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Abstract 
 
Unintended acceleration collisions and pedal misapplication collisions are a North American 
safety issue associated with thousands of preventable collisions each decade.  There are a 
variety of potential categories and causes for these sudden acceleration events, including 
inadvertent gas pedal or double pedal application, floor mat interference, stuck throttles, and 
cruise control system errors.  Careful analysis of pre-collision event data recorder (EDR) 
information can be used to diagnose the specific category and cause of these preventable 
collisions for future safety improvements and collision reduction.  Previous research has 
documented the accuracy of the EDR data recorded in common collision modes but has not 
addressed a systematic approach to diagnosing sudden acceleration collisions.  In this paper, 
detailed analysis of EDR data from actual and theoretical sudden acceleration collisions was 
used to characterize the specific categories of these collisions for a holistic approach to future 
collision reduction.  This paper provides the tools to allow unintended acceleration collisions to 
be classified by category in future studies, which will lead to improved vehicle safety systems to 
address this phenomenon and improved road safety. 
 
 

Résumé 
 
Les collisions fortuites d'accélération et les collisions d'application de pédale sont une question 
nord-américaine de sécurité qui a été associée dans la recherche publiée à des milliers de 
collisions évitables chaque décennie.  Il y a une variété de catégories et de causes potentielles 
pour ces événements soudains d'accélération, y compris l'application négligente de pédale 
d’accélérateur, double application de pédale, interférence des tapis protecteurs, commandes de 
gaz coincées et erreurs de régulateurs de vitesse.  L'analyse soigneuse d'information de 
l'enregistreur de données d’événement (EDE) des collisions peut être employée pour discerner 
la catégorie précise et la cause de ces collisions évitables pour des améliorations de sécurité et 
la réduction des collisions dans l’avenir.  La recherche précédente a documenté l'exactitude des 
données d’EDE enregistrées en modes communs de collision, mais n'a pas traité une approche 
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systématique à déceler des collisions soudaines d'accélération.  Dans cet article, l'analyse 
détaillée d'information d’EDE des collisions soudaines réelles et théoriques d'accélération a été 
employée pour caractériser les catégories de ces collisions pour une approche holistique à la 
réduction des collisions dans l’avenir.  Cet article fournit donc les outils pour permettre aux 
collisions fortuites d'accélération d'être classifié par catégorie dans les études à l’avenir, qui 
mèneront aux systèmes améliorés de sécurité de véhicule pour traiter ces phénomènes et 
l’amélioration de la sécurité routière. 
 
 

BACKGROUND 
 
Unintended acceleration collisions and pedal misapplication collisions are a North American 
road safety issue associated with thousands of preventable motor vehicle collisions each 
decade [1-4].  Driver reports of unintended acceleration have been associated with all modes of 
collisions in all driving environments.  The study of unintended acceleration and pedal 
misapplication collisions has been an ongoing area of research for vehicle designers and 
human factors scientists for decades, with the aim of understanding this phenomenon to reduce 
or eliminate collisions of this nature and to improve road safety. 
 
Drivers involved in unintended acceleration collisions typically insist that a mechanical or 
electrical failure of the engine, throttle, or cruise control system must have occurred, despite no 
physical supporting evidence.  These claims of temporary component or system failure are 
investigated on a case-by-case basis using the vehicle’s event data recorder (EDR) if available.  
EDRs have been an integral part of North American passenger vehicle airbag safety systems 
since the 1990s.  In 2012, the ability to commercially retrieve data from vehicles with EDRs 
became a federal requirement for all new passenger vehicles sold in the U.S.  EDRs are now 
present in over 99% of new passenger vehicles sold in North America.  In this paper, we 
present a systematic approach of utilizing EDR data to distinguish the specific category of 
unintended acceleration collisions. 
 
There are a variety of causes for unintended acceleration events.  To define the term, 
‘unintended acceleration’ will refer in this paper to any instance of the vehicle physically 
accelerating, for any reason whatsoever, without the driver’s intention.  Unintended acceleration 
can include five possible category scenarios: 

 

 Category 1:  Pedal misapplication driver error, where the driver unknowingly presses the 
gas pedal or both pedals, believing that he or she is pressing the brake pedal; 
 

 Category 2:  Physical interference of the floor mat or another inanimate object with the 
gas pedal, also known as gas pedal entrapment; 
 

 Category 3:  Cruise control driver activation error, where the driver unknowingly presses 
the ‘resume/accelerate’ button while driving with the cruise control system active; 
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 Category 4:  Mechanical failure of the gas pedal/throttle cable system, causing the gas 
pedal or throttle to become stuck in the depressed position; and,    
 

 Category 5:  Electrical failure of the electronic throttle or cruise control system, causing 
the vehicle speed to continually increase beyond the intended or set level.    

 
Investigations of thousands of reported unintended acceleration cases, including National 
Highway Traffic Safety Administration (NHTSA) investigations into reported vehicle 
manufacturer defects, have consistently found that almost all unintended acceleration cases 
documented to date are due to only two of these five categories:  pedal misapplication driver 
error, and physical interference of the floor mat or another floor object [5,6,7].   
 
In a pedal misapplication scenario, the driver attempts to brake by pressing down fully on the 
brake pedal but the driver’s foot is unknowingly on the gas pedal or both pedals.  A pedal 
misapplication scenario begins by the driver attempting to brake for something ahead, believing 
that his or her foot is on the brake pedal.  When the vehicle does not slow down as expected but 
instead starts to speed up, the driver instinctively reacts by pressing down harder, causing the 
vehicle engine RPM to notably increase and the vehicle to accelerate further.  This immediately 
results in the driver entering a state of panic, applying constant full pressure to the perceived 
‘brake pedal’ to stop the accelerating vehicle while attempting to think of an emergency solution.  
This state of panic, induced by the impending collision, is an impaired form of cognitive 
functioning that prevents the driver from noticing that he or she is pressing on the gas pedal 
[6,7].  According to NHTSA, approximately 16,000 preventable collisions occur each year in the 
U.S. due to pedal misapplication error [7].   
    
With the arrival of driverless vehicles on the roads in North America in 2017, it is anticipated that 
pedal misapplication errors will become much more frequent.  In autonomous driving scenarios 
where the driver is instructed by the computer system to re-take control of the vehicle, there is 
an elevated risk of pedal misapplication error.  One of the key risk factors for pedal 
misapplication error is the driver’s foot or body being out-of-position at the moment of hazard 
presentation [6,8], which is a foreseeable scenario in autonomous driving. 
 
In a floor mat interference scenario, the gas pedal becomes unintentionally trapped in a 
depressed position by physical interference from the out-of-position floor mat or another floor 
object.  This causes the vehicle to accelerate without any input from the driver.  Trapped gas 
pedal scenarios have been acknowledged as a serious vehicular safety issue in North America 
[9].  In this type of scenario, the driver will typically attempt moderate braking, while the gas 
pedal remains trapped by the interfering object.  As above, when the initial braking attempt does 
not work, the driver will enter into a panic mode and try to stop the vehicle with full braking.  In 
this case, the driver’s foot will actually be on the brake pedal.  At high speeds or on freeways, 
the driver may have difficulty stopping the vehicle due to brake overheating.  These emergency 
scenarios can last for over 60 seconds as the driver struggles to stop the racing vehicle without 
impacting other road users [9].  Floor mat recalls by major North American vehicle 
manufacturers have resulted from investigations into these types of unintended acceleration 
collisions [5].   
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The other three categories of unintended acceleration are, at present, rare or theoretical.  No 
case of proven electrical failure of the electronic throttle or cruise control system causing an 
unintended acceleration collision has ever been documented.  Comprehensive attempts by the 
National Aeronautics and Space Administration (NASA) on behalf of NHTSA [5] to recreate 
such a scenario in a laboratory were unsuccessful.  Vehicle control redundancies are in place to 
deactivate these systems upon activation of the brake pedal.  Mechanically stuck gas pedals or 
throttle cables are rare but possible, and will typically have observable physical evidence to 
support that scenario.  Cruise control driver activation error is also rare but possible, and would 
be deactivated immediately by pressing the brake pedal. 
 
Previous research has addressed the accuracy of EDR data in common collision modes 
[10,11,12] and reviewed EDR data from a specific set of unintended acceleration collisions [13], 
but has not addressed a systematic approach to diagnosing all possible types of unintended 
acceleration collisions from EDR data.  This paper will demonstrate the characteristic EDR data 
plots that correspond to each type of unintended acceleration collision, allowing road safety 
researchers to properly categorize these collisions for future safety improvements.   
 
 

AIMS 
 
This paper expands upon the research approach started by Lehouillier, Holmes, and German 
[13] to view EDR data as a method of analyzing unintended acceleration collisions in order to 
ultimately improve vehicle safety systems and road safety.  The purpose of this paper is to 
demonstrate the unique characteristics of the EDR pre-crash data profile that are particular to 
each category of unintended acceleration scenario.  EDR data plots will be graphically 
demonstrated to highlight the unique characteristics of the data that can be expected in each of 
the five categories of unintended acceleration collisions.  No such tool currently exists for road 
safety analysts attempting to study and document sudden acceleration collisions.  
 
With the assistance of this tool, researchers will be able to use EDR data plots to categorize 
these collisions in the future.  The frequency of each type of unintended acceleration collision 
can then be documented in future studies.  This will allow for a better understanding of 
unintended acceleration collisions, so that improved vehicle safety systems can be targeted to 
address the most relevant issues at hand.  With this holistic approach to the reduction of 
unintended acceleration collisions, it is anticipated that road safety will be improved. 
 
 

METHODS 
 
In this paper, sample EDR pre-crash data profiles from actual case studies of unintended 
acceleration collisions were used to characterize the distinct features of each of the five 
categories of unintended acceleration collisions (pedal misapplication, gas pedal entrapment, 
cruise control driver activation, mechanical failure, and electrical failure).  The case study EDR 
data are representative cases taken from a review of the following three sources: 
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 The authors’ combined forensic investigations of over 1400 motor vehicle collisions in 
Canada and the U.S. occurring between 1995 and 2017; 
 

 NHTSA’s database of 58 EDR downloads from reported unintended acceleration 
collisions that occurred in 2010 [14]; and, 
 

 Transport Canada’s database of 22 reported unintended acceleration collisions that 
occurred from 2010 to 2012, whose EDR downloads were tabulated and summarized in 
the cited paper by Lehouillier, Holmes, and German [13].   

 
All personal information from the case study data was removed.  The EDR data in the authors’ 
database were verified in each case by the authors as being from the incident collision, and 
were either downloaded first-hand by the authors or downloaded by Police/other forensic 
investigators and provided to the authors.  The EDR data in the NHTSA and Transport Canada 
databases were verified in each case by the authors of those papers as being from the incident 
collision, or were excluded from consideration if unverified.  
 
Similar to the NHTSA findings cited above [5,6,7], almost all of the investigated unintended 
acceleration cases within the authors’ database were determined to be either pedal 
misapplication errors or physical interference of a floor mat/object.  There were two verified 
mechanical failure category cases within the authors’ database, but no EDR data was available 
from those cases.  NHTSA also has verified cases of stuck throttle cable collisions with 
supporting physical evidence but no EDR data exists for those cases.  A sample EDR profile for 
that category was therefore re-created from the case study information.  For the ‘electrical 
failure’ theoretical category, which has never been documented as having actually occurred, a 
theoretical EDR data profile was created based on the NASA benchtop test findings [5].  For the 
rare ‘cruise control driver activation’ category, there were no such cases found in the three 
databases above.  As such, a sample EDR data profile was created to illustrate the features of 
the data that would be expected in such a scenario.     
 
EDR data downloads have different formats and different amounts of information, depending on 
the type of EDR module in a particular vehicle.  In all cases, the pre-crash EDR data included 
vehicle speed (in mph), brake pedal application (‘on’ or ‘off’ only), gas pedal application (in % of 
full throttle or pedal sensor voltage from 0.78 to 3.70 V), and engine speed (in rpm).  Some of 
the pre-crash EDR data included cruise control information, which further assisted in 
distinguishing the cause of the collision.  The EDR data was sometimes in tabular form, 
sometimes in graphical form, and sometimes in both forms.  The number of seconds of data and 
the resolution of that data also varied, with newer generations of EDR modules tending to 
record more data.  For example, EDRs from GM vehicles typically provided 5 seconds of pre-
crash data in graphical format with 1 second resolution, EDRs from Chevrolet vehicles typically 
provided 2.5 seconds of data in tabular format with 0.5 second resolution, and EDRs from 
Toyota vehicles typically provided 5 seconds of data in both forms with 1 second resolution.  For 
the purpose of this paper, all EDR data were converted to similar format and presented in SI 
units in graphical and tabular form for ease of comparison.  The cruise control EDR data that 
was present in some cases and absent in others was not included in this paper.    
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RESULTS 
 
The EDR pre-crash data for the five categories of unintended acceleration collisions are shown 
in the sections below.  It should be noted when reviewing EDR data that the module’s time clock 
for recording pre-crash data is not synchronized to the moment of impact unless specifically 
indicated.  Therefore, ‘time 0’ of the pre-crash data does not necessarily correspond to the exact 
moment of impact.  The exact moment of impact on the pre-crash data is sometime between the 
last data set recorded and the next resolution period.  For example, on an EDR with 1 second 
resolution and a last recorded data set at ‘-1 second’, the exact moment of impact is between 
0.0 and 0.9 seconds after that last recorded data set.  
 

Category 1:  Pedal Misapplication 
 
The EDR pre-crash data from a pedal misapplication scenario with the driver unknowingly 
applying the gas pedal instead of the brake pedal is shown in Figure 1a.  In this collision, 2.5 
seconds of pre-crash data were recorded with 0.5 second resolution.  The moment of impact 
occurred 0.0 to 0.4 seconds after the last recorded data set.  In this collision, the driver 
attempted to avoid driving off the end of the road at a stop sign T-intersection, as his car raced 
forward at full throttle and 110 km/h toward the T-intersection.  The vehicle ultimately collided 
head-on with another vehicle on the through road, resulting in a fatality.   
 
The EDR data indicated continuous 100% depression of the gas pedal for the entirety of the 
recorded event, with the exception of the last data point just before impact when the driver 
released the gas pedal to brace for impact.  The brake pedal was never applied.  The constant 
increase in vehicle speed from 99.8 to 112.6 km/h over those 2.5 seconds (0.18 g acceleration) 
indicated that the gas pedal remained fully depressed until just before the last recorded data 
point.  The initiation of this emergency event began prior to the first recorded data point, as the 
engine RPM and rate of acceleration were both already stabilized by the time of the first 
recorded data point.  The driver was not attempting a pass and multiple risk factors for pedal 
misapplication were present including bulky forestry footwear, an unfamiliar vehicle, and EDR 
indication that the cruise control system had been previously engaged but was not active at this 
time.      
 
The two characteristic features of this pre-crash data were: 
 

1. The sustained and continuous application of a 100% depressed gas pedal until impact, 
or just before impact; and, 
 

2. The lack of any brake pedal application during that acceleration period. 
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Figure 1a:  Pre-impact EDR data from a ‘pedal misapplication’ collision with gas pedal 
application only. 
  
The EDR pre-crash data from a pedal misapplication with the driver applying both pedals is 
shown in Figure 1b.  In this collision, 5 seconds of pre-crash data was recorded with 1 second 
resolution.  The moment of impact was recorded at time index ‘-0.700 s’.  In this parking lot 
collision, the driver was pulling out of a parking spot and ultimately accelerated into a barrier at 
26 km/h.  The increase in speed from 4.0 to 29.9 km/h over 3 seconds (0.24 g average 
acceleration) with the brake pedal depressed and the gas pedal fluctuating near 70% of 
maximum application indicated that the brake pedal was only partially depressed.  Had full or 
near-full braking been applied, the vehicle would be slowing down, not accelerating. 
 
The three characteristic features of this pre-crash data were: 
 

1. Continuous application of both pedals, with both being activated nearly simultaneously 
and remaining depressed until impact; 
 

2. Non-maximal activation of the gas pedal (fluctuating around 70% of full application) due 
to partial foot placement on the brake preventing the gas pedal from bottoming out; and, 
 

3. Large fluctuations in the gas pedal application while braking, due to the difficulty in 
placing one’s foot firmly on both pedals at once.       

Time (s) -2.5 -2 -1.5 -1 -0.5 0

Speed (km/h) 99.8 103.0 106.2 109.4 112.6

Engine (RPM) 3840 3968 4032 4160 3968

Throttle (%) 100 100 100 100 0

Brake (On/Off) 0 0 0 0 0
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Figure 1b:  Pre-impact EDR data from a ‘pedal misapplication’ collision with application 
of both the gas and brake pedals. 
 

Category 2:  Gas Pedal Entrapment 
 
The EDR pre-crash data from a gas pedal entrapment collision is shown in Figure 2.  In this 
collision, 5 seconds of pre-crash data was recorded with 1 second resolution.  The moment of 
impact was recorded as time index ‘-0.500 s’.  In this freeway collision, the driver was 
approaching a highway exit and attempted to stop his out-of-control vehicle, resulting in a 
collision at 75.9 km/h.  The brake pedal was depressed continually throughout the recorded 
event and the gas pedal was nearly constant at 72 to 74% of full application throughout the 
event.  The vehicle speed gradually dropped over the 4.5 seconds of recorded data from 102.0 
to 75.9 km/h (0.16 g average deceleration).  With the given speeds and throttle application, this 
indicates full brake application by the driver.  The low deceleration rate was likely due to brake 
overheating.  Supporting physical evidence of gas pedal entrapment by an out-of-place all-
weather floor mat was found within the vehicle.  The after-market floor mat was poorly fitted to 
the compartment area.  Other documented cases of floor mat entrapment showed identical EDR 
features with a nearly-constant gas pedal application and reduced deceleration of the vehicle 
due to the high throttle application.  The extent of throttle application depends upon the position 
at which the gas pedal becomes entrapped.   
 

Time (s) -5 -4 -3 -2 -1 -0.7

Speed (km/h) 6.0 4.0 20.0 22.0 29.9 26.1

Engine (RPM) 400 1600 2000 2800 2800 3200

Throttle (%) 0 67 92 66 74 74

Brake (On/Off) 0 0 100 100 100 100
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The three characteristic features of this pre-crash data were: 
 

1. Concurrent application of both the gas and brake pedals, with the initiation of gas pedal 
application not being linked to changes in braking, if any; 
 

2. Near-constant gas pedal application throughout the sustained braking attempt; and, 
 

3. Gradual deceleration of the vehicle during concurrent application of both the gas and 
brake pedals, at lower than expected deceleration rates for the given road surface.       

 

 
 

 
 

Figure 2:  Pre-impact EDR data from a ‘gas pedal entrapment’ collision. 
 

Category 3:  Cruise Control Driver Activation 
 
The typical EDR pre-crash profile that would be expected from a cruise control driver activation 
collision is shown in Figure 3.  In this hypothetical but realistic collision, the driver was travelling 
along the freeway on wet roads using cruise control at 110 km/h when he braked for a vehicle 
ahead.  After slowing to 70 km/h, the driver placed his foot back on the gas pedal to resume 
gentle acceleration and unknowingly activated the ‘Resume’ button on the steering wheel with 
his hand.  Upon seeing the vehicle ahead slowing again, the driver released the gas pedal and 
his vehicle suddenly began accelerating quickly, due to the cruise control attempting to return to 

Time (s) -5 -4 -3 -2 -1 -0.5

Speed (km/h) 102.0 92.0 84.0 82.1 82.1 75.9

Engine (RPM) 5200 5200 3200 3600 3600 4400

Throttle (%) 72 72 72 74 74 74

Brake (On/Off) 100 100 100 100 100 100
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the set speed.  After a brief period of confusion and then panic from seeing the slowing vehicle 
ahead, the driver then slammed on the brakes and impacted the vehicle ahead. 
 
The EDR data showed that the gas pedal was fully released by the driver four to five seconds 
before impact, yet the engine RPMs and vehicle speed increased continuously after the gas 
pedal was released.  Once the brake pedal was depressed, the engine RPMs immediately 
dropped and the vehicle began slowing.  The vehicle slowed from 98.1 to 80.5 km/h in the last 
second before impact (0.50 g average deceleration), consistent with full braking on wet roads.  If 
cruise control data were included within this EDR, that data would show that the cruise control 
system was engaged throughout the recorded interval, and that the ‘Resume’ function was 
active until the brake pedal was depressed.  Various permutations of the above collision 
scenario are possible, all of which would show identical features in the EDR pre-crash data.   
 
The two characteristic features of this pre-crash data were: 
 

1. Aggressive increase in vehicle speed and engine RPM before brake application with 0% 
gas pedal application preceding aggressive increase in speed and RPM; 
 

2. Immediate discontinuation of the acceleration and high engine RPM upon braking, with 
fully unhindered deceleration of the vehicle for the given road friction after braking.       

 

 
 

 
 

Figure 3:  Pre-impact EDR data from a ‘cruise control driver activation’ collision. 

Time (s) -5 -4 -3 -2 -1 0

Speed (km/h) 80.5 88.5 96.5 98.1 80.5

Engine (RPM) 4100 4600 4700 3100 2800

Throttle (%) 10 0 0 0 0

Brake (On/Off) 0 0 0 100 100
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Category 4:  Mechanical Failure 
 
The re-created EDR pre-crash data from a mechanical throttle failure collision is shown in 
Figure 4, based on the collision reconstruction data from that case.  In this collision, the driver 
was accelerating up to 65 km/h on a road when the gas pedal remained in the depressed 
position and the vehicle continued accelerating.  The driver attempted to brake and ultimately 
impacted an embankment at 85 km/h.  Physical evidence of the damaged throttle cable was 
found during the vehicle exam, confirming the mechanical failure.  The EDR data showed a 
constant gas pedal application with a corresponding increase in speed and engine RPM.  
Despite sustained braking, the vehicle deceleration was notably reduced.  The constant throttle 
position was well below 100%, corresponding to the exact location of the throttle cable damage.  
Various permutations of this scenario are possible, all with identical EDR pre-crash features.   
 

 
 

 
 

Figure 4:  Pre-impact EDR data from a ‘mechanical failure’ acceleration collision. 
 
The two characteristic features of this pre-crash data were: 
 

1. Partial but constant gas pedal application, with concurrent continuous braking starting 
after the start of the constant gas pedal application; and,  
 

2. Reduced vehicle deceleration rate upon braking.       

Time (s) -5 -4 -3 -2 -1 0

Speed (km/h) 77.1 86.7 91.9 89.3 84.8

Engine (RPM) 4200 4400 4520 4440 4300

Throttle (%) 68 68 68 68 68

Brake (On/Off) 0 100 100 100 100
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Category 5:  Electrical Failure 
 
The theoretical EDR pre-crash profile from an electrical failure unintended acceleration collision 
is shown in Figure 5, based on the cited NASA testing.  In this theoretical scenario, the driver 
experienced sudden acceleration of the vehicle while driving along normally, due to failure of the 
electronic throttle control system (ETC) or cruise control.  After a brief period of confusion and 
then panic, the driver applied the brakes, immediately deactivating the ETC and cruise control.  
The braking vehicle then impacted the vehicle ahead.  The EDR data for this scenario showed 
that the engine RPM and vehicle speed suddenly increased with no corresponding increase in 
gas pedal input.  After the brake pedal was depressed, the engine RPM immediately dropped 
and the vehicle slowed at full deceleration (0.75 g for dry roads in this example).  Various 
permutations of this scenario are possible, all with identical EDR pre-crash features.   
 

 
 

 
 

Figure 5:  Pre-impact EDR data from an ‘electrical failure’ acceleration collision. 
 
The two characteristic features of this pre-crash data are: 
 

1. A sharp increase in engine RPM and speed with no increase in gas pedal application; 
 

2. Immediate discontinuation of the acceleration and high engine RPM upon braking, with 
fully unhindered deceleration of the vehicle for the given road friction after braking.       

Time (s) -5 -4 -3 -2 -1 0

Speed (km/h) 56.3 66.0 72.4 78.8 53.1

Engine (RPM) 2950 3600 4550 3050 2150

Throttle (%) 21 21 5 0 0

Brake (On/Off) 0 0 0 100 100
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DISCUSSION 
 
The EDR pre-crash data from all five categories of unintended acceleration collisions were 
notably different from each other with distinct characteristics, with the exception of Category #2 
and #4 (gas pedal entrapment and mechanical failure) which had nearly identical EDR features, 
and Category #3 and #5 (cruise control driver activation and electrical failure) which had similar 
features.  The EDR data for the most common category of unintended acceleration (pedal 
misapplication) had a distinct graphical profile that was not interchangeable with any of the other 
categories and could be categorized quickly by visual examination.   
 
The subtle difference in EDR data between the common gas pedal entrapment category and the 
extremely rare mechanical failure category is the constant vs. nearly-constant throttle position in 
the data.  In the case of a mechanical failure, the stuck throttle position will be constant, 
whereas in the gas pedal entrapment scenario, there may be small fluctuations in the throttle 
position.  The distinction between these two categories can also be diagnosed and confirmed by 
a mechanical examination of the vehicle.  For EDR data of this nature, there will be observable 
physical evidence of any mechanical failure of the throttle system, corresponding to the exact 
location of the recorded throttle position.  In the absence of observable mechanical damage at 
that location, this type of EDR profile can be categorized as a gas pedal entrapment collision.      
 
The difference in EDR data between the cruise control driver activation category and the 
theoretical electrical failure category is the necessary absence of any gas pedal application 
when the aggressive vehicle acceleration occurs in the cruise control driver activation category.  
As long as the gas pedal is being applied by the driver, the cruise control system will not engage 
to accelerate the vehicle if it is functioning properly.  In the theoretical but often-claimed 
electrical failure scenario, the vehicle electrical controls begin accelerating the vehicle while the 
driver is driving along normally, with no change in input to the physical pedals or controls.  No 
such electrical failure collision has ever been documented to have occurred.  EDR pre-crash 
data for the cruise control system, if available, would be of additional assistance in 
distinguishing between these two unintended acceleration categories.    
 
Through future categorization studies of unintended acceleration collisions using EDR data, it is 
anticipated that specific vehicle safety systems will be developed to address the underlying 
unique causes of each category.  Prioritization of safety improvements and failsafe 
redundancies should be given to the most common categories for maximum road safety benefit.  
For example, NHTSA has already taken regulatory steps to require a ‘brake-throttle override’ 
system in new vehicles, in which activation of the brake pedal must be capable of overpowering 
full throttle input, to help minimize the consequences of double pedal misapplication collisions 
and gas pedal entrapment collisions [9].   
 
The 2010-era recalls and re-design of loose or poorly fitting floor mats in select Toyota, Lexus, 
and Pontiac vehicles was another well-known safety improvement step that was taken by 
vehicle manufacturers in recent years to reduce gas pedal entrapment.  Those recalls affected 
4.8 million vehicles manufactured between 2004 and 2010. 
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The replacement of throttle cables with ETC systems in modern vehicle design is another 
successful example of improvements in this area, by eliminating the possibility of mechanical 
failure scenarios due to damaged throttle cables.  
 
In recent years, NHTSA has conducted anthropometric research into gas and brake pedal 
positioning in an attempt to reduce the frequency of pedal misapplication collisions [5,15].  
Future vehicle designs could conceivably have programmable adjustable pedal positions, 
specific to the needs of different drivers of the vehicle (similar to the currently available 
programmable steering wheel and seat positions) as NHTSA’s research found that no one pedal 
spacing provided ideal positioning for all drivers.  
 
The continued analysis and categorization of sudden acceleration collisions using EDR data in 
future database studies will undoubtedly lead to additional innovations and improvements in 
vehicle safety systems. 
 
 

CONCLUSIONS 
 
In this paper, the phenomenon of unintended acceleration collisions was analyzed and 
segmented into five categories, each with unique causes.  The characteristic EDR pre-crash 
data for each category were presented graphically and analyzed, highlighting the unique 
features of each category for future documentation studies and vehicle safety improvements.   
 
We found that EDR pre-crash data from the five categories of unintended acceleration collisions 
generally presented as one of three easily distinguishable groupings: 
 

 EDR data for the most common category, ‘pedal misapplication’, had a distinct graphical 
profile that was not interchangeable with any of the other categories and could be 
identified quickly by visual examination. 
 

 EDR data for the other common category, ‘pedal entrapment’, was easily distinguishable 
from all of the other categories with the exception of the rare ‘mechanical failure’ 
category.  A mechanical inspection of the vehicle in such cases will confirm the presence 
or absence of physical damage corresponding to the recorded position of the ‘stuck’ 
throttle, allowing one to verify which of these two scenarios occurred. 
 

 EDR data for the rare ‘cruise control driver activation’ category was similar to the 
theoretical ‘electrical failure’ category, which has been often-claimed by drivers but never 
proven or re-created in a laboratory setting.  Distinguishing between these two 
categories can be done by considering the gas pedal position prior to the start of the 
unintended acceleration, or with the assistance of EDR cruise control data if available.       
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