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1 Executive Summary

According to the National Highway Traffic Safety Administration (NHTSA), an estimated 2.4 million
people were injured in traffic crashes and 40,901 people lost their lives on our nation’s roadways in
2023 [1]. Advanced Driver Assistance Systems (ADAS) in motor vehicles have the potential to reduce
crashes, prevent serious injuries, and save thousands of lives on our roadways each year. As automobile
manufacturers increasingly equip vehicles with ADAS [2], there is a growing need to study and
understand the safety benefits and opportunities to improve these technologies.

To address this need, the Partnership for Analytics Research in Traffic Safety (PARTS) was formed in
2018 as an independent, voluntary data sharing and analysis partnership among automobile
manufacturers, the United States Department of Transportation (USDOT) Volpe Center, NHTSA, and The
MITRE Corporation (MITRE), which operates PARTS as an independent third party. Eleven original
equipment manufacturers (OEM) currently participate in PARTS, including American Honda Motor
Company, Ford Motor Company, General Motors LLC (GM), Hyundai Motor America, Kia America,
Mazda North American Operations, Mitsubishi Motors R&D of America, Nissan North America, Stellantis
(Fiat Chrysler Automobiles U.S. LLC), Subaru Corporation, and Toyota Motor North America. Nine OEMs
contributed data for the current study, and MITRE conducted the analysis at the direction of and in
collaboration with PARTS partners.

This study expands on the 2025 PARTS [3] study by examining the effectiveness of the following five
ADAS features in preventing or mitigating system-relevant injury crashes: automatic emergency braking
(AEB), pedestrian automatic emergency braking (PAEB), lane departure warning (LDW), lane keeping
assistance (LKA), and lane centering assistance (LCA). The study used police-reported crash data and
vehicle equipment data contributed by PARTS partners, covering 98 million vehicles from 10 vehicle
segments for model years 2015-2023. When combined with police-reported crash data from 16 states,
covering crash years 2016-2023, this provided a data set of 7.7 million crash-involved partner vehicles.

This study categorized system-relevant crashes as front-to-rear crashes for AEB; single-vehicle frontal
crashes with non-motorists for PAEB; and single-vehicle road-departure crashes for LDW, LKA, and LCA.
Of the identified crash-involved vehicles, 2.1 million were classified as system-relevant for purposes of
this study.

Injury crashes were identified using the KABCO score recorded in police-reported crash data (NHTSA,
2017). These scores include K = fatal injury, A = serious injury, B = minor to moderate injury, C = possible
injury, and O = no injury. Estimated ADAS effectiveness was analyzed for nested sets of crashes based on
the highest reported severity of any participant in the crash. The nested sets included the following: all
crashes?, moderate or worse injury crashes (KABCO score of K, A, or B), and fatal or serious crashes
(KABCO score of K or A). ADAS effectiveness estimates were defined as the percentage reduction in
system-relevant crashes with estimates considered statistically significant when the 95% confidence
interval did not cover zero.

In addition to assessing the extent to which ADAS features reduced system-relevant injury crashes, the
study assessed whether a given feature’s effectiveness changed under different driver, environmental,
crash, or vehicle conditions and quantified the magnitude of that change where appropriate. The study
also evaluated if the effectiveness changed for different injury levels or over time.

! The “all crashes” set for AEB and lane assistance crashes included events with any KABCO score, while the PAEB analyses
limited “all crashes” to those with a KABCO score of K, A, B, or C due to known underreporting of non-injury VRU crashes.

1
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For AEB, the study found that system effectiveness (i.e., reduction in front to rear striking crashes)
improved from 49.1% in all crash scenarios to 55.3% in cases involving moderate or worse injuries.
Additionally, analysis showed a statistically significant increase in effectiveness from 44% to 53% for all
crashes with newer generations of AEB technology.

This study measured a significant 8.5% reduction in single-vehicle frontal crashes with non-motorists?
for vehicles equipped with PAEB systems. When narrowed to crashes with moderate or worse injury
severity, the effectiveness of PAEB is estimated at 7.9%, and for fatal or serious injury crashes it is
10.0%. Analyses of PAEB effectiveness across injury levels or over time show wide confidence intervals
and a lack of statistical significance, especially for the fatal or serious injury group, due to relatively low
sample sizes.

Analysis of lateral assistance features for reducing single vehicle road departure crashes yielded mixed
results. Vehicles equipped with LDW alone did not show a significant reduction in crashes for any injury
group. In contrast, vehicles with LDW + LKA (without LCA) demonstrated significant increase in
effectiveness of 5.3% in all crashes and 9.2% in those involving moderate or worse injuries, while LDW +
LKA + LCA equipped vehicles estimated effectiveness was 4.4% for all crashes and 10.6% for moderate or
worse injury crashes. Effectiveness did not vary significantly across injury levels or over time.

This cross-industry analysis included features with a range of capabilities and parameters that vary by
OEM, vehicle model, model year, and even trimline-specific design and specification. This study
considers whether a vehicle is equipped with a given ADAS feature at the time of manufacture and not
whether that feature was on or engaged at the time of crash as this data is unavailable.

Section 2 provides additional background on PARTS and this study. Section 3 outlines the study data and
analysis methodology. Section 4 presents the analysis results, and Section 5 discusses the findings and
their limitations.

2 Background

The automobile industry has developed and deployed many innovative solutions over the past decade
to improve traffic safety, including ADAS. The goal of these systems is to reduce the number and
severity of traffic crashes, thereby preventing injuries and saving lives. Today, automobile OEMs equip
their vehicles with an increasing number of ADAS features with evolving capabilities. As ADAS
technologies and the vehicle fleet change, there is a continued need to evaluate associated safety
benefits and identify opportunities for improvement.

PARTS was formed to address this need through a collaborative data sharing and analysis approach. By
combining equipment data from 98 million vehicles with 21.2 million crash reports, PARTS recently
completed an in-depth analysis of ADAS effectiveness in reducing crashes [3]. Building on that work, this
study presents the effectiveness of ADAS in reducing injurious crashes. Specifically, this study examined
if injury crash frequency reduced when vehicles were equipped with the following ADAS features: AEB,
PAEB, LDW, LKA, and LCA. PARTS conducted this study to further a collective, improved understanding
of how these ADAS technologies perform in operation to drive innovation and continuous

2 Non-motorists include pedestrians, pedalcyclists, and non-motorists on personal conveyances (e.g. scooters or wheelchairs)

2
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improvements in safety performance, thereby

further reducing crashes, serious injuries, and .
fatalities on roadways. ) m

2.1 PARTS Overview

HONDA

PARTS, established in 2018, is a public-private SHTATEET

partnership between automobile manufacturers

and NHTSA. The goal of this government-industry <L

collaboration is to advance traffic safety through é“ Governance
the collaborative analysis of automotive safety @ o Board
technologies, with partners voluntarily sharing freses %.\
safety-related data for joint analysis. MITRE KX );9

operates PARTS as an independent third party (ITP). Pt s

Of the 11 OEMs participating in PARTS (see Figure ,@

1), nine provided vehicle data for this study, e

accounting for more than 80% of the 2023 United ST

States (U.S.) passenger car and light truck market

sales [4].

. Figure 1. PARTS Participation
2.2 Study Overview

NHTSA estimates the societal harm of motor vehicle crashes is nearly $1.4 trillion per year [5] primarily
due to medical costs and reductions in quality of life due to injury. A recent NHTSA report shows 40,901
people killed and over 2.4 million injured in traffic crashes in 2023 [6], highlighting increases in injuries
for all passenger car categories, pedestrians, and pedalcyclists compared to 2022. While studies
assessing insurance claim information suggest some ADAS technologies reduce bodily injury liability
claim frequency by up to 24% [7], the societal cost of motor vehicle crashes continues to rise.

Using a large, linked dataset of vehicle equipment and police-reported crashes (explained in Section 3)
this study estimated how well current ADAS prevent or mitigate system-relevant injury crashes. The
analysis considers occupant, environmental, crash, and vehicle covariates and models crash rates for
distinct injury-severity groups. Specific research questions included:

e To what extent does AEB reduce front-to-rear system relevant injury crashes?

e To what extent does PAEB reduce frontal non-motorist system relevant injury crashes?

e To what extent do lane centering and departure features reduce single vehicle road departure
system relevant injury crashes?

e How do different driver, environmental, crash and vehicle conditions change a given ADAS
feature’s effectiveness in reducing system relevant injury crashes?

e To what extent does the effectiveness of a given ADAS feature in reducing system relevant
injury crashes change over time?

3 Methodology

3.1 Data Overview

This study examined the estimated effectiveness of five ADAS features in preventing or mitigating
system relevant injurious crashes in passenger vehicles as shown in Figure 2.

3
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ADAS Feature (Acronym) Definition Visual System-relevant
Crash
Automatic Emergency Braking (AEB) detects potential
collisions with a vehicle ahead and automatically brakes to
help avoid a collision or lessen the severity of impact.

Pedestrian AEB (PAEB) detects potential collisions with a
pedestrian ahead and automatically brakes to help avoid a Non-motorist

collision or lessen the severity of an impact.

Front-to-rear

Lane Departure Warning (LDW) monitors the vehicle's =
position within the driving lane and can alert the driver as the ‘
vehicle approaches or crosses lane markers.

Lane Keeping Assistance (LKA) provides momentary
steering support to assist the driver in preventing the vehicle
from departing the lane (when lanes are clearly marked).

Single-vehicle
road-departure

Lane Centering Assistance (LCA) provides steering
support to assist the driver in continuously maintaining the
vehicle at or near the center of the lane.

Figure 2. Five ADAS Features Included in this PARTS Study

The study used OEM partner provided data on 98 million passenger vehicles sold in the U.S.,
encompassing 168 vehicle models from model years 2015-2023 across 10 vehicle segments (see Figure
3). This same dataset supported a previous ADAS effectiveness study [3]. Vehicle equipment data
allowed for the identification of ADAS features installed at the time of manufacture®. This data was
combined with police-reported crash data from 16 states, covering crash years 2016-2023, resulting in
an initial dataset of 7.7 million crash-involved vehicles. Of these, 2.1 million were classified as system-
relevant for the purposes of this study (see Table 1).

3 The availability or activation of ADAS features at the time of crash was not available for consideration in this study.
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Figure 3. Vehicle Data - Mapping Models to Segments

All vehicles equipped with AEB in this study were also equipped with forward collision warning (FCW).
Due to the low rate of newer models equipped solely with FCW, the study focused on vehicles with AEB
rather than conducting a separate analysis of vehicles equipped only with FCW.

3.2 Crash Types Studied

Each ADAS feature studied was mapped to a system-relevant crash type, as defined in Table 1. For
example, in PAEB, the system-relevant crashes are comprised of single-vehicle frontal crashes with non-
motorists involving injury. In lane departure crashes where two vehicles were involved, the study was
unable to distinguish which vehicle initially left its lane. As such, this study focused on the effectiveness
of LDW, LKA, and LCA in single-vehicle road-departure injury crashes rather than in sideswipe crashes
involving vehicles traveling in the same or opposite directions.
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This study used quasi-induced exposure [8] (QIE) as the primary method to measure ADAS effectiveness.
QIE compares vehicles equipped with the set of ADAS features under study against vehicles without
those features by looking at the number of system-relevant and control crashes for both populations. A
control crash is argued to be to be system irrelevant, meaning independent from and not related to the
ADAS feature it is intended to measure [9]. The control crash was the same (front-to-rear struck) for all
ADAS features; it is described in the last row of Table 1. The system-relevant crash types and control
crash type are the same as those used in the 2022 PARTS Study [10] and 2025 ADAS Effectiveness Study
[3]% The argument for these control crashes being system irrelevant is supported by comparative
evaluations using specific vehicle miles travelled [11].

Table 1. ADAS Feature System-relevant Crash Type and Control Crash Definitions

System-Relevant

ADAS Features Crash Type Definition

Manner of Crash = Front-to-rear AND
Initial Contact Point®>=[1, 12, 11] AND

AEB F -to- iki
ront-to-rear Striking Motor Vehicle Maneuver Action NOT (backing or parked) AND
Crash Vehicle Count =2
Crash Pedestrian Count >0 AND
Sinale-vehicle Frontal Crash Vehicle Count =1 AND
PAEB & First Event or First Harmful Event = Pedestrian or Non-motorist AND

h ith Non- i
Crashes with Non-motorists Initial Contact Point = [1, 12, 11] AND

Motor Vehicle Maneuver Action NOT (backing or parked)

Crash Vehicle Count =1 AND
First Event or First Harmful Event = Ran Off Road, Cross Centerline,

Lateral (LDW, LKA, Single-vehicle Road Cross Median, Collision with Fixed Objects, Rollover AND

LCA) Departure Vehicle Maneuver Action = any of {Going Straight, Negotiating a
Curve, Leaving Traffic Lane, Ran Off Road}
Manner of Crash = Front-to-rear AND
Initial Contact Point = [5, 6, 7] AND

Control Front-to-rear Struck

Motor Vehicle Maneuver Action NOT (backing or parked) AND
Crash Vehicle Count =2

4 The control crash type is the standard choice for these systems for QIE studies: [9], [14], [15].

5 Most states included in this study use clock coordinates to indicate initial point of contact for crashes (where the front center
of a vehicle is 12 o’clock). PARTS considered values of 5, 6, or 7 o’clock to be rear. Some states used descriptions such as “rear,”
“right rear bumper,” and “rear — left.” PARTS mapped related phrases and clock coordinates to the construct of “rear.” PARTS
used a similar mapping technique to harmonize the construct of “front” given varied state crash data.

’
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3.3 Injury Types Studied

Subject - AEB

Control L . Subject - PAEB
ane Assistance
PARTS assessed each ADAS feature for three nested sets
of crash types (Figure 4) based on the severity of injury
L. ) X A L. Control Crashes All Crashes All Crash
of any participant in the crash. This nesting uses injury (K, A, B, C,O, (K,A B, C,O, = Ara;‘ (E:S)
data based on KABCO scores recorded in the police Unknown) LT, S

reported crash data [12]. The sets are as follows:

e All Crashes AEB and Lane Assistance: System-
relevant crashes that involve property damage C(f(”‘;"'BCfgS'(’;S
only, have unknown injury level, or an injury of Unknown)
any severity (i.e., KABCO score of K, A, B, C, O,
or unknown).

e All Crashes PAEB: System-relevant crashes that

Control Crashes

involve possible or suspected injuries or fatality (K,A B, C,0,

Serious Serious
(i.e. KABCO score of K, A, B, or C). Unknown) Crashes Crashes

(K, A) (K, A)

e Moderate or Worse Injury Crashes: System-

relevant crashes that involve a suspected injury Code Definition
or fatality (i.e., KABCO score of K, A, or B). K Fatal Injury .
e Fatal or Serious Injury Crashes: System-relevant A Suspected Sgrlous _Injury
. . B Suspected Minor Injury
crashes that involve a suspected serious or fatal C Possible Injury
injury (i.e., KABCO score of K or A). O No Apparent Injury

The definition of all crashes for PAEB system-relevant
scenarios was adjusted to exclude No Apparent Injury
(0) and Unknown because over 90% of pedestrian collisions in the crash database involved an injury of
some severity as shown in Figure 7. This is likely due to most pedestrian-involved crashes resulting in
injuries, combined with reporting biases for crashes involving pedestrians.

Figure 4. Nested Injury Structure

Property damage only and unknown injury codes were excluded from all PAEB analyses. If property
damage only crashes are measured together with injury crashes, then the effectiveness estimate for all
crashes is essentially that of crashes involving an injury.

3.4 Summary of the Dataset
This PARTS study used the following two primary data sources:

e Vehicle Equipment Data included OEM-provided data on all passenger vehicles from model
years 2015-2023 sold in the U.S. that met the selection guidance (see Section 3.4.1)

e Crash Data included police-reported crash data from 2016—2023 from 16 states (see Section
3.4.2).

Table 2 below provides a high-level summary of the size and scope of the baseline dataset.

7
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Table 2. Summary of Study Size and Scope
Number of vehicles 98 million sold in the U.S.
Total number of crash-involved vehicles 7.7 million crash-involved vehicles

System-relevant crash-involved vehicles 2.1 million crash-involved vehicles

System-relevant crash-involved injuries 184,286

Number of OEMs providing data 9

Number of vehicle models and vehicle 168 across 10 vehicle segments

segments

Model years 2015—2023

Number of states and timeframe 16 states providing crash data from 2016—2023

3.4.1 Vehicle Equipment Data

As detailed in the PARTS 2025 study [3], OEM-supplied vehicle data included the ADAS features on each
vehicle, build date, sold or customer delivery date, sales market (used to filter U.S.-only car market), and
sale type (retail or fleet). This study’s results are based on data from the following OEM partners:

e American Honda Motor Company — includes the Honda and Acura brands

e Ford Motor Company — includes the Ford and Lincoln brands

e General Motors LLC — includes the Buick, Cadillac, Chevrolet, and GMC brands

¢ Hyundai Motor Company — includes the Hyundai and Genesis brands

e Mazda North American Operations

e Mitsubishi Motors R&D of America

¢ Stellantis (Fiat Chrysler Automobiles U.S. LLC) — includes the Alfa Romeo, Chrysler, Dodge, Fiat,
Jeep, and Ram brands

e Subaru Corporation

¢ Toyota Motor North America — includes the Toyota and Lexus brands

Vehicles were categorized into 10 segments based on their size and intended use, as shown in Figure 3.
PARTS determined these vehicle segments using the Insurance Institute for Highway Safety (IIHS)-
Highway Loss Data Institute (HLDI) vehicle segment definitions, with some modifications.®

Vehicle models were selected for inclusion are based on the following guidelines:

o Sufficient Sample Size: A minimum sales threshold of 5,000 units per model per year helped
ensure a sufficient sample size for analysis.

e ADAS Feature Equipage: At least one model year for each model was required to have at least
one ADAS feature in scope for the analysis.

6 Modifications adjusted the segments to ensure there were at least three models within a segment; assigned model twins to
the same segment when vehicle specifications were sufficiently similar based on OEM input about vehicle mass, structure, or
other commonalities; and adjusted the midsize Sport Utility Vehicle (SUV) criteria, which had the effect of moving some three-
row SUVs from the small SUV to the midsize SUV segment.

8
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e Passenger Vehicle Study Scope: Gross Vehicle Weight Rating (GVWR) was limited to less than
10,000 pounds to target passenger vehicle populations.

o Non-attribution: Among other data protection measures, PARTS required vehicle models from
at least three OEMs in a vehicle segment to maintain anonymity of the results.

The resulting dataset included 98 million vehicles from 168 models, covering model years 2015-2023,
manufactured on or before July 31, 2023.

3.4.2 Crash Data

This study used police-reported crash data from 16 states. Data from 15 of these states was provided by
NHTSA through its Consolidated State Crash (CSC) database, which consolidates police-reported crashes
received from states through the new Electronic Data Transfer (EDT) process. In addition to the CSC
data, Michigan crash data was provided by the University of Michigan Transportation Research Institute
(UMTRI) with permission from the Michigan State Police. The data used in each case was a census of all
police-reported crashes in those states. Data was limited by what was available in the original state-level
crash report. Specific fields and data elements varied by state, as did reporting timelines as shown in
Figure 5. The crash data encompassed a total of 21.2 million crashes involving 36.8 million vehicles
across the 16 states.

Arkansas (AR) Pl 9/30/2023
Connecticut (CT) LR[S 9/30/2023
Florida (FL) PG 9/30/2023
Indiana (IN) PR 9/30/2023
lowa (IA) 1/1/2017 9/30/2023
Kansas (KS) 2Oy 9/30/2023
Maryland (MD) gEIPDON(S 9/30/2023
% Michigan (MI) gERTEIRG] 12/31/2022
»  Minnesota (MN) 1/1/2021
Nevada (NV) 1/1/2018
Ohio (OH) 1/1/2019 9/30/2023
Tennessee (TN) 1/1/2018 9/30/2023
Texas (TX) 1/1/2018 9/30/2023
Utah (UT) 1/1/2017 9/30/2023
Virginia (VA) gUZOR 5 9/30/2023

Wisconsin (WI) 1/1/2018 9/30/2023

Figure 5. Crash Data by State and Time Period Covered
3.4.3 Preparing and Linking Data Sources

The data linkage process involved harmonization of crash and vehicle equipment datasets to enable
comprehensive analysis. For crash data, raw values from police reports and state formats were mapped
to standardized values, such as using a clock-face reference for vehicle initial contact points. This
process also added additional derived fields such as crash type and whether a vehicle was striking or
struck. For vehicle equipment data, MITRE worked directly with OEMs to map their Vehicle Identification
Number (VIN)-level records to standardized ADAS features, ensuring accuracy through consistent
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definitions and quality checks. The standardized datasets were then linked using the 17-digit VIN,
resulting in a dataset with records for each crash-involved vehicle that matched the OEM-provided build
data, totaling 7.7 million crash-involved vehicles, 2.1 million of which were relevant to the ADAS
features studied.

3.5 Descriptive Statistics of the Study Dataset

Counts by Highest Injury Level
(K) Fatal Injury | 23,429 (0.31%)
(A) Suspected Serious Injury I 137,414 (1.79%)
(B) Suspected Minor Injury -677,706 (8.85%)
() Possible Injury [ 1.027.638 (13.41%)
(0) No Apparent Injury || NG 5.215.190 (68.08%)
Unknown/Not Reported [JJJj 579.563 (7.57%)

0% 20% 40% 60% 80% 100%
%

Highest Injury Level

Figure 6. Distribution of Highest Injury in Crash-Involved Vehicle

Summary statistics of the linked data set are provided in the PARTS 2025 report [3].This section
highlights a portion of those descriptive statistics that are relevant to the injury analyses. Figure 6
describes the distribution of crash-involved vehicles by the highest reported KABCO injury severity. The
majority of crashes (68%) have no apparent injury, while only 2.1% of the crashes have severe or fatal
injury. This distribution varies based on crash type, as shown in Figure 7. The unique distribution shift to
higher injury severity in frontal pedestrian crashes is of note.

Injury Proportions by Crash Type
Fatal (K) Serious (A) Minor (B) Possible (C) None (O) Unknown
Front to Rear o o o, o o o
Striking 0.1% 0.9% 6.8% 15.0% 72.8% |4.4%
©
&
> Frontto Rea 0.0% 0.7% 6.0% 13.9% 74.3% | 5.0%
=
z
@
2
® Frontal ¢ 4o, 18.9% 38.1% 25.4% |7.7% 0.9%
T Pedestrian
Single Vehicle
Road 0.9% 4.1% 13.5% 11.6% 62.2% |7.6%
Departure
0% 100% 0% 100% 0% 100% 0% 100% 0% 100% 0% 100%

Figure 7. Injury Distribution by System Relevant Crash Type
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The penetration of ADAS features in linked crash-involved vehicles increased with model year
progression, as shown in Figure 8. Although overall LDW equipage increased during the study period,
the proportion of vehicles equipped with only LDW (lightest blue) decreased for newer vehicle models.

% of Vehicles Equipped with AEB by Model Year
100%

23%

34%

80%

67%
60%

94%

0,
97% 04%

40% 77%

% of Vehicles

49%
20% 33%
20%

0%'_

2015 2016 2017 2018 2019 2020 2021 2022 2023
Model Year
® Not Equipped ® Equipped

% of Vehicles Equipped with PAEB by Model Year

100%

0
50 30% 20%
0

60%
99%
40%

% of Vehicles

20% 42%
15%

2015 2017 2018 2019 2020 2021 2022 2023
Model Year

0%

= Not Equipped B Equipped

% of Vehicles Equipped with Lateral ADAS by Model Year

100%
N P
24%
31%
80% 43%
®» 57% 31%
@ 72% 23%
L o
s 29%
< 40%
20% 519 B 56%
20% 9 40%
0,
oo L e S
2015 2016 2017 2018 2019 2020 2021 2022 2023
Model Year
= No Lateral Systems  LDW Only 5 LDW + LKAno LCA m LDW + LKA + LCA

Figure 8. Percentage of Linked Vehicles Equipped by Model Year

Specific crash types necessary to perform analyses are shown in Figure 9 and Figure 10, summarized by
crash year and model year. The number of crash-involved vehicles from the linked dataset generally

increases for more recent crash years and decreases for newer model years.

11
©2025 The MITRE Corporation. Approved for Public Release (Case Number: 25-3048).



PARTS — Real-world Effectiveness of Advanced Driver Assistance Systems on Injury Crashes for Model Year 2015-2023 Vehicles

Figure 9
Front-to-Rear Striking Front-to-Rear Struck Frontal Pedestrian Single Vehicle Road Departure
2016 [J] 26,201 (3.9%) Il 28879 (4.4%) 748 (3.3%) | 5,503 (2.3%)
2017 [J] 41578 (6.1%) I 75 069 (6 7%) 1,228 (5.4%) |9.207 (3.8%)
2018 - 73,280 (10.8%) - 127,448 (11.4%) 2,424 (10.8%) l 21,620 (9.0%)
E 2019 [ 107,146 (15.8%) I 131,075 (162%) |3,371(15.0%) 31033 (130%)
E 2020 [ 83885 (12.4%) I 138399 (12.4%) 2,945 (13.1%) [l 36,699 (15.3%)
C o - 118,748 (17.5%) _ 194,234 (17.4%) |3,827 (17.0%) .46,44? (19.4%)
2022 [ 134540 (19.9%) I 209 683 (18.8%) | 4,792 (21.3%) 51 998 21.7%)
2023 [ 01919 (136%) I 130746 (125%) |3.209 (14.2%) 37101 (155%)
OK 100K 200K 300K 400K OK 100K 200K 300K 400KOK 100K 200K 300K 400K OK 100K 200K 300K 400K
Count of Crash-Involved Vehicles
Figure 9. Linked Crash-involved Vehicle Counts for Studied Crash Types by Crash Year
Front-to-Rear Striking Front-to-Rear Struck Frontal Pedestrian Single Vehicle Road Departure
2015 [ 146557 21.6%) | 194312 (17.4%) |4,572 (20.3%) [l 45,106 (20.1%)
2016 | 142253 (21.3%) I 200.023 (17.9%) | 4,340 (19.3%) [l 45.149 (18.8%)
2017 [ 125.927 (18.6%) I 195952 (17.6%) | 3,927 (17.4%) Il 41.346 (17.3%)
5 2018 I o7 ¢07 (14.5%) I 170421 (153%)  |3,291 (14.6%) [l 35,546 (14.8%)
% 2019 [ 69.954 (10.3%) I 136084 (12.2%) 2,653 (11.8%) [l 28,638 (12.0%)
S 2020 [ 45.006 (6.5%) I <5.153 (8.6%) 1,823 (8.1%) [ 20,036 (8.4%)
2021 [ 29,943 (4.4%) Il 71387 (6.4%) 1,172 (5.2%) J 12,925 (5.4%)
2022 ] 14,486 (2.1%) [l 39.355 (3.5%) 584 (2.6%) |6.323 (2.6%)
2023 3,234 (0.5%) | 10,836 (1.0%) 182 (0.8%) 1,539 (0.6%)
0K 100K 200K 300K 400KOK 100K 200K 300K 400K0K 100K 200K 300K 400K(0K 100K 200K 300K 400K
Count of Crash-Involved Vehicles

Figure 10. Linked Crash-involved Vehicle Counts for Studied Crash Types by Model Year

3.6 Methodology Overview

This study applied a similar methodology to the 2025 PARTS Study [3]. It used QIE with logistic
regression to estimate the reduction in system-relevant injury crashes for vehicles equipped with ADAS.
The ADAS effectiveness in this study was measured by estimating the reduction in system-relevant injury
crashes due to the presence of vehicles equipped with these systems. QIE measures crash rates relying
only on crash data by using a control crash that is irrelevant to the equipage of the ADAS feature to

account for potential exposure differences (See Appendix A

Quasi-Induced Exposure Calculations).

As with the 2025 PARTS Study, the methodology was modified to apply an adjustment for newer model
year vehicles (2020 and later) due to the limited number of unequipped vehicles resulting from high

equipage rates. Details of this adjustment are provided in Appendix B

Years 2020+.

The covariates included in this study are listed in Table 3.
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Table 3. Covariates Included in the Study

Occupant Environment Crash Vehicle
o Driver Age e Weather e (Crash State e Sales Type (Fleet vs.
e Alcohol/Drugs ¢ Road Surface e Crash Year Retail)
e Distracted Driver Condition e Speed Limit e Vehicle Segment
e Driver Gender e Light Condition e Vehicle Model Year
e Restraint Use* * Roadway Alignment e Automatic High
e Presence of e Intersection Beams (AHB) in Dark
Unlit (for PAEB
Elderly in Vehicle* it ( )

The covariates included were the same as those used in the 2025 PARTS Study, with two additional
factors noted by asterisks in Table 3 above: (1) restraint (seatbelt) use at the crash level and (2) the
presence of at least one occupant aged over 65.

The covariates were selected based on past research literature [9] [13] [14] [15] to identify key factors
influencing ADAS effectiveness, as well as discussions with partners to uncover other potential factors.
Data quality and availability were also considered. The new covariates were specifically added to control
for injury likelihood and severity, rather than ADAS effectiveness.

Additionally, changes in ADAS effectiveness were examined by assessing interactions between each
covariate and the binary ADAS variable. Each covariate was individually incorporated as an interaction
with the ADAS feature in the logistic regression. Bayesian Information Criteria (BIC) was used to identify
whether the interaction added statistically meaningful information to the model (i.e., BIC is lower for
logistic regression with interaction than without). BIC is known to be conservative in detecting changes
in effectiveness (see the Discussion Section in the 2022 PARTS report [10]), which helps minimize false
positives but may also overlook some true differences. If BIC indicated a meaningful interaction,
estimates for each level were examined using a 95% confidence interval (Cl), with Bonferroni’
adjustment applied to control the false positive rate according to the number of levels within the
covariate.

Since the covariates were included as interactions with the ADAS system separately, the differences
identified could be confounded by another factor (measured or unmeasured) if strong correlations exist
between covariates (e.g., inclement weather and wet roads tend to be correlated).

3.6.1 Estimating Effectiveness when Limited Unequipped Vehicles Exist

New vehicles that have a high penetration of ADAS features tend to get into fewer crashes overall,
which can lead to an overestimation of ADAS effectiveness. While model year is controlled for in the
logistic regression, it can be difficult to separate model year effects from ADAS feature effects when
minimal unequipped vehicles exist in the population. To ensure that ADAS effectiveness overestimation
did not occur, an adjustment factor was subtracted from the ADAS feature logistic regression
coefficients for newer vehicle models (model years 2020+) to directly remove model year effects. This
strategy (subtracting an adjustment factor for newer vehicles) is identical to the strategy used in the

7 A method for controlling for Type | (a) error due to multiple comparisons whereby a is divided by the number of comparisons
for each individual comparison.
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2025 PARTS Study [3]. For detailed information on the methodology, see Appendix A Quasi-Induced
Exposure Calculations.

3.6.2 Injury Level Analysis

Each nested set of system-relevant crashes was compared against the same set of control crashes,
which include all injury levels (i.e., control crashes can have a KABCO score of K, A, B, C, O, or unknown).
The set of control crashes remains constant because it is simply meant to represent general exposure. It
would not be appropriate to compare serious crashes of unequipped vehicles to serious crashes of
equipped vehicles because, in cases with equipped vehicles, some crashes that would have been serious
crashes were likely either mitigated (become minor or no-injury crashes) or completely prevented.

For each set of ADAS features, PARTS conducted separate logistic regression analyses for each of the
three nested system-relevant injury groups, as well as the corresponding control crash sets, using
identical model specifications. This approach enabled the assessment of ADAS effectiveness across
different injury levels for the purpose of estimating combined injury crash prevention and mitigation.

4 Results

This section presents the results of the analysis on the reduction of system-relevant crashes involving
injury for the following ADAS features and crash types: AEB for front-to-rear crashes, PAEB for frontal
crashes involving non-motorists, and lateral features (LDW/LKA/LCA) for single-vehicle road-departure
crashes. For each group, the overall effectiveness is presented for each injury level, along with the
effectiveness of different model year subsets to assess changes over time and variations in effectiveness
based on covariates.

4.1 Automatic Emergency Braking Injury Reduction in Front-to-rear Crashes
4.1.1 Automatic Emergency Braking Injury Level Results

AEB system effectiveness was assessed across three injury severity levels: All Crashes (KABCO), Injury
Crashes (KAB), and Fatal or Serious Injury Crashes (KA). For each level, the team estimated the percent
reduction in system-relevant front-to-rear crashes for vehicles equipped with AEB, along with 95%
confidence intervals and sample sizes. These results are summarized in Figure 11.

KABCO (All Crashes):

For all system-relevant front-to-rear crashes, AEB-equipped vehicles experienced a 49.1% reduction in
crash rates compared to unequipped vehicles (95% Cl: 48.5%, 49.7%), based on 115,223 system-relevant
equipped crashes and 467,498 unequipped crashes.

KAB (Moderate or Worse Injury Crashes):

For crashes resulting in moderate or worse injury (KAB), the estimated reduction was 55.3% (95% Cl:
53.8%, 56.8%), with 8,375 system-relevant equipped crashes and 37,663 unequipped crashes. This
higher reduction compared to all crashes suggests AEB is particularly effective at preventing or
mitigating crashes with injury outcome.

KA (Fatal or Serious Injury Crashes):

For the most serious injury crashes (KA), AEB was associated with a 41.8% reduction (95% Cl: 36.2%,
46.9%), based on 1,064 system-relevant equipped crashes and 4,680 unequipped crashes. While the
reduction is substantial and statistically significant, it is lower than the reduction observed for all crashes
and for injury crashes (KAB). To better understand this difference, an additional analysis was conducted
for suspected minor injury crashes (B), as detailed in Appendix C. The results estimated a 57.0%
reduction (95% Cl: 55.4%, 58.5%) in suspected minor injury (B) crashes, based on 7,311 equipped and
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32,983 unequipped crashes. This supports the data shown in Figure 7 that suspected minor injury
crashes make up nearly 90% of injury (KAB) crashes and indicates that suspected minor injury crashes
are largely responsible for the higher effectiveness observed for injury crashes (KAB) compared to fatal
or serious injury crashes (KA).

AEB Group Equipped Unequipped
o Control 364,209 617,942
All Crashes 49.1%
(K,A,B,C,0,Unk)
System-Relevant 115,223 467,498
0 Control 364,203 617,942
Injury Crashes ‘55-3/"
(K,A,B)
System-Relevant 8,375 37,663
Fatal and Serious 41.8% Control 361,410 617,273
Injury Crashes — e
(K.A)
System-Relevant 1,064 4,680

Figure 11. AEB Crash Reduction Estimates by Injury Level
4.1.2 Automatic Emergency Braking Injury Reduction Over Time

The effectiveness of AEB was further examined across vehicle model year groupings to assess whether
crash reduction benefits have changed over time. Analyses were conducted for three groups: 2015-
2017, 2018-2020, and 2021-2023. Results are summarized in Figure 12.

For All Crashes, the estimated effectiveness of AEB increased modestly over time, from a 45.5%
effectiveness for model years 2015-2017 to 51.6% for 2021-2023. A similar trend was observed for KAB
injury crashes, with effectiveness rising from 49.1% to 58.5% across the same periods. For fatal or
serious injury crashes (KA), the estimated reduction also increased over time, from 36.1% in the earliest
group to 44.3% in the most recent group, though confidence intervals are wider due to smaller sample
sizes.

Statistical testing of differences between model year groups found that for All Crashes, the increases in
effectiveness over time are statistically significant, suggesting that newer vehicles have more effective

AEB systems. For KAB and KA injury crashes, while the point estimates suggest increased effectiveness,
the differences across the years are not statistically significant at the Bonferroni corrected 0.05 level.
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All Crashes (K,A,B,C,0,Unk) Injury Crashes (K,A,B) Fatal and Serious Injury Crashes

(K,A)
70% 70% 70%
0,
60% 60% 56% %% g0y,
49 52% A
50%  46% . ? 50%  46% 50% 45%
. . 42% 2
40% 40% 40% *
32%

30% 30% 30%

20% 20% 20%

10% 10% 10%

0% 0% 0%

2015-2017 2018 - 2020 2021 - 2023 2015-2017 2018 - 2020 2021 - 2023 2015-2017 2018 - 2020 2021 - 2023

Model Years
Figure 12. AEB Effectiveness Over Time by Injury Level

4.1.3 Automatic Emergency Braking Injury Reduction by Occupant, Environment, Crash, and
Vehicle Conditions

To assess whether AEB effectiveness varies by occupant, environment, crash, or vehicle characteristics,
PARTS investigated whether there are differences in AEB effectiveness by covariates using BIC (i.e., if
logistic regression including covariate interaction with AEB had lower BIC, as described in Section 3.6).
Covariates identified as driving differences in AEB effectiveness are noted with green checkmark in Table
4 while covariates that were not identified as significant interactions are identified with a gray X.

For additional details on the effectiveness by covariate, see Appendix D AEB Identified Interactions.
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Table 4. BIC Identified AEB Significant Covariates by Injury Level

All Crashes Injury Crashes Fatal and Serious
Covariates (K,A,B,C,0,Unk) (K,A,B) Injury Crashes (K,A)

Crash State
Crash Year
Occupants Over 65
Posted Speed Limit

Restraint Use

Driver Age Groups
Driver Distracted
Driver Gender

Driver Impaired

Intersection

Light Condition

Road Alignment

Road Surface Condition

Environment

Weather Condition

Sale Type

< |4 € & <« <&
<& & & <

Vehicle Segment

KABCO (All Crashes):

Across all system-relevant crashes, AEB effectiveness varied significantly by a wide range of covariates,
including driver age, alcohol/drug involvement, gender, weather, road surface, light condition, roadway
alignment, intersection presence, speed limit, fleet status, vehicle segment, and crash state. Unlike the
2025 PARTS Study [3], Crash State now indicates differences in AEB effectiveness across covariate levels,
where previously no difference was observed. This is potentially related to the slightly different crash
populations and the addition of belt use and occupant age covariates. Additionally, the new covariate
indicating the presence of occupants over age 65 in the vehicle was identified by the BIC criterion.

KAB (Moderate or Worse Injury Crashes):

For injury crashes (KAB), fewer covariates were identified as having differences in AEB effectiveness as
compared to All Crashes. In particular, Crash State, Driver Age, Intersection, Speed Limit, and Vehicle
Segment did not pass the BIC criterion and are not considered to produce significantly different levels of
AEB effectiveness in reducing moderate or worse injury crashes.

KA (Fatal or Serious Injury Crashes):

For fatal or serious injury crashes, no covariates were identified as having statistically significant
differences in AEB effectiveness. This finding reflects the smaller sample size and reduced statistical
power contributing to fewer interactions passing statistical thresholds, even if they may exist.
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4.2 Pedestrian Automatic Emergency Braking Injury Reduction in Single-vehicle Frontal
Crashes with Non-motorists

4.2.1 Pedestrian Automatic Emergency Braking Injury Level Results

PAEB effectiveness was evaluated across three injury severity levels: All Crashes (KABC), Moderate or
Worse Injury Crashes (KAB), and Fatal or Serious Injury Crashes (KA). Figure 13 summarizes the
estimated percent reduction in system-relevant single-vehicle frontal crashes with non-motorists for
PAEB-equipped vehicles, along with 95% confidence intervals and sample sizes. Note that, in this study,
there were no vehicles that were equipped with PAEB without also having AEB, but there were vehicles
equipped with AEB without PAEB. Vehicles equipped with PAEB were compared to those not equipped
with PAEB.

KABC (All Crashes):

For crashes with any reported injury (KABC), PAEB-equipped vehicles experienced an estimated 8.5%
reduction in system-relevant crashes compared to unequipped vehicles (95% Cl: 3.6%, 13.2%), based on
4,173 system-relevant equipped crashes and 13,047 unequipped crashes. Crashes with the KABCO
reported injury level of "O" (Not Injured) or "Unknown" were excluded due to known underreporting of
incidents involving pedestrians or other non-motorists; see the 2022 PARTS Study report for discussion
on the topic [10].

KAB (Moderate or Worse Injury Crashes):
For crashes resulting in moderate or worse injury (KAB), the estimated reduction was 7.9% (95% Cl:
2.1%, 13.3%), with 3,077 system-relevant equipped crashes and 9,557 unequipped crashes.

KA (Fatal or Serious Injury Crashes):
For fatal or serious injury crashes (KA), PAEB was associated with a 10.0% reduction (95% Cl: 1.5%,
17.8%), based on 1,268 system-relevant equipped crashes and 4,223 unequipped crashes.

PAEB Group Equipped Unequipped
8.5% Control 290,315 667,477
All Crashes - /o
(K,A,B,C)
System-Relevant 4,173 13,047
= . Control 289,994 667,477
= .
= Injury Crashes g /o
> (KAB) 1
° System-Relevant 3,077 9,557
Control 289,046 667,477
Fatal and 10.0%
Serious Injury —e
Crashes (K,A) System-Relevant 1,268 4,223

-20% 0% 20% 40% 60% 80%

Figure 13. PAEB Crash Reduction Estimates by Injury Level
4.2.2 Pedestrian Automatic Emergency Braking Injury Reduction Over Time

PAEB effectiveness was further examined by vehicle model year groupings: 2015-2019 and 2020-2023.
The model year groupings were adjusted compared to the AEB analysis to maintain deidentification
rules and increase sample sizes. Figure 14 summarizes the estimated percent reduction in system-
relevant single-vehicle frontal crashes involving non-motorists for PAEB-equipped vehicles, broken down
by injury level and model year group.
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For all injury levels, PAEB effectiveness estimates were positive for each model year group, with the
highest values observed in the most recent group (2020-2023). However, the confidence intervals,
particularly for serious or fatal injuries (KA), were wide due to low sample sizes, and in some cases
include zero, indicating that the observed increases over time are not statistically significant at the 0.05
level. Statistical testing comparing model year groups did not reveal significant changes in effectiveness
over time (p > 0.05 for all pairwise comparisons).

Fatal and Serious Injury Crashes

All Crashes (K,A,B,C) Injury Crashes (K,A,B) (K.A)
60% 60% 60%
40% 40% 40%
20% 12% 20% 12% 20% 15%
5% T 39 I 5% T
0% f 0% * 0% !
-20% -20% -20%
2015 - 2019 2020 - 2023 2015 - 2019 2020 - 2023 2015 - 2019 2020 - 2023

Model Years
Figure 14. PAEB Effectiveness Over Time by Injury Level

4.2.3 Pedestrian Automatic Emergency Braking Injury Reduction by Occupant, Environment,
Crash, and Vehicle Conditions

To assess whether PAEB effectiveness varies by occupant, environment, crash, or vehicle characteristics,
the team examined statistical interactions between PAEB and a range of covariates for each injury level
using the BIC criterion. Across all injury levels (KABC, KAB, KA), no covariates were identified as
statistically significant. This may be because PAEB effectiveness does not vary with respect to these
covariates, or it could result from insufficient statistical power—due to limited sample size and the
criteria used—to detect differences.

4.3 Lateral Feature Injury Reduction in Single-vehicle Road-departure Crashes
4.3.1 Lateral Feature Injury Level Results

The study estimated the reduction in single-vehicle road-departure crashes when the vehicle was
equipped with LDW Only, with LDW + LKA (no LCA), and with LDW + LKA + LCA. These were compared
against vehicles equipped with none of these lateral ADAS features. For vehicles equipped with LDW +
LKA + LCA, the system may or may not have been integrated with other Society of Automotive Engineers
(SAE) Level 2 [16] active systems, depending on the vehicle model and model year that was involved in
the crash. The effectiveness of these lateral features was evaluated across three injury severity

levels: All Crashes (KABCO), Moderate or Worse Injury Crashes (KAB), and Fatal or Serious Injury Crashes
(KA).

Figure 15 summarizes the estimated percent reduction in system-relevant crashes for each system
configuration and injury level, along with 95% confidence intervals and sample sizes.

KABCO (All Crashes):
For all single-vehicle road-departure crashes, LDW Only was not associated with a statistically significant
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reduction (2%, 95% Cl: -0.5%, 4.7%) based on 19,399 system-relevant equipped crashes and 127,252
unequipped crashes. However, vehicles equipped with LDW+LKA (no LCA) showed a significant 5%
reduction (95% Cl: 3.1%, 7.4%) with 29,414 equipped crashes and 127,252 unequipped crashes, and
those with LDW+LKA+LCA showed a significant 4% reduction (95% Cl: 1.3%, 7.4%) using 16,570
equipped crashes and 127,252 unequipped crashes.

KAB (Moderate or Worse Injury):

For moderate or worse injury crashes, LDW Only was not associated with a statistically significant
reduction (5%, 95% Cl: -0.7%, 9.4%) based on 3,543 system-relevant equipped crashes and 24,807
unequipped crashes. Vehicles equipped with LDW+LKA (no LCA) showed a significant 9% reduction (95%
Cl: 5.1%, 13.2%) with 5,688 equipped crashes and 24,807 unequipped crashes, and those with
LDW+LKA+LCA showed a significant 11% reduction (95% Cl: 4.9%, 15.9%) using 3,305 equipped crashes
and 24,807 unequipped crashes.

KA (Fatal or Serious Injury):

For fatal or serious injury crashes, only LDW+LKA+LCA was associated with a statistically significant 12%
reduction (95% Cl: 0.9%, 21.2%) based on 836 system-relevant equipped crashes and 6,750 unequipped
crashes.

Group Equipped Unequipped
LDW Only .2.1% Control 98,328 586,534
System-Relevant 19,399 127,252
All Crashes e _.5.3% Control 202,134 586,534
(K.A,B,C,0,Unk) System-Relevant 29,414 127,252
4.4% Control 131,082 586,534
LDW+ LKA+ LCA I System-Relevant 16,570 127,252
4.5% Control 98,328 586,534
LDW Only N System-Relevant 3,543 24,807
Injury Crashes LDW # LKA no LCA _.9.2% Control 202,059 586,534
(K,AB) System-Relevant 5,688 24,807
10.6% Control 131,046 586,534
LDW+LKA +LCA - System-Relevant 3,305 24,807
3.0% Control 98,293 586,534
LDW Only - System-Relevant 984 6,750
Fatal and Serious 5.9% Control 201,756 586,534
In]un((K(?:;shes LDW+ LKA no LCA N System-Relevant 1,503 6,750
11.7% Control 129,986 586,534
LDW+ LKA +LCA System-Relevant 836 6,750

Figure 15. Lateral Systems Crash Reduction Estimates by Injury Level
4.3.2 Lateral Feature Injury Reduction Over Time

The effectiveness of nested combinations of the lateral features was estimated for subsets of model
years (2015-2019 and 2020-2023), see Figure 16, and tested for differences over time. The model year
groupings were again adjusted compared to the AEB analysis to maintain deidentification rules and
support sample sizes. Groupings by model year were not statistically different at level 0.05 (with p-
values of 0.20, 0.65, and 0.07 respectively), meaning that no change over time was observed. When
grouped by model year, the only observed statistically significant crash rate reduction was for LDW +
LKA + LCA for Moderate or Worse Injury Crashes (KAB) for 2020—2023 model year vehicles.
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Figure 16. Lateral Systems Effectiveness Over Time by Injury Level

4.3.3 Lateral Feature Injury Reduction by Occupant, Environment, Crash, and Vehicle
Conditions

To assess whether the effectiveness of lateral features vary by occupant, environment, crash, or vehicle
characteristics, the team examined statistical interactions between equipage levels and a range of
covariates for each injury level using the BIC criterion. Across all injury levels (All Crashes, KAB, KA), Sales
Type was the only covariate found to have statistically significant differences, with fleet vehicles
showing notably lower effectiveness for all three lateral equipage levels. For all other covariates, no
statistically significant differences were identified, which may be due to lateral system effectiveness
remaining consistent across these factors or insufficient statistical power—such as limited sample size or
selection criteria—to detect differences.

5 Discussion

The PARTS 2025 Study produced one of the most comprehensive datasets on ADAS system-relevant
crashes. The 2025 dataset was nearly three times the size of the one used in the previous study. It
incorporated data from three additional states?, three new model years, and 75 more vehicle models.
The current study extends the use of that data set to estimate the effectiveness of ADAS features in
reducing injuries through the combination of crash avoidance and mitigation across three injury severity
levels: All Crashes, Moderate or Worse Injury Crashes (KAB), and Fatal or Serious Injury Crashes (KA).

5.1 Automatic Emergency Braking (Front-to-rear Crashes)

As reported in Section 4.1, the estimated effectiveness of AEB is greatest for Moderate or Worse Injury
Crashes (KAB), exceeding the reduction observed for All Crashes (KABCO). However, the reduction for
Fatal or Serious Injury Crashes (KA) is lower than for both All Crashes and KAB Crashes, indicating that
while AEB is highly effective at preventing or mitigating crashes and injuries overall, its relative impact is
somewhat less for the most severe injury outcomes. This may be due in part to the extreme nature of
KA crashes, which can involve high rates of speed, driver impairment, and other circumstances that AEB

8 New states added are Kansas, Michigan, Minnesota.
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systems are not designed to address. The KA system-relevant crashes also make up less than 1% of the
All Crashes population and analysis results show relatively large confidence intervals, indicating
potential confounding due to small sample size. A separate analysis was conducted, separating out the K
and A injury levels. The model was not stable, and the results were not statistically significant, likely due
to the limited number of cases. The partnership plans to conduct an analysis of Fatal crashes using
Fatality Analysis Reporting System (FARS) data to further investigate the effectiveness of AEB in
preventing the most severe outcomes in the future.

Analyses indicate that AEB effectiveness has increased in more recent vehicle model years, suggesting
enhanced crash reduction benefits over time. This improvement may be due to advances in AEB
technology, broader adoption of more capable systems, or improvements in system calibration and
integration. Significant gains were observed for both All Crashes (KABCO) and Moderate or Worse Injury
Crashes (KAB) when comparing model year 2015-17 to model year 2021-23 populations. While this
trend is not statistically significant for the most severe and fatal injury crashes (KA), the data indicates
that substantial benefits have been maintained or improved across all periods.

Analyses of covariates further suggest that AEB effectiveness is influenced by a variety of driver,
environmental, and vehicle factors for All Crashes (KABCO) and Moderate or Worse Injury Crashes (KAB).
Notably, AEB effectiveness was lower for older drivers, male drivers, vehicles in bad weather or poor
road conditions, certain vehicle segments (e.g., full-size pickups), and in fleet vehicles—consistent with
findings from the 2025 PARTS Study. For the most severe (KA) injury outcomes, the AEB effectiveness
appears relatively consistent across subgroups, though this lack of differentiation may be attributable to
small sample size.

5.2 Pedestrian Automatic Emergency Braking (Frontal Crashes with Non-motorists)

Analysis results indicate that PAEB provides a consistent and statistically significant benefit in reducing
non-motorist crashes across all KABC injury levels. The highest point estimate of PAEB effectiveness is
observed for fatal or serious injury crashes (KA), where the crash reduction rate is estimated to be 10%.
Estimates for different levels of injury are not significantly different, however, likely due in part to
limited sample size.

Looking across groups of model years, point estimates indicate improved performance of PAEB systems
in the most recent model years, particularly for the most severe injuries. However, due to limited
sample sizes for newer vehicles and serious injuries, confidence intervals are wide and thus trends
should be interpreted with caution.

5.3 Lateral ADAS Features (Single-vehicle Road-departure Crashes)

The greatest and most consistent crash reduction was observed for the most advanced lateral system
(LDW+LKA+LCA), and this benefit was statistically significant for all injury levels. The other equipage
levels (LDW Only, LDW+LKA) showed smaller and less consistent effects, with statistical significance
reached only for LDW+LKA (no LCA) with All Crashes and Injury Crashes. Prior research [17] has shown
that usage of lane keeping systems is lower than the other ADAS features examined. Since the current
study does not account for feature state at time of crash (i.e., on or off), reported effectiveness levels
are likely impacted by customer use. Though not quantifiable in the current study, improvements in
system performance are expected to simultaneously improve effectiveness and increase customer
acceptance. Further research into customer usage and continued tracking of lateral features will help
clarify how implementation factors—such as alert types—affect system performance.
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5.4 Study Limitations

As in prior studies [3] [18] [10] [13] [9], the analyses presented here are based on police reported crash
data and are therefore subject to several data limitations. Police reports may be incomplete, may
include inaccurate information, and may have inconsistencies in reporting across states or jurisdictions.
Police reports include limited information on vehicle dynamics (e.g., vehicle pre-crash movement or
travel speed), driver visibility, and non-motorist behavior. The injury levels used in this study are derived
from police-reported KABCO scores, reflecting injury severities assessed by responding police rather
than hospital or medical personnel. As such, injury levels may not reflect actual occupant outcomes.

In addition to limitations of the police report data, vehicle data are limited to the ADAS equipage at the
time of manufacture. No data on ADAS feature usage was provided for this study, so effectiveness
estimates do not comprehend degradation in performance for features that have been turned off. Data
also do not account for differences in driving behavior, including miles traveled, roadways used, time of
day, or driving style (e.g., aggressive or conservative). Instead, the quasi-induced exposure method
leverages front-to-rear struck crashes as a control crash type, assuming this type of crash is both
unrelated to the features being studied and likely to occur with increased driving exposure. This control
is widely used in literature but may have limitations in some analyses. These limitations may be more
pronounced for single vehicle road departures which tend to occur in different roadway environments
than front to rear crashes. For instance, single vehicle road departures occur proportionately more
frequently in rural areas with higher posted speed limits compared to front to rear crashes.

There is bias in the analysis due to equipage and exposure. There is a disparity between Front-to-Rear
Striking and Front-to-Rear Struck crash involved vehicles (Figure 9 and Figure 10) which is consistent
with the disparity seen by previous research [10] [3] [18]. The disparity is due to the differing roles (i.e.,
striking vs. struck) of PARTS vehicles in these crash types and the distinct characteristics of PARTS
vehicles compared to the general vehicle population. For instance, PARTS vehicles are more likely to be
equipped with AEB than the general population, which includes older vehicles manufactured before the
introduction of AEB, leading to fewer Front-to-Rear Striking crashes. Additionally, PARTS vehicles tend to
be newer than those in the general population. Other factors beyond these examples also contribute to
the observed disparity. The number of linked crashes generally increased over the calendar years. The
exceptions occurred in 2020, due to COVID-related lockdowns, and in 2023, because only part of the
year was included in the study. As model years advanced, the number of years available for observing
crashes decreased. For instance, a 2015 model year vehicle could be involved in crashes from 2016 to
2023, while a 2023 model year vehicle could only be involved in crashes in 2022 or 2023. As a result, the
crash sample used in the effectiveness analysis was biased toward crashes occurring later in the study
period and involving older model year vehicles.

When interpreting results, it is important to understand that the variability in ADAS implementations is
not captured in the data nor accounted for in the analysis. While overall technology trends were
partially captured by analyses over time, differences that may be related to varying calibrations or
technology integrations, such as AEB using camera only compared to camera with radar, are not
comprehended. Similarly, this study does not consider the operational design domain (ODD) for a given
ADAS feature that defines the limits of that feature’s functional capability to operate.

The study could not distinguish between injury crashes that were prevented and those that were
mitigated (i.e., crashes that still occurred but resulted in lower injury severity or no injury). Current
methodology only allows for the comparison of odds ratios for equipped and unequipped vehicles
involved in an injury crash. At present, we are unable to differentiate between crashes that were
entirely prevented and therefore not captured in our dataset, and those where injury severity was
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sufficiently mitigated to exclude them from the injury crash populations. This limitation means that
various combinations of prevention and mitigation can produce similar effectiveness estimates.
Consequently, this study reports the combined impact of both prevention and mitigation when
estimating injury crash reduction effectiveness.

This study was unable to assess ADAS system effectiveness for fatal crashes (K) alone due to a limited
sample size, which resulted in large confidence intervals and unstable model results for some covariates.
Previous literature [19] suggests some of the model instability may also be due to the baseline
assumptions of QIE not being satisfied for fatal crashes. To address this limitation, future research will
use the FARS dataset, which is nationally representative of all fatal crashes and provides a larger sample
size to better assess ADAS effectiveness in fatal crashes, as well as a different exposure metric for
analysis.

As a data sharing public-private partnership, PARTS stands out for its innovative and evolving approach
to safety collaboration, enabling research that would not be possible without joint efforts. Results of
analyses conducted by PARTS provide insights into the benefits of ADAS technologies and opportunities
to improve them, which can be used to prioritize future advances in safety performance. PARTS was able
to complete this study because of each partner’s commitment to sharing data and collaborating on the
analysis, which is what makes the partnership truly unique. PARTS partners are advancing their co-
developed research roadmap, which includes closing research gaps identified with this study, revisiting
findings as ADAS deployment expands, and exploring new research opportunities.
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Acronyms
Acronym Definition
ADAS Advanced Driver Assistance System
AEB Automatic Emergency Braking
AHB Auto-High Beam
BIC Bayesian Information Criteria
cl Confidence Interval
Csc Consolidated State Crash
EDT Electronic Data Transfer
FARS Fatality Analysis Reporting System
FCW Forward Collision Warning
GM General Motors
GVWR Gross Vehicle Weight Rating
HLDI Highway Loss Data Institute
IIHS Insurance Institute for Highway Safety
ITP Independent Third Party
LCA Lane Centering Assistance
LDW Lane Departure Warning
LKA Lane Keeping Assistance
MITRE The MITRE Corporation
NHTSA National Highway Traffic Safety Administration
obD Operational Design Domain
OEM Original Equipment Manufacturer
PAEB Pedestrian Automatic Emergency Braking
PARTS Partnership for Analytics Research in Traffic Safety
QIE Quasi-Induced Exposure
SAE Society of Automotive Engineers
Suv Sport Utility Vehicle
u.s. United States
UMTRI University of Michigan Transportation Research Institute
uUsDOT United States Department of Transportation
VIN Vehicle Identification Number
VRU Vulnerable Road User
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Appendix A Quasi-Induced Exposure Calculations

QIE relies on an odds ratio comparing equipped to unequipped vehicles with respect to the number of
system-relevant crashes relative to the number of control crashes. The QIE ADAS odds ratio is defined
as:

ADAS odds ratio
System — Relevant Crashes for Equipped Vehicles/Control Crashes for Equipped Vehicles

- System — Relevant Crashes for Unequipped Vehicles/Control Crashes for Unequipped Vehicles

If the ADAS odds ratio is less than one, then the ADAS feature is effectively reducing the number of
system-relevant crashes, assuming no other influencing factors. Therefore, the ADAS effectiveness is
stated as a reduction in odds:

ADAS Effectiveness = 1 — ADAS odds ratio

In practice, odds ratios are estimated using logistic regression. The response variable in the logistic
regression indicates whether a vehicle is involved in a system-relevant crash or a control crash. A binary
explanatory variable represents whether the vehicle is equipped with ADAS. The exponentiated
coefficient of this binary variable from the logistic regression provides the ADAS odds ratio. This method
also allows for the inclusion of additional covariates that might affect the likelihood of system-relevant
crashes compared to control crashes.

log(odds) = Bo + Baajust * model year + By x covariate; + -+ + f8, * covariateplogodds = o, +
X +°(equipped,2015 + Xunequipped,2018 +

X' equipped,2018 + Xequipped,2019 + Xequipped,2020 +oe Kequipped,2023 1+
* covariate; + -+ + X, * covariate_p Xeqyipped,2015

- ocuneq1.tipped,2015‘:)cequipped,model year ™ Badjust * (mOdel year — 2019)
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Appendix B Details of Adjustment for Model Years 2020+

The model year adjustment factor is calculated based on unequipped vehicles from older model years
(2015-2019) when enough unequipped (approximately half of crashes vehicles were still unequipped in
2019) vehicles existed. A model year slope parameter is fit in a logistic regression containing only
unequipped vehicles to ensure that the influences of ADAS features are removed. The logistic regression
formula to calculate the adjustment is:

log(odds) = Bo + Baajust * model year + By x covariate, + -+ B, * covariate,
The adjustment factor is B4 jus: in the above equation.

With the adjustment factor calculated, the next step is to fit a logistic regression to estimate the
effectiveness by model year. For model years 2015-2019, both equipped and unequipped vehicles are
included in the logistic regression. For model years 2020+, only equipped vehicles are included in the
logistic regression. This was done to ensure that model year effects were not partially removed in the
logistic regression, which would cause the adjustment factor to double penalize. The logistic regression
is then fit with an ADAS variable that is mixed with model year, as defined in the following bulleted list,
instead of the binary equipped and unequipped.

e Reference: Unequipped Model Year 2019
e Unequipped Model Year 2015

e Equipped Model Year 2015

e Unequipped Model Year 2016

e Equipped Model Year 2016

e Unequipped Model Year 2017

e Equipped Model Year 2017

e Unequipped Model Year 2018

e Equipped Model Year 2018

e Equipped Model Year 2019 (no corresponding unequipped since reference level)
Equipped Model Year 2020

Equipped Model Year 2021

Equipped Model Year 2022

e Equipped Model Year 2023

Model year 2019 unequipped is used as reference since the adjustment factor starts to be applied for
model year 2020+.

The logistic regression formula is as follows:

IOgOddS =y + & +°cequipped,2015 + - Xunequipped,2018 +
X' equipped,2018 + Xequipped,2019 + Xequipped,2020 + -+ c><equl’pped,ZOZB""ocl
* covariate; + -+ + X, * covariate_p

Note that in the above equation, the coefficient notation is expanded such that each coefficient
corresponds to the level of a covariate rather than using more condensed notation.

To calculate the estimated ADAS effectiveness by model year for 2015-2019, the unequipped coefficient
is subtracted from the equipped, as shown for model year 2015 below:

(o8 (o6

equipped,2015~ ““unequipped,2015
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The estimated effectiveness for model year 2019 is Xqyipped 2019 Since the reference level is
unequipped model year 2019.

To calculate the estimated ADAS effectiveness by model year for 2020-2023, the coefficient has an
adjustment factor subtracted. Since unequipped 2019 is the refence and model years 2020-2023 do not
have an unequipped level, the X,y ippedmodet year 1S the effectiveness of ADAS for that model year and
also any model year effect. The adjustment factor is subtracted to remove the model year effect, which
is done as follows:

ocequipped,model year ™ ﬁadjust * (mOdel year — 2019)

This method assumes the reduction in crash rates (regardless of equipage) for newer vehicles in model
years 2020 forward and follows a linear trend in the log-odds space that is identical to that observed in
model years 2015-2019 unequipped vehicles.

To match to previous research, the weighted average (based on proportion of equipped vehicles in each
model year of the control crash) of effectiveness for each model year is calculated to arrive at an overall
effectiveness. This weighting can be different from that used in previous pooled effectiveness results,
potentially leading to variations between the current estimate and past pooled estimates.
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Appendix C Suspected Minor Injury Crash Analysis for AEB

The overall effectiveness of AEB in reducing Suspected Minor Injury Crash (B) and the effectiveness for
subsets of model years (2015-2017, 2018-2020, and 2021-2023) are shown in Figure 17 below. The
results estimated a 57.0% reduction (95% Cl: 55.4%, 58.5%) in suspected minor injury (B) crashes, based
on 7,311 equipped and 32,983 unequipped crashes.

AEB Group Equipped Unequipped
© 2015-2017 50.3% Control 364,209 617,942
£ - ]
E
§ System-Relevant 115,223 467,498
i 2018-2020 pr-3%
¥ —
& Control 364,203 617,942
Suspected £
Minor Injury >
=
(B) é 2021-2023 60.3% System-Relevant 8,375 37,663
o - —_— .
Control 361,410 617,273
= 57.0%
I
g Overall System-Relevant 1,064 4,680

-20% 0% 20% 40% 60% 80%

Figure 17. AEB Effectiveness for Suspected Minor Injury (B)

Comparing the Injury crashes (KAB) with the Fatal or Serious Injury Crashes in Table 5, it indicates that
suspected minor injury crashes make up the majority of injury (KAB) crashes and are largely responsible
for the higher effectiveness observed for injury crashes (KAB) compared to fatal or serious injury crashes
(KA).

Table 5. Comparison of AEB Effectiveness by Injury Level

2015-2017 2018-2020 2021-2023

All Crashes 49.1% 45.5% 49.0% 51.6%
(K,A,B,C,0,Unk) 95% CI- (48.5%, 49.7%) | 95% Cl: (43.4%, 47.5%) | 95% CI: (47.7%, 50.3%) | 95% CI' (50.2%, 53.0%)

Fatal and Injury 55.3% 49.1% 55.6% 58.5%
(o3 11 O (AW =) I 05% CI- (53.8%, 56.8%) | 95% CI: (43.2%, 54.4%) | 95% CI: (52.1%, 58.9%) | 95% CI: (54.7%, 62.1%)

Fatal and Serious 41.8% 36.1% 42.3% 44.3%
TV A I CR -V 95% CI- (36.2%, 46.9%) | 95% CI: (14.0%, 52.5%) | 95% CI: (29.0%, 53.2%) | 95% CI: (28.4%, 56.7%)

Suspected Minor 57.0% 50.3% 57.3% 60.3%
TR I CER =) Bl 95% CI- (55.4%, 58.5%) | 95% CI: (44.2%, 55.8%) | 95% CI: (53.7%, 60.6%) | 95% CI- (56.5%, 63.9%)
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Appendix D AEB Identified Interactions

This appendix includes detailed results for all BIC identified significant interactions for AEB. Each
covariate was separately included in the logistic regression as an interaction with the ADAS feature and
BIC used to identify whether the interaction added meaningful information (i.e., BIC lower for logistic
regression with interaction than without).

For each covariate identified by BIC, this section displays the effectiveness estimates by covariate level
along with a 95% Bonferroni-corrected (based on number of levels of the covariate) Cl. Additionally, the
sample sizes for each level are also displayed.

No covariates were identified as statistically significant for PAEB across any injury level. Across all three
lateral systems, the only covariate found to be statistically significant was Sales Type to All Crashes;
none of the covariates were significant across all injury levels.

AEB by Crash State
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VA 51.1% (S:yshen'i-Relevant g,?gg 20,358
o ontrol , 17,098
M g aa2% _System-Relevant 2878 12,107
————— 55.9% Control 9177 17,147
AR po.9% System-Relevant e 32
o Control 7,940
——8 54.4% s s
cT 54.4% System-Relevant 391 1,623
FL L e57.0% Control 137,402 198,491
System-Relevant ,550 10,06.
1A — 8 57.2% Control 4,345 8,619
System-Relevant 78 477
IN — 963.1% Control 9,889 31,394
System-Relevant 232 2,345
KS ——59-8%-9 Control 3,613 8,186
System-Relevant 105258 447
MD L ®615% Control \ 17,747
43 B1.8% (S:yshen'i-Relevant 23%7;5 1,655
= . 8 54.9Y% ontrol | 83,096
il Injury Crashes i 84.2% System-Relevant 302 ,296
G (K.A,B) MN e495% Control 5,747 5,697
= System-Relevant 94 269
- NV L e60.3% Control 5,231 7,259
System-Relevant 80 343
OH L e543% Control 24,415 37,853
System-Relevant 694 ,120
™ I—— Y LTS Control 18,212 27,340
L — S 4
50.9% ontrol , »
™ — & System-Relevant 1,785 7,187
u — ®51.3% Control 1,462 4,578
T o 3% System-Relevant 22 186
VA —— 9 51.9% Control 15,966 26,572
System-Relevant ,034 4,230
Wi L ®55.5% Control 9,729 17,098
_System-Relevant 199 ,027
AR L 9 36.6% Contr 9,131 17,139
System-Relevant 162336 128
9 35.1% Control A 27,898
cT (S:ysben}-Relevant 14 48
FL —e 43.7% ontrol 136,329 198,317
System-Relevant 418 1,459
1A 5.9% Control 4,318 8,612
System-Relevant 17 47
IN 8 55.5%, Control 9,848 31,352
System-Relevant 98 995
KS —  ®51.7% Control 3,592 8,176
System-Relevant 10 55
MD —9 46.9% Control 10,200 17,726
(S:yshen}-Relevant 37 157
. Mi L 946.1% ontrol 27,628 82,908
Fatal and Serious System-Relevant 36 276
Injury Crashes (K,A) MN L e48.2% Control 5,697 5,687
System-Relevant 7 24
NV —8 37.9% Control 5,186 7,255
System-Relevant 29
OH » 4.6% Control 24,265 37,812
System-Relevant 65 171
™  #596% Control 18,100 27,314
System-Relevant 20 108
X  ®352% Control 63,274 98,879
System-Relevant 187 701
uTt —919.7% Control 1,455 4,575
System-Relevant 2 12
VA —8 37.0% Control 15,882 26,546
System-Relevant 103 387
wi ——960.3% Control 9,669 17,077
_System-Relevant 13 83

Figure 18. Estimated AEB Effectiveness by Crash States
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PARTS — Real-world Effectiveness of Advanced Driver Assistance Systems on Injury Crashes for Model Year 2015-2023 Vehicles

AEB for Occupants Over 65

Estimated AEB effectiveness was found to be lower for injury crashes when elderly occupants were
present compared to all other injury crashes. Other factors, such as driver demographics when an
elderly occupant is present may have confounded this finding.

Group Equipped Unequipped
Some Control 49,251 66,366
Occupants ————— 39.8%
All Crashes Over 65 System-Relevant 13,890 35,699
(K.A.B,C.0.Unk) Zero Control 314,958 551,576
Occupants 9 50.2%
Over 65 System-Relevant 101,333 431,799
@ Some Control 49,250 66,366
g Occupants —9 48.3%
2 Injury Crashes Over 65 System-Relevant 1,131 3,327
5 (CAB) Zero Control 314,953 551,576
3 Occupants —= 56.2%
3 Over 65 System-Relevant 7,244 34,336
Some Control 48,809 66,273
Occupants ——949.3%
Fatal and Serious Over 65 System-Relevant 125 476
Injury Crashes (K.A) Zero Control 312,601 551,000
Occupants —a=9 40.7%
Over 65 System-Relevant 939 4,204
0% 50% 100%

Figure 19. Estimated AEB Effectiveness for Occupants Over 65
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PARTS — Real-world Effectiveness of Advanced Driver Assistance Systems on Injury Crashes for Model Year 2015-2023 Vehicles

AEB by Posted Speed Limit

AEB Group Equipped Unequipped
65+ MPH ——p49.6% g:::;:':-Relevant jg::zg :g::::
55-64 MPH ——®511% g:::;:':-Relevant f:::::: 2::;3
All Crashes 45-54 MPH —950.5% g:::;:':-Relevant 1:38,,78;08 g?’::;:
K.A,B,C,0,Unk
‘ ' saawen | e R e 1asa0s
25-34 MPH —9443% g:::;:':-Relevant j::::; 22:2;;
Less than 25 MPH —f 264% g:::;:':-Relevant 2:321 :2:2:3
65+ MPH —— g% g:::;:':-Relevant 11(3:0658 656,,639?2-IIr
E o 35-44 MPH — 5% System-Relevant 1,8,58 9,5,35
{ 25-34 MPH —956.9% g:::;:':-Relevant 4:',:961 33{-:::‘3554?
Lessthan 25MPH | ———40.5% g:::;:_Relwan . 91’0521 1::’]',}536
65+ MPH — 0% g:::;:':-Relevant 4;:3‘45 = 616,;]32[:14
55-64 MPH — % g:::;:':-Relevant 5;;: = 81!:,1?01
Fatal and Serious 45-54 MPH — % g:::;:':-Relevant 10;59535 1??1,225
Injury Crashes (K,A
T Tl .
25-34 MPH g2 g:::;:':-Relevant 48?,':92 sis;:-’
Lessthan25MPH |  —28.3% g:::;:_Relwan . S —
0% 50% 100%

Figure 20. Estimated AEB Effectiveness by Posted Speed Limit
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PARTS — Real-world Effectiveness of Advanced Driver Assistance Systems on Injury Crashes for Model Year 2015-2023 Vehicles

AEB by Driver Age Group

AEB Group Equipped Unequipped

75t ——#38.4% g;::;:':-Relevant 15?,61515 1;:22;

All Crashes 65-74 —42.3% g;::;:':-Relevant 3;?2930 :ﬁ:gg;
(FA.B.C.00nk 25-64 49.7% g;::;:':-Relevant 27??8.:49;59 g;g:;gg
Under 25 ———p62.3% g:::;::-Relevant gg,;g: 1?2960205;

% 78+ 48.9% g:::;:':-Relevant :4%3:: }:3:{2:
s o 25-64 —®5%1%  g/stem-Relevant 5,539 25,056
E Under 25 56.3% g;::;::-Relevant 31?:11'70324 799.,2?71
75+ 27~ (S:;::;:': -Relevant ! 3&240 ! 52,19; '

Fatal and Serious 65-74 Y% g;::;:':-Relevant 34[;264 482';: ;

iniury Crashes (4) 25-64 41.6% g;::;:':-Relevant 27?5?535 4;,3#28
Under 25 — 0% g;::;:l-Relevant 3];,15';1 23,6%1582

0% 50% 100%

Figure 21. Estimated AEB Effectiveness by Driver Age Group

AEB by Driver Gender

Estimated AEB effectiveness was found to be lower for male drivers in injury crashes compared to all
other injury crashes. This finding may be confounded by other factors such as driving behavior.

AEB Group Equipped Unequipped
All Crashes Female —e511% g:::;:':-Relevant 159;.::56; :;:::49;
E (ABCOIN Male 41.2% :;::;:':-Relevant 1:96.,;:: :gg:;::
5 Injury Crashes Female —{5a% g;::;:':-Relevant 12?9,401614 311;,,1:49?2
-g (A8 Wale 52.5% g;::;:':-Relevant : 2,64,-;::9 310;;‘1560
) Ifatal and Serious Female — :;::;:':-Relevant 19&?;361 31?9,238
A gy | e S L s s

Figure 22. Estimated AEB Effectiveness by Driver Gender

0% 50% 100%
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PARTS — Real-world Effectiveness of Advanced Driver Assistance Systems on Injury Crashes for Model Year 2015-2023 Vehicles

AEB by Intersection

AEB Group Equipped Unequipped
Inersection | ——e444% UL petevant Uodss 18490
(K:ﬂ!;?,?ﬁik] Notan Intersection | ~———51.5% g;::;:':-Relevant 2?-:?05: gg;:ggl
Other ——948.0% g;::;:': -Relevant 1;3;‘5[:2 1 ;:g:i
.E Intersection ——53.7% g:::;::-Relevant : 12,96,325 21013,,971393
E Iniug(,il:g?hes Not an Intersection — 56.0% (S:;::;:':-Relevant 2245325 329 ;3622;
E Other B 67.4% g;::;:':-Relevant 1 (‘]I,!;‘f ! ! ;,9543 ;
Intersection 14.6% Control 118,466 208,488

- System-Relevant 274 1,308

Inl;ﬂ::l glr"ads:::?:;] Not an Intersection ——e41% g;::;:':-Relevant 23?(;9523 33,12%;9
Other — g:::;:': -Relevant 1 Oégl - ‘ TI,‘IS: -

0% 50% 100%

Figure 23. Estimated AEB Effectiveness by Intersection

AEB by Light Condition

Estimated AEB effectiveness was found to be lower for All Crashes and Injury Crashes in known dark or
dawn/dusk conditions compared to daylight. Effectiveness was also found to be lower for known dark
conditions compared to daylight for Fatal and Serious Injury Crashes.

AEB Group Equipped Unequipped

Dark - Lighted ®42.3% g)?gg;l-Relevant 12:;2% ;g:ggg

Al Craches Dark - Not Lighted ———9 40.6% E‘E%%Eiﬂemam 1‘;;,':%4 %1;2;323
(K.A,B,C,0,Unk) Dark - Unknown — e 433% System-Relevant 259 995

Dawn Dusk —®47.2% gy?gg:':-Relevant 14:251;9? %g,fltg-;

Daylight ———e505%  gone %5 506 394,208

e Dark - Lighted — e44.3% g‘Eﬁ‘i‘?E‘.'“"' evant ‘1‘123:5252 Eh:ozg:
T oo oo, Comemeeen R
S (K,AB) ark - Unknown T V" System-Relevant 28 {08

'E Dawn Dusk — | Y00% (S:;':g;:-Relevant 1%1;; ! 21%21‘-3;37

- Dayiight ———9%89%  SrtemR *Ss2  orim

Dark - Lighted — - 5% gy?gg:':-Relevant 4:%5512 1 7%74452

_ Dark - Not Lighted —e16.7% S o Relevant e 4R
Inl;ﬂ::l g:ads:::?:;] Dark - Unknown —® 44.8% g}?gg:':-Relevant 6;8 1'12251

Dawn Dusk I (S:;:g::-Relevant 13&?'1 ! 21’;;4

Daylight ® 50.6% ___g;ggﬁ':-Relevant 29§§?ZQT 43,36:21

0% 50% 100%

Figure 24. Estimated AEB Effectiveness by Light Condition
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PARTS — Real-world Effectiveness of Advanced Driver Assistance Systems on Injury Crashes for Model Year 2015-2023 Vehicles

AEB by Road Alignment

Estimated AEB effectiveness was found to be lower for injury crashes that occurred on curved roadway

segments compared to all other injury crashes.

AEB Group Equipped Unequipped
Straight 50.3% Control 333,746 551,106
rai ———950.3%
g System-Relevant 103,101 418,992
All Crashes Control 17,323 28,362
[of —9 33.8%
(K.A,B,C,0,Unk) urve System-Relevant 7,787 23,168
oth 40.6% Control 13,140 38,474
e i System-Relevant 4,335 25,338
- . Control 333,740 551,106
s Straight —8 56.1%
£ System-Relevant 7,720 35,047
=
=] Injury Crashes o Control 17,323 28,362
= [of ——@ 39.8%
< (K.A,B) urve System-Relevant 528 1,725
-}
o Control 13,140 38,474
<] 0 ) ,
Oth —8 53.1%
& er System-Relevant 127 891
Straight 42.4% Control 331,257 550,562
ralg e System-Relevant 995 4,377
Fatal and Serious Control 17,226 28,333
. C —® 27.6%
Injury Crashes (K,A) urve System-Relevant 57 214
Control 12,927 38,378
Other ——8 47.1%
System-Relevant 12 89

0% 50% 100%
Figure 25. Estimated AEB Effectiveness by Road Alignment

AEB by Road Surface Condition

Estimated AEB effectiveness was found to be lower for injury crashes occurring when the road was not
dry compared to all injury crashes.

AEB Group Equipped Unequipped
Control 308,479 511,724
Dry — #50.4%
All Crashes System-Relevant 98,247 400,910
(K.A,B,C,0,Unk) Control 55,730 106,218
- Not Dry ——® 41.2%
2 System-Relevant 16,976 66,588
T Control 308,473 511,724
] Dry ——#56.3%
" Injury Crashes System-Relevant 7,278 33,051
£ (K.A.B) Control 55,730 108,218
3 Not Dry —= 47.6%
«n System-Relevant 1,097 4,612
-
3 Control 306,069 511,164
o Dry ——— 42.0%
Fatal and Serious System-Relevant 953 4,145
Injury Crashes (K,A) Control 55,341 106,109
39.7%
Not Dry — B System-Relevant 111 535

0% 50% 100%

Figure 26. Estimated AEB Effectiveness by Road Surface Condition
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PARTS — Real-world Effectiveness of Advanced Driver Assistance Systems on Injury Crashes for Model Year 2015-2023 Vehicles

AEB by Weather Condition

Estimated AEB effectiveness was found to be lower for injury crashes occurring during adverse weather
conditions than all other injury crashes.

AEB Group Equipped Unequipped
Control 325,073 543,191
Good ———#50.1%
All Crashes System-Relevant 103,269 421,260
(K.A,B,C,0.Unk) Control 39,136 74,751
Bad —® 39.9%
c System-Relevant 11,954 46,238
o
= Control 325,068 543,191
2 Good ——— 56.3%
8 Injury Crashes System-Relevant 7,550 34,338
3 (K.AB) Control 39,135 74,751
= Bad —8 45.2%
g System-Relevant 825 3,325
= Control 322,541 542,593
Good — 41.7%
Fatal and Serious System-Relevant 988 4,292
Injury Crashes (K,A) Control 38,869 74,680
Bad ———® 43.5%
System-Relevant 76 388

0% 50% 100%

Figure 27. Estimated AEB Effectiveness by Weather Condition

AEB by Sale Type

Estimated AEB effectiveness was found to be lower for injury crashes involving fleet vehicles compared
to all other injury crashes.

AEB Group Equipped Unequipped
Control 43,649 116,430
Fleet ——8 44.3%
All Crashes System-Relevant 16,653 96,177
(K.A,B,C,0,Unk) Control 320,560 501,512
Retail ——849.9%
System-Relevant 98,570 a7,
Control 43,649 116,430
2 Fleet — 49.6%
= Injury Crashes System-Relevant 1,257 7,868
2 (K.A.B) Control 320,554 501,512
g Retail ——0 56.3%
System-Relevant 7,118 29,795
Control 43,426 116,347
Fleet ——832.7%
Fatal and Serious System-Relevant 170 1,028
Injury Crashes (K.A) Control 317,984 500,926
Retail — 8 43.6%
el System-Relevant 894 3,652

0% 50% 100%

Figure 28. Estimated AEB Effectiveness by Sale Type
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PARTS — Real-world Effectiveness of Advanced Driver Assistance Systems on Injury Crashes for Model Year 2015-2023 Vehicles

AEB by Vehicle Segment

AEB Group Equipped Unequipped
Small Car ——®52.7% g;:gﬁ':-Relevant gs,igg g;,ggg
Midsize Car —®56.6% g;::;ﬁ':-Relevant 2%:128 19113.,031715
Large Car ——#52.9% g;;:erﬁ':-Relevant 141602?16 gg,igg
Small SUV —e51.3% g;::;ﬁ':-Relevant 12032,5290?3 1§g:,993252
All Crashes Midsize SUV —947.1% g';gg:':-Relevant :g:;gi 1;(15.519033
(K.A,B.C.0,Unk) Large SUV 443% (S:;::;ﬁ-:-Rel — ey 255
Minivan ——®50.2% g;:g:':-Relevant gﬁgg 15?,9?;26
Mid-Size Pickup m— AL g;::;ﬁ':-Relevant 131,’501544 E;gg
Full-Size Light-Duty Pickup — #32.8% g;:gﬁ:_m,emm 29":’52&3 22:?131
Full-Size Heavy-Duty Pickup | #~8.1% g;;‘:;ﬁ,'_Re,mm f;;_i; fg;ggﬂ
Small Car —855.4% g;:gﬁ':-Relevant 51?,6%‘333 971,5335!;2
Midsize Car —9594% (S:;:g;:-Relevant l‘5‘12,,57:1590 1;’?53-55
. Large Car —859.3% g;:g;l-Relevant 1!!:3(; 8 432,5522872
E Small SUV —®57.6% g;:g:':-Relevant 10?,?4%3 13?,?5%2
o n Large SUV 54.2% System-Relevant 4,23 594
E Minivan — 5% g;::;ﬁ':-Relevant g‘izﬁ? 13,??: 8
Mid-Size Pickup ——8 56.7% g;:g::-Relevant 112,‘:)15 = 1};,()535 4
Full-Size Light-Duty Pickup — #45.4% g;::;ﬁ:_mlevam 2%’322 3 53:’:’59'1331
Full-Size Heavy-Duty Pickup —®9.6% g';::;ﬁ-:.n z‘i“llg? 2‘1021-3932(:l
Small Car ——835.0% g;::;ﬁ':-Relevant 492,19; s 919,:?;9 .
Midsize Car —835.4% g;:gﬁ':-Relevant 6%3715 g 113(,)?:5
Large Car — ®43.8% g;::;ﬁ':-Relevant 10&%40 4?1,(;13 .
Small SUV ——043.9% g;;:erﬁ':-Relevant 992,582 g 1 3;39922
Se':iitji ?:ﬁ‘w Midsize SUV —#45.0% E;:gﬁ':-Relevant ??I,rf‘lT - : 1g§357?
Crashes (K.A) Large SUV ——966.7% Sggg::-Relevant 21&288 7’51756
Minivan — ®3%8.1% g;:gﬁ':-Relevant 9"12 :B ! 05;46
Mid-Size Pickup ——————58.8% Sytem-Relevant o oo
Full-Size Light-Duty Pickup #37.0% g;;‘gﬁ,'_Re.mm 2228 ]
Full-Size Heavy-Duty Pickup ——9 40.6% Control 2’1122 4 2gf$0
0% 50% 100%

Figure 29. Estimated AEB Effectiveness by Vehicle Segment
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PARTS — Real-world Effectiveness of Advanced Driver Assistance Systems on Injury Crashes for Model Year 2015-2023 Vehicles

AEB Restraint Use

AEB Group Equipped Unequipped
All Occupants o Control 352,521 597,012
Belted ®49.2% System-Relevant 110,567 447,740
All Crashes Some Occupants o Control 1,426 2,740
(K,A,B,C,0,Unk) Unbelted 44.0% System-Relevant 662 3,016
o Control 10,262 18,190
Other/ Unknown ¢ 48.1% System-Relevant 3,094 16,742
@ All Occupants N Control 352,515 597,012
g Belted ® 55.5% System-Relevant 7,813 35,043
E Injury Crashes Some Occupants o Control 1,426 2,740
g (K.A.B) Unbelted ©3505%  system-Relevant 190 980
2 o Control 10,262 18,190
2 Other/ Unknown 52.4% System-Relevant 372 1,640
All Occupants o Control 349,810 596,365
Belted ® 43.6% System-Relevant 920 4,060
Fatal and Serious Some Occupants _®12.3% Control 1,419 2,738
Injury Crashes (K,A) Unbelted i~ System-Relevant 70 290
o Control 10,181 18,170
Other/ Unknown —® 30.4% System-Relevant 74 330

Figure 30. Estimated AEB Effectiveness by Restraint Use

0% 50% 100%
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