Soluciones de automatizacion

% Freno. Solucion electro-mecanica
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Soluciones de automatizacion

< Freno. Solucmnelectro hidraulica
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Soluciones de automatizacion

s+ Cambio de marchas
= Cambio automatico electronico

ciITROER €53  Boite de vitesses SensoDrive / SensoDrive Gearbox
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Engine ECU
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Clutch actuator
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Multiplexage CITROEN
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Soluciones de automatizacion

<+ Cambio de marchas
= Cambio automatico mecanico
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Soluciones de automatizacion

< Automatizacion Stanley
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Soluciones de automatizacion

< Automatizacion Citroén C4: Control de bajo nivel
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Soluciones de automatizacion

% Automatizacion Citroén C4: Control de alto nivel

Medida de sefiales del vehiculo:

velocidad
giro del volante
ﬂ Sefales del vehiculo (v, 0)
Estado de los componentes
' — L
— —
PC BAJO NIVEL Sefales de consigna PC ALTO NIVEL
para vehiculo (v, 8)
@ Sefiales de emergencia
Controles en bucle cerrado:
pedal de acelerador
pedal de freno
volante
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Soluciones de automatizacion

% Automatizacion Citroén C4: Video
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Soluciones de automatizacion

1. Datos de referencia del proyecto

*  Titulo: TUNNELAD — Tunnel Autonomous Driving

*  Financiacién: Convocatoria 2017 Retos-Colaboracion del Programa Estatal de Investigacion,
Desarrollo e Innovaciéon Orientada a los Retos de la Sociedad, en el marco del Plan Estatal de
Investigacién Cientifica y Técnica y de Innovacion 2013-2016 (BOE 27/10/2017)

« Objetivo de la convocatoria: apoyo a proyectos en cooperacion entre empresas y organismos
de investigacion, promover el desarrollo de nuevas tecnologias, la aplicacion empresarial de
nuevas ideas y técnicas, y contribuir a la creaciéon de nuevos productos y servicios.

 Participantes: Sacyr Construccion S.A., Cavosa Obras y Proyectos S.A., Universidad
Politecnica de Madrid.

 Objetivo del proyecto: automatizacion de vehiculos de obra con el fin de realizar tarea es la
carga y descarga de escombros procedentes de la excavacion de tuneles.

*  Presupuesto: 727,186.35 € (UPM: 223,047.00 €)

 Secuencia completa del la metodologia cientifica en ingenieria: de la investigacion a la
transferencia tecnologica. —

GOBERNO MNTSTERIO J _
‘ y  DE ESPANA DE CENCIA a
a E INNOVACION . ()
“Ingeniamos el futur
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Soluciones de automatizacion

TUNNELAD: Arquitectura general
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Soluciones de automatizacion

TUNNELAD: Sistema embqrcado

INSIA
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Soluciones de automatizacion

TUNNELAD: Sistema embarcado
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Soluciones de automatizacion

TUNNELAD: Sistema embarcado - Automatizacion
Direccion Acelerador Freno
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Soluciones de automatizacion

TUNNELAD: Sistema embarcado — Sistema de percepcioén

Lidar Ouster OS1

peed: 3 Kmi
St@enrg: U atdeg

(a) Dispositivo Ouster
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Soluciones de automatizacion

TUNNELAD: VIDEO

TUNNELAUTONOMOUS DRMING
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Comparacion driver vs. Driverless

** (S. Shladover, PATH Programme, California, USA)

- Waymo (Google): el Sistema de conduccidon autbnoma mads avanzado:
- Estimacién de ~9.000 km recorridos entre eventos criticos (datos 2017).
- Conductores humanos segun estadisticas US DoT 2017:

- ~3.000.000 km recorridos por cada accidente con heridos. (1.1700.000 km USDoT).

- ~150.000.000 km recorridos por cada accidente con fallecidos (93.101.000 km USDoT).
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Comparacion driver vs. Driverless

*¢* Actualizacion 2019

- Waymo (Google): el Sistema de conduccidon autbnoma mds avanzado: 104.650 km

recorridos en auténomo
- Estimaciéon de ~5800 km recorridos entre contact events (datos 2019).
- Conductores humanos segun estadisticas US DoT 2019: 3.261.000.000.000 km
recorridos

- ~1.707.329 km recorridos por cada accidente con heridos.

- ~98.092.888 km recorridos por cada accidente con fallecidos.
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Comparacion driver vs. Driverless

*¢* Actualizacion 2023

- Waymo (Google): el Sistema de conduccidon autbnoma mds avanzado:
- 4.640.230 km recorridos en autonomo (with safety driver): 62 crashes
- 74.842 km/crash
- 27.455 km/disengagement
- 82.623 km recorridos en modo auténomo (driverless)
- 2.360 km/crash
- 0 disengagements (by operator)

- Conductores humanos segun estadisticas US DoT 2022: 5.101.620.000.000 km

recorridos
- 835.928 km/crash (fallecidos + heridos + solo dafios
materiales)
- 119.210.665 km recorridos por cada accidente con fallecidos.
C de E jalizacio
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Disengagement Reports 2023. CALTRANS

Manufac
turer

aiMotiv

e Inc.

aiMotiv

e Inc.

aiMotiv
e Inc.

aiMotiv
e Inc.

aiMotiv

e Inc.

aiMotiv

e Inc.

aiMotiv
e Inc.

Permit
Number

AVT036

AVT036

AVT036

AVT036

AVT036

AVT036

AVT036

DATE

VEHICLE IS
CAPABLE OF

DISENGAGE

OPERATING DRIVER MENT

WITHOUT A PRESEN

DRIVER

6/12/22No

6/12/22No

8/12/22No

8/12/22No

8/12/22No

8/12/22No

14/12/22No

T

Yes

Yes

Yes

Yes

Yes

Yes

Yes

INITIATED
BY

Test
driver,
AV system
Test
driver,
AV system

Test
driver,
AV system

Test
driver,
AV system

Test
driver,
AV system

Test
driver,
AV system

Test
driver,
AV system

MA ~+

LOCATION

Freeway

Freeway

Freeway

Freeway

Highway

Freeway

Freeway

DESCRIPTION OF FACTS CAUSING DISENGAGEMENT

Safety Driver disengaged autonomous mode upon judging that
vehicle was too close to road/lane boundary. Root cause:
object, lane detection or other issue. Conditions: Non-
inclement weather, dry roads, no other factors involved.
Safety Driver disengaged autonomous mode due derbis on the
road. Root cause: precaution. Conditions: Non-inclement
weather, dry roads, no other factors involved.

Safety Driver disengaged autonomous mode due to
inappropriate braking, caused by perception issue. Root
cause: trajectory calculation issue. Conditions: Non-
inclement weather, dry roads, no other factors involved.
Safety Driver disengaged autonomous mode upon judging that
vehicle was too close to road/lane boundary. Root cause:
object, lane detection or other issue. Conditions: Non-
inclement weather, dry roads, no other factors involved.
Safety Driver disengaged autonomous mode as a precaution
for keeping distance from vehicle parked on side. Root
cause: precaution. Conditions: Non-inclement weather,
roads, no other factors involved.

Safety Driver disengaged autonomous mode due to issue with
the test vehicle could not perform the lane change into
the exit lane or merge to highway and could not follow the
planned route. Root cause: traffic situation. Conditions:
Non-inclement weather, dry roads, no other factors
involved.

Safety Driver disengaged autonomous mode upon judging that
vehicle was too close to road/lane boundary. Root cause:
object, lane detection or other issue. Conditions: Non-
inclement weather, dry roads, no other factors involved.
Safety Driver disengaged autonomous mode upon judging that
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Collission Reports

J

% https://www.dmv.ca.gov/portal/vehicle-industry-

services/autonomous-vehicles/autonomous-vehicle-collision-
reports/

SECTION 5 — ACCIDENT DETAILS - DESCRIPTION

Autonomous Mode [] Conventional Mode

On February 18, 2024 at 1:03 AM PT a Waymo Autonomous Vehicle ("Waymo AV") operating in San Francisco, California was in a
collision involving a passenger car on The Embarcadero at Washington Street.

The Waymo AV was stopped in traffic for a red light on The Embarcadero southbound when a passenger car approached from behind and
made contact with the rear of the Waymo AV. At the time of the impact, the Waymo AV's Level 4 ADS was engaged in autonomous mode,
and a test driver was present (in the driver's seating position). Both vehicles sustained damage and the passenger car left the scene.

SECTION 5 — ACCIDENT DETAILS - DESCRIPTION

X] Autonomous Mode ] Conventional Mode

On January 31,2024 at 5:15 PM PT a Waymo Autonomous Vehicle (“Waymo AV”) operating in San Francisco, California was in a
collision involving a passenger vehicle on Potrero Avenue near 22nd Street.

The Waymo AV was traveling southbound on Potrero Avenue in the leftmost thru lane, adjacent to a dedicated left turn lane on its left. As
the Waymo AV approached the intersection with 22nd Street, it came to a stop behind its lead vehicle. The passenger vehicle behind the
Waymo AV then attempted to change lanes into the dedicated left turn lane, and made contact with the rear driver side corner of the Waymo
AV. At the time of the impact, the Waymo AV’s Level 4 ADS was engaged in autonomous mode. Both vehicles sustained damage.
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Conclusiones del estado de la técnica de los
vehiculos autonomos

Existen ciertas circunstancias en las que un vehiculo
auténomo aislado es incapaz de responder, limitandose

a la informacion proporcionada por sus propios sensores
y sus sistemas de conduccidén, independientemente de

la :
*  Precision de los sistemas de percepcion.

* Inteligencia del auto-pilot.

*  https://www.youtube.com/shorts/2sKPNipm73E?f
eature=share

Existen ciertas circunstancias que podrian ser resueltas
por la percepcion y los pilotos inteligentes pero, debido conkei

a la casuistica aleatoria, el esfuerzo de éxito en el 100% o
de las situaciones es extremadamente alto.

Park Assist

Emergency Braking

Surround View
Pedestrian Detection

Traffic Sign Collision Avoidance
Recognition

Park Assistance/ .
Surround & Adaptive Cruise Control

View

o Lane Dep_arture

< \/‘:/> N Warning
Existen ciertas circunstancias de complejidad media que ‘ " \
aumentan la carga de trabajo de los sistemas de
CondUCCio,n aUto,nomos y eI nl:lmero de Sensores- M Long-Range Radar Short/Medium Range Radar M LIDAR Camera M Ultrasound GNSS
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Los 4 pilares de la movilidad

CASE - Intuitive Mobility (B e
©-t)-R)-© @ AUTONOMOUS

»Gonnected, Autonomous, Shared, SHARED &
Electric: Each of these has the power to SERVICES
turn our entire industry upside down. But

the true revolution is in combining them

in a comprehensive, seamless package.”

Dr. Dieter Zetsche
Chairman of the Board of Management of Daimler AG

CONNECTED
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