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The Motivations

Toward Intelligent Mobility
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Current Transport System: Safety is Low

« Around 1.24mn people die every year in road crashes around the world, costing 1-3% of global GDP.
« That number is projected to reach 2.2mn by 2030, making it the fifth-leading cause of death.
« Another 20-50mn sustain non-fatal injuries as a result of road traffic crashes.

» More people are killed in traffic accidents each year than in all domestic airline crashes in the last 45
years combined.

« In 2012 in the US, large trucks were responsible for 330,000 accidents, in which 4,000 people were
killed. 90% of these crashes were due to driver error.

« The 75+ population is 2.5x more likely to have a fatal car accident than those under 75.

(Sources: WHO, Association of Safe International Road Travel, Techcrunch, Roland Berger, Japan National Police Agency)
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Current Transport System: Inefficient !

« USD8,558/year in the US to own and operate a car.

* The US average 2.2 vehicles/household with 20% of households with 3+ cars.
* 95% of the time a car spends parked, not being in use.

* 31% of urban land is parking spaces.

» 30% of urban traffic is looking for spots.

* 40% of fuel wasted in cities is by people looking for parking.

(Sources: WHO, Swiss Re, Kleiner Perkins, Google, Shoup 2005, Kenworthy & Laube, Casualty Actuarial Society)
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=] Current Transport System Challenges

The global population will grow by 2.5bn and
reach 9.7bn by 2050, 70% of whom will be living
in urban areas. (source: UN)

Demographics By the middle of this century, nearly one
in four people (23%) will be aged 60+.

(source: UN)

It costs USD8,558 pa in the US to own and operate a car.

(Source: Kleiner Perkins) . .
Urbanisation

1.24mn people die in road accidents every year.
(Source: WHO)

A
vicious
circle

Congestion Congestion can cost around 2-4% of
GDP in lost time, wasted fuel, increased

cost of doing business. (source: Bloomberg
New Energy Finance)

cars generate one quarter (23%) of all emissions.
(source: IEA)

5.5mn people die prematurely every year due to

air pollution, with China accounting for 1.6mn.
(source: Brauer 2016)

Emission Pollution
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The Technological Enablers

Technology Pushes
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=) 4 Technological Enablers

A |
Technology Readiness Level

Electrification

Smartness

Connectivity

» Time

~1900 1980 2000 2010 2030
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1- Electrification
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Vehicle Electrification is not just about EVs

* Vehicle Electrification:
 Electrical means of propulsion,
 Electrical means of other actuations (Steering, Brake, suspension, e-turbo, etc), as well as,
« Electricity playing a role in their functionality.

Thermo Electric Generator

« Motivations: o / i et
« CO2 Reduction, and Regulations \ / // L
* Fuel Economy M K e
* More Functionalities P \\ J
« More Control Opportunities e 4 \ -
» Weight Reduction Emmon// m B —
« Packaging Flexibility s i
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rnsor EV & HEV Market Outlook

Mass adoption of EVs could reduce annual emissions by nearly 1Gt by the late 2030s in the US alone, this
corresponds to around 20% of total annual emissions from the country in 2014. (sources: Rocky Mountain Institute - IEA 2016)

New energy vehicles are expected to reach 26% of global sales (31mn vehicles) by 2030

Hybrid Electric
Vehicles (HEV)

(MHV)

9.5mn annual sales

E Suzuki Baleno

31mn annual sales
by 2030E
26% of total auto sales

by 2030E
8% of total | SHVS Mild Hybrid ~ conceptcar
Full Hybrid
2.4mn annual sales i '
by 2030E Ford Fusion Honda Accord |
2% of total _ SEHybrid  Hybrid
Pluginhybrid | | _az  asam
(PHEV)
6.9mn annual sales
by 2030E Mitsubishi
58%oftotal | Outlander
Battery Electric C — o
Vehicles (BEV) : . E
12mn annual sales ; Q !
by 2030E ! H

_ 10.1% of total

Fuel Cell

Source: BofA Merrill Lynch Global Research
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> 126k annual sales
by 2030E
. 0.1%of total

i Tesla Model S

i Toyota Mirai
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2- Smartness

(Embedded Systems)
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=] What do we mean by Smartness ?

Hardware and Software technologies for more powerful, cheaper and smaller:

Sensors, Processors and Actuators.

‘Cockpit
= = Controller Safety
ECU Consolidation e
Into a distributed central compute platform
Handful of other ECUs
Baody Chassis Emissions Domain
Confroll Controll i
g::gﬁ;’ea Back Area Area
Engine Area \ Controller
‘Controller

l

Handful of other ECUs

Front Safety Back Safety

Front Body Area Controller

Controller Area Controller

* 60-100 ECUs
» 6-8 operating systems TOMORROW
» Isolated operations

« Increasing cost & complexity * 6-10 Domain/Area Mega-controllers

» Consolidated software system

= Coordinated operations
* Reduced weight, cost, & complexity

QNX Auto Blog
http://gnxauto.blogspot.co.uk/2016/10/automotive-shifting-software-defined.html
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=] The Future Trend of Mechatronics (Smart) Systems
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3- Connectivity

(Internet of Cars, 10C)
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Car data ecosystem

In-car technologies Infrastructures

BN

O O]

Source: McKinsey, BofA Merrill Lynch Global Research

Back-end processes

The Car Data Ecosystem (Main Enablers)

Connected:
Within the car

To the personal devices
Around the car
To the cloud

As many as 80% of all crashes could be avoided using V2V AND V2I| technologies.

Source: US Department of Transportation (USDOT)
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Connected Cars On the Rise

by 2020: 2,5 - 500

* 1.8 hillion automotive M2M connections,

N
H
o
o

700 million Connected Cars, 300

1.1 billion aftermarket devices, 200

100

Overall the M2M market in the automotive
sector will generate USD422bi in 2022,
compare to USD22bi in 2012.

o
Revenue (USD billion)

Connections (billion)
o I
© » o w» n

2016 ‘—

2017 ——

2018 ——

2019 ——

2020 |——

2021

2011 &
2012 =
2013 =
2014 W=
2015 ==

B Aftermarket connections

90% of new vehicles will have factory-fitted BN Connected car connections
connections by 2023.

Revenue (nominal)

Source: Machina Research 2013
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4- Autonomy
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What do we mean by Autonomy

The application of Artificial Intelligence technologies, to replicate the

complex task of human driving.

Autonomous Not Automated !!

 Autonomous means having the power for self-governance.

 Autonomous control implies good performance under significant
uncertainties in the environment for extended periods of time and the
ability to compensate for system failures without external intervention.

Antsaklis, Panos J.; Passino, Kevin M.; Wang, S.J. (1991). "An Introduction to Autonomous Control Systems". IEEE Control Systems. 11
(4): 5-13. doi:10.1109/37.88585
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Al I1s an Interface between human and machine

Al: The theory and computer systems able to perform tasks that normally require human intelligence.

ﬁ

deep learning Computer

> machine learning

predictive analytics

\Science
translation
ST . ; natural language
classification & clusterin rocessing (NLP)
information extraction x \ y

speech to text S .
tptt -speech Artificial Intelligence Artificial
ext to speec .
< -~ (Al) Intelligence
expert systems :
planning, scheduling & /
optimization
robotics

image recognition

— . vision ‘
machine vision Philosophy |

Source: Ganesan Senthilvel, 2017
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The global robots & artificial intelligence market

US$152.7bn robot & Al market by 2020E'*
USS67bn robot market by 2025E2

—
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Artificial Intelligence analytics
USS700n market by 2020
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Intelligent Mobility

Toward Zero Accident Vision
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Elements of a Transport System

95% of accidents are caused by human error (source: NHTSA)
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The Future Mobility
market is projected to rise
to USD1.5tn by 2030E
versus USD30bn today.
This includes over
USD450-750bn in data
connectivity, apps,
navigation, entertainment,
remote services, and
other tech-based
solutions which would be
created on the back of

new business models
(source: McKinsey).
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The 4 Technology Enablers and ITS
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=) The Technology Trends

. , Road .
Driver Vehicle / Traffic
Infrastructure
Fast charging,
Electrification i nte I I ige nt,
Full Electric, connected
- Connected,
smartness Human Like Smart, roads. Intelligent and
Artificial Connected, High-Speed Coo frative
Connectivity Intelligence. Autonomous cloud driviF;\ svstems
Vehicles. computing and 85y .
Autonomy StO ra ge
systems.
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A Paradigm Shift

Toward Zero Accident Vision
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The 4 Technology Enablers and ITS

Electrification

Smartness

@ _

Autonomy

Connectivity
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=] Do we need a Paradigm Shift ?

| Before Inte_rnet After Internet
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The difference

IS T

Human Driver Virtual (Al) Cooperative Driver

Driver

Vehicle

Road

Traffic

Vehicle Centric Network Centric

Connected Roads and

Isolated (disconnected) Roads
Infrastructures

(Passive) Visual Signs Interactive Virtual Signs
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THROTTLE
POSITION
SENSOR

MASS AIR FLOW
SENSOR

BAROMETRIC
PRESSURE SENSOR
HEATER CORE
TEMPERATURE

AIR CLEANER SENSOR
TEMPERATURE SENSOR

CRANKSHAFT
POSITION SENSOR

OXYGEN SENSOR

TRANSMISSION
TEMPERATURE
SENSOR

TRANSMISSION SHIFT
POSITION SENSOR

VEHICLE
SPEED

. A “‘F‘V‘L, Pedestrian Detection
C ontrol

Collision Avoida;

W Long-Range Radar

W LIDAR

W Camera

W Short-/Medium Range Radar
W Ultrasound

Y ceronanion

SENSOR

ITION S

EGR PRESSURE FEEDBACK SENSOR

MEEL
D SENSOR

Vehicle Sensors

MANIFOLD
ABSOLUTE
SENSOR
EGR VALV
POSITI
SENSOR
TAIL LIGHT
NS

OUTAGE
STEERING RATE
SENSOR

AR
TEMPERATURE
SENSOR

WASHER FLUID LEVEL SENSOR
BRAKE FLUID LEVEL SENSOR

B0OST ACCELERATION SENSOR
SENSOR
ABS WHEEL
SPEED SENSOR
METHANOL FUEL SENSOR
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tasking sensors in
the vehicles?
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Active Safety Systems

Do we need such
complex,
distributed, and
Vehicle Centric

Active Systems?
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‘““ Road Signs / Marks

Do we need such a

complex, and
confusing Road
Signs / Marks in

the future?
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The Challenges

(Just a few examples !)
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Some of the main Challenges

* Reqgulation

* Insurance

* Cost

* Technology Readiness
* Privacy

« Security

» Social Aspects

* Infrastructure Investments (Communication , Roads, Data, Cyber
Security, ...)

 OEMs and Suppliers (development, validation and production)
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Big DATA (Storage, Management, Security)

THE COMING INAUTONOMOUS VEHICLES

Computing Actuating RADAR y're 6PS

PER SECOND
PER SECOND PER SECOND

. AUTONOMOUS VEHICLES 4
CAMERAS - S LIDAR

1
L J
PER SECOND N PERDAY..EACHDAY — PERSECOND

= 1V

X -: ‘ r}- J

e —X \& =
i-%/? ‘\\\u ,/ L

- |
a*“xf -

F T
."_-_H.. v A\ =
{u-':. | !

i

An autonomous car will be generating approximately
4,000 GB - or 4 terabytes — of data a day, the data
equivalent of almost 3,000 people. (Source: Intel)
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=) Development Tools and Process

36

Specifications &
Requirements

The whole development process, form requirements
definition to final validation need to be revisited.

Integrated
Validation

Part Design

Prototype

A full validation of AV is hard to achieve with the current methods

No real driver is in the Loop, so when the Al training would be complete?

A crash that results in a fatality occurs only once in every 100 million miles of
driving.

Autonomous vehicles would have to be driven hundreds of millions of miles
and sometimes hundreds of billions of miles to demonstrate their reliability in
terms of fatalities and injuries.

That would take tens and sometimes hundreds of years to drive these miles.

Source: Kalra, Nidhi, and Susan M. Paddock. "Driving to Safety." (2016)
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The Required Skill Set

Engineers with Artificial intelligence expertise
Smartness

4000
3500
3000
2500
2000
1500 4——— 28x
1000
500
0

S Connectivity

Automotive OEMs Tech Players /

W Auto players ™ Tech players

From Mechatronics to Intelligent Mobility
Domain of Expertise

Source: McKinsey

Ratio of non-software to software engineers

100%

80% N

~1/2x
60% F4AN
40% 1 1x o
20% -
o . .

Software Non-software Software Non-software

m Automotive OEMs = Tech Players

Source: McKinsey
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* The current transportation system is unsafe, inefficient and unsustainable.

Over the next 10years, the disruptive changes in four technological domains, will change the
whole auto industry for ever.

Future Mobility — including an integrated, on demand electric fleet of autonomous taxis — can
generate USD3.8tn of total positive impact in the next 10 year and lead to a “World of Zeros”,
including a 59% decline in vehicle demand, 87% fewer accidents, 54% fewer parking spots, and
85% lower emissions. (source: BCG 2016).

In even the most benign scenario, accidents are likely to be reduced by 19%, and vehicles

generate 9% fewer emissions, with the advancement of ADAS and Active Safety Systems. (source:
BCG 2016).

To unlock the full potential of this revolution, a paradigm shift is required, to consider (virtual)
Driver, Vehicle, Road and Traffic as an integrated, and intelligent eco system.

Radical new approaches are needed if we have any chance of reaching the “World of Zeros”
targets by 2030.
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hank you for your attention ©

Any Question ?
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