From Technologies to Markets

LIDAR Sensors
for ADAS and AD




YOLE DEVELOPPEMENT — FIELDS OF EXPERTISE

0 O O O O

Power
& Wireless

o O O O

Microfluidics

BioMEMS & Medical Microsystems

Inkjet and accurate dispensing

Solid-State Medical Imaging & BioPhotonics
BioTechnologies

RF Devices & Technologies
Compound Semiconductors & Emerging Materials
Power Electronics

Batteries & Energy Management

N\YOLE

Développement

Power & Wireless

Photonics,
Sensing
& Display

o O O O

O O O O O

Package, Assembly & Substrates
Semiconductor Manufacturing
Memory

Software & Computing

Photonics,
Sensing & Display

Solid-State Lighting

Display

MEMS, Sensors & Actuators
Imaging

Photonics & Optoelectronics



http://www.yole.fr/
http://www.yole.fr/

N ORS



http://www.yole.fr/
http://www.yole.fr/

GREAT THINGS HAPPENING IN LiDAR

One billion dollar investment

Private investments in the LiDAR industry since 2016 — Split by technology
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GREAT THINGS HAPPENING IN LiDAR

High industrial involvement

[ Audi cars running with LiDA
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The first LIDAR in an ADAS car
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LiDAR: FROM TECHNOLOGIES TO APPLICATIONS
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LiDAR PRINCIPLE AND COMPONENTS

The basic working principle of the LiDAR is very simple.

A light source illuminates a scene.The light scattered by the
objects of the scene is detected by a photodetector.
Measuring the time it takes for the light to travel to the object
and back from it, allows to know its distance.

Scene under exposure Light scanner \

Laser beam _— Optics or — 1 Light source
Light diffuser
Computing unit === 3D point cloud
~ ™ Optics Photodetector Signal processor
distance = time x velocity of light
LiDAR system
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LiDAR RANGING METHODS

/Pulsed Time of Flight \ /Phase Shift A Frequency Modulation
petene w» t i : Transmitted signal Fr(fE]uency Ll .{ R_"‘ s
) ' ! Reflected signal
" .‘ Time the Pulse Was Sent g I : To the target aB
Lens 1 Aﬁ\/--'_ ‘:’,
There are / iy = s Fo
. | y
three LiDAR \ ..’
ranging
methods:
pulsed time of - o B | |
flish h Pulsed Time of Flight (ToF) is a direct In phase shift time of flight, continuous In frequency modulation, a continuous
Ignt, phase measurement of the time of flight of light waves are used and the time of flight is wave is modulated in frequency and the
Shlft, and from the emitter to the scene and then to measured as a phase difference. time of flight is measured as a frequency
frequency the photodetector. difference.
dulati The use of continuous waves allows for
modulation. This technique allows to measure several heterodyne detection which is much As phase shift, continuous waves allow for
reflections. more sensitive than direct detection. heterodyne detection. Moreover, radial
velocity can be easily measured.
It relies heavily on Time to Digital However, the maximum range is limited
converters (TDC) which transform the by phase wrapping. However, a highly coherent source is
pulse arrival timing into digital signals. needed to use heterodyne detection.
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IMAGE FORMATION IN LiDAR

[ Mechanical LiDAR ]
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OPA: Optical-Phased Array
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TECHNOLOGY/PLAYER SEGMENTATION FOR AUTOMOTIVE LiDAR

Pulse LiDAR

Phase shift

CW LiDAR

FMCW
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DRIVER FOR AUTOMOTIVE LiDAR

> @
Traditional car makers
TOYOTA

ADAS Levels 2010~ 2017~ 2025~ 2035~

23
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FEET-OFF HANDS-OFF EYES-OFF MIND-OFF

FS ~ :
While traditional car makers are | vy Rl ‘%
integrating autonomous functions in
consumer cars little by little, new- Fully

. autonomous

comers have challenged this approach vehicles in
by short-cutting technological 2017

developments and proposing a new
business model: transportation as a
service. This move has triggered new
investments in LiDAR technologies.
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MARKET PENETRATION OF ADAS VEHICLES
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Robotic and Light vehicle sales breakdown forecast by level of autonomy

mADAS Level 4 mADAS Level 5

m Robotic cars
y }
4 l
: I |
||

MIND-OFF

';%

| 9TH FRAUNHOFER IMS WORKSHOP| www.yole.fr | ©2019


http://www.yole.fr/
http://www.yole.fr/
http://www.yole.fr/
http://www.yole.fr/

ROBOTICVEHICLE LIDAR MARKET

Robotic vehicle market trend

In 2032, we
expect 5M
robotic

vehicles on
the road.

YO

yDéveJcppe

3

en

Until 2032, the production of
robotic vehicles will increase 3

Robotic vehicle rool-out scenario (in million units) }}’—{
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Life cycle of each vehicle will be
. . Autonomous Aircrafts
relatively short, in the order of 5 Autonomous trucks
yearS. B Robotic vehicle L B T -

Autonomous aircrafts correspond to projects of flying taxis supported by Ehang in China,Airbus in France, and

Rolls-Royce in UK.
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AUTOMOTIVE LIDAR MARKET
Automotive LiDAR shipment forecast

ADAS
vehicles will
be responsible
for massive

LiDAR
shipments in
the next
years.
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Volume in million units

Automotive LiDAR Shipment Forecast (in million unit)
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AUTOMOTIVE LIDAR MARKET

Automotive LIDAR market forecast

Automotive LiDAR Market Forecast (in $M)
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TECHNOLOGICAL READINESS FOR AUTOMOTIVE LiDAR

It should be noted that all players are not working on the same

technology or at the same industrial scale. VQlOdgﬂG’ / \
| ADAS vehicles | Q@ e
s oo, INOVIZ | JETEC
Proneer LUMINAR
Because the qualification is easier for XENOMATIX
robotic vehicles which are still at an Sblackmore
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TIME-TO-MARKET ANALYSIS
LiDAR for ADAS vehicles — technological roadmap

‘I 2020 - 2021 2023-2024

]l |5 -

The first LIDAR implemented in the Audi A8 in 2017 was a

LiDAR from Valeo, using a mechanical scanning system.

Long range LiDAR are expected to use other mechanical scanning systems or MEMS INNOVIZ
scanning by 2020-2021. TECHNOLOGIES

In high automation configuration, short-/mid range LiDAR will be necessary and should be <=
integrated in the corners of a vehicle. In this case, flash LiDAR should be implemented

with VCSEL as a potential light source.

s« LUMOTIVE

(€dcerron Q
o) QUANERGY

Optical phased array LiDAR are seen at long term as the power and therefore, the range is limited due to high components

integration.

N\YOLE
| 9TH FRAUNHOFER IMS WORKSHOP| www.yole.fr | ©2019 20

‘ Développement


http://www.yole.fr/
http://www.yole.fr/

INDUSTRY: THE NEXT STEP FOR LiDAR!?
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