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Lighting Up the Dark

How new PAEB safety requirements can be met
in the most economical way by combining next
(generation thermal Imaging optics and sensors

wendix De Meulemeester
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5 After decades of decline,
pedestrian fatalities in the US
started to rise again in 2010
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Nearly all of
the rise has come from
Pedestrian deaths at night
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ﬂ Most fatalities in the

Urban

Day time 76% US happen during the
s night on a straight
urban road and

involve mostly adults
| b

Straightroad
76%

Night time
77%

Is it happening

Minor

Non highway

American journal of preventive medicine 2019;56: Automated Vehicles and Pedestrian Safety
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Saving lives comes first,
convenience of self-driving is next




NHTS

Will PAEB standard require Thermal?
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RGB and Radar are already widely implemented!

0.4um 0.7um

RGB

360° & ADAS
camera

@ 4 =)
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For robust detection at night, thermal will be inevitable!
8um 14pm
Thermal em.ittance Visible emittance of (I'herm al \
of a pedestrian ~ pedestrian @ 15m Thermal
(50W/m2) -~ from high beam camera &
. - 2D, long range
- medium/high resolution 4\
* most weather conditions ;}
- ©
Thermal sensing is the default * no light source needed
Ktechnology to detect humans/ K Machine learning: easy ':\.5/
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European Commission JRC assessment

Thermal camera assessment in collaboration with Lynred and Umicore
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. . Fine-tuned with 5000 thermal images
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Infrared Technology and Applications - SPIE DCS — Sébastien Tinnes
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European Commission JRC assessment

Sufficient range for both QVGA and VGA

Confidence vs distance

1001 o © § § ; ; Y N : SgiA
095 7 b ' Pedestrian detection range
0.90 - 4 by with >80% confidence
"g 0.85 +
é 0.80 Jrrr e, + ................... +++ > 90m for QVGA Sensor
Y 075 + + ‘
070 b e > 120m for VGA sensor

Distance {m)

Infrared Technology and Applications - SPIE DCS — Sébastien Tinnes 1010




European Commission JRC assessment
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True positives versus noise floor
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Low risk of false positives for robust detection

Infrared Technology and Applications - SPIE DCS — Sébastien Tinnes

11



<,

umicore

Thermal for PAEB has <$100 cost roadmap

For 20 years, Thermal Night Vision
A /)i has been marketed as a luxury option
o

Today it should be a necessity in every car

Bill Of Materials

Umicore dual lens design

with Tessella™ wafer level optics
Housing

Electronics
Lynred 8,5um*

Sensor QVGA bolometer

Image courtesy of Stellantis group
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Thermal for PAEB has <$100 cost roadmap

Make it affordable: choose the right sensor size

VIS image sensors

| 04-1 2 3 4 3 12 um
£ £
& £ VIS
© o SWIR MWIR LWIR
INIR
On Semi ARO136AT m
1.2Mp 3.75um
= 4.8mm o
Omnivision OX08B40
e 9.3mm 83Mp 2.1um m
Thermal image sensors m!m—
J [ I

" Pixel size 2 Wavelength h

2.9mm
5.8mm

Lynred IrLugX320
QVGA 12um

= 3.8mm

Thermal imager resolution is
significantly lower

Lynred IrLugx6400 for same die size
VGA 12pm

-
\_

= 7. 7mm
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Thermal for PAEB has <$100 cost roadmap

Smaller sensor = smaller optics

As the focal length is proportional to the sensor size, a smaller
sensor implies a shorter focal length = smaller optics

_ _ Sensor width
Field of View =

Focal length

VGA 12pm -2 8,5um pixel pitch

= ) / Simple scale down of optics*
Focal length 8.8mm - 6.3mm

/ [ 1 10 mm

1 10 mm

*Lens requirements for sub 10um pixel pitch uncooled microbolometers for LWIR — Raphaél Proux DCS 2023
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Thermal for PAEB has <$100 cost roadmap

Thermal Imaging Optics size is limited by diffraction

Airy disk intensity

20 NA/d = 0.41
Detector _ _
limited If pixel pitch (d) <<
o then f-number (N) <<
S
a
2 10
o
o 0
5 Jp! -1.22AN 1.22AN
limited

0 > Iil(;\ o 20 Rayleigh criterion
_ _ A=10pm N =f/1.0
A balanced design of sensor and optics makes
an affordable thermal camera possible Rairy pisk = 1.22 X AX N
~ 12 ym

as part of a PAEB sensor system.

Gerald C. Holst and Ronald G. Driggers, “Small detectors in infrared system design”, Optical Engineering 51(9), 096401 15
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NHTSA new PAEB test parameters

Affordable thermal camera for new NHTSA standard

Low speed (10km/h) High speed (65km/h)
HFOV max range max
(%2 g deceleration)
Test HFOV Range HFOV Range
Crossing path Adult — AEB 5.6 m 46.8 m
Stationary Adult-AEB Wide 3.4 m Narrow 40.7 m
Longitudinal Adult-AEB 3.4m 31.8 m
Low beam + Thermal camera
Visible camera Detector: QVGA 8,5um

Optics: 37°FOV 4,1mm /1.0

Visible Visible

16




Umicore is a leading umnicore?
Circular materials technology company

Chemistry ; Grawing' I
metals Material science gf&ﬁﬂﬁi .- neddfor Su p po rtive
' ‘;advanced .
~ megatrends

Metallurgy ced
».. materials

Unique
business model

INTERNAL DRIVER EXTERNAL DRIVER

recycling

00 =
® O
Production

Employees + R&D Sites Revenues Adjusted EBITA R&D spend

11,565 44 + 15 Industry leader in sustainability €42bn €12bn €245m
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Lighting Up the Dark

Visit us at booth #226

todaynecessity.com

Scan to register for the

Umicore Lynred Sekurit Bendix De Meulemeester
Social Event @ thg Waterview Loft Bendix.demeulemeester@umicore.com

wr Marketing & Business Development
tonight at 8pm™ T

““Umicore Electro-Optic Materials
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