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BMW X5. ADAS FEATURES EXAMPLES.
CAN WE SEE A REAL-WORLD BENEFIT?

Pedestrian Warning

Autonomous Emergency
Braking (AEB])

Lane Departure
Warning (LDW)

Active Blind Spo
Detection /4

Steering and lane
control assistankgs, «f .

Crossing Trc;ifﬁg )
Warning

’/"' ' ~ Active Cruise Control
with Stop & Go

Dynamic Stability Control

H|II Descent Co trol

'7'!'«;&5’?’? T



Vehicle ID

QUANTIFYING THE EFFECTIVENESS OF ADAS USING A SURVIVAL
ANALYSIS.

Observation Period
(censored data)

| ; Delivery
{ \E \ Accident
\ : Time to accident
: VS
S i
i Time to accident
\ | Survival analysis takes into account
: that the time to accident is typically
Time not normal distributed.
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SURVIVAL ANALYSIS.

100%¢ = /0 ADAS
— With ADAS

Hazard ratios h: hypas < Ryithout ADAS

Vehicle population

> |ime

———
—

Hazard ratio of the hazard rates quantifies the field effectiveness of ADAS.
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STUDY #1: A POPULATION-BASED STUDY. EVALUATION OF US
MARKET/ACCIDENT DATA.

Sales data. Workshop data. Accident data.

"3 ~—
d : !
) ’ '

& Emergency call
\ orrelating

Data sent... ViO

Call active
48°11' 27" North 11° 34' 06" East V|N

Heading: north

~ 1,4 Mio. vehicles I\/Iileage information ~24,000 crashes

Automatic Emergency Calls
between Jan 2074 und Dec 2018
« Accident date

« Severity

« Accident characteristics

Study period: Jan 2074 - July 2018
 Vehicle configuration

« Sales date

« Modelyear 2074 and newer
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SALES DATA.
GROUPING VEHICLES INTO TECHNOLOGY GENERATIONS.

without AEB/LDW  mwith AEB/LDW
600000 Technology Evolution

500000 e (Gen 1: Monocamera
wn
@
U 400000
_ch « (Gen Z2: Monocamera
>
¥ - 300000 .
®) « (en 3: Radar with
= 433.365 Monocamera (no
200000 ’ .
351.804 fusion)
45.838 .
100000 o CIEﬂ 4 RCICICII’ with
78.222 :
- . Monocamera Fusion
A 62.531
19.017 40.902 .
: « (Gen 5: Radar with

Gen'1 Gen 2 Gen3  Cen4 Gen>  Not Specified* Stereocamera Fusion

AEB/LDW = Frontal Collision Warning with Automatic Emergency Braking and Lane Departure Warning
* Not specified vehicles are M-Series vehicles.
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ACCIDENT DATA.
DISTRIBUTION OF CRASHES BY FIRST IMPACT LOCATION.

Front: 62.2%
n=15,012

Rollover: 4.4%,
n=1063

| Passenger Side: 8.9%
n=2,157

Driver Side: 12.8%
n=3,104

Q”\/j’ Impact location could not be

Rear: 11.2%, determined:
n=2,704 0.5%,n=11"T

Crashes between January 1, 2014 and December 28, 2018. First impact location determined based on impact direction of maximum delta V of first impact measured by
the eCall System system. Forthe 1,667 cases where delta V was missing, impact location was determined based on the impact location detected by the eCall system.
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HAZARD RATIOS FOR FRONTAL CRASHES BY TECHNOLOGY GENERATION

AND EXPOSURE MEASURE.

. accident rate reduction of ~ 20%

Exposure: Vehicle-Km
W Exposure: Vehicle-Days

1,40
1,20
o 1,00 ﬁL
Dg 0,80 10181 0,83 0,83 [
= 0,78 )
g 0,60 *‘0,6 10’72 p8,72
T
0,40 ~30%
~ [y i
020 reduction
0,00
Any Gen 3 Gen 4 Gen5
Level Radar with Monocamera Radar with Radar with
Monocamera  Stereocamera
Technology Generation [Fusion]
AEB/LDW = Frontal Collision Warning with Automatic Emergency Braking and Lane Departure Warning
Regression models controlled for model year and model.
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STRENGTHS AND LIMITATIONS.

Strengths
 Large sample size (n)
« Population-based
« Census of eCall-triggered crashes
 Able to evaluate different levels of ADAS technology
« Strong exposure measure (Vehicle-Km]

Limitations

« eCall crashes do not include minor crashes (= question remains: are crashes avoided or
or mitigated below eCall threshold?)

 eCall system does not provide information on crash type (e.g. front-to-rear, side swipe)
« Usage of ADAS is not taken into account
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STUDY #2 - EVALUATION OF SELECTED US MARKET/ACCIDENT DATA.

~ 300k vehicles

« Vehicle configuration

« Sales date

« Modelyear 2014 and newer
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Mileage information
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POLICE REPORTED CRASH-INVOLVED BMWS IN THE 9 STUDY STATES.

South Dakota
13

|dentified police Michigan
% 613

reported

crashes in 9 US

New York
3,365

.

Connecticut

states for model o 859
and crash years Pennsylvania
2015-2017/ 440
Maryland
421
Florida
6,554
Source: State Police Reported C?gshes °
N=16533

Crash Year 2015-2017
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CRASH CONFIGURATIONS TARGETED BY LANE KEEP ASSIST AND LANE
DEPARTURE WARNINCG.

___________ —  Running Off Road
(=77

' [1=1 |~~~ Drifting into otherlanes

=0 | s ~in the same direction (side swipe)

Bl —0s(]

I'm| - Drifting into lanes of oncoming traffic

LKA: Lane Keep Assist
LDW: Lande Departure Warning
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USING POLICE REPORTS TO IDENTIFY SIDE-SWIPE CRASHES
(SAME AND OPPOSITE DIRECTION].

— 2 or more reported vehicles involved
—Collision-type:

—~"Side Swipe - same direction”

—"Side Swipe - opposite direction”
—Driver Action

—"Changing lanes”

—"Merging”
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CRASH-INVOLVED VEHICLES BY CRASH TYPE.

10000
9000 8639
8000
7000
6000
5000

4000
3166

# Crash-Involved BMW

3000

2000 1547 1434

0 ] — e

ROR FZ2R Strike FZ2R Struck FZ2R Other Sideswipe Same Dir. Sideswipe Opp. Dir. Other
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HAZARD RATIOS FOR CRASHING (BY SURVIVAL ANALYSIS).

29% less 35% less 257 less sose [

accidents accidents accidents
ConfidenCe

ADAS prevent accidents!

ADAS.- BMW Striking BMW Struck Sideswipe
Relevant Crash Venicle Venhicle Same Run Off the
Front-to-Rear Front-to-Rear Direction Road

Note: Survival models controlled for model year, model
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KEY FINDINGS.

—~ADAS-equipped vehicles are less likely to crash compared to non-equipped

—ADAS effectiveness was enhanced for crash scenarios targeted by the

technologies
« 359% less likely involved in a front-to-rear crash as the striking vehicle
« 25% less likely involved in a sideswipe crash with a vehicle going in the same direction

« 29% less likely involved in an ADAS-targeted crash scenario

—There was no effect of ADAS on risk of a non-ADAS-relevant crash (struck
vehicle in a front-to-rear crash)
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