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The EU-25 context from the automotive standpoint

Current Grand Challenges
Growing dependence from primary energy (70% in 2030 )
Growing dependence from primary materials (Steel, A luminium )
Growing sensibility on Safety/Security/Environment
Growing political-economic instability
Growing mobility of people and goods
Growing uncertainty to forecasting
Growing system complexity ( 50-100: processors, actuators and sensors)

Possible Answers
Radical changes on vehicle designs
Innovation in functions, materials and technologies
Stronger European partnerships and European visions

Micro and Nano Technologies with specific
Focus on Smart Systems Integration  to master new challenges



Requirements vs. Constraints

CHALLENGES DOWN THE ROAD

CO, Reduction
Alternative Fuels:

Noxious Emissions:

- 30% from 1990 to 2012
149% of total in 2015
- 80% from 1997 to 2010

Safety: - 50% fatalities from 2001 to 2010
Mobility: Dynamic Routing & Mobility Management
Competition: The global market challenge

The introduction of novel functions has contributed

to increase EU Competitiveness, as

well as to enhance Safety and Mobility. But, thist  rend is in contrast with the constraints

of reducing Weight, Power Consumption, Emissions, C

OsSts.



From Microsystems to Smart Systems integration

Micro-Systems Technology is already widespread in the automotive and is having
a significant overall impact on safety, efficiency, security and comfort.

POWERTRAIN

(Power management)
Pressure
Manifold absolute pressure
Mass air flow
Knock
Atmospheric pressure
Fuel pressure
Oxygen
Angular position
Rotational speed
Tank level or pressure
Pedals position

VEHICLE & CHASSIS
(Comfort)

Humidity/Temperature
Rain
Fog
Light
Air quality
Fingerprint
Gyroscope (navigation)
Force feedback pedal
Driver seat vibration
Steering wheel momentum

VEHICLE & CHASSIS
(Safety & Driver Assistance)
Radar distance
Accelerometers
Gyroscopes
Magnetometer
Steering wheel
Suspension stroke/acceler.
Seat occupancy
Yaw rate
Rotational speed
TPMS
CMQOS cameras
IR systems

Entirely new functions can be enabled by MNT and the move from the add-on concept to

Smart Systems Integration
as the enabler to reduce Weight, Power Consumption,

Emissions, Costs.



Achievements related to MST: reduction of fatalitie S

Side
Airbag
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Driver
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Passenger
<+<—Airbag
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From 70000 to 40000 fatalities in 15 years. From 60 0 to less than 200 fatalities per million vehicle.
The Smart Systems Integration will play a crucialr  ole for next achievement!



Visions

Smart Power Train

Safety Driver Assistance

Integration of
Technologies into Smart
and Robust Systems

Supporting Key-Technologies




Safety functions roadmaps

Information on vehicle dynamics limitations Adaptive HMI
Traction, curve speed, ground clearance Information on demand and according to the situation

Personalised safety
Adaptive safety based on (among others) constitution

Driver drowsiness monitoring
e.g. sleep recognition for all drivers

Injury avoidance / (Collision avoidance)

Pedestrian protection Intelligent automatic vehicle interference

From reacting to avoiding measures
Collision mitigation

Intelligent automatic vehicle interference

Emergency Braking
Vehicle stop for unavoidable accidents

Vehicle interaction
Emergency call, car to car/infrastructure communication

Vision enhancement
Night vision and blind spot monitoring

2005 2010 2015 2020



Driver Assistance — Functions’ Roadmap

Adaptive light projection
Turning lights, projection, automatic high beam

Personalised driving
Adaptive vehicle based on driver monitoring/identification

Adaptive HMI
Situation specific force feedback, HUD info, speech recognition etc.

Active load management
Chassis and suspension control based on weight distribution

Lateral vehicle guidance

Lane keeping and change support Autonomous driving
Longitudinal vehicle guidance Automated parking, automatic following, guided driving

ACC stop & go, ACC urban

2005 2010 2015 2020



Convenience — Functions’ Roadmap

Safety support
Warnings and interference for safety critical situations

Automated secondary functions
e.g. anti fog windscreen, anti ice windscreen, anti dazzle system, automated light and wipers

Adaptive HMI
Situation specific force feedback, HUD info, free speech, personalised skins
User identification Adaptive control elements
Knowing about adjustments and habits Scalable, auto adjusting

Personalised environment
e.g. audio separation, personalised skins, adaptive climate, forming seats, redolence control

Complete Multimedia
Digital broadcast, wireless communication

Traffic management
Individual routing, overall traffic measures

2005 2010 2015 2020



Smart Power Train- Functions’ roadmap

Clean power train
High pressure direct injection, exhaust after treatment

Smart energy strategies
Integrated starter/generator, regenerative braking, route planning

Alternative fuel concepts
Natural Gas, synthetic/bio fuels, hybrid vehicle concepts, hydrogen

Adaptive power train
Scalable engine, self calibration, friction avoidance

Comprehensive energy management
Energy consumption control of all aggregates altogether

Active wheel
Wheel drive/braking/steering/suspension/diagnostics

2005 2010 2015 2020



Example 1 for Smart Systems Integration

Integrated smart actuators and sensors for comprehe nsive quarter car control

Foc et Uit Sensors Actuators and drives
Bxemel Deta » Braking force » Wheel steering
Aroessg LIt - Vertical acceleration (fault tolerant)
* Wheel steer angle * Braking
* Wheel speed » Suspension dumping
Byvire * TPMS » Wheel electric motor
QoS | o |nertial Clusters (optional)

» Suspension position

Local processing and control functions including:

Wheel braking control (including ABS), Wheel steering
control (fault tolerant), Dumping control, Tire monitoring,
Communication (FlexRay and wireless), Diagnostics

Vision
The quarter car assembly , including suspension, tires, actuating systems for steering and braking functions
with related networked sensors will allow the globa | control of the vehicle dynamic behavior.

Electric actuators integrated in the wheel/suspension system will provide efficient and clean traction, with
regenerative braking capability (active wheel). The vehicle control system and the driver will have a real-time
detailed awareness of the vehicle status in every driving condition, through the sensing distributed network. Thus
enabling the capability of managing the vehicle interaction with the external world, including obstacles and
pedestrians avoidance.




Example 2 of Smart Systems Integration

Integrated Lighting Systems based on chip-on-board L ED technology

<«——— Stop/ talil

Turn
<«— ndicator

<+«— Reverse

<«— Rearfog

<+—— Catadiopter

Industrial prototype of chip-LED taillight for
Fiat IDEA (thickness 15mm)

TECHNOLOGIES
LED light sources, integrated in die-form
using chip-on-board technology
LED sources integrated in micro-optics

Vision

Solid state emitting sources, novel nanoscaled high
efficient phosphors, planar microoptics and sensors
for ligth control in different conditions of visibility are
integrated directly on the external polymer
cover . By combining hybrid organic and inorganic
technologies EPOSS envisions solutions with a
further integration of both solar energy
converters and energy storage.

System and Customer Benefits

Thickness reduction (factor of 10)

Increased efficiency/power reduction (-70%)
Weight reduction (-50%)

For-life operation

Simplified installation

Cost reduction (with respect to conventional LED
technology)

More stylistic options




Example 3 of Smart Systems Integration

Multifunctional Optical CMOS Sensor

7 FUNCTIONS :
Crossing vehicle
Tunnel/bridges detection
Twilight
Solar
Mist, fog
Rain
Dimming (int. / ext.)

OTHER FUNCTIONS OF
FRONTAL MONITORING
THAT CAN BE INTEGRATED

Lane Warning

NIR night vision
Pedestrian detection
Road signs detection

Vision

Integrate a single CMOS sensor with
planar micro optics to operate as a
multifunctional smart system
device while additionally operating as
controller of several actuators.

By the assistance of an integrated
illuminator the single detector can
perform at both visible and near IR
wavelengths.

By networking architectures and
advanced data fusion the device can
provide the basic input for novel
safety, driver assistance and
convenience for low cost functions.




Example 4 of Smart Systems Integration

Sensors and Actuators in Internal Combustion Engines

Injection Systems Components

Most recent advances in fuel saving and noxious
emission control has been made possible by the
integration of a very fast and “sensitive” Piezo
actuator into the mechano-hydraulic

Direct Injection system.

The Vision

Is to integrate additional sensor functionality and
adaptive, model-based control for the compensation
of time independent and statistical impacts

(aging, temperature, manufacturing tolerances,, ....)

System and customer Benefits

Reduced component number (sensors, ...)
Reduced hardware costs

increased reliability due to reduced complexity
Diagnosis and failsafe functionality (limp-home, ...)




Example 5 of Smart Systems Integration

Vision
Sensors and Actuators integrated into a dvanced Driv ers Assistance System
(ADAS)

in order to enhance driver and traffic safety (collision avoidance, ...)

and reduce the numbers of interfaces for the driver (HMI)
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Smart System Integration
A new paradigm towards sustainable complexity

year 2000 year 2010+
Paradigm chang> .
Add-on Function Distributed intelligence
Complexity adds on top of Complexity Complexity is pervasive
with the risk of loosing the control and becomes manageable

Increased smartness (and complexity) in subsystems and components
Higher complexity integrated in the material
Networking of subsystems

S

Reduced complexity at system level
Lower power consumption, weight, and cost
Higher robustness and reliability

Growing complexity if properly managed, gives uniqu e opportunities



