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Lighting Future

and training for Its preparation
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Lighting Future

. Automotive trends
. Lighting trends

and training for Its preparation
. ELS (Embedded Lighting Systems) |
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Global number of motor vehicles

==
A With world Stabilization
population at 8 billions vehicle

7E+09

stabilized at
10 billions
. after 2100 .00 -
A Car 4E+09
penetration
reaching ™7
In 2150 26409
the current
level

0 : _ :
Of U SA 1850 1900 1950 2000 2050 2100 2150 2200

» 2011 OECD international
transport forum

E+09
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Worldwide car production forecast
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Worldwide car production
400

A Relatively
constant 300
growth at
+3%/year
since last 50
years

A Half of the 100
growth since
1990 came 0

from China 1967 1992 2017
China 0,5 27

200

+3%/y
+3%/y 100

22) 47
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A New growth
drivers:
- India
- Africa

A Half of the
growth after
2017 by the
world
population
evolution

Worldwide car production forecast

Still a significant growth forecast,

400 even If a bit less strong as in last half century

300 +2%/yv
200 +3%ly R 4
+3%ly 100"
100 el
20
0 1 -

1967 1992 2017 2042 2067
China 0,5 27



to lighting trends

Impact of automotive trends

Trad. Levers

Major Automotive trends

Safety

Style

Connec- Autonom Shared Electri-

tivity driving services fication

+ | ++4+  + - ++
+++ +/- | -
+++ ++4+  +
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LEDs penetratiofew vehicle equipment)

100,0
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A Starting in 2007, 000

LEDs will replace 60,0
totally halogen

- 40,0
In roughly 35 years
20,0
A Thesigmoi 0.0
esigmoidecurve PR EER R R R R R R L F:
is following the NARNNNANANNNNNNAINRIAIIQ
mathematical —Sigmoide ===LEDs
LEDs Real

formula
100/(1+300*EXRQ,3*(N-1)))
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Camera based systems penetratiol
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A In America, car makers have Camera based systems market
committed toinstall AEB at 1000
100% in 2022 200 Automatic LBHB

Automatic leveling _
ADB Matrix,

Pixel Lighting,..

A In Europe, AEB and LDW are o0
part of EuroNCARNd should 40,0
be obligatory in the next 5 20,0
_ years 0,0
" " O O VNV O DAY A" A QO P 0,9 OV O &
A S0 cameras IS bECOmIng a q'QQ ,‘90 ,‘9\/ ,‘9“/ q,g"/ "’Q"' w& ,\9’\' ,‘9”’ ,vo"’ ’190’ '190’ q’@‘ ,\9“‘ ,\9“
_ standard feature _
] ] e SiMmple systems e Complex
A Camera based applications to Systems
lighting will so quickly increase
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Autonomous vehicle penetration

7%
&\\\\\\\
m

‘ _ Autonomous vehicle market
A Autonomous vehicle

will start really

In 2020, first for 80,0

niches applications 50.0

A During a long time, 40,0
at least 30 years,
manual mode and
autonomous mode 0,0
will be both used

20,0

2017
2019
2021
2023
2025
2027
2029
2031
2033
2035
2037
2039
2041
2043
2045
2047
2049



A Future Lighting system:
= Safety+ Connectivity + Autonomous driving

ConnectedPixel Beam

Totally new

— Connected
% PixelBeam
i/ - = : Specifications
GPS (Curve,..) Database Smartphone :
(Pothole,..) Including

non visible
light

\ * (Pedestrian,..)

Other  ==p==
cars (ifi,..) &=

Bl

Car sensors

puter
autonomous carv\ (cameras,..) Safety Comfort

Infrastructure
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ELResearch Last development:
Lighting beams for autonomous cars
using a camera



\

i

M%7
WA
\\\\\\

=
A Analysis of ol
probability of 006}
detection 0.05 |
and false alert 0.04

_ atlevel of one pixel
A Analysis of these
probabilities
for anarea of the

001}

Densités de probabilités a E=0.1 lux

ppiétun

+ proute

0.037

0.02

target
i

Development of a model for cameras
for safety in relation to the illumination

p 0 0
40 . 60
9]
PE®DI AA PE®BDAAAOD

12
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" ElSCameraDetection —— =
| camera Spacs
Wavelength 550e-9
Quantum Efficiency 5
| | o5 |o
Maximum Wel Capacity 13500 i
- Integration Time 000333
Dark noise (e-/s) 70
Number of 75% \gis
Pixel Count 1000 || 1000
Pixel Dimensions | 550.6 | 550.6 Number of 50%
Number of 25% pix
Optics Detection Probability’ 0.999
b ol 1 False Alarm Probability o1
F-Number 12
Field of View (°) 40
u n
Minimum Irradiance
Soaic o Area detection
Dummy (D) / Road (R) contrast - (O-Ry 05 One pixel datection
Road Abed
o el (] [ Compute | Emin ()=  [1115032

Distance (m)

Detection area (m) 40| 040 7] Plot probability density

O r a ny Detection area (pix) 11 7' Plot cummulated prot ies
C a m e r a < R o ¢ ; ﬁ Optimization Precision DE/E 0.1 Display iterations
. \ e - - 3 ) o

¥

the illumination needed at every
distance for the requested

Fnumber =12

detection level

o
The constraint of the probabillity of detection/of FA has little effect demin

13
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Lighting for cameras: conclusic

I /él///////é
\\\\\\\\Y

——
 —
e
—_—
-

\

A

« N

ensitivity of camera is already better than human eye
C Cameras are @eding nota high level ofight

A But both:
U For safety in alternative mode,
U And comfort in autonomous mode
C Agood quality of light will remainmportant

A And many challenges are remaining for ndunctions:

1 For communications

U For autonomous cars recognition

I And with an strong development of interior lighting y
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plexity

LightingSystems future:
More and morecomplex systems

IRUV
Lidar Autonomous
Communications byifi vehicle : M ore
Camera illumination

- complex

_ PixelLighting New functions
ADB Matrix Beam Holographicsystems SySte m S

AFS ARS

Laser modules Optical Systems

LEDs modules

Projector
Freeform

. Needing
more highly
trained

Light Sources

—fpy itoLeos
— P
v‘L'E _ LASEREDs

Parabola

resources

>

TIME

www.embeddedlighting.com
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ELS Embedded Lighting Systems Ch
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RENAULT [PSA A

GROUPE

More and more HigkTech and complex systen@ Need of high level training

ot

Optics and Pri)to/nics Systems and transportation engineering Design
INSTITUT —— >,
GOPTIQUE (P EsTAcA strate

ParisTech SCHOOL OF DESIGN

ELS Embedded Lighting Chair

AdvancedMaster

Associate partners OSRAM @ bertramndt GMSRE



X ¥, = Embedded : : :
N g é___ Lighting The high level International programme
=_~2= Systems y
INSTITUT — —
g d'OPTIQUE
T partstocn gl
Materials Sources o

Optical systems

® =nvironment

" Regulations Measurements
>’ Conception
ESTACA Industrializztion Simulations .l. .I.
Human Vision SCHOOL OF DESIGH

Electronics o :
Realistic Rendering [

Advanced
functionalities Creative Design
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One year graduate programme

7%
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Academic semester
4 full months from September to December

13 training modules (1/week) Transverse project. Research
1 day/week + 1 week

Classes, conferences

Tutored work

o o Do

Laboratory
A Seminarsandvisits
Teaching staff

A Schools: 70%

A Industry: 30%

Professional thesis in a lighting company
January June

Information and admission: Embeddaghting
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1- Benchmark

Y

Transverse project

2- New design proposal

with students of
Stratedesign school

N\

3- Research project



Research project:
EvolutiveHigh Bean
With speed

New design



