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LiDAR State of the Art Trend-: Product benchmarking & Competitive Landscape in H1°20 (1/3)
In terms of commercialization, focus is on lidar miniaturization and low cost lidar along with developing lidar capable of measurement at long
distance up to 500m

r-—-————-H""" """ """~"~>¥¥~"~"" " ~" """ ~“~"¥~“~"¥“~"¥“~"“~"¥“~"¥“~“~"¥“"¥“"¥“"¥*~“"¥‘¥“"¥‘¥“/"¥/-"¥7¥/—"7/—/——— Activities in H1°2020
A Velodyne AEYE i Lo X . X .
LiDAR « In terms of product development, Mitsubishi Electric offered MEMS LiDAR for increased safety in
O  Alpha Prime Q_ 4sightM autonomous car, Scale Al releases free lidar data set to power self-driving car development
Velodyne . : : : i i i
R Velodyne i R In commercial vehicles, Innoviz Technologies selected by Shaanxi heavy duty automobile co. for
O Alpha Puck Op L':AS';MRO Hydra Q" Tele-15 autonomous truck project at Chinese port with the help of its solid state lidar
uc
INN@VIZ + In terms of collaboration, Velodyne Lidar announces sales agreement with NAVYA; Quanergy Partners

O Innovizone with Milexia for LIDAR development in Europe

* In terms of funding, Chinese LIDAR maker Hesai raises $173M for mechanical lidar, Cepton

Luminar

Technologies raises Series C funding of $50M for mirrorless lidar, Silc technologies raises $12M in
© Scala © Luminar

seed funding to deliver long-range, single-chip lidar for autonomous vehicles

* RoboSense Smart LIDAR Sensor won the 2020 Edison Awards

Key Developments in the past 6 months
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O Xenolidar .
Hblackmere Velod
Xenolidar Velodyne 3 eloodyne
£== OUSTER' © LiDAR ign LiDAR 2 QHESN
) . 5
O os-1LipAR  AEYE O Cvelabit § Velodyne debuts low cost LIDAR "Velabit" 5 Chinese LiDAR maker Hesai raises $173M
rovesense O  AE110 2 which cost $100 and aims for mass production *
) AEve
: O RS-LIDAR-32 > 4 4
LeddarTech O 0S-1LiDAR
O M16 Multi-Element Sensor e
° e e e
O 4D LiDAR L e
2014 2020 S E ;
MATURITY W.R.T. INTRODUCTION IN AUTOMOTIVE INDUSTRY g’ Pronecer o IvOoX
L o2 2
it % Pioneer unveils “3D-LiDAR sensor” capable of S DJI's Livox introduces 500 meter lidar with
Competitive Landscape 2 measurement at long distance of 500m e unique scanning pattern

O LIDAR sensor Newly add. Specs available < > Newly launch. Specs not available

2 Read Benchmarking Summary for detailed analysis ) ) FutureBridge
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https://www.businesswire.com/news/home/20200311005284/en/Mitsubishi-Electric-Develops-MEMS-LiDAR-Solution-Autonomous
https://techcrunch.com/2020/05/22/scale-ai-releases-free-lidar-dataset-to-power-self-driving-car-development/
https://www.prnewswire.com/news-releases/innoviz-technologies-selected-by-shaanxi-heavy-duty-automobile-co-for-autonomous-truck-project-at-chinese-port-301003267.html
https://velodynelidar.com/press-release/velodyne-lidar-announces-sales-agreement-with-navya/
https://www.iotevolutionworld.com/smart-transport/articles/445708-quanergy-partners-with-milexia-lidar-europe.htm
https://www.iotevolutionworld.com/smart-transport/articles/445708-quanergy-partners-with-milexia-lidar-europe.htm
https://www.iotevolutionworld.com/smart-transport/articles/445708-quanergy-partners-with-milexia-lidar-europe.htm
https://www.roboticsbusinessreview.com/financial/hesai-chinese-lidar-maker-raises-173m/
https://www.roboticsbusinessreview.com/unmanned/unmanned-ground/cepton-technologies-raises-series-c-funding-mirrorless-lidar/
https://www.roboticsbusinessreview.com/unmanned/unmanned-ground/cepton-technologies-raises-series-c-funding-mirrorless-lidar/
https://www.geospatialworld.net/news/silc-single-chip-lidar-ar/
https://www.geospatialworld.net/news/robosense-smart-lidar-sensor-wins-the-2020-edison-awards/
https://www.forbes.com/sites/alanohnsman/2020/01/07/lidar-pioneer-velodyne-debuts-100-auto-safety-sensor-as-self-driving-cars-pace-to-market-slows/#7f2035c86cbc
https://www.roboticsbusinessreview.com/financial/hesai-chinese-lidar-maker-raises-173m/
https://www.automotiveworld.com/news-releases/pioneer-unveils-next-generation-3d-lidar-sensor-capable-of-measurement-at-long-distance-of-500m/
https://dronedj.com/2020/01/06/djis-livox-introduces-high-performance-low-cost-mass-market-lidar-sensors/
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Radar State of the Art Trend-: Product benchmarking & Competitive Landscape in H1°20 (2/3)
Radar developments are progressing towards 77GHz frequency radar for determining speed and range of objects in the vicinity of car

ADVANTAGEOUSNESS / IMPACT OF TECHNOLOGY
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Read Benchmarking Summary for detailed analysis

Activities in H1°2020

In terms of new product development, Vayyar Imaging unveils 60 GHz radar-on-chip, Metawave
demonstrates first 77GHz analog beamsteering radar for autonomous vehicles, Hella launches 77 GHz
radar technology, series production to begin soon

As far as new launch is considered, Echodyne debuts EchoDrive ,its MESA® beam-steering
technology based radar for autonomous vehicles

In funding , Bitsensing, Radar technology startup raises $5.8mn Pre-Series A

Vayyar and Uhnder were most active players in collaboration, AISIN and Vayyar Imaging partner to

develop exterior sensing solutions for vehicles, Vayyar Imaging joins CLEPA to drive global automotive

safety, Gapwaves and Uhnder collaborate for high resolution radar to be deployed in last-mile

applications, Uhnder and dSPACE cooperate in radar technology to increase safety of cars

Key Developments in the past 6 months

Technology

Partnership

> 9 CCETON
Y 3 bk
TesL S
Tesla Model Y boasts heated radar to help % New doppler radar system can detect moving
Autopilot in the cold 2 vehicles around corners
7 7l
° e e’ 2
L’/" k‘,
>
e, E . 2
#:BlackBerry  @Trimble = &/ Wavesense
<
BlackBerry Radar & Trimble partner on asset S | WaveSense develops ground-penetrating radar
= for vehicles, robots

monitoring capabilities

*List not very exhaustive
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https://www.prnewswire.com/news-releases/vayyar-imaging-announces-first-60ghz-in-car-automotive-grade-radar-on-chip-300983523.html
https://www.therobotreport.com/metawave-demonstrates-spektra-first-77-ghz-analog-beamsteering-radar/
https://www.autocarpro.in/news-national/hella-plans-77-ghz-radar-tech-series-production-in-early-2020-55654
https://www.autocarpro.in/news-national/hella-plans-77-ghz-radar-tech-series-production-in-early-2020-55654
https://www.autocarpro.in/news-national/hella-plans-77-ghz-radar-tech-series-production-in-early-2020-55654
https://www.echodyne.com/products/echodrive/
https://www.prnewswire.com/news-releases/bitsensing-radar-technology-startup-raises-5-8mn-pre-series-a-301071772.html
https://www.prnewswire.com/news-releases/aisin-and-vayyar-imaging-partner-to-develop-exterior-sensing-solutions-for-vehicles-300982649.html
https://www.just-auto.com/news/vayyar-imaging-becomes-clepa-member_id193204.aspx
https://www.just-auto.com/news/vayyar-imaging-becomes-clepa-member_id193204.aspx
https://www.just-auto.com/news/vayyar-imaging-becomes-clepa-member_id193204.aspx
https://news.cision.com/gapwaves-ab/r/gapwaves-and-uhnder-collaborate-on-digital-high-resolution-radar,c3050722
https://www.automotiveworld.com/news-releases/uhnder-and-dspace-cooperate-in-radar-technology/
https://www.automotiveworld.com/news-releases/uhnder-and-dspace-cooperate-in-radar-technology/
https://www.automotiveworld.com/news-releases/uhnder-and-dspace-cooperate-in-radar-technology/
https://www.newsbreak.com/news/1534747583482/tesla-model-y-boasts-heated-radar-to-help-autopilot-in-the-cold
https://interestingengineering.com/new-doppler-radar-system-can-detect-moving-vehicles-around-corners
https://interestingengineering.com/new-doppler-radar-system-can-detect-moving-vehicles-around-corners
https://interestingengineering.com/new-doppler-radar-system-can-detect-moving-vehicles-around-corners
https://interestingengineering.com/new-doppler-radar-system-can-detect-moving-vehicles-around-corners
https://www.blackberry.com/us/en/company/newsroom/press-releases/2020/blackberry-and-trimble-partner-to-enable-advanced-asset-monitoring-capabilities-in-transportation-management
https://www.therobotreport.com/wavesense-develps-ground-penetrating-radar-vehicles-robots/
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Camera State of the Art Trend-: Product benchmarking & Competitive Landscape in H1°20 (3/3)
Camera developments are progressing from mono to stereo to 3D semantic cameras for improved visibility and safety for self driving vehicles

(@ntinental
@ Multi Function Mono Camera — MFC500

n*-.-'_ @ DreamVu- PAL

@ @ Tricam

HITACHI @ Stereo Camera
$FLIR @ rirnnk

FRESIGHT @ quadsight BOSCH
ADASHY @ viper @ MPC3
BOSCH
@ Stereo video camera

S . .
v FLIR DLLSIgNT @ <<3p Semantic Camer.
@ DRAGONFLY 2

ADVANTAGEOUSNESS / IMPACT OF TECHNOLOGY

@ Camera sensor

Read Benchmarking Summary for detailed analysis

Technology

Activities in H1°2020

In terms of new product launch, Tl Reveals Automotive SoC with an Al Accelerator for camera

In technology development Renesas Electronics simplifies power supply design for automotive
surround view camera systems, Huge advances in 3d camera as photon-sensing 3D camera crosses
the megapixel mark, TriEye’s built Infrared Camera which helps autonomous cars see through haze,
Helm.ai has built a full stack autonomous vehicle using only one camera

In terms of collaboration, OmniVision and Artilux collaborate on 3D infrared sensors, ADASKY Awarded

strategic contract with autonomous electric vehicle OEM

Key Developments in the past 6 m

&S >
$FLIR 3
o
FLIR Systems and ANSYS to speed thermal % A Korean research scientists claims to have
camera machine learning for safer cars 2 improved camera calibration for AVs
= 4 7l
° . e’ .
~ s

TRIZYZ ADASHY

TriEye’s Infrared Camera helps autonomous ADASKY Awarded strategic contract with
cars see through haze autonomous electric vehicle OEM

FutureBridge
*List not very exhaustive


https://www.eetindia.co.in/ti-reveal-automotive-soc-with-an-ai-accelerator/
https://steelguru.com/auto/renesas-electronics-simplifies-power-supply-design-for-automotive-surround-view-camera-systems/554978
Huge advances in 3d camera as photon-sensing 3D camera crosses the megapixel mark
Huge advances in 3d camera as photon-sensing 3D camera crosses the megapixel mark
https://www.newsbreak.com/news/1501063366835/trieyes-infrared-camera-helps-autonomous-cars-see-through-haze
https://www.helm.ai/
https://optics.org/news/11/1/33
https://optics.org/news/11/1/33
https://optics.org/news/11/1/33
https://www.prnewswire.com/news-releases/adasky-awarded-strategic-contract-with-autonomous-electric-vehicle-oem-301027942.html
https://www.businesswire.com/news/home/20200107005299/en/FLIR-Systems-ANSYS-Speed-Thermal-Camera-Machine
https://www.notebookcheck.net/A-Korean-research-group-claims-to-have-improved-camera-calibration-for-self-driving-vehicles.455164.0.html
https://www.newsbreak.com/news/1501063366835/trieyes-infrared-camera-helps-autonomous-cars-see-through-haze
https://www.prnewswire.com/news-releases/adasky-awarded-strategic-contract-with-autonomous-electric-vehicle-oem-301027942.html
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Advancement in camera sensors, HD maps and AV datasets is accelerating
Emerging trends in Vision system sensors in H1-20’ : Things to watch out for

Players collaborating with each other for HD

maps development

TOYOTA

A\

momenTa

Toyota collaborate with
Momenta to incorporate HD
maps in its autonomous cars in
China >>

TOoOMTOM TomTom, Toyota Research
Institute and DENSO partnered
> .
CU) pEnso| onadvanced mapmaking for
TOYOTA automated driving >>
€4 CARMERA and TRI-AD
demonstrate urban and
highway mapping in Japan and
- the US >>
ropogense

As maps start to become universally used,
redundancy on sensors can be reduced. Toyota is
among the forefront in developing HD maps with

suppliers.

5 Vision system

Advancements in camera systems to improve

visibility and safety

PLAYERS

Photon-sensing 3D camera
crosses the megapixel mark >>

Samsung working on 600MP
camera sensors which can be
used in autonomous car >>

&
TRIZY=

TriEye’s Infrared Camera helps
autonomous cars see through
haze >>

With the advancement in cameras, it can be an
inexpensive compliment to LiDAR sensors. There is
atrend from moving mono to 3D cameras in the

future.

APPENDIX

Machine learning datasets released to

accelerate development of algorithms

$FLIR

FLIR releases first European
thermal imaging dataset for
ADAS development >>

cale

Scale Al launches Pandaset to
promote urban driving
situations in future >>

mmm  Massachusetts
I I Institute of

Technology

@

TOYOTA

MIT and Toyota release
innovative dataset to accelerate
autonomous driving research
>>

Many more players are releasing their open-
source datasets collected before COVID-19
pandemic to accelerate research into
autonomous driving system.

Strictly Confidential -~ FutureBridge



https://www.reuters.com/article/us-toyota-autonomous-momenta/toyota-partners-with-chinas-momenta-on-high-definition-maps-for-autonomous-cars-idUSKBN215074
https://www.roboticsbusinessreview.com/unmanned/unmanned-ground/companies-report-success-on-roadway-mapping-using-low-cost-sensors/
https://www.extremetech.com/extreme/305200-trieyes-infrared-camera-helps-autonomous-cars-see-through-haze
https://www.thedetroitbureau.com/2020/04/swiss-team-of-physicists-makes-advance-in-lidar-for-avs/
http://media.toyota.ca/releases/mit-and-toyota-release-innovative-new-visual-open-data-to-accelerate-autonomous-driving-research
https://www.flir.in/news-center/camera-cores--components/flir-releases-first-european-thermal-imaging-dataset-for-automotive-driver-assistance-development/
https://www.globenewswire.com/news-release/2020/03/10/1997679/0/en/TomTom-Toyota-Research-Institute-Advanced-Development-Inc-and-DENSO-Collaborate-on-Advanced-Mapmaking-for-Automated-Driving.html
https://www.techradar.com/in/news/samsung-working-on-camera-sensors-that-bests-the-human-eye
https://analyticsindiamag.com/scale-ai-launches-pandaset-to-promote-urban-driving-situations/
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Innovative technologies identified in vision system sensors in H1-20’
Advancements in Radar, Lidar and camera to further increase the safety of autonomous vehicles

e First spiking Neural Network-based chip for radar signal
:.l '...- ’ 8, & l -
seeeseeesnsnenent ITI1@C ¢+ By mimicking the way groups of biological neurons operate to recognize temporal
: K patterns, imec’s chip consumes 100 times less power than traditional
implementations as claimed by the company.

@T New Silicon Chip Development Could Revolutionize LiDAR =

Breakthrough Q-
technologies

-.‘Univs,smmlomog * Aresearch team at the University of Colorado (UC) Boulder recently published a
- Bouder ¢ study that discusses a new form of LIDAR that allows the technology to avoid the
- large rotating mirrors that currently steer laser beams to create a 3D image.

Technology and Solutions to
further increase the safety of
autonomous vehicles and
decrease the number of
sensors and reduce the
processing time

snow, heavy rain, fog, or poor lane markings. In combination with GPS, cameras,

N and Lidar, GPR can significantly reduce navigation failure rates for autonomous
and driver-assist systems as claimed by Wavesense
New Doppler Radar System can detect moving vehicles around
; W cone
"""""""" 'vt‘\‘llz?fﬁm? » The system, which is easily integrated into today's vehicles, uses Doppler radar to
"-‘ K bounce radio waves off surfaces such as buildings and parked automobiles. It

e allows a level of collision detection that simply wouldn't be possible for humans.

0DO
""""E@WﬂveSenseg » Unlike other sensing methods, ground-penetrating radar (GPR) is unaffected by

Helm.ai has built a full stack autonomous vehicle using only

: H B one camera s>
Helm.ai : . Heim.aihas built a full stack autonomous vehicle which is able to steer
’ autonomously on steep and curvy mountain roads using only one camera and one

S GPU (no maps, no Lidar and no GPS), as claimed by the company

6 Vision system  Source: FutureBridge Analysis Strictly Confidential  FutureBridge


https://www.electronicsweekly.com/news/business/imec-claims-snn-first-process-radar-signsls-2020-04/
https://www.osapublishing.org/optica/abstract.cfm?uri=optica-7-6-726
https://www.therobotreport.com/wavesense-develps-ground-penetrating-radar-vehicles-robots/
https://www.princeton.edu/news/2020/06/25/new-radar-allows-cars-spot-hazards-around-corners
https://www.globenewswire.com/news-release/2020/06/15/2048007/0/en/Helm-ai-Pioneers-Breakthrough-Deep-Teaching-of-Neural-Networks.html
https://data.consumerreports.org/autos/reliability/reports/consumer-reports-consumer-perceptions-of-adas-november-2019.pdf

INTRODUCTION TECHNOLOGIES APPENDIX

BENCHMARKING

PLAYERS

= EXECUTIVE LENS

Emerging Trends in H1-20’: Many players are releasing their open-source datasets collected before COVID-19

pandemic to accelerate research into autonomous driving system

e “ A &y : ez

.

FutureBridge Comments:

» Datasets are the collection of images, video clips captured during
vehicle run on the roads.

» Various classes are identified during data collection like trees,
cyclists, pedestrians, cars, etc.

» Annotations such as 2D & 3D bounding labels, Semantic labels,
etc. are used to identify the objects.

» So to summarize, data contained in the data set is made available

under an open-source license to researchers.

Visualizations of A2D2 data.
Left: semantic segmentation, Center: 3D bounding boxes Right: dense point cloud

O Ford releases a data set
to accelerate autonomous
car development and has
covered a range of driving
environments & climates

Source

F83808 )
eI

Audi

O Audi releases new
autonomous driving
dataset called as A2D2
which can be used for

commercial purpose
Source

$FLIR

O FLIR releases first
European thermal
imaging datasets and
has covered multiple

countries to gather data

Source

wHESAi ,COle

U Scale Al launches
Pandaset datasets & is
freely available for both
academic and commercial

used
Source

&

mmm  Massachusetts

I I I I I Institute of
Technology

TOYOTA

O MIT and Toyota released
unique dataset & has
identified amorphous
objects such as road

construction and vegetation
Source

Vision system

Strictly Confidential -~ FutureBridge


https://venturebeat.com/2020/03/19/ford-releases-a-data-set-to-foster-autonomous-car-development/
https://media.daimler.com/marsMediaSite/en/instance/ko/The-cooperative-car-Intuitively-knowing-what-the-car-is-planning.xhtml?oid=42404021&ls=L2VuL2luc3RhbmNlL2tvLnhodG1sP29pZD00ODM2MjU4JnJlbElkPTYwODI5JmZyb21PaWQ9NDgzNjI1OCZib3JkZXJzPXRydWUmcmVzdWx0SW5mb1R5cGVJZD00MDYyNiZ2aWV3VHlwZT10aHVtYnM!&rs=5
https://www.infoq.com/news/2020/04/audi-autonomous-driving/
https://www.flir.in/news-center/camera-cores--components/flir-releases-first-european-thermal-imaging-dataset-for-automotive-driver-assistance-development/
https://analyticsindiamag.com/scale-ai-launches-pandaset-to-promote-urban-driving-situations/
http://media.toyota.ca/releases/mit-and-toyota-release-innovative-new-visual-open-data-to-accelerate-autonomous-driving-research
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Emerging Trends: Sensor Integration in Level 3-5 Automated Driving
Different sensor mounting positions are being explored by leading players for enhancing perception, cost reduction, easy packaging, protection, etc.

Windshield <€

» Panoramic view

Mirrors

» Environmental protection

» Easy packaging

» Environmental protection

Ford patent LiDAR inside side
mirrors

Aptiv is placing LIDAR on side view
mirrors

Headlight

» Panoramic view » Easy packaging -
> Non-solid state LiDAR/radar fitting > Environmental protection

» 360 degree view

. Velodyne offer LIDAR for placing
Velodyne Lidar  pehind windshield

XEN.Q!VIATIX. XenomatiX and AGC developed a
e e windshield-mounted(Zero IR

AG c absorbing glass) LIDAR system

» Easy packaging

» Longer frontal coverage

Lyft places 40 beam LiDAR in T Koito to develop headlight build-in
lgn ﬁJLm’;er w Waymo's AV is still using LIDAR on K OXXO ppr by Blickfeld
WAYMO top of the vehicle dlicsfeld

VolksWagen is developing . .
Autonomous Vehicle with LIDAR lgn Lyft places LIDAR over the vehicle for w (l'ﬁ-l:l:l: Hella and Plastic Omnium partners
PLASTIC OMNIUM v

e e inside bumper 360 degree perception for sensor integration to headlight

8 Vision system Strictly Confidential -~ FutureBridge


https://www.fierceelectronics.com/components/partners-integrate-lidar-sensors-vehicle-windshields
https://www.ledinside.com/press/2019/5/lidar_blickfeld_koito_develop_lidar_integrated_headlight
https://www.cnet.com/roadshow/news/ford-patent-application-lidar-in-side-mirrors/
https://www.wired.com/story/vw-audi-aid-luminar-lidar-self-driving/
https://venturebeat.com/2019/07/23/lyft-releases-open-source-data-set-for-autonomous-vehicle-development/
https://stockdailydish.com/aptiv-lyft-use-latest-tech-on-self-driving-fleet-in-las-vegas/
https://www.hella.com/hella-com/en/press/Company-Technology-Products-21-01-2019-17679.html
https://venturebeat.com/2019/07/23/lyft-releases-open-source-data-set-for-autonomous-vehicle-development/
https://www.dailymail.co.uk/sciencetech/article-7640981/Your-self-driving-taxi-way-Waymo-rolls-driverless-ride-hailing-service-Phoenix.html
https://www.electronicdesign.com/automotive/velodyne-and-hyundai-mobis-develop-lidar-based-adas-system
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Emerging Trends: Sensor Fusion
Players are collaborating, funding, testing, revealing new products in the sensor fusion segment to ease higher levels of autonomy

&
I Supplemental Sensors Vision System

FutureBridge Comments:

!, » For level 3 -5 Features, fusing information from different sensors is

,
Q) |

crucial for redundancy. It should permit scalability and adaptability

J FUSION Pedestrian to deal with different sensor technologies, as price will usually
ALGORITHM moters
ahead

decide the sensors and potential options

» This fusion of data will assist the roll-out of the know-how and it

could contribute to ADAS sensor set affordability in the long run

®

LIDAR System Radar System

Object 10 meters
ahead

Image Ref: Towardsdatascience

Q 0 g OmrgyMsion. \ \ ' AMITSUBISHI ,ﬁ A
N : Chompe o o Bt

a ON Semiconductor and O Omnivision launches two O Autonomous Solutions O DeepRoute plans to begin O Mitsubishi Electric’s
Almotive will work image sensor fusion Inc receives funding for testing its Level 4 ADS by autonomous driving system
together to develop platforms OX08A and deep learning to support perfecting its Early Fusion unveils its sensor fusion
prototype sensor fusion 0X08B multiple sensors in GPS sensor-fusion technology technologies
platforms denied environment

Source Source Source Source Source

9 *Non comprehensive list: Only selected players are shown above, players like Harman, AEye, UVeye etc. are also developing the same FutureBridge


https://www.ledinside.com/news/2019/10/on_semiconductor_almotive_sensor_fusion_platforms_automotive_applications
https://media.daimler.com/marsMediaSite/en/instance/ko/The-cooperative-car-Intuitively-knowing-what-the-car-is-planning.xhtml?oid=42404021&ls=L2VuL2luc3RhbmNlL2tvLnhodG1sP29pZD00ODM2MjU4JnJlbElkPTYwODI5JmZyb21PaWQ9NDgzNjI1OCZib3JkZXJzPXRydWUmcmVzdWx0SW5mb1R5cGVJZD00MDYyNiZ2aWV3VHlwZT10aHVtYnM!&rs=5
https://www.novuslight.com/automotive-image-sensors-with-flicker-mitigation-and-high-dynamic_N9872.html
https://www.prweb.com/releases/autonomous_solutions_inc_asi_receives_sbir_funding_for_deep_learning_architecture_to_support_multiple_sensors_in_gps_denied_environments/prweb16685193.htm
https://www.therobotreport.com/deeproute-gets-funding-california-self-driving-testing-permit/
https://www.greencarcongress.com/2019/10/20191021-maisart.html
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Lighting as a communication tool for Autonomous Vehicle’s intentions
OEMs and suppliers are actively developing light-based communication technology and protocol for light as external HMI of AVs

FutureBridge Comments:

ﬁ non-autonomous cars can act as key to safe AV mass roll out and
g\ quicker adoption

‘ » Effective communications between AVs, road users and drivers of
‘l I‘ , » Lighting (over the vehicle, headlight, body lights, etc.) are most
. possible solutions to fill communication gap

( o o » Learn more in our webinar: “Future of automotive lighting —

— game changed for safety, passenger wellness and

autonomous driving”

Mercedes-Benz Ford’s Visual Volkswagen Hyundai Mobis Hella
Co-operative car Language Projection Light Communication Light 360 Autonomous
( i = HYUNOAI
S Y= |22 ¥ MOBIS
Mercedes-Benz : Volkswagen N—
! . e
O Mercedes Benz Q Ford is testing ‘Visual 0 Volkswagen is testing U Hyundai Mobis Q Hella is developing AV
showcases autonomous Language' using lights to vehicles that can showcases lights to communicate
car that communicates its enabling Autonomous communicate with Communication Light for with pedestrians and
intention through lights Vehicle to communicate pedestrian by light AV (LED, digital boards, other human driver
with Pedestrians projection on road projection and sound)
Source Source Source Source Source

10 Vision system *Non comprehensive list: Only selected players are shown above, players like Toyota, JLR, etc. are also developing the same Strictly Confidential FutureBridge


https://app.livestorm.co/futurebridge/autolit
https://app.livestorm.co/futurebridge/autolit
https://app.livestorm.co/futurebridge/autolit
https://app.livestorm.co/futurebridge/autolit
https://app.livestorm.co/futurebridge/autolit
https://media.daimler.com/marsMediaSite/en/instance/ko/The-cooperative-car-Intuitively-knowing-what-the-car-is-planning.xhtml?oid=42404021&ls=L2VuL2luc3RhbmNlL2tvLnhodG1sP29pZD00ODM2MjU4JnJlbElkPTYwODI5JmZyb21PaWQ9NDgzNjI1OCZib3JkZXJzPXRydWUmcmVzdWx0SW5mb1R5cGVJZD00MDYyNiZ2aWV3VHlwZT10aHVtYnM!&rs=5
https://www.futurecar.com/2968/Ford-is-Testing-a-Visual-Language-to-Help-Self-Driving-Cars-Communicate-with-Pedestrians
https://www.powerelectronics.com/automotive/future-looks-bright-innovations-automotive-lighting
https://www.ledinside.com/news/2019/1/ces2019_hyundai_mobis_introduces_communication_lighting_autonomous_vehicle
https://www.hella.com/MicroSite/ePaper/360_Grad_Autonom_EN/index.html#24
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Technologies enabling 3D vision (in Camera), Antenna miniaturization (in Radar) and solid state LIDARs moving faster towards commercialization

<777 @ntinentals. -APTIV-

Mosneve

@WaveSense

RADAR
Technologies

Pulse Compression
Pulse Doppler

Prototype

11

Synthetic Aperture

INN®VIZ LUMINAR
AAeve Velodyne

30 Segiy Stereo Vision

MFSK Modulation

LiDAR
Technologies

» o
penso ) BoscH $FLIR LecdarTecn Shie«feld
—,  CrtirgtheCore Invented for life .2 Senvice
A TR Yeoneer Fiber Laser
A Automative AUtOIIV
N FMCW LiDAR
Camera
Technologies
VCSEL Flash
gr_l;}gu STRADVISION
T HvunoAl Neuromorphic APD MEMS
~ MOBIS
Panasonic
CMOS

Optical phased array

Mechanical
Scanning

Infrared CCD
MINE Mono Vision
Phased Array Trifocal
Metamaterials
Frequency ll\:/lM((j:vlvt'
Shift Keying OCLanST

Commercialized

State-of-Maturity

Analysis

Long range detection

Compact size

With
compensating
capacitor
3D Maps
with POI
2D Maps

Commercialized

Invented for life

Ultrasonic
Technologies

3D Maps with

Autoliv @nt

/_—

) BOSCH smuRata

live updates

*Not exhaustive list of players, based on developments tracked in 2019-(H1-2020)

ntal™

44,
Civil Maps 4

Tomtome () mapbox

DEEPMAP ©® carMERA

mapper

-

Map
Technologies

HD Maps

Prototype
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https://www.mobileye.com/future-of-mobility/history-autonomous-driving/
https://www.continental-automotive.com/en-gl/Passenger-Cars/Chassis-Safety/Advanced-Driver-Assistance-Systems/Cameras
https://www.continental-automotive.com/en-gl/Passenger-Cars/Chassis-Safety/Advanced-Driver-Assistance-Systems/Cameras
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State of ADAS sensor competition in H1°20 vs Tech Roadmap
Sensor set requirements will vary depending on the operational design domain for achieving full self-driving capability

Levels of automation Level 2+ Level 3+

ADAS feature

Model / OEM

Traffic Jam Assist

2020 BMW 7 series

Al Traffic Jam Pilot

2020 Audi A8

Full Self-driving capability
Waymo self driving

2020 Tesla Model S minivan

Expected sensor set in vehicles to draw a comparison at different levels of automation for passenger and commercial vehicles

Forward-looking
camera

Forward looking long
range radar

Front corner radar
Rear corner radar

Surround camera
LiDAR
Ultrasonics

Night vision

Maps
V2Xx

Driver facing camera Mobileye interior camera

Computing platform
SOTA updates

Stereo camera

LRR
SRR
SRR

surround view camera
X

12X

Yes

eHorizon
X

Yes
X

Mono camera

1-LRR on front
4 - mid-range radars at the vehicle’s
corner

4 cameras of 360 degree on the rear
LiDAR from Valeo

12X - front,side and rear

Infrared camera

HERE maps
Yes

front camera
Yes

X

Main forward camera - max dist. 150 m
Wide forward camera - max dist. 60 m
Narrow forward camera - max dist. 250m

Stereo camera

1 - LRR on front 1-LRR on front

Radar Max distance 160 m Five radar sensors

8 cameras of 360 degree upto 250 m

Full Self-driving capability Full Self-driving capability

APPENDIX

3 (NDUSTRY
INSIDER

2]

TuSimple LIDAR less approach
for L4 trucks

Long range forward looking
camera
1-LRR on front

short range radar

range 8 cameras 8 cameras
X 3 types of LIDAR sensors X

12X - max distance 8m 12X 12X
Infrared camera Infrared camera Yes

Tesla Maps using open source modules

from Mapbox and Valhalla Self 3D Maps HD maps
Yes Yes Yes

X Yes Yes

Yes Yes Yes

Yes Yes Yes

Cameras play a pivotal role as we advanced in higher autonomy and we can see more adoption of stereo and thermal infrared cameras for image visibility and safety
Radars will have its significant importance in terms of improving the distance coverage area and 4D imaging radar could impact autonomous vehicles

3D Solid state LiDARs, 4D LiDARs, miniaturization of LIDARS, cost —effective, mass production of LiDARs will decide the future fate as it is getting mixed opinion from industries, to go with or without LiDAR
Future level of autonomy will further be enhanced with advanced computing platforms and software-over-the-air-updates for V2X communication and vehicle safety

LRR - Long Range Radar ; SRR — Short Range Radar ; X — Not available

Source: FutureBridge Analysis

ey Passenger vehicle Commercial vehicles

lllustrative examples. Not very exhaustive

FutureBridge


https://www.topspeed.com/cars/car-news/the-2020-bmw-7-series-is-a-bavarian-tech-fest-ar184268.html
https://www.autonomousvehicletech.com/articles/1311-audis-new-a8-reaches-conditional-level-3
https://www.tesla.com/autopilot
https://www.theverge.com/transportation/2018/4/19/17204044/tesla-waymo-self-driving-car-data-simulation
https://www.electronicdesign.com/markets/automotive/article/21808184/tusimple-completes-selfdriving-truck-test-for-the-usps
https://techcrunch.com/2019/10/07/waymo-is-creating-3d-maps-of-los-angeles-to-better-understand-traffic-congestion/
https://techcrunch.com/2019/10/07/waymo-is-creating-3d-maps-of-los-angeles-to-better-understand-traffic-congestion/
https://techcrunch.com/2019/10/07/waymo-is-creating-3d-maps-of-los-angeles-to-better-understand-traffic-congestion/
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Sensor set requirements in different levels of automated driving
Multiple LiDARSs, radars and cameras needed for L4/5 which stresses the importance of cost evolution and requirements for cost efficient sensor

integration
35 -
FutureBridge Comments:
8 » Most companies are following standard t !
30 4 best practice for sensor fitment as
/ 4 showcased by pioneers like, Waymo,
25 - 2 —_— / 4 Uber, Audi, etc.
2 2
5 — — » Disruptions like LiDAR-less autonomy
% 20 - 5 5 5 strategy can altogether change perceived
2 || | sensor requirements Level
o
= 4/5
)
2 15 - 4 6 6 6
£
>
z LIDAR
4 i
10 - . .
Medium Distance Camera
Wide Range Camera
S 7 Short Range Radar
® Long Range Radar
0 - m Ultrasonics
Level1 Level2 Level3 Level4 Level5
Autonomy Level ' Long-range LiDAR Short & Medium range Radar * Camera
13 Short-range LIDAR . Long-range Radar

Source: Fi ectroni FutureBridge
oureer oo Actual sensor position will depend on the carline’s specifications El


https://www.fierceelectronics.com/electronics/western-digital-sees-mega-storage-needs-for-avs
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State of Major ADAS functions and sensor offerings in commercial vehicles
At present, most of the players offer sensor suite to support level 2 autonomous driving assistance functions for ease of driving and safety; wherein
they are also focusing to offer level 3 ADAS functions in near future

ADAS Sensor

Company ADAS Functions in commercial vehicles (Trucks, Buses) :
Offerings
TOP 3
Leading players in Emergency  pjing : . ) . - offerings
commercial trucks brake spot Lane Right Platooning | Traffic sign | - Headlight Lane Adaptive | Highway | Predictive |  Lane Different sensors consisting of 9
and buses assist | goraction | d€Parture | WM recognition | assist keeping cruise Pilot driving change LIDAR, Radar, Camera, HD Maps
assist control
Offers sensor fusion set which consists of Emergengy
DAIMLER LRR, SRR, Stereo camera, side radar brake assist
sensors, HD maps
Volvo Active Driver Assist (VADA) 2.0
VOL U 0 platform integrates radar and camera
Platooning
= s Camera monitoring system “Proviu
@nlllleniﬁl & mirror” and Radar based system

“RightViu” assists in turning X
Future Offerings

platform and radar to prevent collision,
apply brakes and evasive steering support

{
SENLS

J Multipurpose camera — Monocular camera

BOSCH

@

Highway Pilot

Short range corner radars monitors the
traffic to the sides and the radius of the

'NENENE
NEENENENES
LSRN

NAYAYANANEN

curve made by the trailer Predictive
driving
Iveco trucks will be equipped with
lv E c o J Wabco’s OnGuardActive & OnGuardMax
solutions featuring a new radar sensor I I
Lane change

* Not exhaustive list . Expected to vary as per models

J Available T Future offering

14 Vision system ) ) Strictly Confidential -~ FutureBridge
Source: FutureBridge Analysis * Also refer to earlier H1°2019 version for on the road to autonomous trucks



https://roadstars.mercedes-benz.com/en_GB/events/2014/july/future-truck-2025.html
https://www.continental-automotive.com/Trucks-Buses/Vehicle-Chassis-Body/Advanced-Driver-Assistance-Systems/Camera-Based-Systems/ProViu-Mirror
https://www.continental-automotive.com/en-gl/Trucks-Buses/Vehicle-Chassis-Body/Advanced-Driver-Assistance-Systems/Radar-Based-System
https://www.bosch-mobility-solutions.com/en/products-and-services/commercial-vehicles/driver-assistance-systems/intelligent-headlight-control/multi-purpose-camera-for-heavy-commercial-vehicles/
https://www.zf.com/mobile/en/technologies/domains/integrated_safety/electric_mobility/turn_assist.html
https://www.volvogroup.com/en-en/news/2019/aug/volvo-active-driver-assist.html
https://www.pmvmiddleeast.com/operations/fleet-management/71988-wabco-and-iveco-collaborate-to-develop-advanced-driver-assistance-systems
https://industryinsider.futurebridge.com/document-details/5d692801857ad8987bbd1bab/Executive+Lens#page=11
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Technological Roadmap : Passenger vs Commercial Vehicle
In the near future, commercial vehicles are expected to hit level 4 autonomous as compared to passenger vehicle

Levels of Automation

Level 5
Full
Automation

Level 4
High
Automation

Level 3
Conditional
automation

Level 2
Partial
automation

Level 1
Driver
assistance

Level O
No Driving
automation

Established 2018 2020 2022 2024

(X 4 ..I..
Urban and Sub-Urban Pilot

Highly automated vehicles in confined areas Highly automated vehicles in hub-to-hub operation

INDUSTRY
INSIDER

PLAYERS APPENDIX

2026 2028 2030 -

Fully Automated
Freight Vehicles

Fully automated passenger cars

Highly automated vehicles on open roads

DAIMLER

Highway autopilot including highway convoy

Highway Chauffeur Highway Chauffeur

Traffic Jam Chauffeur Traffic Jam Chauffeur

@ntinenfalz goscH @ IVECO VOLWVO
Automated Truck Platooning

.\
=0
Traffic Jam Assist e .
Parking Assist Traffic Jam Assist
@ DAIMLER VOLWVO

C-ACC Truck Platooning
ACC Stop & Go, LKA, LCA

+ parking assist

Hﬁ)ﬁl @

vorLvo (@ntinental* DAIMLER BOSCH

LDW, BSW, FCW, ABS,
ESC, Emergency brake

Source: ERTRAC Automated Driving Roadmap Report, 2019

15

Commercial Vehicle Passenger Vehicle

Highway Pilot Platooning

Analysis :

. Passenger vehicles aim to reach level 3
autonomy faster as compared to commercial
vehicles

. When level 4 autonomous is considered,
commercial vehicles like trucks are likely to hit
the roads before passenger cars, as entire
ecosystem of partners from tier 1 suppliers, to
truck makers, to regulators and shippers have all
shown tremendous interest and support in
realizing the goal of becoming the first to
commercialize autonomous trucks

. The ability of companies to actually use self-
driving trucks or individuals to use self-driving
passenger vehicles still relies on government
reqgulation

FutureBridge

* Not exhaustive list of play


https://www.ertrac.org/uploads/documentsearch/id57/ERTRAC-CAD-Roadmap-2019.pdf
https://www.cnbc.com/2019/11/22/self-driving-trucks-likely-to-hit-the-roads-before-passenger-cars.html
https://www.cnbc.com/2019/11/22/self-driving-trucks-likely-to-hit-the-roads-before-passenger-cars.html
https://www.cnbc.com/2019/11/22/self-driving-trucks-likely-to-hit-the-roads-before-passenger-cars.html
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Industrial Activity Summary in H1°2020
Advancements are seen in vision sensor technology related to the development of sensor fusion platforms, improvement in visibility and security

ry developments trends seen in our Industrial Activity Tracker

1 Expansion/Awards
§ Announcement
1 18 Funding
s
4 1 Product Launch
11 15 g a Collaboration
| 1 g 3 2
. T £ T 1 = Technology development
Radar Camera HD maps Ultrasonic sensors Al/Software
1%
b ’ e
> = HYUNOAI »> h HYUNDAI . Velodgne
% | (@ntinentaly  “MOBIS ) MOBIS | (<) vayyar ECHODYNE Uik Mapper ADASAHY Aneve 4
% outsight @ METAWAVE
S BOSCH Panasonic ot Valed : — CRIESENES
S e @ Vom,. Y opeepscaLe ! e—

Key Developments in the past 6 months

* In terms of product development, more advancements are seen for LiDAR sensors in

categories related to future autonomous driving, commercial vehicles, safety and security ) (e)nssm 5 W CagETox
. . TR . = o
+ Advancements in camera systems by players to improve visibility and security were 2| Chinese LIDAR maker Hesai raises $173M for £ | New doppler radar system can detect moving
observed * its mechanical lidar tech 2 vehicles around corners
' > 4 a
» Suppliers are collaborating to develop sensor fusion platforms, sensor integration into e o
. . . . [ L] [} 2
mirrors and 4D radar technology for image processing and security L
» OEMs partnership with academic universities is seen to develop advanced Radars and > 5 D
g cPF g tomtrome U DENSO
HD Maps ° =i S TOYOTA
§ Huge advances in 3d camera as % TomTom, Toyota and DENSO partnered on
= It crosses the megapixel mark O | advanced mapmaking for automated driving

Read Development Summary for detailed analysis

16 FutureBridge


https://www.roboticsbusinessreview.com/financial/hesai-chinese-lidar-maker-raises-173m/
https://www.roboticsbusinessreview.com/financial/hesai-chinese-lidar-maker-raises-173m/
https://interestingengineering.com/new-doppler-radar-system-can-detect-moving-vehicles-around-corners
https://interestingengineering.com/new-doppler-radar-system-can-detect-moving-vehicles-around-corners
https://interestingengineering.com/new-doppler-radar-system-can-detect-moving-vehicles-around-corners
Huge advances in 3d camera as photon-sensing 3D camera crosses the megapixel mark
https://www.globenewswire.com/news-release/2020/03/10/1997679/0/en/TomTom-Toyota-Research-Institute-Advanced-Development-Inc-and-DENSO-Collaborate-on-Advanced-Mapmaking-for-Automated-Driving.html
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Academic Research Activity Summary in H1°2020
Academic research is very active in vision system areas especially in addressing range, cost and detection challenges

Academic publications in H1°20

185 179
@IEEE = UNIVERSITY
% o OF
“ CALIFORNIA
-
81 THE UNIVERSITY OF HONG KONG
7
D]IJAGOYA
UNIVERSITY OF INIVERSITY
) OOk PURDUE
Radar Camera Lidar

* Count as per search string for only 2020 year

» Many researchers are exploring camera sensors for image analysis of traffic data for intelligent vehicles, lane detection and localization in 3D
environment, vehicle motion estimation using infrared camera, Lidar and camera fusion to ease autonomous driving
» In the LiDAR category, research focus is seen on using 3D Lidar for pedestrian recognition and tracking, lane change identification , LIDAR-

camera fusion for road detection
» In the radar segment, focus is seen on Road environment recognition for automotive FMCW RADAR systems through convolutional neural

network, 77 GHz Radar Application, MIMO Radar and sensor fusion

*For details of Research Activity Summary for H2-19, please refer to our earlier version >>

17 Vision system Strictly Confidential -~ FutureBridge

*For details of Research Papers analyzed, please go to Appendix >>


https://industryinsider.futurebridge.com/document-details/5d692801857ad8987bbd1bab/Executive+Lens#page=7
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IP Activity Summary in ADAS Sensors in H1’ 2020
Patent activity for camera sensor is very high as automakers are looking for advancements like 3D camera for better visibility and safety

500
400
300
200

100

Aptiv
Bosch
Conti
Valeo
Magna
Veoneer
Hella
Flir

LiDAR

436
219
153
Camera Radar Lidar
116 Bosch
Valeo
96 i
Aptiv
86 Conti
62 Magna
62 Veoneer
Hella
Velodyne
Outsight
Metawave
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Patents published (H1 2 Geographical coverage of patents (H1 2020)

300 -
250 -
200 -
124 17 Camera
150 - 85 Lidar
100 45 a7 H Radar
43
50 - 42 14
e 18 B . 3
0 T T 5 T 5 \
USA woO Germany Europe Japan Other countries

57 Bosch
Aptiv

Valeo
Conti
Magna
Metawave
Veoneer
Hella

Flir

Vayyar

Y

Camera sensor leads the race for the largest patent publishes.
This is also evident from our emerging trend wherein we have
highlighted advancements in camera system for visibility and
safety in H1°2020.

Bosch has filed the maximum number of patents in vision system
sensors among the players which we have studied in our patent
analysis

USA market leads the number of patents filed by the suppliers
collectively for the major vision sensor elements

In Radar, most of the patents filed were related to collision
warning, sensor calibration, and FMCW based radar

In Lidar, MEMS (Microelectromechanical mirrors) based
technology was dominant during patent analysis

In Camera, infrared camera technology was dominant during
patent analysis

FutureBridge
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ADAS Sensor : New launches in H1°2020

BENCHMARKING PLAYERS APPENDIX

The trend is related to launching sensors which are small in size, low in cost, and lidar particularly sensors which sees up to 500 meters

Key ADAS Sensor new launch in H1°2020

|

18

Radar

Key launches in Radar

'S Vayyar Imaging unveils
““'1.] vayyar > 60 GHz radar-on-chip

Echodyne launches
ECHOODYNE =3 EchoDrive radar based
on beam-steering
technology

<//> E Metawave launches

METAWAVE 77GHz analog
beamsteering radar

19 Vision system

Read Development Summary for detailed analysis

2

Lidar

Key launches in LIDAR

LUMINAR —_ Luminar unveils Hydra, a

lidar sensor sold on
subscription

Sense Photonics
% SENSE  ===3 |ntroduces Osprey,
Modular FLASH LiDAR

Osram presents Infrared
OSRAM =2 Laser for Short-Range
Lidar Applications

AEye unveils 4Sight™,
LiDAR Sensor with
AEY& =2 software definable range
optimization of up to
1,000 meters
*Non comprehensive list:

I 42000
Camera

Key launches in Camera

TI’s first automotive

i3 TEXAS INSTRUMENTS s> SoC with an Al
Accelerator launches
for camera

Ambarella unveils new Al
%, > chips for automptive
Ambarella” cameras and driver
assistance

Strictly Confidential -~ FutureBridge


https://www.outsight.tech/hubfs/PR/EN_Outsight_Autosens_Sept19.pdf?hsLang=en
https://www.fierceelectronics.com/electronics/vayyar-imaging-unveils-60-ghz-radar-chip
https://techcrunch.com/2020/01/06/echodyne-steers-its-high-tech-radar-beam-on-autonomous-cars-with-echodrive/
https://www.therobotreport.com/metawave-demonstrates-spektra-first-77-ghz-analog-beamsteering-radar/
https://venturebeat.com/2020/01/07/luminar-unveils-hydra-a-lidar-sensor-sold-on-subscription/
https://www.prnewswire.com/news-releases/sense-photonics-introduces-osprey-the-first-modular-flash-lidar-for-autonomous-vehicles-300981523.html
https://www.eetindia.co.in/ti-reveal-automotive-soc-with-an-ai-accelerator/
https://venturebeat.com/2020/01/06/ambarella-unveils-new-ai-chips-for-automotive-cameras-and-driver-assistance/
https://sensorsolutions.net/article/110257/Osram_presents_new_infrared_laser_for_short-range_LiDAR_applications
https://www.aeye.ai/press/aeye-reveals-advanced-mems-that-delivers-solid-state-performance-and-reliability/
https://www.aeye.ai/press/aeye-reveals-advanced-mems-that-delivers-solid-state-performance-and-reliability/

E EXECUTIVE LENS INTRODUCTION TECHNOLOGIES BENCHMARKING PLAYERS APPENDIX

ADAS Sensors: Upcoming launches in 2020-22
In near future, players will develop low cost , SoC, miniaturization of sensors to support automated driving and advanced

driver assistance systems

HYLUNDAI .
BOSCH N2 Huawel Velodyne ~MOBIS LUMINAR == OUSTER “NVIDIA
- v
velod d Hyundai Mobi NVIDIA's DRIVE AGX platform
Bosch will debut with its long- . toeDOe\ygltca) arIIiD A)I/?u-rl]?,aasle do = Luminar to launch its new Iris with Ouster's long range OS-2
range LiDAR sensor for Huawei to develop radar for P LIDAR platform commercially(< LIDAR plans to launch

self-driving cars >> ADAS System for Level 3 $1000 per unit) autonomous commercial
autonomous driving vehicles

autonomous vehicles

2020 2021 2022

@ ANSTEIN veoneer
ZF to launch Dual Lens It YN?" demonstrate two new Veonee.r will reveal the Furukgwa Automotive Systems Bosch to go for production of Al
Camera for commercial millimeter wave (mmWave) production of the thermal Inc. aims to start volume
. g / o - " A based camera for automated
vehicles with integrated ADAS radar modules for automotive camera for self- driving vehicle production of the Quasi- driving >>
technologies >> and stationary applications >> >> milliwave radar new model >> —

Camera Radar LiDAR * Not exhaustive list
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https://venturebeat.com/2020/01/02/bosch-debuts-new-lidar-sensor-for-autonomous-vehicles/
https://auto.economictimes.indiatimes.com/news/auto-technology/veoneer-to-make-thermal-camera-for-autonomous-vehicle/71168537
https://www.futurecar.com/3560/Huawei-to-Develop-Radar-for-Self-Driving-Cars-in-Push-into-Auto-Industry-Execs-Say
https://www.electronicdesign.com/markets/automotive/article/21808796/velodyne-and-hyundai-mobis-to-develop-lidarbased-adas-system
https://www.prnewswire.com/news-releases/zf-develops-dual-lens-camera-for-commercial-vehicles-launches-in-2020-with-integrated-adas-technologies-300866914.html
https://electronics360.globalspec.com/article/14460/ces-2020-mmwave-radar-solutions-for-automotive-and-stationary-applications
https://techcrunch.com/2019/07/11/luminar-eyes-production-vehicles-with-100m-round-and-new-iris-lidar-platform/
https://japantoday.com/category/tech/quasi-milliwave-radar-device-recognizes-slowly-walking-people
https://www.forbes.com/sites/lianeyvkoff/2019/09/18/using-ousters-lidar-nvidia-targets-2022-for-commercial-launch-of-self-driving-vehicles/#e99e8156a526
https://www.bosch-presse.de/pressportal/de/en/camera-based-life-saver-bosch-helps-cars-keep-an-eye-on-their-passengers-204288.html
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Collaboration Trends
OEMs are partnering with various HD map providing players on advanced mapmaking for automated driving

B O m

2019 H1

o T
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8
3

2018 H1 2018 H2

2019 H2

2020 H1

» OENMs are collaborating with research institutes for technology advancement in

HD Maps

Camera

LiDARs and HD maps

Radar » Also, sensor manufacturers are collaborating with each other to develop sensor
fusion platforms for cost-efficiency and better packaging in level 3+ automation

11
mLiDAR
‘ » Velodyne has signed multiple agreements with players like Navya, easy mile,

etc. to provide its lidar solution for automated driving

*Non comprehensive list

a
»

OmSsion.

ARTILUX"®

OmniVision and Artilux
collaborate for 3D infrared

Sensors >>

~“APWAVES

Gapwaves and Uhnder
collaborate for high
resolution radar in last-mile

applications >>

N
TOoMmTOM?

e
(8D penso

TOYOTA

TomTom, Toyota and DENSO
partnered on advanced
mapmaking for automated

driving >>

TOYOTA  momenTa

Toyota collaborate with
Momenta to incorporate HD
maps in its autonomous cars

>>

N
Velodyne LiDAR

Velodyne partners with easy
mile for its TractEasy AV

baggage tractors.>>

||
@ QUANERGY

@mﬂexm

Quanergy Partners With
Milexia for LIDAR

development in Europe >>
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https://optics.org/news/11/1/33
https://news.cision.com/gapwaves-ab/r/gapwaves-and-uhnder-collaborate-on-digital-high-resolution-radar,c3050722
https://www.globenewswire.com/news-release/2020/03/10/1997679/0/en/TomTom-Toyota-Research-Institute-Advanced-Development-Inc-and-DENSO-Collaborate-on-Advanced-Mapmaking-for-Automated-Driving.html
https://in.reuters.com/article/us-toyota-autonomous-momenta/toyota-partners-with-chinas-momenta-on-high-definition-maps-for-autonomous-cars-idINKBN215074
https://www.parcelandpostaltechnologyinternational.com/news/automation/velodyne-partners-with-ltd.html
https://www.iotevolutionworld.com/smart-transport/articles/445708-quanergy-partners-with-milexia-lidar-europe.htm
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$264 million was raised by Lidar, camera and radar sensor startups in H1’20 comparing to around $382 million in H1°’19

Al/Sensor software

» Majority of funding activity concentrated on LiDAR focusing on technology like

4 Camera mirrorless lidar and single-chip lidar
Rad N . . . . . .
3 2 _a * » Bosch was leading investor in Chinese lidar maker Hesai tech which has received
1 1 mLIDAR the highest funding among vision system sensors to the tune of $173M.
1
J l » There was no funding activity in camera technology-based startups and only single
2018 HL 2018 H2 2019 H1  2019H2 2020 H1 funding in radar startup i.e. in bitsensing equal to $5.8M
[razo ] = 1 i i i i >
| | | | | | | |
6)“55“' (‘ '[ epton SI I_C !:!,v{\xl.loTE © bitsensing

Cepton Technologies
Chinese LiDAR maker

Hesai raises $173M

for its mechanical lidar

raises $50M Series C
funding for mirrorless

lidar >>

>>
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SiLC Technologies
Raises $12M in Seed
Funding to Deliver
Long-Range, Single-
Chip LiDAR for AV >>

Hailo Raises $60M in

Series B Funding >>

QCRAFT

Qcraft raises over $24
M to train autonomous
vehicle systems in

simulation >>

Bitsensing, Radar

technology startup
raises $5.8M Pre-

Series A >>
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https://www.roboticsbusinessreview.com/financial/hesai-chinese-lidar-maker-raises-173m/
https://www.roboticsbusinessreview.com/unmanned/unmanned-ground/cepton-technologies-raises-series-c-funding-mirrorless-lidar/
https://venturebeat.com/2020/04/03/qcraft-raises-over-24-million-to-train-autonomous-vehicle-systems-in-simulation/
https://www.prnewswire.com/news-releases/bitsensing-radar-technology-startup-raises-5-8mn-pre-series-a-301071772.html
http://www.finsmes.com/2020/03/silc-technologies-raises-12m-in-seed-funding.html
https://techcrunch.com/2020/03/05/hailo-raises-60m-series-b-for-its-ai-chips/
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Total funding in Lidar startups 2016-H1°20: $1.8B

* Investment has been down by 21% in H1-2020 y-y to $258M in Lidar startups (H1-2019: $325M).

Startup name Total' Technology * Innoviz has received the highest funding out of startups disclosing funding in Lidar. ($252M); Innoviz’s tech is based on MEMS Lidar.
funding +  Between 2016 and H1'20, $718M went to Mechanical scanning Lidar, or 40% of the $1.8B, $357M went to MEMS Lidar, or 20% of the $1.8B, $280M went
M($) till to flash Lidar, or 15% of the $1.8B, $161M went to FMCW Lidar, or 9% of the $1.8B and $278M went to other type’s of Lidar, or 16% of the $1.8B.
today *  The data comes from the investigation of 270 startups in ADAS and Vision Systems, 36 of which are working on Lidar and 24 have disclosed funding.

INNGOVIZ 252 MEMS LiDAR 600

‘ Total
512 funding
250 Mechanical 500
LUMINAR LIDAR
230 Mechanical -
HESAI LIDAR 400 355 369 ’
/
v IOd 225 Mechanical -
elodyne LIDAR

LeddarTech 168 Flash LiDAR

MASTERING LIDAR SENSOR TEGHNOLOGY

300 \258
N\
135 Optical phase Velodyne LUMINAR
® QUANERGY array LIDAR 200 o n
INNOVIZ
Nt
—_— 90 Flash LiDAR
OUSTER 75 / ‘%)
- 100
< 67 FMCW LiDAR l HESAI

M($)

oryx
59 MEMS LiDAR 40 Aancve NN

Ansve —— .

0 —

(1 .[ EPTON 50 Micro motion

2 LC2SEE) Before 2016 2016 2017 2018 2019 H1-2020
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Total funding in Radar startups 2016-H1°20: $322.6M

Technolo
gy

Total
funding
M($) till
today
U vayyar 188
ECHODYNE 64
54.6
arpe))
ROBOTICS
BocuLi 211
4 o
'ZENDAR. %°

~Luncewave 5.5

3.95
A
3.19
OMMNIRADAR
@ WaveSense ’
2.07

STERADIANSEMI

Vision system

4D imaging
radar

MESA
based radar

4D imaging
radar

4D imaging
radar

3D Radar
4D imaging
radar

3D antenna
based radar

3D Radar

FMCW
based radar

Ground-
penetrating
radar

4D imaging
radar

M($)

200

180

160

140

120

100

80

60

40

20

* Investment has been down by 45% in H1-2020 y-y to $5.8M in Radar startups (H1-2019: $10.5M).

*  Vayyar has received the highest funding out of startups disclosing funding in Radar. ($188M); Vayyar tech is
based on 4D imaging radar technology.

+  Between 2016 and H1°20, $245M went to 4D Imaging radar, or 76% of the $322.6M, $49M went to MESA
based radar, or 15% of the $322.6M, $20.1M went to 3D radar, or 6% of the $322.6M, and $8.5M went to 1715 (e Total
other type’s of radar, or 3% of the $322.6M. funding

*  The data comes from the investigation of 270 startups in ADAS and Vision Systems, 20 of which are working
on Radar and 11 have disclosed funding.

<) | vayyar
)| vayyar
368 |
M‘k\ / 1))
ROBOVICS
26.25

ol arbe)

HocuLi DBOTICS
(,/}
rhe)) meTAWavE ‘

ROBOTICS ToxeULi L bitsensing

2

e ZENDAR- -
2012 2014 2015 2016 2017 2018 2019
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Total funding in Camera startups 2006-H1°20: $155.7M

* Investment has been down by 100% in H1-2020 y-y to $0M in Camera startups (H1-2019:

$46.5M).
«  StradVision has received the highest funding out of startups disclosing funding in Camera.
Startup name Total Technology ($42.2M); StradVision ,tech is based on smart camera.
funding 80 +  Between 2016 and H1°20, $42.2M went to Smart Camera, or 27% of the $155.7M, $36M went to 745 Total
M il Quad-Camera vision system, or 23% of the $155.7M, $27.5M went to Infrared camera, or 18% : ¢ funding
@t of the $155.7M, $20M went each to thermal camera & 3D Camera, or 13% each of the $155.7M,
1 SWIR
today and $10M went to 4D camera, or 6% of the $155.7M. . 2vvin
70 » The data comes from the investigation of 270 startups in ADAS and Vision Systems, 13 of which 15
422 Smart are working on Camera and 9 have disclosed funding.
@ STRADVISION :
Camera
60 ADASIY
riven to save lives
40 Thermal
Camera
thermal
" 50
alede, 38.5 Infrared / 44.1
Ambarella camera 40
385 FARESIGHT L
35.9 uad-Camera 40 37 \r
FBRESIGHT Q & ] B\
= (&~ STRADVISION FSRESIGHT Brigh! Wiskon
B\Y/V 25 Infrared a0, e “
Bright Way Vision camera 30 Ambarella”
Leecravu
(& sTRADVISION
20 Thermal -
20 Ambarella
outsight 20 3-D Camera o &~ sTraDVISION
10 Ambarelis FEORESIGHT utsight
.SWIR 10 4-D Camera thermel
Seecravue 25 Infrared 0
camera

Before 2010 2015 2016 2017 2018 2019 H1-2020
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Startup Tracker Summary H1°20
North America has the highest number(72) of startup among 146 startups available in our startup tracker. Funding was dominated in Lidar sensors among
Lidar($258M), radar($5.8M), and Camera($0M) startups in H1-2020

Startups based on technology

Australia, 2, 2%

70

66
60
50 -
40 - 36
301 20
20 A 13 10
H m =
0 ; ; . . .

Software Lidar Radar Camera HD maps Ultrasonics
providers & self-
driving vehicles

Startups region wise distribution

Asia, 47, 32%

Funding distribution between Lidar, Radar and Camera in M($), 2006-

32 )
Startups based on year of establishment H120

23 -
17 17 18
6 6
4
- N I I
|_- T T T T T T T T T

2019 2018 2017 2016 2015 2014 2013 2012 2011  Before
2011

Camera

26 Vision system For details see our Startup Tracker Strictly Confidential FutureBridge
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