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REPORT OBJECTIVES

I. To provide a scenario for sensors within the dynamics of the robotic vehicle market
o Sensor semiconductor ASP forecast, revenue forecast, volume shipments forecast
o Sensor systems ASP forecast, revenue forecast, volume shipments forecast
o Application focus on the sensor suite : Lidar, Radar, Cameras, IMU, GNSS

o  Who are the players / how does the robotic vehicle ecosystem relates to automotive ecosystem
o  Who are the key suppliers to watch and which technology do they .

o Key technology choices
o Technology dynamics
o Emerging technologies and roadmaps
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METHODOLOGIES & DEFINITIONS

Yole’s market forecast model is based on the matching of several sources:

Comparison with existing data
Monitoring of corporate communication
Using other market research data

Comparison with prior Yole reports
Recursive improvement of dataset

Yole analysis (consensus or not) Customer feedback

Preexisting

g information

Top-to-bottom approach :Ottom-up alpp‘roach
Aggregate of market forecasts Market cosystem analysis
@ System level Vol M Aggregate of all players’ revenue Primary data
ofume (In UnltS) @ System level * Reverse costing
ASP (in $)

* Patent analysis

Revenue (in $M) - Annual reports

* Direct interviews

a Secondary data
Top-to-bottom approach ﬁ Bottom-up approach * Press releases
Aggregate of market forecast Ecosystem analysis * Industry organization reports
@ Semiconductor device level Aggregate of key players’ revenues * Conferences
@ Semiconductor device level
O Semiconductor foundry activity Information
Capacity investments and equipment needs Aggregation
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early mobile camera modules and the introduction of 3D semiconductor approaches to CMOS Image Sensors
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e2v Semiconductors (France) in 2006. In 2012, he founded Vence Innovation, later renamed Irlynx (France), to
bring to market an infrared sensor technology for smart environments.

Pierre has an Engineering degree from Université de Technologie de Compiegne (France) and a Master of
Science from Virginia Tech. (VA, USA). Pierre also graduated with an MBA from Grenoble Ecole de Management
(France).

Contact: pierre.cambou@yole.fr
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GLOBAL TECHNOLOGY ROADMAP
Empires are built upon resources and technologies
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ROBOTIC TRANSPORTATION - KEY DRIVERS

World GDP is growing ~2.5%

so will human mobility NYOoL

Electric yDévetoppemenr

Robotic transportation

will embrace current

transportation mega

trends and beat current

paradigm on all KPIs

- Distance serviced

- Time & efficiency

- Cost of travel

- Safety of travel and
surrounding peoples

- Emission footprint &
Intensity
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2. Public transport
efficiency & cost

3. Car congestion &
cost of ownership

4. Air transport city
connectivity

5. CO2 emissions for all
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AUTONOMOUS VEHICLES: THE DISRUPTION CASE
Two distinctive paths for autonomous cars

Technology x market penetration
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Electronics Néw Use cases © August 2015
Invades cars i
1880 soyears 1960 40years 2000 20years 2020 10years 2030 5years 2035

Acceleration :The speed of technology change doubles every technology shift
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ROBOTICS SEGMENTATION
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ROBOTIC TRANSPORT SEGMENTATION
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HUMAN TRANSPORTATION
From automated to robotic

Automation
of current transport
vehicles

New robotic
transportation

- ' : Urban air
Pods K Shuttles Robo-taxi mobility /
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SENSORS FOR ROBOTIC TRANSPORTATION
From semiconductor devices to vehicles

Supply chains Sensor Electronic Sensor Robotic
Semiconductor Module System Vehicles
/ ) | \ ""_-fv; \ | tj

Lidar . e | Lidar LR
i | ‘ Lidar MR
Laser diodes Lidar SR
Radar Radar LR
Radar chips Radar SR
Camera Camera LR
CMOS Image Sensors Camera SR
GNSS & IMU

MS chips

\ RF & ME

TESLA

Computing
GPU — SoC — SiP Computing boards AD Computing
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WHAT WE GOT RIGHT, WHAT WE GOT WRONG

Technology and market forecast -

What we got right

o Reaching production >1,000 units in 2020
o Lidar, Radar, Camera, GNSS, IMU sensor set
o Addition of thermal cameras starting 2020

o Importance of eVTOL urban air mobility

AUTONOMOUS TRANSPORT

Robot vehicles (1/4)

Fully autonomous —

vehicles are starung
to be deployed in the a
L Y

order of 3 few dozen
per year

This forecast presents
a transition toward
hundreds of vehicles
annually in the next
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challenge

What we got wrong
o E.Hertzberg accident slowed down robotic vehicle effort

o ADAS based autonomy will take much longer than initially
expected

o The SAE levels of autonomy is almost useless,
intermediary levels 2+ and 2++ are now being introduced

SENSOR CONTENT FOR EACH AUTOMATION LEVEL
Analysis from 2016

A Level-3 car
will have
$2,000 worth
of embedded
sensors for

AD

y.\vou
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WHAT WE GOT RIGHT, WHAT WE GOT WRONG
Technology and market forecast - challenge

Yole Développement is pushing its robotic vehicle forecast 5 years out

2018 forecast 2020 forecast
Sensors for robotic vehicle 2018 in this report
ROBOTIC VEHICLE SENSOR REVENUE FORECAST ROBOTIC VEHICLE SENSOR SYSTEM REVENUE FORECAST
Volume & Revenueforecast Vehicle production ~3hy ~400Ku
Sensor system 200M ~$17B
i T $16B s
“ 1 OO - | e
. " MOLE
Radar O 3038 S O l a
Radar .- S10M $60M QO s$270M S1.5B
Camera
Camera $30M O $160M O $700M '
MU @ :
IMU O s20M 5
GNSS
oNss  t .
1 t t
017 1031 LI . " '
Jwore 2017 2022 o . JvoLe 2020 2024 2028 L
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AUTONOMOUS VEHICLES — SENSING AND COMPUTING
2020 Conclusions

Robotic
vehicles are a
game changer

for the high
end sensing
market

2020 will be the year of industrialization of initial robotic vehicle fleets.

Lidars, Radars, Cameras and IMUs will be the main components of sensing technology
supporting this trend. Expected vehicle production will reach 17k by 2024, and 400k
range by 2032.

For the manufacture of the initial fleets, spending on sensing equipment will hold the
highest share at 36% of total cost. By 2032 sensing equipment spend will still represent
28% of total capital spend on robotic vehicles hardware.

The use of solid state and the benefit of technology scaling will help lower the price of
sensing equipment while at the same time performance of this equipment will rise.

In 2019 Our forecast makes the assumption of a ~$200,000 robotic vehicle in 2019. By
2032 the total robotic vehicle cost will decrease toward $124,000.
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ROBOTICVEHICLE SENSOR SYSTEM REVENUE FORECAST

Vehicle production ~3ku
Sensor system ~$200M
Lidar = $110M O $470M O $1.6B
nYOLE
Radar - $10M $60M O $270M
Camera = $30M O $160M (O s700m
IMU =P O s230M O $890M
GNSS - $20M $80M
| I i |
. YOLE 2020 2024 2028 2032 .
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YOLE GROUP OF COMPANIES RELATED REPORTS

Yole Developpement
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— Artificial Intelligence Computing
Automotive: Market and for Automotive 2019

Imaging for Automotive 2019

Technology Trends 2019

Contact our

Sales Team
for more
information
. . Status of the Camera Module
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Industrial Applications 2019 / :
| = T Level Optics
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YOLE GROUP OF COMPANIES RELATED REPORTS

Yole Developpement

Neuromorphic High-End Inertial Sensors for
Contact our Sensing and Defense, Aerospace and
Sales Team Computmg 2019 Industrial Applications 2020

for more
information
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YOLE GROUP OF COMPANIES RELATED REPORTS

System Plus Consulting

The Audi A8 zFAS ADAS Nyvidia Tegra K1 Visual
Platform by Aptiv Computing Module

T SYSTEMPlus

B HCONSULTING
> »r
r".

REVERSE COSTING® — STRUCTURAL, PROCESS & COST REPORT

P
5 SYSTEMPlu= REVERSE COSTING® — STRUCTURAL, PROCESS & COST REPORT

L CONSULTING

Contact our

Sales Team
for more
information
@ Tesla Model 3 Driver-Assist
Autopilot Control Module Unit

T~ —
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Tesla Model 3 Driver-A: opilot Control

YOLE
yDeveJoppemenr Sensors for Robotic Mobility | Sample | www.yole.fr | ©2020 23



http://www.yole.fr/
http://www.yole.fr/
http://www.yole.fr/
http://www.yole.fr/
https://www.i-micronews.com/products/the-audi-a8-zfas-adas-platform-by-aptiv/?utm_source=Yole&utm_medium=relatedreports_Sample&utm_campaign=r_robotic_mobility_Mar2020
https://www.i-micronews.com/products/the-audi-a8-zfas-adas-platform-by-aptiv/?utm_source=Yole&utm_medium=relatedreports_Sample&utm_campaign=r_robotic_mobility_Mar2020
https://www.i-micronews.com/products/nvidia-tegra-k1-visual-computing-module/?utm_source=Yole&utm_medium=relatedreports_Sample&utm_campaign=r_robotic_mobility_Mar2020
https://www.i-micronews.com/products/tesla-model-3-driver-assist-autopilot-control-module-unit/?utm_source=Yole&utm_medium=relatedreports_Sample&utm_campaign=r_robotic_mobility_Mar2020
https://www.i-micronews.com/products/tesla-model-3-driver-assist-autopilot-control-module-unit/?utm_source=Yole&utm_medium=relatedreports_Sample&utm_campaign=r_robotic_mobility_Mar2020
https://www.i-micronews.com/products/the-audi-a8-zfas-adas-platform-by-aptiv/?utm_source=Yole&utm_medium=relatedreports_Sample&utm_campaign=r_robotic_mobility_Mar2020
https://www.i-micronews.com/products/tesla-model-3-driver-assist-autopilot-control-module-unit/?utm_source=Yole&utm_medium=relatedreports_Sample&utm_campaign=r_robotic_mobility_Mar2020
https://www.i-micronews.com/products/nvidia-tegra-k1-visual-computing-module/?utm_source=Yole&utm_medium=relatedreports_Sample&utm_campaign=r_robotic_mobility_Mar2020
https://www.i-micronews.com/products/nvidia-tegra-k1-visual-computing-module/?utm_source=Yole&utm_medium=relatedreports_Sample&utm_campaign=r_robotic_mobility_Mar2020

CONTACT INFORMATION

o CONSULTING AND SPECIFIC ANALYSIS, REPORT BUSINESS
* North America:

* Steve LaFerriere, Senior Sales Director for Western US & Canada
Email: laferriere@yole.fr — + | 310 600-8267

e Chris Youman, Senior Sales Director for Eastern US & Canada
Email: chris.youman@yole.fr — +1 919 607 9839

* Japan & Rest of Asia:

* Takashi Onozawa, General Manager, Asia Business Development
(India & ROA)
Email: onozawa@yole.fr - +81 34405-9204

*  Miho Ohtake, Account Manager (Japan)
Email: ohtake@yole.fr - +81 3 4405 9204

* ltsuyo Oshiba, Account Manager (Japan & Singapore)
Email: oshiba@yole.fr - +81-80-3577-3042

¢ Toru Hosaka, Business Development Manager (Japan)
Email: toru.hosaka@yole.fr - +81 90 1775 3866

* Korea: Peter Ok, Business Development Director
Email: peter.ok@yole.fr - +82 10 4089 0233

* Greater China: Mavis Wang, Director of Greater China Business
Development

Email: wang@yole.fr - +886 979 336 809 / +86 136 61566824

* Europe & RoW: Lizzie Levenez, EMEA Business Development Manager
Email: levenez@yole.fr - +49 15 123 544 182

yMOLE

o FINANCIAL SERVICES (in partnership with Woodside Capital
Partners)

Jean-Christophe Eloy, CEO & President

Email: eloy@yole.fr - +33 47283 01 80

Ivan Donaldson,VP of Financial Market Development
Email: ivan.donaldson@yole.fr - +1 208 850 3914

o CUSTOM PROJECT SERVICES

Jérome Azémar, Technical Project Development Director

Email: azemar@yole.fr - +33 6 27 68 69 33

o GENERAL

Camille Veyrier, Director, Marketing & Communication
Email: veyrier@yole.fr - +33 472 83 01 Ol

Sandrine Leroy, Director, Public Relations
Email: leroy@yole.fr - +33 472 83 01 89

Email: info@yole.fr - +33 4 72 83 01 80
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