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AGENDA

* Aboutlbeo

* Where we came from
* Where are we now

* |beo Research

* Key take aways

Author: Unsal Kabuk/ Ibeo Automotive/ International SPAD workshop 2020
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ABOUT IBEO

Worldwide technology
leader in the field of LiDAR
sensors, associated
products, and software
tools.

all

Sales increase:
342% from 2014 to 2018

Author: Unsal Kabuk/ Ibeo Automotive/ International SPAD workshop 2020
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= Hamburg, Germany

= Eindhoven, Netherlands
= Detroit, USA

= Coming soon: China

060
CF0)

400+ employees
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A 20 YEARS SUCCESS STORY

Milestones

Sensor Products

SICK AG Acquisition Foundation of Ibeo Automotive Systems GmbH

of 90% Ibeo stake

Founding year /L DARPA Urban Challenge
1998 2000 @ %)7\

automotive

ZF Friedrichshafen AG -
Acquisition of 40% Ibeo stake

o

- T T

ALASCA XT  ibeo LUX

& -

Author: Unsal Kabuk/ Ibeo Automotive/ International SPAD workshop 2020

Cooperation Agreement Series production of Scala;
with Valeo Schalter the first LIDAR sensor going IbeoNEXT
und Sensoren GmbH into serial production

«
Introduction of sub-brands . m

ibeo.Reference and ibeo.HAD

5. Juni 2020
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Top-Innovator
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WHERE WE CAME FROM

Audi A8

Laserscanner
Laser scanner
07/17

drehender Spiegel (750 U/min) Beheizbare Frontscheibe
Rotating mirror (750 rpm) Heated front screen

Empfangseinheit
Receiver unit

Laserdiode
Laser diode

Offnungwinkel 145°
Scan angle 145°

Author: Unsal Kabuk/ Ibeo Automotive/ International SPAD workshop 2020

Anschluss an FlexRay Bus
Connector to FlexRay bus

automotive

Mechanical
Sanning

DToF LIDAR

5.Juni 2020
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WHY SOLID STATE(1 OF 2)

Audi A8

Laserscanner

Laser scanner

0717

drehender Spiegel (750 U/min)
Rotating mirror (750 rpm)

Receiver unit

/Anschluss an FlexRay Bus
Connector to FlexRay bus

Offnungwinkel 145°
Scan angle 145°

Author: Unsal Kabuk/ Ibeo Automotive/ International SPAD workshop 2020

automotive

And with solid-state we mean SPAD technology
A real 3D environmental sensing solution

~30 % cost due to mechanical scanning

~30 % Volume due to mechanical scanning

~factor 1000 improved sensitivity in system, e.g nW - pW

~factor 100 less power per detector

Waveform information available - on-chip DSP per
detector channel

5. Juni 2020
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THE IBEONEXT IS A 4D SOLID STATE, SEQUENTIAL
FLASHING, NON-MECHANICAL LIDAR INC U

Device Mode of Operation Scan Type Technology

“

v

ibeoNEXT

non-mechanical —

Author: Unsal Kabuk/ Ibeo Automotive/ International SPAD workshop 2020 5. Juni 2020 8
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WHERE WE ARE NOW

NEXT

automotive

ibeoNEXT: 4D Solid State LiDAR

» Very high resolution (e.g. 0.044 deg)
* Longrange (e.g.300 m)

* LargeFOV (e.g. 120x60 deg)

* Eye-safe Laserclass 1

* Low energy consumption

 ADAS and AD (from L2+ to L5)

* Framerate 25 Hz

* Modular concept

* Absolutely no moving parts

* Smallsize and small weight

e Output: 3D point cloud & intensity image

The future in sensing for autonomous driving!

Author: Unsal Kabuk/ Ibeo Automotive/ International SPAD workshop 2020
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HOW IT WORKS - IBEO'S FRONTEND DESICN

automotive

Transmitter
Lens system ] Transmitter

. ) NEXT
Transmit Receive
. . Sensor
Optic Optic
Head

V
Laser Array SPAD-Array
1 - >
Receiver Driver ] Meas. Signal
Array Control Processing
1 = >
Receiver | Interface |
Lens system Transmitter Chip Receiver Chip
The Frontend consists of
= A transmitter array and a receiver array = The Array consists of 100 rows and 128 columns

= A transmitter lens system and a receiver lens system = 25Hz Frame time ->40ms
= Digital receiver technology - SPAD based

= Digital processing unit to create point clouds (not visible in
the picture)

Author: Unsal Kabuk/ Ibeo Automotive/ International SPAD workshop 2020 5. Juni 2020
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HOW IT WORKS —SEQUENTIAL FLASH SCANNING ’
automotive

Transmitter

Transmitter
Lens system

Array

Receiver
Array

)
L

columns [r————
ONCONMOMC) @ @
IO @ @ @ @® @ Row groupA
@ @ @ @ @ @
l@b@@ @ @ i i
©@©® ©® @ ©©} ot Eroup
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HOW IT WORKS - IBEO'S FULLY DIGITAL
FRONTEND

automotive

15 T
"
Raw histogram
waveforms | _ .
5 ' , Histogram .
8 9@ ' processing Quality measures
J‘
. 100 -
Feature
6 ° £ 80
” extraction -
Detected events £ |
3 = X
40 | L
|

N
i

I i
Mr/“‘ T ’WW‘ PRI

0 1 1 1 1 1 1 1

0 10 20 30 40 50 60 70 80 20

Point cloud Point cloud

generation
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INTENSITY IMAGE USAGE FOR LANE DETECTION

Ground is an
essential part of the
Road model

always on
the ground

Author: Unsal Kabuk/ Ibeo Automotive/ International SPAD workshop 2020

automotive

Lanes are on the ground
Lanes are highly reflective

Hence: identify bright spots on the ground

Lanes are Apply ground model, intensity range, and layer filtering

5. Juni 2020 13
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WHAT ARE THE IMPORTANT USE CASES

1Ok

100 Author: Unsal Kabuk/ Ibeo Automotive/ International SPAD workshop 2020




VEHICLE CUT-IN

Vehicle cut-in

automotive

Overhanging loads

Author: Unsal Kabuk/ Ibeo Automotive/ Interk

; @}3

Small obstacles on

the road

5. Juni 2020
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HOW WE SOLVED IT = FRONT LOOKING

automotive

Ibeo Enviroment representation | jpAR point cloud —

sensor
(11.2°)

Mid-range

sensor (60°)

Columns # 128 128
Rows # 80 (+20)™" 80 (+20)™
N Pixel # 10240 10240
Hor. FoV ° 11.2 60
Ver. FoV ° 5.6(7)™ 30(37.5)™
Hori A R i
orizontal Angular Resolution o 0.038 e
(per row)
Horizontal Angular Resolution .
(interlaces) LBk L2
aa “\-w;:.\‘.X\\\\
Vertical Angular Resolution ° 0.07 0.38
Configured design range m 260 80
Detection Range (10%) M 150 60
Apphca on SpECIfIC Classification* of tire m 85 15
sensor heads o )
Classification* of pedestrian m 165 35

*  Ranges for 40ms periodic scan (25Hz). Object is classified as an object on the interface with high confidence
** Ranges for 40ms periodic scan(25Hz) . Objects detected by pixel, i.e., an object is detected as a point in the point cloud Classification™ of car m 250 60
*** Sensor is reconfigurable at assembly-time to extend the vertical resolution and FoV depending on the use-cases

Author: Unsal Kabuk/ Ibeo Automotive/ International SPAD workshop 2020 First detection** of car m 260 80




HW ARCHITECTURE OF FRONT LOOKING SYSTEM ¢
ibeo}

automotive

Left Corner Module Right Corner Module

Sensor Head (far-field) Sensor Head (near-fiekd)

R Dptics 60° ‘ R Dptics 11,2 \
SPAD Array SPAD Array

Sensor Head (far-field) sensor Head (near-field)

Tx Optics 11,2° Rx Opfics 11,2"
Laser Armay
SPAD Ama)

| Receiver

Laser Drer Laser Driver _
. ASIC
ASIC {IMLD] ASHC (IMLD)

- RECEVED . RECEWEr
Laser Driver Laser Driver
ASIC ASIC

ASIC (INLD] ASIC {INLD)

Base Electronics Module Base Electronics Module

pT T
Ercadb-

Raach ETH

Device Safety and
Sequrity Controller

Device Safety and
Security Controller

Heating &
Cleaning

POWEr Fower

| !
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Rariach ETH

PUBLIC



SCALA VS IBEONEXT POINTCLOUD - WHY SOLID-
STATE(2OF2) automotive’

LUX IbeoNEXT in urban scenario




IBEONEXT 4D SOLID STATE LIDAR-ACC ON
HIGHWAY

automotive

NEXT

D Left11° o

< Right11°

< Right 60°
s Basler Camera
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IBEO RESEARCH
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ADVERSE WEATHER

automotive

p—
905 nmvs 1550 nm D E N LSJ E * E%:%Eﬁg:::num

wavelength benchmark
performance in Fog

Target
g ECSEL Joint Undertaking
visi llt)’ Electromic Companents snd Systems 1o Eurapean Leaderahip
DENSE , Performance predictionin
LIDAR )y A Fog and Spray conditions
Automotive .
LIDAR embedded Fog detection
1.0 == 1w,
“ -F- Lux
0.8 T ’ At
oo #. . E_ fog reflection
»‘071 ]E,‘"\\\.N_“; L. L. -.—“,%;_'-"“:"";'-"" ..... - E_
o E : target refiection
0.0 ° |
30 10 30 20 10 ; : : . . !
vV /m time ¢/ a.u. time t/a.u.

Automotive LiDAR performance verification in fog and rain, Kutila et al.
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VISION, IDENTIFICATION, WITH Z-SENSING
7 y T
TECHNOLOGIES AND KEY APPLICATIONS VIZTA automotive

* Bundesministerium
T fiir Bildung

OBJECTIVE und Forschung

Develop innovative technologjes for optical sensors and laser sources, for short to long-
range 3D-imaging, and demonstrate their value in several key applications

MAIN TARGETS ENARRER | | EIEE
N
* Develop innovative technologies for 3D-imaging depth map high resolution
sensors and associated IR light sources &7 ECSEL JUint Undertaking
+ Exercise new 3D sensors and light sources in key applications with various D pena eetran e Campenete and Systems for Eurenean Lerdarin
ranges: Secured access, driver monitoring, object recognition, few cm to v leb

several meters, up to LiDARs systems with hundreds meters range

e Build partnership ecosystems foreseeing future competitive European
products for Automotive, Security, Smart Cities and Industry4.0 and anticipate eurecat
normative requirements

DURATION 3,5 years - May 2019 until Oct 2022 FUNDING 21 M€ (bh

COORDINATION STMicroelectronics Crolles (France)

See more at: www.vizta-ecsel.eu/

PUBLIC
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TAKE AWAYS

automotive

SPAD‘s are the key enabling technology for solid-state based automotive LIDAR solutions

VCSEL and SPAD fits very well together

IbeoNEXT is smaller than a credit card ( one sensor head output 4D point cloud), smal package size

Detection range at a 10% target is 150 m and angular resolution is 0.044° x 0.07° for our front looking solution
Pedestrians can be classified up to 165m

Use cases like Vehicle Cut-In, Overhanging loads and small obstacles are solved

on-chip digital signal processing per pixel

Modular and flexible in adapting customer requirements

First samples available end of June 2020
First in the market solid-state LIDAR serial production in 2022

We are first in lots of things and now with our next generation 4D solid-state LIDAR ibeoNEXT.

Author: Unsal Kabuk/ Ibeo Automotive/ International SPAD workshop 2020 5. Juni 2020
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THANK YOU FOR YOUR ATTENTION

Unsal Kabuk / Head of Research and Advanced Development
+49 298676-703 / uensal.kabuk@ibeo-as.com

www.ibeo-as.com Ibeo Automotive Systems GmbH | Merkurring 60-62 | 22143 Hamburg, Germany
_.ll—goﬁ)‘- phone: +49 - 40 298 676 - 0 | fax: +49 - 40 298 676 - 10 | E-Mail: info@ibeo-as.com




