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SAFETY : HOW DOES VOLVO HANDLE EXTERIOR
LIGHTING WHEN WE SPEAK ABOUT SAFETY
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Volvo Purpose

Freedom to move

in a personal, sustainable and safe way
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VOLVO CARS’ SAFETY VISION

Aiming for zero

Our Safety Vision is one of the most ambitious safety visions in the
automotive industry. It is rooted in our leadership in safety and the fact
that everything we do starts with protecting the people inside and
around our cars. Our aim is that no one should be killed or seriously
injured in a new Volvo. While we are proud of what we have achieved so
far, we are not satisfied yet.
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Volvo safety implementation

Volvo Cars has been a leader in the field of car safety for decades. That will never change. It’s our vision that no
one should be seriously injured or killed in a new Volvo car.

Car safety | Volvo Cars - International

1959 - Three-point

safety belt 1972 - Rearward-facing

child seat
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function development with Harware + Software

2008 - City Safety

Starting with the first-generation Volvo XC60, we
introduced the autonomous emergency braking
system City Safety as standard equipment in all
new cars. The system used laser detection and was
developed to reduce the risk and consequences of
rear-end collisions at speeds up to 30 km/h.

Paul-Henri MATHA, Volvo cars technical leader Exterior lighting
DVN Novi 2021, How to Save Lives in Nighttime Driving?



vV O L vV O

2010 — Pedestrian
detection with full auto
brake

We want our safety innovations to benefit people
outside our cars, too. So, we've developed a

system — using radar and cameras — that is
designed to warn the driver if somebody steps out
in front of the car, and then to brake automatically if
the driver fails to do so.
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2016 - Connected
safety

Volvo Cars defines a completely new type of road
safety system in a world of connected cars. The
connected innovations — Slippery Road Alert and
Hazard Light Alert — use the cloud to share critical
data between vehicles, alerting the driver about
slippery road sections or vehicles that have
activated their hazard lights, helping to provide the
driver with enough time to slow down.
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2018 - Oncoming
mitigation by braking

Oncoming mitigation by braking is another unique
Volvo feature. The system can help you apply the
brakes for an oncoming vehicle in your lane. If an
oncoming vehicle veers into your lane and a
collision is unavoidable, the system can help
reduce your vehicle's speed to try and mitigate the
force of the collision.
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2019 - The E.V.A. (Equal
Vehicles for All)
Initiative

We have collected crash data since the 1970s to
better understand what happens during a collision
— regardless of size, gender, or body shape. With
the E.V.A. Initiative we made our safety research
easily accessible in a digital library, open for anyone

to download. For everyone’s safety.

LEARN MORE >
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202x development
0

Speed cap
To send a strong signal about the dangers of speeding, we reduced the top speed of
all our new cars to 180 km/h in 2020. We are also looking at how smart speed

control and geofencing technology could automatically limit speeds near schools
and hospitals in the future.

[ ]d

Driver monitoring cameras

To help address intoxication and distraction in traffic, we are working on new in-car
solutions. Driver monitoring cameras, together with other sensors, will allow the car
to intervene when a clearly intoxicated or distracted driver risks serious injury or
death,

/1IN
L]
Highway pilot

With support from LiDAR sensors, the next generation of Volvo cars will be
hardware-ready for autonomous drive. And over time, we will push out over-the-air

software updates to provide fully autonomous highway driving.

AN
Care Key
We've recently introduced the Care Key, aimed at addressing speeding. With the

Care Key, Volvo car owners can put a speed cap on the car when lending it to a
younger family member or less experienced driver as a way of ensuring a safer ride.
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What about lighting ?

We think “Safety” and offer the best to all markets to have the best light as possible :

- Automatic low beam and high beam activation R

« Bending (swivelling)

« Cornering function

- Adaptive driving beam (if allowed)

« Rear position light by day to increase visibility for other road users o
- Emergency brake light

« Automatic & dynamic leveling on all cars

- All new development with Yellow turn indicator )
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WoW

We have developed our own lighting requirement & we take into account all safety rating

$ITG,
EUR(S@;:JCAP e e R G — ’
Wviw.euroncap.com . 3 5-Star Safety Ratings e c N c AP CGISIImel‘RepllI‘IS.Drg

n—n—.,,"'-—l

wwwglobalncap.org HEW  ASStsIuENT

~/ ANCAP ASE R —
/‘ GLOBAL NCAP e C, Wﬁﬁ Jncar? & kNCFlP
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How do we develop ?

We take into account all rating
We transform each rating in specification for headlamp suppliers
We specify the best functions that will guarantee a good level of rating

We are able to simulate each rating to evaluate our score during headlamp and car
development (lucishape, VRX, Matlab, ...)

We test cars for each rating before final rating
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Focus on US Market
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US NCAP

“Overall Vehicle Score”
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Crash Avoidance
Recommended Safety Feature

(Comment on standard or optional presence of
feature)
The systems must meet NHTSA specific test
procedures.

-

~
Front (5/12) Side (4/112) J

: seF iz J [

Crash Lane Forward
Imminent Departure Collision

Braking Warning Warning
1

\ (Drlvorso%ld: \
MDB (40%)
Pole (10%)

Rear Pa 50%M

= @ MDB (50%) =,

5 Results
for 2018 volvo xc90

VEHICLES

2018 Volvo XC90 TS
SUV AWD

OVERALL RATING « FRONTAL CRASH <

Dynamic
Brake
Support

RECOMMENDED SAFETY
TECHNOLOGY

Check Availability

SIDE CRASH + ROLLOVER s

Lighting :

* Low beam performance

* Semi automatic high beam
* Yellow turn indicator
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I IHS
Insurance Institute for Highway Safety

II S Highway Loss Data Institute

P

TOl
SAFETY
PICK+

IIHS lIHS

Insurance Institute for Highway Safety Insurance Institute for Highway Safety
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2021 criteria

I IHS focus

2021 TOP SAFETY PICK:s (iihs.org)

2021

. Good ratings in the driver-side small overlap front, passenger-side small overlap front,
moderate overlap front, side, roof strength and head restraint tests

—— Advanced or superior rating for available front crash prevention — vehicle-to-vehicle and
S

vehicle-to-pedestrian evaluations

A . Acceptable or good headlights standard

EXZ3) ToP SAFETY AICK

. Good ratings in the driver-side small overlap front, passenger-side small overlap front,
moderate overlap front, side, roof strength and head restraint tests

—— Advanced or superior rating for available front crash prevention — vehicle-to-vehicle and
S

vehicle-to-pedestrian evaluations

A . Acceptable or good headlights available
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Volvo strategy

To be Top Safety pick + and [IHS Headlamp Good

15 cars (complete line up) in 2021

Volvo Sets New Industry Benchmark - Only Brand With Entire Lineup Achieving 2021 IIHS Top Safety Pick Plus -
Volvo Car USA Newsroom (volvocars.com)

f

With functions below (best possible functions in the framework of FMVSS108 :
Swiveling
Automatic leveling (load compensation)
Automatic high beam activation
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https://www.media.volvocars.com/us/en-us/media/pressreleases/281036/volvo-sets-new-industry-benchmark-only-brand-with-entire-lineup-achieving-2021-iihs-top-safety-pick

2021 Volvo V60 Recharge

MIDSIZE LUXURY CAR / 4-DOOR WAGON

Crashworthiness
Small overlap front: driver-side
Small overlap front: passenger-side
Moderate overlap front
Side
Roof strangth

Head restraints & seats

Crash avoidance & mitigation
Headlights
Front crash prevention: vehicle-to-vehicle
Standard system
Front crash prevention: vehicle-to-pedestrian

Standard system

Child seat anchors

2020.C LATCH ease of use

Photo courtesy of Volvo Car USA

Key

. Good

A Acceptable

Marginal

Superior
Advanced

Basic



vV O L vV O

Huge step done in 5 years ..

Headlamp Rating Systems — IIHS A e
Extract of AL Vision presentation in VISION 2016 E;_TW
Less than 3% of the cars with Headlamp rating GOOD IHS sﬁf;“.}’.
Results: o ‘

» 57 cars tested - 110 headlamp systems published until 04.10.2016

» only 3 systems rated as good so far

2,7%  Good 3/110
14,5%  Acceptable 16/110
82,7%  Marginal 91/110
L]
VISION 2016 ) I

13 & 14 OCTOBER 2016
CITE DES SCIENCES ET DE L'INDUSTRIE // PARIS - FRANCE
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How to be IIHS Good ?

Headlight test and rating protocol (iihs.org)

Visibility and glare performances

Figure 2
Measurement Locations

(D

N L

... Visibility illuminance measurements, 25 cm from ground

. Glare illuminance measurement, 110 cm from ground

X Origin of measurement coordinate system
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Table 5
Overall Rating Assignment
Headlight rating Demerits
Good 0-10
Acceptable 11-20
Marginal 21-30
Poor >30

Paul-Henri MATHA, Volvo cars technical leader Exterior lighting
DVN Novi 2021, How to Save Lives in Nighttime Driving?


https://www.iihs.org/media/0e823704-32d1-4500-b095-15d064d824a7/ZJciYw/Ratings/Protocols/current/Headlight%20test%20and%20rating%20protocol%20(v3%20July%202018).pdf
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What is the challenge ?

Where do Demerits come from ? 20

- Lighting performance (number of lumen, beam pattern, ..) b

Demerits
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Low Beam Demerits
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What is the challenge ?

Where do Demerits come from ?

- Lighting performance (number of lumen, beam pattern, ..)
- Glare values from optical design

- Demerits from optical design tolerance

. Lost of performance due to thermal load (flux, Cut off light position) |
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What is the challenge ?

Where do Demerits come from ?

N
«  Glare values due to bad headlamp aiming in plant / service
- Glares values due to chassis behaviour (load, rolling effect)
e — Car maker
«  Glare value due to position light
- Height of the lamp on the car
Load impact on chassis / lamp rolling impact on curvy road
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What is the challenge ?

Where do Demerits come from ?

- Glare value due to road reflectivity }
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Investigation

TECHNISCHE
\ UNIVERSITAT

Measurement Setups

Field Test DARMAIADT
» Based on IIHS Measurements (dynamic) Meaif:mem
» Visibility — on the right edge of the roadway
* 10 inches from the ground = 0.25 m e x som_
D= - _"_"'__*}ia,m
* Glare — on the left edge of the roadway
» 3 feet, 7 inches from the ground > 1.10 m Visibility
Measurement
* Field Test
» Static measurements | Glare @-------
» Different Distances (4 m to 100 m) £ — g gu %Lum i
> 0.25m

» Each headlight separately
» With tubes (direct light), without tubes (direct + indirect light)

Paul-Henri MATHA, Volvo cars technical leader Exterior lighting
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Investigation

Field Test Results
Glare - Left Headlight
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TECHNISCHE
UNIVERSITAT
“ DARMSTADT

= |[[luminance measurement at
height of 1.10 m
= With tubes (direct light)

= Without tubes (Total = direct +
indirect light)

= Results

= At shorter distances similar
influence of direct and indirect
light

= At longer distances, significantly
lower indirect light component

* |lluminance exceeds glare
threshold (e.g., 2 1x) at

= 14.5m (direct), 21.5 m (total)

5

llluminance in Lux
wr

1

10

Left Headlight - Glare

—Direct Contribution
—Indirect Contribution
Total

20 30 40 50 60 70 80 90 100
Distance in m
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Reflection from road is similar from
direct glare from headlamp
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I IHS TechData

Results — Volvo V60 — IIHS Good rating

Supplier rating — nominal aiming : 5

IIHS official test : 9,95 (V60 CC) <10

HSE21021 Total demerits
2021 Volvo V60 Without HBA 14,40
With HBA (if equipped) 9,95
Headlight Information
Adaptive Type None
Low Beam Type LED-R
High Beam Type LED-R
5 lux distances Visibility Demerits
Left edge Right Edge Glare Glare over with HBA (if Glare
HL Conditi Curve Type | Avg Min Max Avg Min Max Glare OK? |Average ok?| b lary Visibility Demerits equipped) demerits
High beams, adaptive 150L 65,8 65,3 66,6 75,0 74,8 75,1 No, No, No No 2,603 0,209 0,209 n/a
High beams, adaptive 250L 82,9 82,1 83,7 90,8 90,7 91,0 | No, No, No No 7,203 0,000 0,000 n/a
High beams, adaptive 150R 78,4 77,4 79,0 72,2 71,9 72,6 | No, No, No No 7,702 0,000 0,000 n/a
High beams, adaptive 250R 92,3 91,9 92,7 85,4 84,3 86,6 | No, No, No No 7,286 0,000 0,000 n/a
High beams Straight 1416 140,2 1435 | 152,7 151,8 154,1 | No, No, No No 26,924 0,841 0,000 0,841 0,000 n/a
Low beams, adaptive 150L 62,2 60,8 64,0 48,5 47,8 49,0 |Yes, Yes, Yes Yes -0,221 1,722 1,148 0,000
Low beams, adaptive 250L 68,4 67,1 69,5 45,9 44,9 47,5 |Yes, Yes, Yes Yes -0,232 3,609 2,406 0,000
Low beams, adaptive 150R 73,5 72,5 74,3 68,0 67,5 68,3 |Yes, Yes, Yes Yes -0,431 0,000 0,000 0,000
Low beams, adaptive 250R 79,6 79,3 80,1 75,0 74,0 75,8 |Yes, Yes, Yes Yes -0,422 0,000 0,000 0,000
Low beams Straight 57,3 56,8 57,8 77,4 76,7 78,4 |Yes, Yes, Yes Yes -0,190 1,233 6,781 0,822 4,521 0,000
14,396 9,947 0,000

Paul-Henri MATHA, Volvo cars technical leader Exterior lighting
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Example — Volvo V60 - IIHS Good rating

_

Supplier rating — nominal aiming : 5

— How to explain the gap ?
IIHS official test : 9,95 (V60 CC) < 10

Aiming tolerances (car maker) : 4

Rolling : + 3 —
Optical design tolerances * : 5-10 ) Set maker
Position light : 1
Impact from Height (0,63m to 0,83m) : 2
IIHS road characteristic need to be
Reflection from road : 0-5 } integrated in our simulation /

prediction

* (lighting performance in different leveling position, LED/PCB/Reflector/aiming system tolerances)
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Example — Volvo V60 — IIHS Good rating

Supplier rating — nominal aiming : 5 )
IIHS official test : 9,95 (V60 CC) < 10

Aiming tolerances (car maker) : ~ 4

BUT
Rolling : ~ 3
+4+3+5/10+1+2+0/5+ ... < 1
S 5 3+5/10 0/5 0
Optical design tolerances * : ~5-10
We should not cumulate all risks as a
Position light : ~ 1 simple addition
Impact from Height (0,63m to 0,83m) : ~ 2
Reflection from road : 0-5
.

* (lighting performance in different leveling position, LED/PCB/Reflector/aiming system tolerances)
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Role of set maker

To design some Low beam / high beam module :

Less sensitive to rolling -

Less sensitive to LED / PCB / reflector tolerances -

.- Less sensitive to different leveling value in the lamp itself (low L
interference with inner bezels...)
- Less sensitive to aiming process -

Paul-Henri MATHA, Volvo cars technical leader Exterior lighting
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Future — BEV car

Will the life be simpler ?

Less thermal load :

- Rolling effect : should be less important (lower center of gravity due to battery :

- Battery load impact : impact on chassis / suspension :

- Condensation : Less thermal load =» more risk =» risk of condensation during IIHS test

« Otherrisks:

Paul-Henri MATHA, Volvo cars technical leader Exterior lighting
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And as usual ..be careful with what you cannot simulate
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Synthesis about [IHS

To be IIHS Good : Need strong support from Set makers :
- Good design with very low demerits in nominal position : O is clearly the target
- Good design including tolerance (supplier tolerance, mechanical leveling range, rolling) : maximum 5

- b5 demerits margin is needed for Car makers to handle all the other factors (load, thermal management,
tyres, ageing, road reflectivity ..)
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