
Objects provide Objects are AUTOPILOT loT AUTOPILOT
data to loT created virtually platform develops applications
platform using Inthe loT applications using enable services ‘
loT standardised platform data from loT data that support HO maps for automated
protocols sources autonomous ummg Icense driving vehicles
vy @ In vehicle sensors
:tzrconnecrmg things based on existing and g and o gm s'm
communication technologies
IoT eco-system /
of objects of the physical world, which are capable of being identified and integrated /
into communication networks
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AUTOPILOT

CONCELLO
DE VIGO

oooooo
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AUTOPILOT. Autonomous Valet Parking

=\ [PSA

CTAG GROUPE
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AUTOPILOT. Cooperative Urban Automated Driving

=\ [PSA

CTAG G ROUPE
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