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ABSTRACT

Motor vehicle crashes remain a significant problem in the US and worldwide. Automatic emergency braking (AEB)
is designed to mitigate the most common crash mode: rear-end striking crashes. However, assessing the efficacy of
AEB in real-world crash scenarios is challenging given that avoided crashes are rarely documented except during
naturalistic driving studies. Unfortunately, a large-scale naturalistic driving study involving AEB-equipped vehicles
has yet to be conducted. In the absence of such data, AEB can be evaluated in real-world crash scenarios by
retrospectively adding AEB to naturalistic crash data using counterfactual simulations. Previous counterfactual
simulations have purported the potential benefit of AEB; however these studies often make simplified assumptions
about vehicle dynamics. To this end, the current study aimed to conduct the most realistic AEB counterfactual
simulations to date by using measured host and lead vehicle dynamics data and vehicle-specific AEB deceleration
profiles as well as accounting for driver reaction and environmental conditions. The SHRP2 Naturalistic Driving
Study was reviewed to identify rear-end striking crashes among teen (16-19 yrs), young adult (20-24 yrs), adult (35-
54 yrs), and older (70+ yrs) drivers. Forty rear-end striking crashes that had reliable radar data were identified to
serve as a basis for counterfactual simulations. Real-world AEB deceleration profiles were taken from IIHS AEB
test data. I1IHS AEB tests were matched to SHRP2 vehicles by selecting the most recent IIHS AEB test of the same
make and vehicle class. AEB onset for SHRP2 crashes was based on a brake threat number (BTN) algorithm. The
BTN was adjusted to match IIHS measured AEB onsets using minimum RMSE. AEB curves were then adjusted to
match the speed of the subject vehicle at AEB onset. AEB deceleration curves were also scaled based on road
surface conditions. Driver reaction was accounted for by beginning the deceleration curve at the current driver-
initiated braking level. Counterfactual simulations were conducted using MATLAB to determine if AEB would
have prevented the rear-end striking crash. AEB was found to be very effective, preventing 80% of rear-end striking
crashes; greater than previously reported. Half of all crashes that were not prevented by AEB occurred during poor
weather conditions. This study provides the most realistic counterfactual evaluation of AEB to date, utilizing real-
world crash dynamics, driver reaction, road surface conditions, and measured AEB deceleration pulses. These data
suggest that AEB is very effective at preventing rear-end striking crashes.
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INTRODUCTION

Motor vehicle crashes continue to be a significant problem in the United States and worldwide. While the National
Center for Statistics and Analysis found a decrease in the number and rate of fatal crashes in 2017 [1] as well as for
the first half of 2018 [2] — bringing the US out of a multi-year increase in fatal crashes — motor vehicle crashes
remain a leading cause of death for those 65 years and younger as well as the second leading cause of unintentional
injury-related deaths [3]. Globally, road traffic fatalities remain a leading cause of death, particularly among low to
middle-income countries [4].

Advanced driver assistance systems (ADAS), such as forward collision waring and lane keeping assist, have the
potential to mitigate these crashes, reducing overall crash severity, injuries, and deaths. Previous injury reduction
models have suggested that ADAS can prevent up to 57% of crashes and resulting injuries [6-12]. Automatic
emergency braking (AEB) is designed to mitigate the most common crash mode: rear-end striking crashes.
However, assessing the efficacy of AEB in real-world crash scenarios is challenging given that avoided crashes are
rarely documented except during naturalistic driving studies. Several studies have attempted to illustrate the
effectiveness of AEB using statistical models or counterfactual simulations. However, these studies have several
limitations including (1) being based on archival data such as police reports and insurance claims which lack real-
world vehicle dynamics data, (2) have used idealized AEB deceleration profiles including step or ramp pulses and
have assumed constant jerk, (3) have assumed a static lead vehicle, and (4) have not accounted for road conditions
or driver reaction. Naturalistic driving studies offer a unique opportunity to provide real-world data on these
variables, which can serve as inputs for more realistic counterfactual simulations.

The Strategic Highway Research Program 2 (SHRP2) Naturalistic Driving Study (NDS) offers a unique opportunity
to evaluate the potential efficacy of AEB on real-world crash scenarios. SHRP2 crashes include vehicle dynamic
data such as radar data, vehicle velocity, and vehicle acceleration [13], which can be used to provide more realistic
inputs to counterfactual simulations. Additionally, the Insurance Institute for Highway Safety conducts test-track-
based AEB evaluations of currently available vehicles and provides year/make/model specific information on
deceleration profiles and activation times through 1IHS TechData [14]. Therefore, the current study aims to evaluate
to efficacy of AEB by recreating SHRP2 rear-end striking crashes with the presence of AEB using measured
deceleration profiles to determine if the application of AEB would have effectively prevented rear-end crashes.

METHODS
This study protocol was approved by the Institutional Review Board at the Children’s Hospital of Philadelphia.

SHRP2 Dataset

A subset of the SHRP2 NDS data set was obtained via a data use license with the Virginia Tech Transportation
Institute (VTTI). Scene videos, incident type, and times series data pre- and post-event including vehicle velocity,
acceleration, and radar data were obtained for all crashes (n=1317) previously identified by VTTI for four age
groups: teens (16-19 yrs), young adults (20-24 yrs), adults (35-54 yrs), and older adults (70+ yrs). Time series data
ranged from 20 s prior to 10 s post event and were collected at 10 Hz.

Data Reduction

Rear-end striking crashes were defined as events where the subject vehicle contacted a lead vehicle. Rear-end
striking crashes were identified using scene videos and event narratives by two independent video coders. Any
discrepancies were reconciled by the study team. Rear-end striking crashes were then reviewed for reliable radar
data. Events with missing or unreliable radar data were excluded from the analysis. Event data including vehicle
velocity and acceleration, relative distance to the lead vehicle, and road surface conditions were used to conduct
counterfactual simulations.

AEB Counterfactual Simulations

The SHRP2 database includes the year, make, and classification (car, SUV/crossover, pickup, truck, van) for each
vehicle involved in the NDS. To generate realistic AEB deceleration profiles, measured deceleration curves for 20
kph and 40 kph AEB tests conducted by the Insurance Institute for Highway Safety (IIHS) [14] were downloaded
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from 1IHS TechData (https://techdata.iihs.org) and used as inputs for the counterfactual simulations. IIHS AEB
tests were matched to each SHRP2 rear-end striking events by selecting the most recent IIHS AEB test with the
same vehicle make and classification. If a particular make or classification was not tested by IIHS or the SHRP2
subject vehicle was no longer in production, a classification-matched vehicle from the parent OEM was selected.

A brake threat number (BTN) algorithm [15] was used to determine the onset of AEB for each rear-end striking
event. To increase the accuracy of the BTN algorithm, the BTN activation curve was scaled to match the AEB onset
times measured during the IIHS AEB tests. Goodness of fit of the BTN activation curve was assessed using a
minimum root mean square error (RMSE) criteria.

If the vehicle velocity at the time of AEB onset was < 20 kph, the 20 kph IIHS AEB tests were used for the
counterfactual simulation. Contrarily if the vehicle velocity at AEB onset was >20 kph, the 40 kph IIHS AEB tests
were used. Counterfactual simulations were conducted in MATLAB 2015a. To account for changes in the AEB
deceleration profile due to road surface conditions, the deceleration profile was scaled by a road surface friction
factor [16]: dry=1.0, wet=0.7, snowy=0.3, icy=0.1. To account for the driver’s braking reaction prior to AEB onset,
the AEB deceleration curve was initiated at the vehicle’s current braking level. To ensure that AEB deceleration
profile was proportional to the subject vehicle’s velocity at the time of AEB onset, the deceleration curves were
either (1) truncated by proportionally scaling down the AEB curve in both magnitude and duration or (2)
extrapolated by extending the steady-state portion of the AEB deceleration using a spline fit.

To simulate changes in vehicle dynamics due to AEB activation, the following equations were used:

terash
Vaen (t) = f Agep(t) + Vsy (tags) (Equation 1)
t
e taeb st< terash
Lerash .
Xaan@ = [ 7 (V500 = Vo) + Xy 0 (Equation 2)
taeb

taen = time of AEB activation

terash = time of original SHRP2 crash

Azeb = subject vehicle acceleration with AEB

Vsv = velocity of subject vehicle

Vaen = velocity with AEB activation

Xuv = relative distance to lead vehicle

Xaeb = relative distance to lead vehicle with AEB activation

If Vaen reached zero prior to the time of the original SHRP2 crash, it was concluded that AEB prevented the crash. If
the addition of the AEB deceleration caused the simulation to extend beyond the time of the original SHRP2 crash,
the lead vehicle velocity was assumed to be constant and the equations below were used:

t

Vaer(® = | Aaen(®) + Vey Capn) (Equation 3)
terash
t

Xaep(t) = f (VLV(tcrash) — Vaen (t)) + Xagp(terasn) (Equation 4)
terash

If Vaen reached zero and Xaen > 0, it was concluded that AEB prevented the crash.

RESULTS

A total of 99 rear-end striking crashes among 95 drivers were identified from the four age groups. Among these
rear-end striking crashes, 30 events had no radar data. An additional 29 events were removed due to unreliable radar
data. The final dataset for counterfactual simulations consisted of 40 rear-end striking crashes.
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Exemplar counterfactual simulations for a prevented and non-prevented rear-end striking crash are shown in Figure
1. AEB was found to be very effective, preventing 80% (n=32) of simulated SHRP2 rear-end striking crashes with
reliable radar data. Half (4 of 8) crashes that were not prevented occurred during poor weather conditions.
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Figure 1. Exemplar prevented crash (left) and non-prevented crash (right).

LIMITATIONS

Several limitations warrant discussion. First, AEB is typically coupled with forward collision warning (FCW). The
current study assumed the FCW did not alter the driver’s reaction to the crash. Consequently, these counterfactual
simulations represent the “worst-case” scenario for AEB. Of note, drivers executed an evasive braking maneuver in
33 (82%) of the simulated rear-end striking crashes. Furthermore, among the seven events where the driver had no
evasive maneuver, AEB was capable of preventing all seven crashes. Consequently, the influence of FCW on these
results is likely limited. The current study also assumed AEB activated at all speeds. However, this is not the case
with all manufacturers. While some OEMs are releasing high-speed FCW and AEB systems, most low to moderate
speed systems have a peak AEB activation speed of 36 mph. Consequently, the current study represents the
potential of high-speed AEB to prevent rear-end striking crashes. Finally, radar data were only available for a
subset (40%) of rear-end striking crashes. This possibly introduced selection bias because this subset may not be
representative of all rear-end striking crashes in SHRP2.

CONCLUSIONS

To our knowledge, this study represents the most realistic counterfactual simulations of AEB effectiveness to date —
utilizing measured vehicle dynamics, driver reaction, and road conditions from naturalistic data as well as measured
AEB deceleration pulses. Our findings suggest that AEB is very effective at preventing rear-end striking crashes.
However, AEB was less effective for crashes that occurred in poor weather conditions.
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