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Saving lives. Preventing harm.

I IHS-HLDI mission:

To reduce deaths, injuries and property damage from motor
vehicle crashes through research and evaluation and through
education of consumers, policymakers and safety professionals.
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Front crash prevention technology

» AEB, FCW, often focusing on AEB

» [IHS testing, 2013-present

» Automakers’ voluntary commitment, 2016-2022
» USDOT proposed mandates, 2023

» No requirement for motorcyclist detection...

Automatic emergency braking

Front-to-rear crashes

Front-to-rear crashes with injuries

Claim rates for damage to other vehicles

Claim rates for injuries to people in other vehicles
Large truck front-to-rear crashes

Automatic emergency braking with pedestrian detection

Pedestrian crashes
Pedestrian injury crashes



Front crash prevention
technology needs to
detect motorcyclists

» Failure to see/perceive motorcyclist
IS @ common factor in crashes

» Technology can help, if it works

» Incremental improvement







Motorcycle crashes avoidable

annually If a
vehicles had

| passenger
AEB systems

that detect t

» 70 fatal rear-end

1eIim

crashes (2-vehicle)

» 4,900 police-reported rear-end crashes (2-vehicle)

» Some crashes in

volving 3+ vehicles
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Motorcycle crashes potentially preventable by three crash avoidance technologies

on passenger vehicles

Eric R. Teoh

Insurance Institute for Highway Safety, Arlington, Virginia

ABSTRACT

ARTICLE HISTORY

Objective: The objective of this study was to identify and quantify the motorcycle crash population that Recelved 13 September 2017

would be potential beneficiaries of 3 crash avoidance technologies recently available on passenger vehicles.

Accepted 8 February 2018

Methods: Two-vehicle crashes between a motorcycle and a passenger vehicle that occurred in the United KEYWORDS

States during 2011-2015 were classified by type, with consideration of the functionality of 3 classes of pas-

Motorcycle crashes; crash

senger vehicle crash avoidance technologies: frontal crash prevention, lane maintenance, and blind spot avoldance technology; crash
detection. Results were expressed as the percentage of crashes potentially preventable by each type of type; motorcyde safety;

technology, based on all known types of 2-vehicle crashes and based on all crashes involving motoreycles.

highway safety; forward

Results: Frontal crash prevention had the largest potential to prevent 2-vehicle motorcycle crashes with collision warning; automatic
passenger vehicles. The 3 technologies in sum had the potential to prevent 10% of fatal 2-vehicle crashes emergency tﬁk'”q blind
and 23% of police-reported crashes. However, because 2-vehicle crashes with a passenger vehicle represent 5ot detection; lane

fewer than half of all motorcycle crashes, these technologies represent a potential to avoid 4% of all fatal
motorcycle crashes and 10% of all police-reported motorcycle crashes.

departure wamning;
lane-keeping asslst

Discussion: Refining the ability of passenger vehicle crash avoidance systems to detect motorcycles repre-
sents an opportunity to improve motorcycle safety. Expanding the capabilities of these technologies repre-
sents an even greater opportunity. However, even fully realizing these opportunities can affect only a minor-
ity of motorcycle crashes and does not change the need for other motorcycle safety countermeasures such

as helmets, universal helmet laws, and antilock braking systems.

Introduction

risks in terms

to protect their

occupants in qmall size mal\ea them harder for

other road users to see. i i P challenging to

judge the speed of oncoming moto cycles because of their nar-

Tow wndth and beu.ause lhe t\'pua]h ha ne headlamp

ists are nearly

5 times more ]ike y than passenger cupants to be injured

in traffic crashes and nearly 29 times more likely to be killed
(NHTSA 2017).

Efforts to improve motor, d e focused on
helmets and helmet use laws, which have been shown many
times over to reduce the risk of dying in crashes (Houston and
Richardson 2008; Liu et al. 2009). However, helmets do not pre-
vent all deaths and inj , 50 crash preven ucial.
Antilock braking ems help motorcyclists avoid many crashes
(Basch et al. 2015; Rizzi et al. 2015, 2016 2013) but do not

cycles are not as visible
to other road users. Rider tmiuing s ically teach r
ers to pnsition ﬂ]elme]v in more visible locations (Motarcycle
Sa , but this does not change the physical
les, limiting potential benefi

ger vehicles represents an opportunity to reduce the conspicuity

problem that motor

under a wide variety of brand names and functionality spec

use advanced sensors to monito: ts of the driving
environment and warn the driver or intervene when they detect
a possible collision. There are 3

that potentially could prevent crashes in which a passenger vehi-
cle strikes a motor Front crash prevention, lane mainte-
nance, and blind spot detection.

Front crash preven ms use radar, laser, or video
camera sensors (or some ¢ mbination thereof) to monitor the
road environment ahead. Forward collision warning (FCW)
systems warn the driver if a collision is likely, and automatic

braking (AEB) s le’s service

0 pre\'ent or miti ct if the driver
does not take
FCW, AEB, or bo
These systems focus elmg in rhe same direc|
and are thus most relevant to rear-end crashes. Among current
systems, there is much variation in whether AEB functions at
all speeds and whether it hrings the vehicle toa unmplete stop,

L.llsta‘ pedestrlaus. or ammala Fro mt u.1<h prevention sy tems,
especially > with both FCW and AEB, have been shown
to reduce nd crash rates in the passenger vehicle fleet

CONTACT EricR.Tech @ etechaiihs.org @ Insurance Instrtute for Highway Safety, 1005 North Glebe Road, Arlingten, Virginia 22201,

Assodlate Editor Glovanni Savino oversaw the review of this article.
 supplemental data for this article can be accessed on the publisher's website.
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Left turn oncoming crashes
avoided annually if all vehicles
had left turn assist that detects
them

» 750 fatal crashes (2-vehicle)
» 8,400 police-reported crashes (2-vehicle)

» Some crashes involving 3+ vehicles

Left-turn crashes and motorcycle safety

Eric R. Teoh

@ Taylor & Francis
Taylor & Francis Group

m or updats

Research Department, Insurance Institute for Highway Safety, Arlington, Virginia

ABSTRACT

ARTICLE HISTORY

Objective: To provide updated statistics on crashes in which another vehicle turns left in front of  Received 14 October 2022

an oncoming motorcycle and discuss the potential of left turn assist technology. Accepted 3 June 2023
Methods: Motorcycle driver involvements in 2-vehicle fatal and police-reported crashes during  yevworps

2017-2021 were tabulated by crash type, with a focus on crash types involving vehicles turning. Matorcycle safety; crash
Results: Crashes in which another vehicle turned left in front of an oncoming motorcycle were, by avoidance technology; left tums;

far, the most frequent type of fatal 2-vehicle motorcycle crash, at 26%.

left turn assist; crash avoidance;

Conclusion: There is a large opportunity to reduce harm by specifically addressing crashes in which motorcyde
another vehicle turns left in front of an oncoming motorcycle - ideally using a variety of

countermeasures simultaneously.

Introduction

While much proqre*:s has been made in redmm;;
passenger h dealhs, mntor
remain

(ABS), whir.h h:we been p feratmg in the motorc,\de ﬂeet
and have been shown to reduce rider fatal crash rates by
nearly a quarter (Teoh 2022). There are other m

v systems under development or not yet wndel

able that show promise as well (Savino et al. 20
Another promising countermeasure is the increasingly
able crash avoidance technologies available on passenger
vehicles, which have the potential to prevent 4-8% of fatal
l‘.md 9-10% of police-reported) m le driver crash

rements in the United States (

1). A study from France also estimated strong benefits
for crash types deemed relevant to automatic emergency
braking that detects mo

(2018) discussed crashes in which a passenger vehicle turns
left in front of an oncoming mot le as a particular area
of concern. It was not the first study to identify this crash
type as an area of ern, but the study did note that the
emerging technol left-turn assist (LTA) on passenger
vehicles as a huge opportunity to improve motorcyclist
safety. The purpose of the current technical note is to pro-
vide updated statistics on this crash type and discuss the
potential of LTA on improving rider safety.

Methods

Data on motorcycle driver involvements in 2 cle crashes
during 2017-2021 were obtained from two sources. Fatal

crash data were extracted from the Fatal

Reporting em (FARS), which is a census of

the United States that resulted in death within 3

Data on police-reported crashes were from the (_rach
Report Sampling System (CR which is a nationally rep-
resentative sample of police crash reports; CRSS we1ghts
were used to provide national crash count estimates. Both
FARS and CRSS are nﬂintaiued by the N'ttiona] Hip;hwa\'

g d'm elements. For both dat'lsets_, dmers were
defined as person ty es as body type 80-89
and crash types were categorized based on the ac
variable, which codes the roles of both vehicles in the
crash. The crash type coding in the current report is largely
identical to that of Teoh (2018), except that some catego
ries have been collapsed since spec crash avoidance
technologies, aside from LTA, are not being discussed. In
the Teoh (2018) study, crash type distribution was largely
similar for driver i rements in crashes that resulted in
injury and involvements in all police-reported crashes, so
only the latter is presented in the current report. The anal-
ysis was repeated for crash involvements of passenger-vehicle
(defined as 0<bodytype < 50) dri and a few of the

numbers are presented.

Results

Crashes in which another vehicle turned left in front of an
oncoming motorcycle were, by far, the most frequent type ot
fatal icle motorcycle crash, a unting for 26
driver involvements in 2-vehicle fatal crashes
(Table 1). While still eclipsed b gle-vehicle crashes (3
of motorcycle drivers involved in fatal crashes), this presents

CONTACT Eric R. Teoh @ eteoh@iihs.org @ Research Department, Insurance Institute for Highway Safety, Arlington, VA, US

Assodiate Editor David Viano oversaw the review of this article.
23 Insurance Institute for Highway Safety




Left turn oncoming crashes
avoided annually if all vehicles
had left turn assist that detects
them

» 750 fatal crashes (2-vehicle)
» 8,400 police-reported crashes (2-vehicle)

» Some crashes involving 3+ vehicles

For LTA to detect motorcyclists,
AEB must detect them

TRAFFIC INJUR\‘ PREVENTION

Left-turn crashes and motorcycle safety

Eric R. Teoh

@ Taylor & Francis
Taylor & Francis Group

m ar updates |
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Objective: To provide updated statistics on crashes in which another vehicle turns left in front of  Received 14 October 2022

an oncoming motorcycle and discuss the potential of left turn assist technology. Accepted 3 June 2023
Methods: Motorcycle driver involvements in 2-vehicle fatal and police-reported crashes during  yevworps

2017-2021 were tabulated by crash type, with a focus on crash types involving vehicles turning. Matorcycle safety; crash
Results: Crashes in which another vehicle turned left in front of an oncoming motorcycle were, by avoidance technology; left tums;

far, the most frequent type of fatal 2-vehicle motorcycle crash, at 26%.

left turn assist; crash avoidance;

Conclusion: There is a large opportunity to reduce harm by specifically addressing crashes in which motorcyde
another vehicle turns left in front of an oncoming motorcycle - ideally using a variety of

countermeasures simultaneously.
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type as an area of ern, but the study did note that the
emerging technol left-turn assist (LTA) on passenger
vehicles as a huge opportunity to improve motorcyclist
safety. The purpose of the current technical note is to pro-
vide updated statistics on this crash type and discuss the
potential of LTA on improving rider safety.

Methods

Data on motorcycle driver involvements in 2 cle crashes
during 2017-2021 were obtained from two sources. Fatal

crash data were extracted from the Fatal

Reporting em (FARS), which is a census of

the United States that resulted in death within 3
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crash. The crash type coding in the current report is largely
identical to that of Teoh (2018), except that some catego
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only the latter is presented in the current report. The anal-
ysis was repeated for crash involvements of passenger-vehicle
(defined as 0<bodytype < 50) dri and a few of the
numbers are presented.

Results
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oncoming motorcycle were, by far, the most trequent type ot
fatal icle motorcycle u.rh, a

driver involvements in

of motorcycle drivers involved in fatal crashes), this presents
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Overrepresented crash scenarios o e

Characteristics of rear-end crashes involving passenger vehicles with automatic

for passenger vehicles with AEB

Jessica B. Cicchino {® and David 5. Zuby

Insurance Institute for Highway Safety, Arlington, Virginia

. . . . ABSTRACT ARTICLE HISTORY
t k h | t Objectives: Automatic emergency braking (AEB) is a proven effective countermeasure for prevent- Received 9 November 2018
} S rl I n g Ve IC e WaS u rn I n g ing front-to-rear crashes, but it has not yet fully lived up to its estimated potential. This study  Accepted 27 January 2019
identified the types of rear-end crashes in which striking vehicles with AEB are overrepresented to
= = determine whether the system is more effective in some situations than in others, so that add- '_(ETWDFPS R,
itional opportunities for increasing AEB effectiveness might be explored. Crash a‘fo'dame‘ collision
M N . warning; autonomous
Methods: Rear-end crash involvements were extracted from 23 U.S. states during 2009-2016 for emergency braking;
striking passenger vehicles with and without AEB among models where the system was optional. AEB {em,_.,q -
Logistic regression was used to examine the odds that rear-end crashes with various characteris- )
. . tics involved a striking vehicle with AEB, controlling for driver and vehicle features.
} Stru C k Ve h ICI e WaS tu rn I n g Results: Striking vehides were significantly more likely to have AEB in crashes where the striking
vehicle was turning relative to when it was moving straight (odds ratio [OR]= 2.35; 95% confi-
dence interval [Cl], 1.76, 3.13); when the struck vehicle was tuming (OR = 1.66; 95% Cl, 125, 2.21)
- or changing lanes (OR = 2.05; 95% Cl, 1.13, 3.72) relative to when it was slowing or stopped;
VS . S OWI n g O r Sto p pe when the struck vehicle was not a passenger vehicle or was a special use vehicle relative to a car
(OR = 1.61; 95% Cl, 101, 2.55); on snowy or icy roads relative to dry roads (OR = 1.83; 95% Cl,
1.16, 2.86); or on roads with speed limits of 70+ mph relative to those with 40 to 45 mph speed
limits (OR = 1.49; 95% C|, 1.10, 2.03). Overall, 253% of crashes where the striking vehicle had AEB
- . had at least one of these overrepresented characteristics, compared with 159% of strikes by
» Struck vehicle was not a passenger vehicle sehcls i A2
Conclusions: The typical rear-end crash occurs when 2 passenger vehicles are proceeding in line,
. on a dry road, and at lower speeds. Because atypical crash circumstances are ovemrepresented
among rear-end crashes by striking vehicles with AEB, it appears that the system is doing a better
O r WaS S p e CI a u S e VS 0 Car job of preventing the more typical crash scenario. Consumer information testing programs of AEB
use a test configuration that models the typical rear-end crash type. Testing programs promoting
good AEB performance in crash circumstances where vehides with AEB are overrepresented could
guide future development of AEB systems that perform well in these additional rear-end colli-
sion scenarios.

» Snowyl/icy roads vs. dry

Introduction

} S peed I I m It 70+ m p h VS . 40-45 About one third of crashes reported to police in the United

States in 2016 were rear-end crashes (Insurance Institute for

Highway Safety [IIHS] 2018). It has been estimated that for- 5b, 2016; Rizzi et al. 2014; Spicer et al.
ward collision warning systems, which warn drivers when a 2 8). Addi v, AEB has been associated with reduc-
} Rear CO rn er WaS Stru Ck VS Ce nter rear-end crash may be imminent, and automatic emergency
]

braking (AEB), which may brake automatically if drivers do ehicles inflicted by an at-fault driver and reduc-
not respond to the potential collision, could potentially pre- tions of 23 in those covering third-party i
vent up to 70% of front-to-rear crashes involving passenger (Doyle et al. Highway Loss Data Institute 201

vehicles as striking vehicles and 20% of all passenger vehicle et al. 2017).

crashes reported to police (Jermakian 2011). Although the size of crash reductions attributed to AEB
Evaluations of the real-world experiences of vehicles with  is impressive, the technology has thus far not fully lived up

AEB have demonstrated that the system is very effective in  to its estimated potential. Multiple factors could diminish

preventing front-to-rear crashes. AEB has been shown to the effectiveness of crash avoidance technologies. Use of

CONTACT Jessica B. Cicchino @ inoé rq el urance Institute for Highway Safety, 1005 North Glebe Road, Arlington, VA 22201,
Managing Editor David Viano oversaw the review of this article.
@5upplementa| material for this article can be accessed on the publisher's website

ty. Published with | by Taylor & Francis Group, LLC
distributed under the tes the Cre; Commons Attribution-NonCommercial-NoDerivatives License [ht eativecommons. &/by-nc-ndid.0/),
permits non-commercial re-use, distribution, and reproduction in any medium, provided the orgina work s propedy cited, and is not altered, transformed, or built upon in any way.




Frequent crash types future
AEB systems can address

» Subject vehicle turning / head-on crashes
» Low-light conditions

» Partner vehicle was motorcycle or
medium/heavy truck

» Higher speeds than original IIHS tests

» 7,300 fatal 2-vehicle crashes annually,
216,000 police-reported ones,
some 3+ vehicle crashes

is and Prevention 191 107199

Contents lists available at nceDirect

Accident Analysis and Prevention

How can front crash prevention systems address more police-reported

crashes in the United States?

Eric R. Tecoh, Jessica S. Jermakian

Insuranee Institute for Highway ty, 968 Dairy Road, Ruckersville, VA 22968, USA

ARTICLE INFO

Keywan Government and consumer-information organizations can motivare automakers to address additional crash types
Front crach prevention through front crash prevention (PCP) testing programs. This study examined the current state of crash
Automatic emergency braking potentially relevant to eurrent and future FCP systems te provide a roadmap for the next crash types that vehicle

PForward collision warning
Police-reported cra
CRSZ

testing programs in the United States should evaluate.

Crash records from 2016 to 2020 were exwacted from the Crash Report Sampling System (CRSS) and the

FARS Analysis Reporting System (FARS). Crashes were restricted to enes involving no more than two vehicles
where the stiking or path-intruding vehicle was a passenger vehicle and a vehicle defect was not coded. Per-
centages of police-reported crashes, nonfatal-injury eras and fatal crashes were computed for different crash

types and circumstances.
Rear-end and pe:

evaluated in existing FCP testing programs accounted for 27% of all police-

reported crashes, 19% of nonfatal-injury crashes, and 16% of fatal crashes. The remaining crash types relevant ta
FCP accounted for 25% of police-reported crashes, 31% of nonfatal-injury crashes, and 23% of fatal crashes. A
turning passenger vehicle crossing the path of an encoming vehicle accounted for the largest proportion of the
remaining police-reported (5%) and nonfatal-injury crashe: Head-on crashes accounted for the largest

proportion of remaining fatal cr:

(996). Most FCP-relevant police-reported crashes occurred on roads with a

posted speed limit between 30 and 50 mph. Medium/heavy oucks were the crash parmer in a disproportionate
number of fatal head-on and rear-end crashes and motoreycles in a disproportionate number of fatal rear-end and
turning erossing-path crashes. Paral bicyclist and pedestri errepresented ar night.

The findings from thi:

with nen-passenger v

and tuming crash scenario

icare thar testing organizations should uate FCP performanee at higher

cles and vulnerable road users; during the night; and in more complex head-on
o reduce crashes of all severities. Some of these conditions are curren sed by

other testing organizations and can be readily adopted by U.S. programs or possibly addressed with new ap-

virtual testing.

1. Introduction

Front crash prevention (FCP) technologies like forward collision
warning (FCW), which notifies the driver of a potential collision threat
ahead, and automatic emergency braking (AEB) which automatically
applies the brakes to mitigate a collision (and typically includes FCW
functionality as well), are preventing crashes (e.g., Fild 015:
Spice i examined rear-end crash in-
volvements for vehicles with and without FCW from six manufacturers.
Rear-end crash rates were reduced by 27% for vehicles with FCW and
reduced by 50% for vehicles with AEB. Leslie et al. ) examined the

* Corresponding author
E-mail address: dkidd

crash involvement of 2013-2019 General Motors vehicles with various
crash avoidance features. Vehicles with only a FCW system had a 20%
reduction in relevant police-reported crashes while vehicles with
camera-based AEB or camera-radar fusion-based AEB had a 38% and

6 reduction, respectively. The Highs ta Institute (HLDI}

20) compared insurance losses for vehicles from various manufac-
turers with FCW or AEB relative to the same vehicles without the sys-
tems. The presence of FCW was associated with a significant 9%
reduction in property damage liability claim frequency, which covers
damage to a third-party vehicle or property, and AEB was associated
with a 14% reduction.




Previous IIHS FCP testing



Previous vehicle-to-vehicle
front crash prevention tests
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IIHS front crash prevention ratings
2013-23 models
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Pedestrian test scenarios beginning in 2018




A

Adult walks
across road

TEST Tests run at
VEHICLE 20 & 40 km/h

IS
LDI

Pedestrian test scenarios

TEST
VEHICLE

Child runs
into road:;

parked
vehicles
obstruct
view

Tests run at
20 & 40 km/h

Adult in
right lane
near edge
of road,
facing away
from traffic

o

TEST Tests run at
VEHICLE 40 & 60 km/h



Pedestrian

crash prevention ratings by
model year

Superior

21%

No credit 4% Basic 5%

Basic 4%Not availg

6%

Superior

59%

2019

2023



Night pedestrian front crash prevention test scenarios
Test conducted with both low and high beams

Perpendicular adult Perpendicular child Parallel adult

!

Tests run at
40 & 60 km/h

Tests run at
20 & 40 km/h

Tests run at
20 & 40 km/h




IIHS FCP 2.0 testing



Updated front crash prevention system evaluation

50 km/h

60 km/h

70 km/h




Small SUVs

Previous vehicle-to-vehicle
front crash prevention rating
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Vehicle

Average FCW time-to-collision
By surrogate target, lane position, and speed
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Average speed reduction
By surrogate target, lane position, and speed

Vehicle Passenger car, lane center ‘ Passenger car, offset left ‘ Motorcycle, lane center ‘ Motorcycle, offset right
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Upcoming consumer information and vehicle ratings

m o« W W [2028) IIHS TOP SAFETY FICK+
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