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ABSRTACT 
 
NASS and FARS data were analyzed to determine 
the crash environments that produced major fires.  
Case reviews were conducted for NASS cases with a 
major fire.   Annually, there are about 400 fatalities 
in FARS with fire as the most harmful vehicle event.  
There are about 60 cases annually in NASS with a 
fire recorded.  FARS years since 1978 and NASS 
years since 1997 were studied.  NASS and FARS fire 
statistics for different crash modes with documented 
fires are presented.  Also included are plots of 
deformation profiles for NASS vehicles with fires.  
These plots show damage profiles at the 10%, 25% 
and   50% frequency of occurrence levels. The frontal 
crash mode accounts for about half of the fires in 
FARS and NASS.  Rollovers account for about 25% 
of the major fires in NASS and carry the highest risk 
of fatality in FARS fires.  In NASS, the vast majority 
fires that occur in frontal and rollover crashes 
originate under the hood.  Incapacitation and 
entrapment of occupants are important survival 
factors when underhood fires occur.   
 
INTRODUCTION 
 
The Motor Vehicle Fire Research Institute (MVFRI) 
was formed to conduct this research to improve the 
fire safety of present and future motor vehicles.   
Research to better understand the nature of motor 
vehicle fires was initiated in 2001 and completed in 
2009.  The purpose of this paper is to document the 
major results of the research to identify the crash 
characteristics associated with crash initiated fires in 
passenger vehicles.  Since the research was 
conducted at different times, the periods during 
which the data was analyzed may vary.  The detailed 
reports are listed in the Reference section of the paper 
and are available on the MVFRI website, mvfri.org.   
 
Investigations of fire occurrence have been 
undertaken with a focus on identifying the conditions 
that produce crash induced fires.  The examination of 
crash modes, fire origins and vehicle attributes were 
included.  NASS and FARS data were researched 
under contracts with George Washington University, 
Pacific Institute or Research and Evaluation and Dr. 

George Bahouth.  Friedman Research and Associates 
examined state data and FARS data in conjunction 
with the other databases.  Some of the highlights 
from these studies are included in this paper. 
 
FARS DATA ON FIRES 
 
FARS is a census of fatal crashes that occur on public 
roads.  FARS assigns the Most Harmful Event 
(MHE) to vehicles involved in crashes with a fatality.  
The MHE applies to the vehicle not the persons in the 
vehicle.  Consequently, there is no certainty that the 
fatalities were associated with the fire rather than the 
crash forces.  
 
FARS does not record the direction of force in the 
crash.  However, the location of principal damage is 
coded.  In this coding, rollovers with damage from 
impacts with fixed objects or with other vehicles are 
coded according to the location of the damage. If the 
damage comes from ground contact, the crash is 
classified as a non-collision. Rollovers are classified 
according to the event during which it occurred (ie. 
non-rollover, rollover during 1st harmful event, or 
rollover during subsequent events). Most of the 
rollovers have damage to the front or sides of the 
vehicle.  This damage may have been caused by 
impacts with fixed or non-fixed objects before or 
during the rollover.   In some cases, these impacts 
may have been the cause of the fatality.  In the 
analysis to follow, all rollovers are grouped together, 
regardless of the area of damage. No crashes with 
rollover are included in the groupings of front, side or 
rear damage areas. 

Table 1 shows the damage distribution for the subset 
of cases with fire as the most harmful event. The data 
is separated into cases with and without rollovers. 
The damage in rollover may be caused by the 
rollover or by objects impacted before or during the 
rollover.  Table 2 shows data for fatal fires with 
entrapment.  In the 1994 to 2003 FARS years of data, 
the entrapment rate for the fatalities with fire as MHE 
was 23%. [Bahouth, 2007, Digges, SAE 2005]. 
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Table 1. Distribution of Average Annual Fatalities 
when Fire was Most Harmful Event by Crash 

Type and Damage Location – FARS 2000 to 2005 
Damage Location No Roll Rollover Total
Non-Collision 2.1% 3.3% 5.4%
Front 45.8% 14.5% 60.3%
Right 5.8% 2.5% 8.3%
Rear 9.4% 2.0% 11.4%
Left 5.6% 2.1% 7.8%
Top 0.4% 1.4% 1.9%
Undercarriage 1.0% 0.6% 1.6%
Unknown 1.7% 1.7% 3.4%
Total 71.8% 28.2% 100.0%

 
Table 2.  Distribution of Average Annual 

Fatalities with Entrapment when Fire was Most 
Harmful Event by Crash Type and Damage 

Location – FARS 2000 to 2005 
 

Damage Location No Roll Rollover Total
Non-Collision 18% 23% 21%
Front 23% 25% 23%
Right 21% 22% 21%
Rear 28% 28% 28%
Left 27% 20% 25%
Top 22% 19% 20%
Undercarriage 21% 18% 20%
Unknown 15% 15% 15%
Total 23% 23% 23%  

 
NASS/CDS DATA ON FIRES 
 
Research performed at the GW University used the 
National Automotive Sampling System -
Crashworthiness Data System (NASS/CDS) data to 
examine the crash factors that are associated with 
crash induced motor vehicle fires [Kildare, 2006]. 

NASS/CDS is a sample of tow away crashes that 
occur on US roads each year. The sample is stratified 
by the severity of the crash.  The sample rate for 
minor crashes is much lower than for severe crashes. 
In order to expand the stratified sample to the entire 
population it represents, an inflation factor is 
assigned to each case in the NASS/CDS sample. 
When the data is processed using the actual number 
of cases investigated, the data is referred to as 
“unweighted” or “raw.” When the data is processed 
using the total of the inflation factors, the results 
should represent the total population of vehicles and 
the data is referred to as “weighted.” 

NASS/CDS classifies fires as either Major or Minor. 
These fire severities are defined as the following: 
 A Minor Fire is a general term used to describe the 
degree of fire involvement and is used in the 
following situations: 
• Engine compartment only fire 
• Trunk compartment only fire 
• Partial passenger compartment only fire 
• Undercarriage only fire 
• Tire(s) only fire 
A Major Fire is defined as those situations where the 
vehicle experienced a greater fire involvement than 
defined under “minor” above, and is used in the 
following situations: 
• Total passenger compartment fire 
• Combined engine and passenger compartment 

fire (either partial or total passenger 
compartment involvement) 

• Combined trunk and passenger compartment fire 
(either partial or total passenger compartment 
involvement) 

• Combined undercarriage and passenger 
compartment (either partial or total passenger 
compartment involvement) 

• Combined tire(s) and passenger compartment 
(either partial or total passenger compartment 
involvement) 

 
Table 3 shows the summary of the complete data set 
of NASS major and minor fires. In total over the 11 
year period from 1994-2004, 631 fires in vehicles 
were recorded in NASS/CDS, representing 79,354 
weighted cases. The cases were approximately evenly 
distributed between minor and major fire occurrences 
unweighted (46% / 54%) and weighted (52% / 48%).  
During the same period there were 71,101 cases of 
vehicles without fires. 

Table 3. Distribution of Vehicle Fire Cases in 
NASS/CDS 1994/2004 – Unweighted  and 

Weighted 

Type Minor Major Unk. All Fires No Fire
Unwg. 290 335 6 631 71,101
Wht. 40,994 38,173 187 79,354    35,955,359

Fire Severity

 

The data in Table 3 is the basis for the tables to 
follow in this section.  Subsequent tables will show 
distributions of this data by extent of vehicle damage, 
extent of injuries, and crash direction.  For 
convenience, percentages are used in the tables rather 
than the actual numbers.  

NASS data provides several methods to characterize 
the severity of crashes.  One involves coding the 
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extent of damage caused by the crash using the 
Collision Damage Classification (CDC) as specified 
by SAE standard J224. The CDC describes the 
vehicle damage including the degree to which the 
damage extends inward toward the vehicle.  This 
code partitions the vehicle into nine segments.  For 
side crashes,  the nine segments are parallel to the 
side of the vehicle and extend across the vehicle.  A 
CDC extent of damage 6 would penetrate the vehicle 
centerline.  For front and rear damage, a CDC extent 
of damage 6 would penetrate the occupant 
compartment.   
 
Tables 4 and 5 show the distribution of the CDC 
extent of damage for all vehicles, vehicles in crashes 
with fires and vehicles with both fire and entrapment.  
The last row in the table shows the percentage of 
vehicles in each category that have a CDC extent of 
damage of 4 or greater.  Tables for both weighted and 
unweighted data are shown. 
 

Table 4. Extent of Damage (CDC) All Vehicles 
and Fire Cases in NASS/CDS 1994/2004 – 

Unweighted 
 

Damage Ext All Vehicles Fire Vehicles Fire + Entrapment
1 22% 8% 0%
2 33% 22% 5%
3 25% 25% 13%
4 9% 15% 21%
5 4% 11% 21%
6 3% 9% 19%
7 1% 6% 12%
8 1% 1% 3%
9 2% 3% 5%

4+ 20% 46% 82%  
 

Table 5. Extent of Damage (CDC) All Vehicles 
and Fire Cases in NASS/CDS 1994/2004 – 

Weighted 
 

Damage Ext. All Vehicles Fire Vehicles Fire + Entrapment
1 35% 7% 0%
2 35% 36% 2%
3 18% 21% 17%
4 5% 9% 23%
5 2% 7% 20%
6 2% 6% 25%
7 1% 11% 8%
8 0% 1% 3%
9 1% 2% 2%

4+ 12% 35% 81%

 
A more detailed investigation of the damage patterns 
of vehicles with crash induced fires was conduced by 
the Pacific Institute for Research and Evaluation, 
PIRE [Bahouth 2006].  The percentile damage 
patterns for vehicles with crash induced major fires 

are shown in Figure 1.  The vehicle front is to the left 
and the rear toward the right. The 5th, 10th, 25th and 
50th percentiles of damage profiles are plotted. The 
contours in Figure 1 show how frequently each area 
of the vehicle is damaged.  Left and right side 
damage has been combined.  The contours are based 
on all crashes with major fires and recorded damage 
in NASS 1995-2004.  

Figure 1 shows the distribution of damage outcome 
but it does not reflect the relative frequency of the 
crashes with fires for the various crash directions.  
The corresponding crash frequencies are 68% frontal, 
25% side and 7% rear. 

 

Figure 1.  Vehicle Damage Patterns for Major 
Fires Based on NASS 1995-2004 Weighted 
(Bahouth, 2006) 

Tables 6 and 7 show the distributions of MAIS 
injuries for the same categories of vehicles as in 
Tables 4 and 5.  MAIS is a person level injury 
severity rating based on the most severe AIS injury 
suffered by an individual.  AIS stands for the 
“Abbreviated Injury Scale”, an injury severity rating 
developed by the Association for the Advancement of 
Automotive Medicine.  

Table 6. Extent of Injuries - Vehicles and Fire 
Cases in NASS/CDS 1994/2004 

Unweighted
Unweighted

MAIS All Vehicles Fire Vehicles Fire + Entrap
0 24% 9% 1%
1 44% 22% 9%
2 14% 14% 13%
3 10% 18% 20%
4 4% 9% 11%
5 3% 10% 10%
6 1% 18% 36%

3+ 19% 55% 77%  
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Table 7. Extent of Injuries - Vehicles and Fire 
Cases in NASS/CDS 1994/2004 - 

Weighted
Weighted

MAIS All Vehicles Fire Vehicles Fire + Entrap
0 49% 27% 0%
1 42% 37% 15%
2 6% 9% 14%
3 2% 9% 14%
4 1% 4% 7%
5 0.4% 4% 7%
6 0.1% 9% 42%

3+ 3% 27% 71%  

The AIS system assigns an injury severity rating to 
each injury suffered by a person.  This rating scale 
ranges from 1 to 6. The risk of death increases with 
each AIS level.  AIS 6 is nearly certain death.  AIS 1 
and 2 are classified as minor and moderate injuries 
with very low risk of death.    AIS 3 and above are 
serious and severe injuries.  A person may suffer 
more than one injury.  MAIS (M = Maximum) 
designates the most severe AIS that a person suffers 
and MAIS 3+ indicates people who suffer one or 
more injuries of severity AIS 3 or greater.  In NASS 
cases, about 20% of the vehicle occupants with 
MAIS 3+ injuries ultimately die from the injury or 
from complications including those associated with 
advanced age and preexisting medical conditions. 
Deaths from injuries less severe than MAIS 6 have 
not been segregated in the table.  The last row in the 
table shows the percentage of vehicles whose 
occupants have injuries of MAIS 3 or greater.   

Tables 8 and 9 show the distribution of crash 
involved vehicles  using the ‘Crash Direction’ 
variable to classify the mode of the crash. The 
definition of each crash mode is discussed in the 
paragraphs to follow.  

Frontal crashes were determined to be any crash 
where the Principal Direction of Force, (PDOF) was 
1, 11, or 12 o’clock or at 10 and 2 o’clock when the 
highest CDC deformation location was coded as front 
(F).  This definition is used by NHTSA in their 
analysis of frontal crashes. 

Side crashes were determined to be any crash where 
the PDOF was 3 or 4 o’clock or was at 2 o’clock with 
the highest deformation location not coded as front 
(F) or where the PDOF was 8 or 9 o’clock or was at 
10 o’clock with the highest deformation location not 
coded as front (F). 
 
Rear crashes were determined to be any crash where 
the PDOF was 5, 6 or 7 o’clock. 

Rollover crashes were determined to be any crash 
where a rollover was indicated by the variable 
ROLLOVER. It is important to note that crashes with 
any involvement of rollover were included as a 
rollover crash; hence multiple impacts with any other 
planar impact occurring first would also be included 
as a rollover crash. A classification of rollover 
indicates that a rollover event was involved in the 
crash at some point.  

All crashes not meeting the criteria of the other 
aforementioned crash directions was labeled as 
‘Other.’ About 25% of NASS cases exhibit 
complexities of the crash mode so that they do not fit 
the defined categories for frontal, side, rear and 
rollover. 

Tables 8 and 9 show the distribution by crash mode 
of all fire crashes and the major and minor fires for 
each crash mode.  Tables of both weighted and 
unweighted data are shown. 

Table 8. Distribution of No Fire and Fire Cases in 
NASS/CDS by the Fire Severity and Crash Mode - 

Unweighted
Unwgt

Type Minor Major All Fire All Crashes
Frontal 50% 50% 55% 45%
Side 49% 51% 10% 13%
Rear 23% 77% 7% 5%
Rollover 49% 51% 22% 11%
Other 23% 77% 6% 26%
Total 46% 54% 100% 100%

Fire Severity All Fire and Crashes

 

Table 9. Distribution of No Fire and Fire Cases in 
NASS/CDS by the Fire Severity and Crash Mode 

Weighted 
Weighted
Type Minor Major All Fire All Crashes
Frontal 57% 43% 50% 42%
Side 55% 45% 6% 12%
Rear 23% 77% 5% 6%
Rollover 49% 51% 27% 8%
Other 48% 52% 12% 32%
Total 52% 48% 100% 100%

Fire Severity All Fire and Crashes

 

Table 10 shows the distribution vehicle fires in 
NASS by crash direction and fire severity for 
weighted and unweighted data. 
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Table 10. Distribution of Fire Cases in NASS/CDS 
by the Fire Severity and Crash Direction – 
NASS/CDS 1994-2004 – Unweighted and 

Weighted Data 

Type Minor Major Minor Major
Frontal 59% 51% 55% 45%
Side 11% 10% 6% 6%
Rear 4% 10% 2% 8%
Rollover 23% 21% 25% 29%
Other 3% 9% 11% 13%
Total 100% 100% 100% 100%

Unweighted Weighted

 

Figure 2 shows the frequency of fires per 100 crashes 
for each crash mode.  The denominator for the rate 
calculation is the total number of crashes in the crash 
mode under consideration. 
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Figure 2. Rates of Crashes with Fires and Crashes 
with Major Fires, by Crash Direction – NASS 
1995-2004 

Tables 11 and 12 display the distribution of fire 
origin by crash direction.  Fires of all severity are 
included in the data.  The abbreviations are for 
occupant compartment and engine compartment.  
Fires originating in the cargo/trunk and other areas 
are included in the Ext. category. Tables for both 
unweighted and weighted data are shown. 

Table 11. Fire Origin in Crashes by Crash 
Direction, Fires of All Severity; NASS/CDS 1994-

2004 –Unweighted Data 

Unwgt
Eng. 

Comp.
Fuel 
Tank

Occ. 
Comp. Exter. Unk

Frontal 86% 2% 3% 5% 3%
Side 54% 26% 4% 7% 9%
Rear 18% 54% 4% 14% 11%
Roll 63% 20% 3% 5% 9%
Other 59% 12% 0% 6% 24%
All 72% 13% 3% 6% 6%  

Table 12. Fire Origin in Crashes by Crash 
Direction, Fires of All Severity; NASS/CDS 1994-

2004 –Weighted Data 

Weight
Eng. 

Comp.
Fuel 
Tank

Occ. 
Comp. Exter. Unk

Frontal 93% 1% 1% 4% 1%
Side 59% 30% 3% 2% 5%
Rear 26% 58% 1% 12% 4%
Roll 66% 28% 1% 2% 3%
Other 80% 15% 0% 0% 5%
All 78% 15% 1% 4% 2%  

Table 13 displays the distribution of fire origin 
recorded in NASS for fires of all severity and crashes 
in all directions.  The ‘Exterior’ cell includes fires 
from the trunk, wheels and other areas outside the 
passenger compartment. 

Table 13. Fire Origin in Crashes by Crash 
Direction, Fires of All Severity and All Crash 

Directions; NASS/CDS 1995-2004 – Weighted and 
Unweighted Data (Bahouth, 2006) 

Type Minor Major Minor Major
Eng. Com. 87% 51% 84% 61%
Fuel Tank 2% 22% 1% 29%
Occ. Com. 3% 21% 10% 2%
Exterior 7% 6% 5% 8%

Unweighted Weighted

 

ENGINE COMPARTMENT FIRES 

The previous tables have shown the prevalence of 
engine compartment fires that occur in NASS 
crashes.  A further examination of these fires is 
merited.  A study by PIRE investigated the damage 
patterns that are associated with engine compartment 
fires [Bahouth, 2006].  Some of the results are 
summarized in the tables and figures to follow. 

Table 14 shows the distribution of crashes with 
engine compartment fires by crash direction.  Other 
locations not shown in the figure include the trunk 
area, passenger compartment, instrument panel and 
wheels/brakes. 
 
Table 14. Vehicle Populations where Fire Origin 
was Engine Compartment  - NASS CDS 1995-
2004  - Unweighted and Weighted 
Damage Area Unweighted Weighted
Front 84% 89%
Rear 1% 0%
Left 9% 7%
Right 6% 4%  
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Figure 3. Damage Patterns where Fire Origin is 
Engine Compartment - NASS CDS 1995-2004 
Weighted 

Figure 3 shows the 5th, 25th and 50th percentile 
damage patterns for crashes where a fire originated in 
the engine compartment.  As shown in Table 13, 
these are largely frontal crashes.  However a small 
population of side crashes and rollover events results 
in engine compartment fires as well.  This analysis 
did not include the rollover crashes with engine 
compartment fires. 
 
A case by case study of major fires in rollovers found 
that in 17 of 24 NASS cases, the fire origin was in the 
engine compartment [Digges 2007].  About half of 
these fires were in rollovers that were induced by 
tripping mechanisms with the wheels coded as the 
impact location.  It was observed that these engine 
compartment fires could occur without severe 
damage to the vehicle except for the roof.  This type 
of vehicle damage is illustrated in Figures 4 and 5. 

 

Figure 4. Major Fire after Rollover with Engine 
Compartment Origin – NASS Case 1997-41-126 

 

Figure 5. Major Fire after Rollover with Engine 
Compartment Origin – NASS Case 2001-18-58 

A case-by-case study of major fires in frontal crashes 
found that run-off-the road and pole impacts were the 
most frequent characteristics of engine compartment 
fires in the NASS cases studied [Digges 2008]. 
 
STATE DATA ANALYSIS 
 
Analysis of state data was performed under contract 
with Friedman Research Corporation (Friedman 2003 
and 2005).  Four states were found to record fire data 
along with crash direction and severity.  The analysis 
found that the highest fire rates for both passenger 
cars and LTV’s was in rollover crashes.   
 
In the 2005 report, Friedman examined attributes of 
pickup trucks that may have been associated with 
large reduction in fire rates observed in FARS during 
the period 1979-2001 [Friedman 2005 and 2006].  
Fuel injection appears to have reduced the fire rates.  
There was no consistent difference regarding engine 
size, but for one pickup model, the I6 had a lower fire 
rate than the V8.  Check valves appeared to reduce 
the fire rate in rear impacts.  Fuel cut-off switches 
appeared to be beneficial in rollovers. 
 
DISCUSSION 
 
In recent model year passenger vehicles, the fire 
threat has increased in frontal crashes and rollovers.  
The most frequent fire origin is the engine 
compartment.  About half of the engine compartment 
fires spread to the occupant compartment.  There is 
generally more time to  escape from these fires as 
compared to fires with a fuel tank origin.  However, 
entrapment occurs in about 23% of FARS cases with 
fire as the MHE.  Continued improvement in egress 
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and rescue offer promise of further reductions of fire 
related casualties.  Control of engine compartment 
fluid leakage and of electrical isolation in all crashes, 
including rollovers, are other promising fire safety 
countermeasures. 
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ABSTRACT 

Objective – Public concern has arisen about the re-
liability of front airbags because Fatality Analysis 
Reporting System (FARS) data indicate many non-
deployed airbags in fatal frontal crashes. However, 
the accuracy of airbag deployment, the variable in 
question, is uncertain. This study aimed to provide 
more certain estimates of nondeployment incidence 
in fatal frontal crashes. 

Methods – Fatally injured passenger vehicle drivers 
and right-front passengers in frontal crashes were 
identified in two US databases for calendar years 
1998-2006 and model years 1994-2006: FARS, a 
census of police-reported fatal crashes on public 
roads, and National Automotive Sampling Sys-
tem/Crashworthiness Data System (NASS/CDS), a 
probability sample of towaway crashes. NASS/CDS 
contains subsets of fatal crashes in FARS and collects 
detailed data using crash investigators. Front airbag 
deployment coding for front-seat occupant fatalities 
was compared in FARS and NASS/CDS, and case 
reviews were conducted.  

Results – Among FARS frontal deaths with available 
deployment status (N=43,169), front airbags were 
coded as not deployed for 18% of front occupants. In 
comparison, NASS/CDS (N=628) reported 9% 
(weighted estimate) nondeployment among front 
occupants killed. Among crashes common to both 
databases, NASS/CDS reported deployments for 45% 
of front occupant deaths for which FARS had coded 
nondeployments. Detailed case reviews of NASS/ 
CDS crashes indicated highly accurate coding for 
deployment status. Based on this case review, 8% 
(weighted estimate) of front occupant deaths in fron-
tal crashes appeared to involve airbag nondeploy-
ments; 1-2% of deaths represented potential system 

failures where deployments would have been ex-
pected. Airbag deployments appeared unwarranted in 
most nondeployments based on crash characteristics. 

Discussion – FARS data overstate the magnitude of 
the problem of airbag deployment failures. There are 
inherent uncertainties in judgments about whether or 
not airbags would be expected to deploy in some 
crashes. Continued monitoring of airbag performance 
is warranted.  

INTRODUCTION 

Front airbags prevent deaths in frontal collisions [1-
8]. Front airbags work in tandem with seat belts to 
restrain front-seat occupants by inflating when sen-
sors, measuring acceleration, indicate a moderate to 
severe frontal impact [9]. 

Recent media reports raised the possibility of wide-
spread instances of front-seat occupants dying in 
crashes because front airbags failed to deploy. 
Based on data from the US Fatality Analysis Re-
porting System (FARS), The Kansas City Star pub-
lished a series of articles estimating that during 
2001-2006, 1,400 deaths occurred in frontal crashes 
in which airbags failed to deploy [10,11]. In an in-
ternal report based on deaths included in the Na-
tional Automotive Sampling System/Crashworthi-
ness Data System (NASS/CDS), the National High-
way Traffic Safety Administration (NHTSA) [12] 
estimated that during 2001-06, 576 people died in 
crashes in which front airbags did not deploy and 
that 360 of those who died would have benefited 
from front airbag protection [13].  

As airbags became common in the vehicle fleet dur-
ing 1988-97, some people — particularly infants in 
rear-facing child safety seats, unrestrained older 
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children, and short drivers sitting too close to deploy-
ing airbags — received airbag-induced fatal or se-
rious injuries during low-speed crashes that otherwise 
would not have resulted in major injury [1,4,6,14-16]. 
Consequently, airbag designs were changed to reduce 
inflation energy and the frequency of airbag deploy-
ments in low-speed crashes [17]. These redesigns 
have successfully reduced airbag-induced deaths 
among child passengers and do not appear to have 
compromised protection among adults [7,17-27]. 

For first generation front airbags, crash test perfor-
mance was certified by conducting 30 mph (48 
km/h) head-on, full-frontal, rigid-barrier tests of 
unbelted 50th percentile male dummies. The next 
generation of airbags began with model year 1998, 
when NHTSA gave automobile manufacturers the 
option of certifying frontal crash performance for 
unbelted male dummies with 30 mph sled tests. The 
sled tests specified by the regulation had a longer 
crash pulse than rigid-barrier tests, enabling airbags 
to inflate with about 20-30% less energy (known as 
depowering) [17].  

A subsequent federal rule required automakers to 
phase in advanced airbags with features that would 
tailor deployment to crash severity and occupant cha-
racteristics such as seat belt status, occupant weight, 
seating position, and presence of rear-facing child seat 
[28]. In particular, the latest generation of airbags is 
designed to deploy at higher crash severities for belted 
front occupants than for unbelted occupants. For the 
remainder of this paper, the latest generation of air-
bags will be referred to as certified-advanced airbags. 
Starting in model year 2003, some vehicles were 
equipped with certified-advanced airbags. By model 
year 2007, all new passenger vehicles were required 
to have certified-advanced airbags.  

The primary objective of this study was to estimate 
the incidence of front airbag non-deployment in fron-
tal crashes in which drivers or right-front passengers 
died. Another objective was to assess the complete-
ness and accuracy of the information on airbag dep-
loyment in FARS, which is the leading source of data 
on fatal crashes in the United States.  

METHODS 

Data Sources 

Two national US databases, maintained by NHTSA, 
provided information on front airbag nondeployments 
in fatal frontal crashes. The first was FARS, a census 
of fatal crashes on US public roads in which a death 
occurred within 30 days of the crash; documented 

suicides are excluded [29]. FARS data come from 
police crash reports, and the completeness and relia-
bility of the data differ by variable, police agency, 
and individual officer. Although airbag deployment 
would appear to be readily verifiable by police offic-
ers at the crash scene, the accuracy of FARS coding 
of front airbag deployment has not been established.  

The second database was NASS/CDS, a national 
probability sample of US police-reported towaway 
crashes [30]. NASS/CDS collects data for 5,000 
crashes annually, including a subset of FARS fatal 
crashes. NASS/CDS crash investigators collect de-
tailed data including whether airbags deployed. Qual-
ity control centers provide oversight. Using both 
FARS and NASS/CDS, data on airbag deployments 
were obtained for drivers and right-front passengers 
fatally injured in crashes during 1998-2006 in airbag-
equipped vehicles (model years 1994-2006).  

Vehicle make, model, model year, and presence of 
front airbags were based on decoded vehicle identifi-
cation numbers (VINs) contained in the federal data-
bases. Vindicator software from the Highway Loss 
Data Institute (HLDI) was used for this purpose [31].  

Additional sources of data were used to ascertain 
whether crash-involved vehicles had first-generation, 
sled-certified, or a certified-advanced airbags [22]. 
These sources included NHTSA brochures [32], a 
NHTSA website [33], and the 1998-2000 National 
Automotive Sampling System/Crashworthiness Data 
System (NASS/CDS) manual [34].  

Variable Definitions  

Frontal collision – The study examined only front-
seat occupants involved in frontal collisions, the type 
of crash in which front airbags are designed to pro-
vide protection. Each database had a different method 
of coding crash type. In FARS, frontal crashes were 
defined as having a principal impact of 11, 12, or 1 
o’clock; if the principal impact was missing, then the 
initial impact clock position was used. In NASS/ 
CDS, frontal crashes were those in which the general 
area of vehicle damage was coded as front for the 
most severe Collision Deformation Classification 
(crush profile).  

Deployment – Nondeployment incidence in FARS 
and NASS/CDS was estimated after excluding occu-
pants who were coded as having front airbags that 
had been disabled or removed, or missing deploy-
ment information. In NASS/CDS, occupants were 
eligible for study only if a crash investigator had ex-
amined the vehicle.  
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Airbag generation – Airbag generations were de-
fined as first generation (model years 1994-97), sled-
certified (model years 1998-2005 and reported as 
sled-certified), or certified-advanced (model years 
2003-2006 and reported as certified-advanced).  

Data Analyses  

The primary outcome was front airbag nondeploy-
ment following involvement in frontal crashes as 
coded by FARS and NASS/CDS. Chi-square tests of 
proportions were used for some comparisons. Data 
analyses were conducted using SAS 9.1 and Micro-
soft Excel [35, 36].  

To compare coding of airbag deployment status di-
rectly between FARS and NASS/CDS, front occu-
pant fatalities contained in both databases were 
matched. Unique personal identifiers are not availa-
ble from public datasets so other variables were used 
for matching. To be considered a valid match, FARS 
fatalities had to match NASS/CDS on crash year, 
state in which the crash occurred, seat position, crash 
month and first 10 digits of the VIN. Cases also were 
required to match at least two of the following crite-
ria: day of week, gender, and age within one year. In 
a small number of matched cases, the FARS VIN 
either was missing or was erroneous but similar to the 
NASS/CDS VIN. Ultimately, 1,655 deaths of 1,700 
NASS/CDS deaths were identified in FARS (97% 
match rate).  

Weighted NASS/CDS data were used to generate 
national estimates, and unweighted NASS/CDS data 
were used for comparisons of coding. All FARS front 
occupant deaths during 1998-2006 for model years 
1994-2006 numbered 121,514, but NASS/CDS case 
weights for the same categories of front occupant 
deaths during that period totaled 85,869. Thus, 
NASS/CDS underrepresents the true number of US 
deaths (ratio of FARS to NASS/CDS deaths = 1.415). 
To estimate numbers of front occupant deaths by 
deployment category, case weights in NASS/CDS 
were multiplied by 1.415 to account for NASS/ 
CDS’s underrepresentation of deaths. 

Case reviews – During 1998-2006 for model years 
1994-2006, a total of 628 deaths among drivers and 
right-front passengers were coded as frontal in 
NASS/CDS. All of these cases were reviewed to veri-
fy deployment status. Engineers conducted compre-
hensive reviews of those deaths in which NASS/CDS 
coded nondeployment, disabled/removed airbag, or 
missing deployment status. A few deaths were reclas-
sified as belonging to a different category.  

RESULTS 

Incidence of Nondeploying Airbags  

No differences were observed in deployments be-
tween drivers and right-front passengers so they were 
combined for analyses (data not shown). After ex-
cluding deaths with missing airbag deployment data, 
FARS reported nondeployments in 18 percent of 
front occupant deaths in frontal crashes during 1998-
2006 (Table 1). NASS/CDS reported 9 percent non-
deployment (weighted). In NASS/CDS, first-genera-
tion airbags had significantly lower nondeployments 
compared with sled-certified airbags (weighted 7% 
vs. 11%; p < 0.001). Statistical tests could not be 
performed for certified-advanced airbags because 
only 28 NASS/CDS deaths had these airbags.  

Comparisons of Coding among Front Occupant 
Deaths Included in both FARS and NASS/CDS  

Among the 1,655 NASS/CDS front occupant deaths 
successfully matched to a FARS record, FARS clas-
sified 787 deaths as occurring in frontal crashes whe-
reas NASS/CDS classified 606 as frontal crashes 
(Table 2). Thirty-two percent of crashes deemed to be 
frontal by FARS were considered nonfrontal by 
NASS/CDS; differences were statistically significant 
(p < 0.001). 

For the 538 deaths that were considered as occurring 
in frontal crashes by both databases, FARS and 
NASS/CDS agreed on airbag deployment status in 
75% of the cases (Table 3). Deployment coding dif-
ferences in NASS/CDS versus FARS were statistical-
ly significant (p < 0.001). In this subset of matched 
cases, deployment status was coded as unknown in 
21% of deaths in FARS and 5% in NASS/CDS. Of 
the 42 deaths where FARS coded a nondeployment, 
NASS/CDS reported that 19 (45%) airbags actually 
had deployed.  

The accuracy of FARS deployment coding appeared 
to increase over time among the matched deaths 
based on agreement with NASS/CDS coding, al-
though the increase was not significant using the 
Breslow-Day test of homogeneity. Among nondep-
loyments coded by FARS, percentages that 
NASS/CDS coded as deployed were 67% during 
calendar years 1998-2000 versus 42% during 2004-
2006 (data not shown). 
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Table 1. 
Coding of front airbag performance in frontal1 crashes in which drivers or right-front passengers died 

by airbag generation,2 FARS and NASS/CDS, model years 1994-2006, calendar years 1998-2006 

Data source, 
Deployment status 

First 
generation 

 Sled- 
certified 

 Certified- 
advanced 

 All front 
airbags3 

No. %4  No. %4  No. %4  No. %4 

FARS (Deaths)            
Deployed 14,496 84  18,548 81  1,183 78  35,320 82 
Not deployed 2,858 16  4,465 19  336 22  7,849 18 
Unknown 6,823   6,792   444   14,467  
Switched off/disabled 47   60   0   108  
Other 81   107   9   202  

Total 24,305   29,972   1,972   57,946 
 

NASS/CDS (Unweighted)            
Deployed 211 95  294 90  25 96  548 93 
Not deployed 12 5  31 10  1 4  44 7 
Unknown 13   12   2   27  
Switched off/disabled 5   4   0   9  

Total 241   341   28   628 
 

NASS/CDS (Weighted)            
Deployed 10,149 93  15,547 89  813 96  27,414 91 
Not deployed 782 7  1,899 11  34 4  2,714 9 
Unknown 981   736   201   1,918  
Switched off/disabled 103   245   0   348  

Total 12,015   18,427   1,048   32,394  

1FARS: Frontal defined as 11, 12, 1 o’clock principal impact point (or initial impact point among 335 deaths where prin-
cipal was missing); NASS/CDS: Frontal defined as principal area of damage from collision deformation classification. 

2First-generation airbags: rigid barrier test (model years 1994-97); sled-certified airbags: sled test (model years 1998-05); 
certified advanced airbags: certified as advanced and compliant with federal standards for occupant crash protection 
(model years 2003-06). 

3Total also includes airbags that did not fall into airbag generation categories, such as those tested using rigid barriers after 
model year 1997. 

4Percentages exclude missing airbag deployment data and inactivated airbags. 
 
 
 

Table 2. 
Comparison of principal impact point codes among front occupant deaths included in both 

FARS and NASS/CDS, model years 1994-2006, calendar years 1998-2006 

 FARS Coding   
 Frontal  Not frontal  Total 
NASS/CDS Coding No. %  No.  %  No. % 

Frontal 5381 68      68     8  606 37 
Not frontal    249     32     800     92    1,049     63 
Total 787 100  868 100  1,655 100 

1χ2=651.54, 1 df; p < 0.001 
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Table 3. 
Comparison of front airbag deployment coding among front occupant deaths in 

NASS/CDS that were matched to FARS and coded as frontal crashes by both databases, 
model years 1994-2006, calendar years 1998-2006 

 FARS Coding   

 Deployed  
Not 

deployed  
Off/ 

disabled  Unknown  
Nonfrontal 
deployment  Total 

NASS/CDS Coding No. %  No.  %  No.  %  No.  %  No.  %  No.  % 

Deployed 3691 98  19 45  0 –  85 74  1 –  474 88 
Not deployed 5 1  13 31  1 –  11 10  1 –  31 6 
Off/disabled 0 0  6 14  1 –  1 1  0 –  8 1 
Unknown      3      1      4    10    0 –     18    16    0 –      25      5 
Total 377 100  42 100  2 –  115 100  2 –  538 100 

1χ2=221.36, 12 df; p < 0.001 
 

Case Reviews of NASS/CDS Front Occupant Deaths 
and National Estimates by Deployment Status  

After reviewing case photographs and other crash 
investigation records for all 628 NASS/CDS front-
occupant deaths coded as frontal during 1998-2006, 4 
errors in deployment codes were identified: 2 airbags 
coded as nondeployed were switched off; 1 airbag 
coded as switched off was not switched off but was 
an instance of nondeployment; 1 airbag with un-
known deployment status had been removed prior to 
the crash (Table 4). No deployment coding errors 
were observed among any front occupant deaths in 
which NASS/CDS indicated that front airbags had 
deployed. After accounting for the 4 coding errors, 
the weighted percentage of front occupant deaths 
involving an airbag nondeployment was 8 percent, 
and the weighted percentage with a switched 
off/removed airbag was 2 percent.  

Of the 43 verified nondeployments, 25 were in crash-
es in which deployment typically would not be ex-
pected and 11 were in crashes in which deployment 
would have been expected based on crash severity 
and other characteristics (Table 4). An additional 6 
deaths were classified as borderline, defined as 
crashes in which a deployment would not have been 
surprising, but was not necessarily expected. The 
category for 1 death could not be determined.  

Of the 11 deaths where deployments would have 
been expected, all but 3 likely would have benefitted 
if front airbags had deployed (Table 5). In the border-
line cases, benefits from airbag deployments were 
considered unlikely for 4 of the 6 deaths because of 
passenger compartment intrusion and other crash 
characteristics.  

After calculating case weights from NASS/CDS for 
deaths with nondeployed airbags by categories of 
nondeployment, the case weights were multiplied by 
1.415 to yield adjusted national estimates (Table 4). 
The resulting estimates were 449 deaths in which 
airbags would have been expected to deploy and 
another 464 deaths classified as borderline expected 
deployments during 1998-2006. This yielded 50-101 
annual deaths, on average, in which airbags did not 
deploy and were potential system failures during the 
9-year study period. 

Reasons for nondeployment among the 17 deaths 
where deployments would have been expected or 
were classified as borderline were unclear (Table 5). 
One vehicle had an airbag recall issue that likely was 
the reason for nondeployment, whereas several ve-
hicles had airbag recall issues that appeared unrelated 
to nondeployment. Repair histories could not be as-
certained for airbags that had been recalled.  

Several factors were responsible among the 25 ve-
hicles in which the airbag was not expected to dep-
loy. In 10 crashes, the most significant event was a 
rollover, and in many cases the occupant was ejected 
during the rollover. Five vehicles had frontal crashes, 
but these were complete underrides with large trucks 
in which the vehicle hood was not contacted. Four 
crashes were more consistent with side impacts, and 
in 3 of these crashes the driver was ejected through 
the side window. In 3 of the crashes, the fatality was 
caused by a foreign object striking the driver through 
the windshield. Finally, in 3 crashes, the vehicle had 
sufficiently low delta V values that an airbag would 
not be expected to deploy. In 2 of these crashes, the 
fatality was possibly due to a pre-existing medical 
condition.
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Table 4. 
Judgments regarding nondeployment, revised coding, and adjusted national estimates based on IIHS case 

reviews of front airbag performance in frontal crashes in which drivers or right-front passengers died, 
NASS/CDS, model years 1994-2006, calendar years 1998-2006 

 Original codes  

IIHS judgments and 
revised codes and 

case weights  
IIHS adjusted 

national estimates1 
Deployment status No. %2  No. %2  No. %2 

(Unweighted) 

Deaths 

        

Deployed 548 91  5483 91  − − 
Not deployed 44 7  43 7  − − 

Not expected to deploy – −  25 4  − − 
Expected to deploy − −  11 2  − − 
Borderline − −  6 1  − − 
Unknown − −  1 0  − − 

Unknown 27 −  26 −  − − 
Switched off/disabled       9       1      11       2  − − 
Total 628 100  628 100  − − 

(Weighted)         
Deployed 27,414 90  27,414 90  38,791 90 
Not deployed 2,714 9  2,543 8  3,598 8 

Not expected to deploy − −  1,890 6  2,674 6 
Expected to deploy − −  317    1  449  1 
Borderline − −  328    1  464  1 
Unknown − −  8    0  11   0 

Unknown 1,918 −  1,851 −  2,619 − 
Switched off/disabled       348       1        586       2        829       2 
Total 32,394 100  32,394 100  45,838 100 

1NASS/CDS case weights were multiplied by 1.415 to address underrepresentation of deaths in NASS/CDS (based on 
ratio of FARS to NASS/CDS front occupant deaths). 

2Percentages exclude missing data. 
3Included 5 deaths in which vehicles had caught fire post-crash and NASS/CDS investigators judged that deployment had 
occurred, but extensive damage made photographs difficult to interpret by IIHS reviewers. 

 

Among deaths with nondeployed airbags, there were 
13 with first-generation airbags, 31 with sled-
certified airbags, and 1 with certified-advanced air-
bags. Deaths with nondeployments in vehicles with 
sled-certified airbags were significantly less likely to 
be classified as expected to deploy or borderline 
compared with deaths in vehicles with first-
generation airbags (weighted, p < 0.001).  

DISCUSSION 

FARS data suggested that front airbags failed to dep-
loy in 18 percent of frontal crashes fatal to drivers 
and right-front passengers in cases where information 
on deployment was available. However, these were 
overestimates based on findings for fatal crashes in-

cluded in NASS/CDS, which reported 9 percent non-
deployment and 1 percent disabled/removed airbags 
among drivers and right-front passengers killed in 
crashes. Based on NASS/CDS case reviews, the per-
centage of nondeployments was revised downward to 
8%, and 1-2% of deaths represented potential system 
failures where deployment would have been ex-
pected. Some of these deaths could not have been 
prevented by deployed airbags. 

Review of all 628 NASS/CDS front occupant deaths 
in frontal crashes during 1998-2006 indicated a high 
level of accuracy in the NASS/CDS coding of airbag 
deployment; only 4 errors were detected in classify-
ing deployment status. The strongest evidence of 
FARS overstatement of nondeployments arose from 
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comparison of coding among fatal crashes included 
in both FARS and NASS/CDS, which indicated that 
half of the FARS deaths coded as nondeployments 
were misclassified. FARS deployment coding accu-
racy might be improving over time; among deaths 
included in both NASS/CDS and FARS, the agree-
ment of FARS and NASS deployment codes im-
proved between 1998-2000 and 2004-06. 

In a substantial number of front occupant deaths, 
FARS and NASS/CDS disagreed about whether the 
principal impact point was frontal, with NASS/CDS 
classifying fewer of them as frontal. Assuming that 
NASS/CDS codes principal impact point more accu-
rately, one reason for FARS overestimates of airbag 
nondeployment in crashes considered as frontal by 
FARS is misclassification of nonfrontal crashes as 
frontal by FARS. Because front airbags are not de-
signed to deploy in nonfrontal crashes, this likely 
resulted in inflated FARS percentages of non-
deploying airbags in frontal crashes. Case reviews of 
nondeployments showed that NASS/CDS misidenti-
fied some crashes as frontal, although this would be 
expected to occur less often than in FARS as vehicles 
are inspected by crash investigators. The authors 
were unable to review all 1,700 deaths in NASS/CDS 
to determine how often impact point was miscoded 
by NASS/CDS. National estimates of the numbers of 
deaths in frontal crashes in which airbags did not 
deploy could either be overstated or understated de-
pending on the true frequency of fatal frontal crashes 
and their deployment status.  

An additional problem with FARS was the high per-
centage of front occupants whose airbag deployment 
status was unknown. Missing data may result in inac-
curate estimates of nondeployment. One implication 
is that studies of airbag effectiveness using FARS 
should use airbag presence rather than airbag dep-
loyment because of missing and misclassified dep-
loyment data in FARS.  

The inaccuracies in FARS may stem partly from the 
lack of uniformity among state police crash report 
forms and coding practices. Some states have airbag 
deployment as a separate variable on the police crash 
report forms; others do not. At least three states 
(Florida, Maryland, and Indiana) have a category 
known as “Safety Equipment” in which police are 
supposed to code airbags only if they deployed.  

In NASS/CDS, nondeployments were significantly 
less common among first-generation airbags com-
pared with later airbag generations. Yet non-
deployments categorized as expected to deploy or 
borderline were significantly more common for first-

generation airbags relative to sled-certified airbags. 
These results suggest improved deployment algo-
rithms among sled-certified vehicles, but must be 
interpreted cautiously because of small numbers in 
NASS/CDS.  

Match rates for deaths included in both FARS and 
NASS/CDS were high (97%) and were based on mul-
tiple variables, lessening the likelihood of inaccurate 
identification of fatal crashes. A limitation of the 
study was small numbers of deaths among occupants 
with certified-advanced airbags. Another limitation 
stems from the inherent uncertainties of researchers 
making judgments about whether or not an airbag 
would be expected to deploy in some crashes and 
whether airbag deployments in individual crashes 
would have reduced injury severity. To address this 
challenge, three engineers reviewed the cases.  

Since the first reports of airbag-induced fatalities 
started appearing, regulators, automobile manufac-
turers, and airbag manufacturers have been engaged 
in an effort to prevent such fatalities and injuries 
while designing airbags that deploy appropriately 
when front occupants need their protection. Different 
manufacturers have reached different conclusions on 
the optimal algorithms for triggering airbags and how 
to protect out-of-position occupants from deploy-
ment-related injuries. Several of the crashes involved 
minor frontal impacts prior to the most severe frontal 
crash, and the effect of these impacts on the airbag 
system is unknown. Certified-advanced airbags, 
which can suppress deployment or vary the degree of 
airbag inflation, are intended to balance protection 
versus risk to front occupants.  

CONCLUSIONS 

Failures of front airbags to deploy in crashes in which 
drivers or right-front passengers died and in which the 
front airbags usually would be expected to deploy 
appear to be relatively uncommon and far less fre-
quent than suggested by FARS data. NHTSA should 
take steps to improve the accuracy of airbag deploy-
ment coding in FARS. Findings of this study were 
consistent with the internal NHTSA (2008) analysis. 
Nonetheless, the estimated number of front occupant 
deaths in which front airbags were expected to deploy 
is of concern. Examination of airbag system compo-
nents and further in-depth investigations of vehicles 
with nondeployments would be useful to help shed 
light on what is occurring and whether there are poss-
ible countermeasures. Continued monitoring of front 
airbag performance is warranted, particularly for the 
newest generation of advanced airbags that are de-
signed to optimize front airbag deployment. 



 

Braver 8 

Table 5. 
IIHS case reviews of 43 driver and right-front passenger frontal crash deaths with 

front airbags verified as not having deployed, NASS/CDS, model years 1994-06, calendar years 1998-06 
 

Deployment 
classification 
based on 
case review 

Possible 
reasons for 
nondeployment 

Seat 
position 

Airbag 
generation 

Delta-
V1 mph 
(NASS/ 
CDS) 

Would 
airbag 
have been 
beneficial? Other comments 

NASS/CDS 
case 

Vehicle 
make/model 

Model 
year 

Expected to 
deploy 

Airbag recall 
issue 

Driver Sled-
certified 

 Yes - Passenger airbag deployed 2006-74-195B Dodge Truck - 
Caravan Van 

2000 

Expected to 
deploy 

Unknown Driver First  
generation 

 No - Passenger airbag deployed, 
although underride crash 

2000-78-19A Chevy/GEO - 
Lumina 4D 

1997 

Expected to 
deploy 

Unknown Driver Sled-
certified 

40 Yes  2001-12-116A GMC Truck - 
S15/Sonoma Pickup 

2000 

Expected to 
deploy 

Unknown RFPass Sled-
certified 

19 Yes - Apparently unrelated airbag 
recall issue 

2004-3-96B Honda - 
Civic 2D Coupe 

1998 

Expected to 
deploy 

Unknown Driver Sled-
certified 

 Yes  2004-43-323B Toyota - 
Tacoma PU X Cab 

1998 

Expected to 
deploy 

Unknown RFPass Certified-
advanced 

 Yes  2004-47-83A Chevy/GEO Truck - 
Slvrdo 1500 PU E C  

2003 

Expected to 
deploy 

Unknown Driver Sled-
certified 

29 Yes  2005-50-18B Chevy/GEO- 
Cavalier 2D 

1998 

Expected to 
deploy 

Unknown Driver Sled-
certified 

 Unlikely  2006-3-121B Honda - 
Accord 4D 

2003 

Expected to 
deploy 

Unknown Driver First  
generation 

 Yes - Apparently unrelated airbag 
recall issue 

- Passenger airbag deployed 

2006-43-149A Mazda - 
Protégé 4D 

1995 

Expected to 
deploy 

Unknown Driver Sled-
certified 

35 Yes  2006-78-47B Daewoo - 
Lanos 4D 

2000 

Expected to 
deploy 

Unknown Driver First  
generation 

42 No - Incorrectly coded in NASS 
as vehicle not having airbag 

2005-45-88B Chevy/GEO - 
10/1500 Pickup ½ T 

1996 

Borderline Unknown Driver First  
generation 

 Possibly - Oblique impacts 1998-45-165J Honda - 
Accord 4D 

1996 
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Deployment 
classification 
based on 
case review 

Possible 
reasons for 
nondeployment 

Seat 
position 

Airbag 
generation 

Delta-
V1 mph 
(NASS/ 
CDS) 

Would 
airbag 
have been 
beneficial? Other comments 

NASS/CDS 
case 

Vehicle 
make/model 

Model 
year 

Borderline Unknown Driver Sled-
certified 

 No - Possible airbag recall issue 
- Driver side thorax airbag 

deployed 

2000-76-139A GMC Truck - 
Yukon 4D 

2000 

Borderline Unknown Driver Sled-
certified 

 No - Vehicle rolled over 2005-73-161B Chevy/GEO Truck - 
Astro EXT Van 

1999 

Borderline Unknown Driver First  
generation 

16 Yes  2006-43-198B GMC Truck - 
Suburban ½T 4D 

1996 

Borderline Unknown Driver First  
generation 

 Unlikely - Vehicle rolled over 2006-45-117B Chevy/GEO Truck - 
S10 Blazer 4D 

1996 

Borderline Unknown Driver Sled-
certified 

18 No - Injuries due to intrusion 
directly into greenhouse 

2006-50-83B Hyundai - 
Tiburon 2D 

2000 

Not expected 
to deploy 

Complete un-
derride 

Driver Sled-
certified 

 No  2000-43-243A Chrysler/Plymouth 
Truck - Voyager Van 

2000 

Not expected 
to deploy 

Complete un-
derride 

RFPass Sled-
certified 

 No  2000-45-160A Toyota - 
Camry 4D 

1998 

Not expected 
to deploy 

Complete un-
derride 

Driver First  
generation 

 No  2001-73-41B GMC Truck - 
Safari EXT Van 

1994 

Not expected 
to deploy 

Complete un-
derride 

Driver Sled-
certified 

 No  2002-47-39A Mazda - 
626 Sedan 

1999 

Not expected 
to deploy 

Complete un-
derride 

Driver First  
generation 

 No  2005-43-3B Chevy/GEO Truck - 
T10 Blazer 4D 

1997 

Not expected 
to deploy 

Foreign object Driver Sled-
certified 

 No - Driver killed by object 
striking windshield prior  
to crash 

2002-11-39J GMC Truck - 
T15 Jimmy 4D 

1999 

Not expected 
to deploy 

Foreign object Driver Sled-
certified 

 No - Snowmobile struck the 
vehicle in the greenhouse 

2003-11-18A Subaru - 
Forester 4D 

2001 

Not expected 
to deploy 

Foreign object Driver Sled-
certified 

 No - Fatality caused by fence  
post entering windshield  
and striking driver  

2005-75-56B Chevy/GEO - 
Cavalier 2D 

1998 
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Deployment 
classification 
based on 
case review 

Possible 
reasons for 
nondeployment 

Seat 
position 

Airbag 
generation 

Delta-
V1 mph 
(NASS/ 
CDS) 

Would 
airbag 
have been 
beneficial? Other comments 

NASS/CDS 
case 

Vehicle 
make/model 

Model 
year 

Not expected 
to deploy 

Low delta-V  Driver First  
generation 

12 No - Reconstruction overesti-
mates delta-V  

1998-11-214B Buick - LeSabre/ 
Centurion/Wildcat 

1994 

Not expected 
to deploy 

Low delta-V  Driver First  
generation 

11 No - Reconstruction overesti-
mates delta-V 

1998-12-40A Chevy/GEO Truck - 
S10 Pickup 

1995 

Not expected 
to deploy 

Low delta-V Driver Sled-
certified 

8 Unknown  2002-81-42A Jeep - 
Grand Cherokee 4D 

2000 

Not expected 
to deploy 

Rollover Driver Sled-
certified 

 Unlikely - Driver ejected during rol-
lover 

2000-75-22A Lexus - 
LX470 4D 

1999 

Not expected 
to deploy 

Rollover Driver First  
generation 

 No - Driver ejected during rol-
lover 

2001-75-152B Chevy/GEO Truck - 
S10 Pickup 

1997 

Not expected 
to deploy 

Rollover Driver Sled-
certified 

7 No - Driver ejected during rol-
lover 

2002-45-157A Ford Truck -  
Expedition 4D 

2003 

Not expected 
to deploy 

Rollover Driver Sled-
certified 

2 No  2002-72-122A GMC Truck- 
Envoy 4D 

2002 

Not expected 
to deploy 

Rollover RFPass Sled-
certified 

 No  2004-3-102A Chevy/GEO - 
Impala 4D 

2001 

Not expected 
to deploy 

Rollover Driver Sled-
certified 

 No  2004-45-126A Ford Truck - 
Ranger Super PU 

2002 

Not expected 
to deploy 

Rollover Driver Sled-
certified 

5 No - Driver ejected during rol-
lover 

2004-73-142B Ford Truck - 
Excursion 4D 

2000 

Not expected 
to deploy 

Rollover Driver Sled-
certified 

11 Unlikely - Driver partially ejected 
during rollover 

2006-8-181B Chevy/GEO Truck - 
T10 Blazer 2D 

2001 

Not expected 
to deploy 

Rollover Driver Sled-
certified 

7 No - Driver partially ejected 
during rollover 

2006-42-149A Kia - 
Sorento 4D 

2004 

Not expected 
to deploy 

Rollover RFPass Sled-
certified 

 No - Right front passenger 
ejected during rollover 

2006-47-61A Ford Truck - 
Ranger Pickup 

2004 

Not expected 
to deploy 

Side impact Driver First  
generation 

 Unlikely - Driver ejected through 
window 

1999-48-78B GMC Truck - 
Yukon 4D 

1995 
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Deployment 
classification 
based on 
case review 

Possible 
reasons for 
nondeployment 

Seat 
position 

Airbag 
generation 

Delta-
V1 mph 
(NASS/ 
CDS) 

Would 
airbag 
have been 
beneficial? Other comments 

NASS/CDS 
case 

Vehicle 
make/model 

Model 
year 

Not expected 
to deploy 

Side impact Driver First  
generation 

 No - Catastrophic intrusion 2000-78-26B Chevy/GEO Truck - 
1500 PU EXT C 1/2T 

1996 

Not expected 
to deploy 

Side impact Driver Sled-
certified 

 Unlikely - Driver ejected and decapi-
tated during complicated 
crash 

2006-48-294B Toyota - 
Tacoma PU 

2000 

Not expected 
to deploy 

Side impact Driver Sled-
certified 

 No - Driver ejected through 
driver door window 

2006-50-12B Chevy/GEO Truck - 
S10 Blazer 4D 

2000 

Unknown  Driver Sled-
certified 

  - Not enough vehicle infor-
mation for determination 

2006-9-169A Chevy/GEO - 
Aveo 4D 

2004 

 

1Longitudinal delta-V calculated by NASS/CDS program. 
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ABSTRACT 

Crash severity can be defined as the potential of a 
crash to cause an injury or fatality. In the National 
Automotive Sampling System – Crashworthiness Data 
System (NASS-CDS), the crash severity of a rollover 
is assessed by estimating the magnitude of maximum 
intrusion and crush in the damaged vehicle. Several 
studies have shown that the number of quarter turns 
and roof intrusion are significant factors influencing 
the injury outcome. These studies mainly investigate 
the relationship between injury severity and vehicle-, 
crash-, or occupant-related variables. The purpose of 
this study is to develop a model that uses both vehicle- 
and crash-related parameters to estimate the rollover 
crash severity based on injury outcome.   
  
In this study, the data mining technique called 
discriminant analysis is used to build a predictive 
model. Of the several rollover-related variables 
considered as candidate predictors, the maximum 
intrusion, number of quarter turns, and estimated 
distance from trip point to final rest position show 
significant correlations with the maximum 
abbreviated injury scale (MAIS) and hence are 
selected as predictors for the model.   
 
Since one of the predictors, the estimated distance 
from trip point to final rest position, was introduced in 
the NASS-CDS data in 2006, this study is based upon 
two years (2006 and 2007) of data. To eliminate the 
confounding effect of external sources of injury, only 
non-ejected occupants are considered. The data is also 
screened to include only the maximum intrusion in the 
vehicle and the occupant with maximum MAIS in the 
vehicle. 
 
The discriminant function is used in building the 
model. Given the specific values of the predictors for 
a rollover case, the final model predicts the injury 
outcome in rollovers as minor, moderate, and severe  

 
 
 
with sufficient accuracy. The model can be used to 
extract comparable rollover cases to understand injury 
mechanisms that can be used to develop vehicle 
crashworthiness countermeasures. 

INTRODUCTION 

The rollover of a vehicle is a complex phenomenon 
involving several pre-rollover maneuvers at varying 
speeds, tripping force, road and off-road terrain, 
vehicle geometry, type of rollover, and direct impact 
with the ground or other object.  Due to this 
complexity, the reconstruction of a rollover is 
extremely difficult as is the estimation of its severity. 
However, the rollover crash parameters can be used to 
assess the crash severity based on the injury outcome.   
 
Several factors have been shown to play roles in 
injury outcome of a rollover crash.  In earlier studies 
researchers have identified the number of quarter 
turns, number of times a roof hits the ground, and 
vertical roof intrusions as statistically significant 
factors that are associated with the injury risk in a 
single vehicle rollover [1, 2, 3, 4.]  These post crash 
parameters are also directly related to the pre-crash 
velocity and crash energy and hence are considered as 
appropriate surrogates for a crash severity measure. 
However, each of these surrogates provides only a 
partial measure of crash severity. Nonetheless, the 
significance of the contribution of each of these 
surrogates to the crash severity can be exploited to 
predict the severity of a rollover crash in terms of 
injury risk. 
 
This study develops a model that can predict the 
injury outcome in rollovers based on certain crash and 
vehicle parameters. The right choice of predictors 
which relate to injury outcome of a crash is crucial in 
the model building process. 
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Descriptive analysis is conducted on NASS-CDS 
rollover data to identify crash severity surrogates 
(rollover parameters) that show statistically significant 
relation with the injury observed in the rollover 
vehicle. These parameters together with the injury 
severity measure, MAIS are then used to develop a 
multidimensional classification model that predicts 
the crash severity in terms of injury outcome.  The 
efficacy of the model is demonstrated through test 
cases not involved in building the model. Weighted 
data are used for both preliminary analysis and model 
development. 

ANALYSIS DATA PREPARATION 

The rollover data from NASS-CDS is used in this 
study.  This crash database is a national representative 
sample of tow-away crashes that occur on US 
highways. Every year, detailed information on vehicle 
damage, injury, and injury mechanism is collected on 
about 4,500 of these light passenger motor vehicle 
crashes [5]. The data consists of over 600 variables 
that describe crash events, damage to vehicle, crash 
forces involved, injuries to the victim and injury 
causation mechanisms for frontal, side, rear, and 
rollovers crashes. In 2006, a number of additional 
rollover-related variables were introduced in the 
NASS-CDS to facilitate comprehensive analyses of 
rollover data.  The new variables include:  
 
• Estimated distance from the trip point to final rest 

position (to be referred to as “estimated distance”): 
The purpose of this variable is to determine the 
estimated distance from trip point to the final rest 
position of the rollover vehicle.  The 
measurements (in meters) are obtained along the 
linear path.   

 
• Maximum vertical and lateral crush: The crush is 

measured on the vehicle component in the 
greenhouse area of the vehicle.  The maximum 
vertical and lateral crushes are measured on the 
exterior of the vehicle and could be at different 
locations. In this study, only maximum vertical 
crush is considered and is referred to as 
“maximum vertical crush.” 

 
• Interrupted roll: In NASS-CDS, a rollover event is 

categorized as interrupted if the vehicle’s rollover 
sequence is acted upon by another vehicle or 
object between the trip point and final rest 
position. As an example, the vehicle strikes a tree 
with its top during the rollover sequence or 
contacts an object in the environment.  This 
impact should have an effect on the distance the 

vehicle would move from the trip point to final 
rest position.    

 
In order to make use of the information available on 
the above described variables, the data used in the 
analysis is limited to the period 2006 to 2007 that 
provided a sample of 1,582 rollover vehicles. This 
sample includes both belted and nonbelted occupants.  
To eliminate irrelevant sources of variation (from a 
statistical point of view,) the data is segmented by 
using the following criteria: 
 

• Injury source: Internal to the vehicle 
 

• Occupants: Non-ejected occupants 13 years and 
older. A partially ejected occupant is included in 
the data if the source of the occupant’s MAIS is 
the vehicle’s interior component.   

 

• VMAIS: Maximum of the MAIS per vehicle. 
Injury risk is evaluated by MAIS for each 
occupant.  The MAIS describes the highest 
abbreviated injury severity score (AIS), based on 
mortality risk sustained by an occupant. The scale 
ranges from minor (AIS 1) through maximum 
(AIS 6) injuries and unknown (AIS 7).  Only the 
occupant with maximum MAIS in the vehicle is 
selected. 
 

• INTRUSION: Maximum value of all intrusions is 
coded for a vehicle.  Intrusion of the windshield, 
hood, outside surface, and exterior objects are 
excluded.  The windshield may sag post-crash, for 
example, in hot weather, thereby providing 
unreliable measurements during vehicle 
inspection. In NASS-CDS the magnitude and 
location of intrusion is coded for each intruding 
component.  Intrusion results whenever the 
internal boundary of the passenger compartment is 
moved inward due to direct or indirect damage 
resulting from the application of a crushing force 
to the exterior of a vehicle. The intrusion is coded 
in the dominant crush direction. For example, the 
roof side rail may have both lateral and vertical 
intrusions.  Only the intrusion with the greater 
magnitude is coded along with the direction of the 
maximum intrusion. 
 

The maximum MAIS observed in the vehicle is not 
linked to maximum intrusion at that seating position.  
In the subsequent discussion, a vehicle selected 
through the above criteria will be referred to as the 
case vehicle. Data cleaning and removal of unknowns 
from the 1,582 case vehicles reduced the sample size 
to 607 that yields weighted estimate of 21,841 case 
vehicles.  
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PRELIMINARY ANALYSIS  

A preliminary analysis is conducted on the weighted 
data to gain insight into the rollover phenomenon. 
Several aspects of the rollovers are considered for this 
purpose. These include the number of quarter turns, 
maximum MAIS for the vehicle, maximum intrusion, 
maximum vertical crush, and whether or not rollover 
was interrupted.   
 
Number of quarter turns in rollovers: In terms of 
quarter turns, 70 percent of rollovers resulted in either 
two (34%) or four (36%) quarter turns (Figure 1).  
Interestingly, a much higher percentage (85%) of 
vehicles had an even number of quarter turns as 
compared with 15 percent that had an odd number of 
quarter turns.   It indicates that at the final rest, a 
rollover vehicle, in general, tends to end up either on 
its wheels or roof.   
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Figure 1. Frequency distribution of vehicles 
involved in rollovers over number of quarter turns 
(Data source: NASS-CDS 2006-2007). 
 
Figure 1 also presents cumulative frequency 
distribution of quarter turns. The line graph in this 
figure shows that only 7 percent of case vehicles had 
one quarter turn. Almost 80 percent of the case 
vehicles had four or less number of quarter turns. 
 
Vehicle maximum MAIS: Figure 2 shows the 
distribution of injury severity levels in case vehicles 
as measured by VMAIS. The data shows that most 
(91%) rollover crashes resulted in VMAIS 0-2 
injuries. Only 9 percent of the vehicles had serious 
occupant injuries (VMAIS 3 or greater.)  Seventy-nine 
percent of the occupants in the sample were belted.  
The belt use may have influenced the injury outcome.  
The high counts of minor and moderate injuries could 
be due to the high percentage of belt use. The 

frequency distributions of VMAIS for the sample and 
the overall rollover population were similar. 
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Figure 2. Frequency distribution of vehicles 
involved in rollovers over VMAIS levels (Data 
source: NASS-CDS 2006-2007). 
 
Vehicle Maximum Intrusion: To study how the 
intrusion varies over VMAIS, averages of maximum 
intrusion are estimated for each of the VMAIS level. 
Intrusion is measured on the interior surface of the 
passenger compartment.  The maximum value of all 
intrusions for the case vehicle is considered in this 
study. The results presented in Figure 3 show that 
average maximum intrusion increases with increasing 
injury level – the higher the injury, the higher is the 
average intrusion.  However, based on the way the 
data was prepared for this study, higher intrusion at a 
specific occupant position does not necessarily mean 
that there is a higher chance of injury at that occupant 
position.  
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Figure 3. Average maximum intrusion over 
VMAIS (Data source: NASS-CDS 2006-2007). 
 
The average maximum intrusion varies from 15 
centimeters for VMAIS 1 to 34 centimeters for 
VMAIS 6.  Thus, the data supports the assumption 
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that maximum intrusion is an appropriate surrogate 
for crash severity in terms of the injury outcome. 
 
Maximum Vertical crush: The averages of maximum 
vertical crush over VMAIS are shown in Figure 4.  
The maximum vertical crush is measured on the 
exterior surface, typically roof or pillars of the 
vehicle. As in the case of intrusion, maximum vertical 
crush also shows a positive relationship with VMAIS, 
though not as strong as for the intrusion.  
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Figure 4. Average Maximum vertical crush over 
VMAIS (Data source: NASS-CDS 2006-2007). 
 
In a rollover crash, interruption of a vehicle’s rollover 
sequence plays a significant role in determining both 
vehicle intrusion and maximum vertical crush and 
consequently the injury risk.  The interrupted rollovers 
result in higher intrusion and hence are more severe, 
in general [6].  
 
A detailed analysis of the data with focus on 
interruption status of the case vehicle is conducted to 
study its relation with maximum intrusion. The results 
show that on the average, interrupted rollovers 
resulted in 29 centimeters of intrusion as compared 
with 21 centimeters for the rollovers that were not 
interrupted.   The statistical test is performed on the 
difference between the two averages (Figure 5). This 
analysis shows that the average maximum intrusion 
for the Interrupted category is significantly (95% 
confidence level) higher than for the not-interrupted.    
The averages of the maximum intrusion for the 
interrupted and not-interrupted categories over 
VMAIS are shown in Figure 5.  The increasing trend 
of average max intrusion over VMAIS in the sample 
containing both categories is also observed for each of 
the categories when considered separately. 
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Figure 5. Comparison: average maximum 
intrusion of interrupted and not-interrupted 
rollovers over VMAIS (Data source: NASS-CDS 
2006-2007). 
 
It indicates that the likelihood of serious injury 
outcome is more in an interrupted rollover as 
compared with the one that is not interrupted. 
 
The above analyses of the weighted data provide 
sufficient evidence to consider maximum intrusion, 
quarter turns, and maximum vertical crush as 
predictors in a model that could predict the injury 
outcome of a rollover crash.  The model proposed in 
this study also considers the new variable, estimated 
distance as one of the predictors.    

CLASSIFICATION MODEL FOR PREDICTING 
INJURY OUTCOME IN A ROLLOVER  

One of the multivariate classification techniques, 
Discriminant analysis is used to build the predictive 
mode. This analysis provides a discriminant function 
that has the potential to classify new multivariate 
observation(s) into one of the predefined groups based 
on the knowledge of the multi-attributes. In the 
present context, the developed model (discriminant 
function) can predict injury outcome in rollover 
crashes based on maximum intrusion, estimated 
distance, quarter turns, and maximum vertical crush of 
a rollover vehicle. The modeling procedure consists of 
developing a discriminant score for each of the 
predefined groups, as well as computing the posterior 
probabilities of a case belonging to these groups. The 
decision about its most affine group is taken based on 
the highest probability. The following sections 
provide specific details of the modeling procedure. 
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Model Assumptions 
  
The basic requirement of the modeling procedure 
(discriminant analysis) used in this study is the 
multivariate normality of the data with respect to 
predictor variables in each of the seven classifying 
groups defined by the response variable VMAIS (= 0, 
1, 2, 3, 4, 5, 6.) To satisfy this assumption, 
logarithmic transformation is applied to the variables, 
maximum intrusion and estimated distance and square 
root transformation to the variables, quarter turns and 
maximum vertical crush.  
 
Modeling Methodology 
 
The classification criterion consists of estimates of the 
generalized squared distances that are based on the 
pooled covariance matrix. Specifically, quadratic form 
of the discriminant function is used. Each observation 
is classified into the group from which it has the 
smallest generalized distance. In general, the 
generalized squared distance of an observation 
X from group iG is defined as  

 
2 1
i pi iD ( x ) ( x mean ) (V ) ( x mean )−′= − − ,            (1) 

 
where imean  denotes the vector of population means 

for the i-th group and pV  is the pooled covariance 

matrix. The discriminant scores are computed by the 

formula: 2
k0.5D ( x )− . The classification is done based 

on both the discriminant score and the posterior 
probability p( i / x )  of x belonging to group, which 
is defined as 
 

2
i

K
2
i

k 1

exp( 0.5D )
p( i / x )

exp( 0.5D )
=

−
=

−∑
%                               (2) 

 
Specifically, the ith case is classified into group k  if 
the setting i k= produces largest value of the posterior 
probability p( i / x )  of x belonging to group i or the 

smallest value of the discriminant score 2
iD ( x ) .   

 

Development of the Classification Model 
 
The modeling methodology was initiated by the 
stepwise discrimination. This statistical technique  

performs statistical tests to select (if a predictor 
variable has association with the grouping variable) or 
remove a variable (if the predictor variable is 
redundant.)  None of the selected predictor variables 
was dropped as a result of this procedure.  
 
Two sets of data were used; namely ‘training data’ 
and “test data.”  While training data were used to 
build the model, the test data were used to validate the 
model. A random sample of 50 cases was selected 
from the analysis data to be used as test cases. While 
developing the model, the dataset used as training data 
excluded only one test case at a time. Having built the 
model, a case reserved as the test case at this iteration 
was classified using the model. SAS 9.1 [7] was used 
to perform the discrimination procedure. Based on the 
607 rollover case vehicles (21,841 weighted), the 
distance (1) was estimated using the sample 
generalized squared distance function: 
 

2 1
i i p iD̂ ( x ) ( x x ) ( S ) ( x x )−′= − − ,                      (3) 

 
where sample estimates ix ,i 0,1,2,3,4,5,6= of the 
means for the VMAIS–based groups are  
 

0x = (2 49853,  2 28694,  1 55858,  2 92274. . . . ) , 

1x  = 2 467 9,  2 37454,  1 83361,  3 16926)( . 0 . . . , 

2x  = 2 85176,  2 96116,  2 1 97,  3 5 653( . . . 00 . 0 ) , 

3x  = 3 11915,  3 4347,  2 7973,  3 482( . .0 .0 . 00 ) , 

4x  = (2 6 471,  2 65131,  1 74369,  2 24281). 0 . . .  

5x  = 3 25489,  2 96713,  2 116 4,  4 17312( . . . 0 . ) , 

6x  = 3 337 4,  1 963 9,  1 24798,  5 21871)( . 0 . 0 . . ; 
 
and the estimated pooled covariance matrix is given 
by 
 

pS   = 
153.785 22.024 2.387 211.462
22.024 197.468 89.787 144.703
2.386 89.786 84.584 80.119

211.461 144.703 80.119 919.446







 

 

 
Based on these estimates and values of the predictors 

for each case, i.e., x% , scores 2
k

ˆ0.5D ( x )−  (equation 
(3)) and posterior probabilities p( i / x )   in (2) were 
estimated to classify each of the test cases.  
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Implementation of the Model – Prediction and 
Validation 
 
It is presumed that the severity of a crash can be 
assessed by its injury outcome. For prediction and 
validation purpose, the injury outcome in rollover is 
defined as 
 
Minor, if  VMAIS = 0, 1; 
Moderate, if  VMAIS = 2;    
Severe, if  VMAIS = 3, 4, 5, 6.    
 
Implementation of the model was done through 
validation of 50 cases. The results are presented in 
Table 1. It should be noted that although this table 
presents the model-based classification for all 50 test 
cases, only one case was used as a test case at a time, 
while the rest are used in building the model. This 
table presents NASS Caseid and the predictor 
variables, intrusion, estimated distance, quarter turns,  
and maximum vertical crush for the test cases.      

Table 1 also shows the observed and predicted injury 
outcome which, due to the probabilistic nature of the 
model, may not always agree, thus resulting into a 
match or mismatch. However, a mismatch may not 
necessarily mean an incorrect prediction. An injury 
outcome observed in a case vehicle might have been 
influenced by the occupant-related factors, such as 
seating position relative to the damage.  The model 
predicts the injury outcome rather based on the 
vehicle and crash parameters.  To bring about this 
point, a clinical analysis of some matched and 
mismatched test cases is presented in following 
sections.  
 
The results show that for about 66 percent of the test 
cases, the predicted injury outcome matches the 
observed injury outcome. In addition, for 62 percent 
of the minor, 37 percent of the moderate, and 75 
percent of the severe test cases, the predicted injury 
outcome is the same as the observed.  
 

 
Table 1. 

 Prediction and Model Validation  
 

CASEID INJURY 
OUTCOME 

(OBSERVED) 

INJURY 
OUTCOME 
(MODEL-

PREDICTED) 

INTRUSION 
(centimeters) 

ESTIMATED 
DISTANCE 
(meters) 

QUARTER 
TURNS 

MAXIMUM 
VERTICAL 
CRUSH 
(centimeters) 

MATCH  
      
(YES/NO) 

149009158 Severe Minor 23 10 2 12 NO 

149009923 Severe Minor 8 15 6 6 NO 

149010042 Minor Minor 10 5 2 3 YES 

151009825 Severe Severe 34 20 3 24 YES 

152009795 Minor Minor 8 5 2 16 YES 

155010580 Severe Severe 44 3 1 0 YES 

157010734 Severe Severe 23 24 5 24 YES 

157011096 Severe Severe 33 22 4 11 YES 

157011117 Severe Severe 21 39 6 10 YES 

158009769 Minor Minor 12 7 2 13 YES 

158009949 Moderate Moderate 20 48 8 20 YES 

158010235 Severe Moderate 14 29 4 26 NO 

162010429 Severe Severe 44 8 3 52 YES 

168010870 Minor Severe 38 5 1 3 NO 

169010227 Minor Minor 7 17 5 9 YES 

169010828 Minor Minor 3 32 6 3 YES 

173010473 Severe Severe 51 1 1 100 YES 

173010759 Severe Moderate 14 27 6 15 NO 

174008980 Severe Severe 9 33 4 8 YES 

177010084 Severe Minor 33 2 1 3 NO 

178010042 Severe Severe 41 9 2 24 YES 

178010083 Severe Moderate 21 66 6 29 NO 

178010186 Minor Moderate 10 27 6 14 NO 

Continued 
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Table 1 (Continued).  
Prediction and Model Validation 

 
CASEID 
 
 
 

INJURY 
OUTCOME 

(OBSERVED) 

INJURY 
OUTCOME 
(MODEL-

PREDICTED) 

INTRUSION 
 
(centimeters) 
 

ESTIMATED 
DISTANCE 
(meters) 
 

QUARTER 
TURNS 
 
 

MAXIMUM 
VERTICAL 
CRUSH 
(centimeters) 

MATCH  
      
(YES/NO) 

178010624 Minor Severe 27 21 6 24 NO 
179009371 Moderate Moderate 15 21 6 15 YES 
179010395 Severe Severe 34 13 2 0 YES 
195010789 Severe Severe 39 32 5 2 YES 
195010869 Moderate Severe 38 13 3 23 NO 
195011131 Minor Minor 7 2 3 5 YES 
437009827 Minor Severe 38 10 6 27 NO 
437010089 Severe Moderate 17 39 8 15 NO 
437010267 Severe Severe 20 39 8 23 YES 
437010412 Moderate Minor 10 8 4 8 NO 
511010876 Severe Severe 22 24 3 0 YES 

530004191 Moderate Severe 18 5 2 17 NO 

530004241 Moderate Severe 53 17 6 51 NO 

613009688 Minor Minor 5 21 4 6 YES 

613009887 Severe Severe 16 18 2 3 YES 

613010766 Moderate Moderate 13 60 8 9 YES 

622010137 Severe Severe 37 18 2 19 YES 
720011208 Severe Severe 45 18 3 18 YES 
720011228 Minor Minor 16 7 2 11 YES 
748010659 Severe Severe 16 7 2 26 YES 
762010524 Severe Severe 15 8 1 13 YES 
767011071 Moderate Severe 38 17 6 30 NO 
770011869 Severe Severe 45 9 2 40 YES 
773010863 Severe Severe 29 8 2 3 YES 
778011369 Severe Severe 25 28 2 5 YES 
797005706 Severe Severe 25 65 8 23 YES 
908004479 Minor Moderate 20 19 3 16 NO 
Data source: NASS-CDS (2006-2007) 

 
Examples: Clinical Analysis of Some NASS-
CDS Cases  
 
Matched cases 
Example 1. Minor predicted as Minor 
Figure 6 shows a “minor” rollover crash  that has been 
predicted as minor by the model, based on the 
predictors’ values: Quarter turns = 2, Estimated 
distance = 5 meters, Maximum intrusion = 10 
centimeters, and Maximum vertical crush = 3 
centimeters. 
  

 
 
Figure 6. A minor rollover crash predicted as 
minor- Caseid 149010042 (Source: NASS-CDS). 
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Example 2. Moderate predicted as Moderate 
Figure 7 shows a “moderate” rollover crash that has 
been predicted as moderate by the model, based on the 
predictors’ values: Quarter turns =8, Estimated 
distance = 60 meters, Maximum intrusion = 13 
centimeters, and Maximum vertical crush = 9 
centimeters.  
 

 

Figure 7.  A moderate rollover crash predicted as 
moderate - Caseid: 613010766 (Source: NASS -
CDS). 
 
Example 3. Severe predicted as Severe 
Figure 8 shows a “severe” rollover crash that has been 
predicted as severe by the model, based on the 
predictors’ values: Quarter turns = 8, Estimated 
distance = 39 meters, Maximum intrusion = 20 
centimeters, and Maximum vertical crush = 23 
centimeters.  
 

 
 

Figure 8. A severe rollover crash predicted as 
severe- Caseid: 437010267 (Source: NASS-CDS). 
 
Mismatched case:  
Example: Figure 9 shows a rollover crash that has 
been predicted as severe by the model.  However, the 

observed VMAIS of the driver in the case vehicle was 
minor.  In this case the seating position of the driver 
relative to the maximum intrusion and maximum 
crush may have influenced the observed injury 
outcome.   As stated earlier, the model predicts the 
injury outcome based on the crash and vehicle 
parameters not the occupant location.  The model 
classified the case as severe based on relatively high 
values: Quarter turns = 6, Estimated distance = 21 
meters, Maximum intrusion = 27 centimeters, and 
Maximum vertical crush = 24 centimeters.  The 
pictures of the damage also indicate a severe rollover.   
 

 
 
Figure 9.  A rollover crash predicted as severe - 
Caseid: 178010624 (Source: NASS -CDS). 
 
The model predicted injury outcome appears correct 
based on the observed severity of damage in terms of 
the predictors.    

DISCUSSION OF RESULTS 

One of the measures of rollover crash severity is the 
injury outcome of the crash.  A multidimensional 
predictive model is developed that uses crash severity 
surrogates quarter turns, estimated distance, intrusion, 
and maximum vertical crush to predict the injury 
outcome in rollovers.  These severity surrogates 
showed positive correlation with the maximum MAIS 
in the rollover vehicle. 
 
Ninety-one percent of the rollover vehicles in the 
sample resulted in VMAIS 0-2 injuries.  High belt use 
could have resulted in high counts of minor injuries.  
The serious and fatal injuries in rollovers are 
associated with ejections that were not included in the 
sample.  The number of rollover cases in VMAIS 6 
group (less than 1%) is too small to sufficiently train 
the model to correctly predict such cases. As more 
data becomes available, the model will be able to 
learn more and acquire greater predictive capability.    
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The model can be used to classify new rollover cases 
in NASS-CDS based on their predicted injury 
outcome.  The model-based classification can then be 
used to identify comparable rollover crashes. The 
proposed model can also be used as a simulation tool 
to predict the injury outcome of rollover, given the 
values of predictors.  This can provide guidelines to 
extract comparable cases to understand injury 
mechanisms in rollovers that can be used to develop 
vehicle crashworthiness countermeasures. 
 
A close look at the data shows that severe rollovers, in 
general, have higher intrusion.  Increased intrusion in 
the vehicle correlates with an increased probability of 
occupant injury.  This suggests that preventing 
intrusion could prevent serious injuries.  The data also 
shows that an interrupted rollover is likely to result in 
higher intrusion and vertical crush.  Such rollovers are 
more likely to cause serious injuries to the occupants. 
 
The data used in this study is available through 
NASS-CDS case viewer on the web at: 
https://www.nhtsa.gov/portal/site/nhtsa/menuitem.352
5b237b7215dd24ec86e10dba046a0/ 
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ABSTRACT 
 
Intersections represent 43% of Europe’s injury 
accidents and 21% of fatalities. Although 
specifically targeted, intersection accident 
mechanisms merit further investigation.  
This study, part of the European TRACE project 
(Traffic Accident Causation in Europe), analyzes 
specific intersection accident causation issues from 
systemic viewpoints (driver, vehicle and 
environment) and risk factor research angles 
(visibility problems, speed, manoeuvres, etc.).  
Causation analysis uses a three-step methodology. 
A macroscopic approach highlights the frequency 
and severity of accidents and determines key 
scenarios. A microscopic approach, details accident 
causes. Because the driver plays an important role 
in the accident process, a dedicated "Human 
Functional Failure (HFF) analysis" is employed. 
Finally, risk factors are identified and related to 
accident configurations. 
Project partners and the CARE database supply 
national and European data. Because CARE does 
not contain data from all 27 countries, statistical 
adjustment was necessary. 
Partners also provided in-depth databases. The HFF 
concept is new and necessitated common 
codification of related data. 
Intersection accidents are grouped by common 
characteristics, such as road layout, driver 
manoeuvres... Macroscopic analysis identified 3 
main scenarios. The “cutting” scenario groups 
initial perpendicular trajectories and covers 53% of 
European intersection accidents. The “turn across” 
scenario combines accidents involving turning 
manoeuvres on the same road, different direction. 
Finally the “other” scenarios include rear-end 
collisions. 
In-depth analysis furthered understanding of 
accident mechanisms and showed mechanisms and 
countermeasures to be directly linked to right of 
way rules. 
In “cutting” scenarios for example, 60% of drivers 
without “right of way” failed to look and react 
before crash, while 70% of opponent drivers braked 

before impact. Results suggest that the former need 
help to improve opponent and situational perception 
while the latter need improved braking and 
evaluation for earlier avoidance manoeuvres. HFF 
and related factor identification enable the 
association of current preventive or curative 
systems with observed driver needs.  
 
INTRODUCTION   
 
According to the World Health Organization and 
other sources, the total number of road deaths is 
estimated at 1.2 million, with a further 50 million 
injured every year. Two thirds of the casualties 
occur in developing countries. 70 % of casualties in 
these countries are vulnerable road users such as 
pedestrians, cyclists and motorcyclists. 
Major studies published by the World Health 
Organization have identified the growing 
importance of road crashes as a cause of death, 
particularly in developing and transitional 
countries. Murray (1996) showed that in 1990 road 
crashes as a cause of death or disability were by no 
means insignificant, lying in ninth place out of a 
total of over 100 separately identified causes. 
However, by the year 2020 forecasts suggest that as 
a cause of death, road crashes will move up to sixth 
place and in terms of years of life lost (YLL) and 
‘disability-adjusted life years’ (DALYs) will be in 
second and third place respectively. 
These projections show that, between 2000 and 
2020, road traffic deaths will decline by about 30% 
in high-income countries but increase substantially 
in low and middle-income countries. 
The European Community has been trying for 
many years to promote initiatives through the 
different Framework Programs in order to 
contribute to the safety effort. However, without a 
real target, the progress is difficult to evaluate. This 
is why, in 2001, the European Commission 
published its “White Paper” on transport policy 
(European Commission 2001), in which the main 
research axes to be improved and quantified targets 
are determined for road traffic safety. 
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The short-term strategic objective is to halve the 
number of fatalities by 2010 compared to 2001. The 
medium term objective is to cut the number of 
people killed or severely injured in road accidents 
by around 75% by 2025, while the long-term vision 
is to render road transport as safe as all other modes. 
It is hoped that supporting research addressing 
human, vehicle and infrastructure environment 
could achieve this last strategic target. Research  

 
Figure 1. TRACE organisation 

 
should also combine measures and technologies for 
prevention, mitigation and investigation of road 
accidents paying special attention to high risk and 
vulnerable user groups, such as children, 
handicapped people and the elderly. 
Within this context, the European project, TRACE 
(TRaffic Accident Causation in Europe), was set up 
to reduce or avoid road accidents in Europe by 
identifying and continuously up-dating the causes 
of accidents under three different but 
complementary research angles: types of road users, 
types of situations and types of factors. The 
identification and the assessment (in terms of saved 
lives and avoided accidents), of the most promising 
technology-based safety functions that can assist 
the driver or other road users in a normal or 
emergency situation or, as a last resort, mitigate the 
violence of crashes and protect vehicle occupants, 
riders and pedestrians in the event of a crash. 
     
OBJECTIVES 
 
The general objective of the TRACE project was to 
provide the scientific community, the stakeholders, 
the suppliers, the vehicle industry and other 
Integrated Safety program participants with an 
overview of the road accident causation issues in 
Europe, based on the analysis of any current 
available databases which include accident, injury, 
insurance, medical and exposure data (including 
driver behaviour in normal driving conditions). The 
idea was to identify, characterise and quantify the 
nature of risk factors, groups at risk, specific 
conflict driving situations and accident situations 

and to estimate the safety benefits of a selection of 
technology-based safety functions. 
 
 
 
 
 
 
 

 
To carry out these objectives, TRACE was broken 
down into three series of Work packages (See 
Figure 1): 

The operational work packages 
The methodology work packages 
The data supply work package 

The aim of TRACE was to improve knowledge on 
accident causations. To reach this goal, TRACE 
analyzed road accidents according to several points 
of view (road users, road user situation and accident 
factors).  
The purpose of this publication is to highlight the 
situation point of view. A situation is defined as a 
pre-accidental event to which the driver or the rider 
is confronted in normal driving conditions just 
before it turns into an accident1 . It is assumed that 
there are specific accident causation factors related 
to these situations that deserve to be studied. The 
types of situation can include one or more accident 
scenarios2 which contributed to the accident. 
Four specific groups of situations, which 
correspond either to normal driving situations with 
no specific driver solicitation, or to driving 
manoeuvres where driver intervention is 
specifically required, have been identified: 
Stabilized Traffic Scenarios (no specific 
manoeuvre), Intersection Scenarios, Specific 
Manoeuvre Scenarios (such as overtaking) and 
Degraded Scenarios (where atmospheric conditions 
lead to a degradation of the visibility or surface 
friction). 

                                                 
1 A situation is linked to a vehicle. One accident 
with two vehicles count two situations 
2 A scenario clusters several similar situations 
according to predefined criteria. 
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INTERSECTION ACCIDENTS 
 
Accidents at intersections represent 43% of road 
injury accidents in EU27. This result is largely due 
to countries such as UK, Czech Republic, Italy, 
Denmark and Netherlands with the rate varying 
between 47% and 59%. Several reasons explain 
these differences such as the intrinsic definition of 
the criteria. In UK for example, intersection 
includes the point where the roads cross plus the 20 
m on either side which means that accidents 
occurring close to intersections are also counted as 
intersection accidents. 
Although intersection accidents account for around 
the half the total number of accidents in EU27, they 
are at the origin of only 21% of fatalities and 32% 
of fatalities and serious injuries. 
 
Method 
 
The methodology proposed in TRACE and 
common to all operational work packages, is 
divided into three steps: 
Descriptive analysis - uses macro-accidentology 
(use of extensive databases) to identify the main 
scenarios associated with each pre-defined situation 
type and their respective frequency and severity.in 
order to rank them.  
In-depth analysis - details the main scenarios to 
provide information on the accident mechanisms, 
the main causes, through relevant indicators, 
specific to the scenario (such as precipitating event, 
contributing factors, driver functional failures, etc.). 
This analysis requires the use of in-depth databases. 
Risk analysis - identifies the likelihood of being 
involved in an accident taking into account the 
results obtained from the ‘in-depth’ level. 
An intersection is an area formed by the connection 
of two or more roadways. An intersection situation 
concerns all situations directly related to an 
intersection location.  
Because in Europe, 85 to 90% of intersection 
accidents involve at least one passenger car we 
focused our analysis on this configuration. As such, 
the scenarios were defined on the basis of the 
involvement of at least one passenger car,. In-depth 
analysis showed that the right of way attributes of 
protagonists provided the most pertinent 
conclusions, as opposed to relative trajectories (the 
opponent coming from the left or the right) or 
vehicle type,. Scenarios were therefore grouped 
according to vehicle priorityb: 
“Yield” drivers without Right Of Way 
“Priority” drivers with Right Of Way 
 
Literature review 
 
TRACE builds on the findings of the PReVENT-
INTERSAFE project which carried out an 

intersection accident analysis in the United 
Kingdom, Germany, and in France using available 
accident data (Simon et al 2006). The magnitude of 
intersection accidents and the most relevant 
accident situations were defined according to pre-
accident manoeuvres. This distribution was 
predominantly based on the French National data. 
The study provided a list of 50 accident situations 
including 20 intersection situations, from which. the 
top five were selected. Roundabout accidents were 
intentionally excluded from this analysis. 
The top five situations include 4 turn onto/cross 
scenarios and 1 turn off scenario and represent 60-
70 % of intersection injury accidents depending on 
the country.  This classification was useful to 
launch the TRACE approach. 
Numerous surveys have broadly described 
intersection problems, mainly from infrastructure 
layout, traffic flow, and traffic regulation 
standpoints.  
     Traffic flow. The traffic flows seem to have a 
great effect on accident frequency, in particular the 
traffic flow on minor roads which is directly 
proportional to the accident rate. 
     Sight distance. A poor sight distance increases 
the accident rate in particular when it concerns the 
sight distance from the minor road.  In fact, sight 
distance threshold depends on the road layout, the 
V85 of the main road (speed of 85% of the drivers), 
the stopping time (in relation to the speed on the 
main road), the crossing time (in relation to the 
speed on the main and secondary roads).On the 
other hand, a survey highlighted that a visual 
restriction can result in decrease of approach speeds 
at rural intersection and a reduction in accident 
severity by limiting driver anticipatory decision-
making. 
     Road Layout. Intersections are laid out with 
different devices such as road signs, road lighting, 
turn left or right lanes, central separator, traffic 
regulation. 
It emerges from all the literature that the 
“channelization”3 of the space reduces vulnerable 
user accident rate (and the overall intersection 
accident rate) by inviting the user to follow a 
dedicated lane and thus reducing the conflicts 
between different categories of road users. 
The number of lanes combined with the intersection 
layout on the whole show a great influence on the 
accident rate. So, if we classify intersection layout 
in term of increasing accident rate, the literature 
shows that the best results are to be found at T 
intersections then Y intersections and offset 4-arm 
intersections. The worst results are attributed to the 
conventional 4-arm intersection. Once again, this 
information is related to traffic flow, the skew angle 

                                                 
3 Channelization : is the separation of conflicting traffic 
movements into defined paths of travel to facilitate the safe and 
orderly movement of vehicles, pedestrians, and bicycles. 
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of the lanes (the rate increases with the increasing 
skew angle) and obviously with the regulation type 
(increasing effectiveness from intersections with no 
regulation (except conventional right of way) to 
roundabouts and finally traffic lights). 
In addition accident rate is linked to layout and 
level of the intersection. At-grade intersections 
experience more accidents than grade-separated 
intersections. 
Although we can consider the roundabout as a safe 
intersection layout notably for vulnerable users, the 
literature shows that there is no effect for car 
occupants. Moreover, the efficiency will depend on 
approach speed. 
     Traffic regulation. At last, traffic regulation 
plays a role by managing and regulating the traffic 
flows. The literature shows that traffic light 
intersections experience fewer accidents than 4-arm 
intersection with no traffic control. Accidents are 
less severe when STOP or Give way signal are 
replaced by traffic lights. The same trend appears 
with roundabouts. 
     User type. Intersection accidents are linked to 
the road layout, the traffic flow and regulation but 
the literature also shows that the type of user plays 
a great role. Vulnerable users (such as pedestrians) 
and elderly users are well documented. 
Pedestrian accidents for example occurred more 
often (85% source Herms) on the marked 
pedestrian crossings 
The number of pedestrians using them is smaller 
(77% source Herms).  
The risk goes up as traffic volume rises. 
The youngest and oldest groups of drivers were 
found to be over-represented in junction accidents. 
The young drivers had particular problems turning 
onto major roads and are more likely to violate such 
red lights.  
The oldest drivers are more involved at intersection 
than anywhere else. More than half fatal accidents 
with drivers of 80 years and older occurred at 
intersections (25% for the drivers up to age 45 
source Hauer). More over, 37% of all fatalities and 
60% (source Hauer) of injuries experienced by the 
older drivers occurred at intersections. These data 
show the high frequency and severity of 
intersection accidents for older drivers. Many 
reasons can explain this involvement and their 
severity.  
Why are older drivers more involved at 
intersections than in other configurations? The 
literature recalls the deficits in vision (acuity, 
contrast, spatial functions). These deficits express a 
bad perception of movement as well as this function 
taking longer (in particular at constant speed)  when 
compared to younger drivers.  Moreover older 
drivers are less able to manage sudden changes in 
situations which are often the case at intersections. 
Physically, older drivers show an age-related 
decline in head and neck mobility. So, older drivers 

present more difficulties in making left or right 
turns and in negotiating traffic signals. 
One important factor is the interaction between 
older and younger road users. No differences 
appear in attention behaviour between the age 
groups but different acceleration habits and thus 
different turning times are reported. The outcome of 
the turning manoeuvre was dependent on age. The 
time gaps to the vehicles on the main road were 
shortest when an old driver was turning and a 
young driver approached on the main road. 
Gender of the driver also seems to have an effect on 
accident occurrence. So, women were more likely 
than men to stop before turning; they tended to 
have their collisions with other women and they 
were under-represented as drivers of the non-
turning vehicle.  
     User behaviour. While user type, gender and age 
are shown above to have a great effect on accident 
occurrence, the opponent driver manoeuvre plays a 
role in the driving strategy too. So, usually the 
driver would give way less to the opponent driving 
on the main road (right of way) in 3-arm 
intersection (60 to 69% source Björklund) than 
coming from his right in a 4-arm intersection (75 to 
78% source Björklund).The expectation is based on 
what the drivers think is the rule in force (priority 
rule or road design). 
It was also shown that the drivers’ behaviour was 
more dependent on the other driver’s behaviour 
(approach speed) than on road width (priority to the 
wider road is commonly admitted) and that the 
priority to the right rule was equally as important as 
the other driver’s behaviour. 
So driver strategy is linked to the transversal traffic 
and the intersection layout. When there is traffic 
visible on the other intersection arms, despite the 
fact that they have right of way, drivers regulate 
their speed. But when there is no traffic on the other 
intersection arms, driver strategies depended on 
intersection and approach characteristics. 
     Emergency reaction. When accidents occur, the 
drivers instinctively try to avoid each other by 
braking, swerving or accelerating. But this 
emergency manoeuvre is only possible if the 
intersection layout provides sufficient space. The 
literature shows that widening the approach allows 
a decrease in the accident rate whereas widening 
the whole road may increase the accident rate. 
 
RESULTS 
 
The main issues related to intersection accidents 
- the frame of the in-depth analysis. 
 
Most of the intersection accidents involved at least 
one passenger car.  
65% to 76% of drivers involved in intersection 
accidents involving at least one passenger car are 
male. 
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9% to 15% of intersection accidents are pedestrian 
accidents. Pedestrian accidents occurred mainly 
inside urban area and at intersections with traffic 
regulation. Older pedestrian are overrepresented 
(12% to 41% of the pedestrians involved at 
intersection). 
64% to 73% of intersection accidents occurred 
inside urban area. Moreover 73% to 85% of 
intersection accidents with at least one passenger 
car occurred in urban area and 45% to 68% of 
intersection accidents occurred at intersection with 
traffic regulation. 
65% to 74% of intersection accidents (with at least 
one car) occurred in daylight. 
82% to 90% of all intersection accidents occurred 
while the weather was normal. Moreover, 68% to 
88% of all intersection accidents occurred while the 
road surface was dry. 
According to the above information, intersection 
accidents occurred particularly within urban area, 
during daylight, with good visibility conditions and 
involved passenger cars driven by male drivers. 
 
Identification of the most relevant intersection 
scenarios.  
 
In order to identify the parameters linked to the 
intersection, accidents occurring at intersection 
have been split into scenarios. We have based our 
selection on the available parameters in the 
extensive databases 4  such as the pre-accident 
manoeuvre, the relative direction, the right of way, 
the vehicle type. 
Each scenario was characterized with the frequency 
(number of accidents in this scenario compared to 
all intersection accidents, either in national database 
or in European databases). The second criterion is 
the KSI or “Killed and Seriously Injured” rate 
(number of fatalities and serious injuries compared 
to all injuries in the related sample).  
Obviously, we were confronted to the problem of 
data compatibility. Each European partner had to 
adapt the data to suit the scenario request. We 
decided to group scenarios into six main common 
European scenarios. They represent 97% of all 
intersection accidents in Europe.  
The “cutting scenario” where 
vehicles crossed the roads 
and/or the trajectory of the 
opponent vehicle (the drivers 
turned left or right or 
continued straight) is more 
frequent and the most severe . 
53% of all intersection accidents and 59% of the 
fatalities and serious injuries at intersection belong 
to the “cutting scenario” class. 

                                                 
4 BAAC, France; STATS19, UK; DGT, Spain; 
ODV, Czech Republic; OGPAS, Germany. 

The remaining 47% of intersection accidents belong 
to the following scenarios. 
 
     
     
     
     
 
The in-depth analysis related to the most 
relevant scenarios.  
 
The analysis of the pre-accidental events allowed us 
to identify the accident mechanisms according to: 
The “key event” which tips the driving phase over 
into the rupture phase. It should be remembered 
that accident occurrence is the result of different 
related causes which affect the 
Driver/Vehicle/Environment system. In general, the 
key event is mainly attributed to the driver who 
does not have right of way, but sometimes to both 
drivers. 
The “Human Functional Failures” such as 
perception, diagnostic, prognostic, decision. 
The “accident causes” such as the explanatory 
elements of the Human Functional Failures, the 
initial speed, the visibility distance, the stopping 
distance and the emergency reaction. 
Through the literature review and our experience, 
we know that road layout, traffic flow, speed and 
visibility distances have a great effect on accident 
occurrence. All accident research teams (LAB 
included) and institutes mention that speed is a 
crucial factor in the severity of a crash and 
obviously in the potential for crash avoidance.  The 
impact of speed differs according to the related 
moment in time within the sequential phases 
leading to the accident.  
The “driving speed” is the speed during the driving 
phase or initial speed. The speed can be adapted or 
inappropriate to the circumstances (according to the 
difficulties of the situation such as road layout, 
weather conditions), excessive (higher than the 
speed limits) or not. The speed at the beginning of 
the crash phase determines the crash violence. 
The speed at the end of the crash phase determines 
the post collision phase 
Because one of the aims of the TRACE project is to 
define the main causes related to the intersection 
situations, we focused our analysis on the initial 
speed to show the effect of this parameter on the 
genesis of the accident. 
According to the relevant criteria, we analyzed: 
The initial speed for both drivers according to the 
right of way and their respective directions. 
The visibility distance which is determinant in 
crossing the main road and depends on the vehicle 
speed on the main road. 
Finally, the emergency reaction of both drivers 
according to the location and the right of way at 
intersection. 
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The in-depth analysis sample.  
 
In-depth databases all gather detailed information 
related to the accident, but can be built using 
different data collection methods. In the case of in-
depth analysis based on police reports, the data are 
collected by the police teams and analyzed by 
accident experts. Alternatively, accident experts 
investigate accidents on the scene and record data 
concerning the driver, the vehicle and the 
environment in a detailed database. Experts analyze 
the information and perform a reconstruction of the 
accident. On the base of these two approaches, 
causes, Human Functional Failures and risk factors 
are identified.  
Whatever the data collection method employed, in-
depth data help us to accurately identify accident 
causes and in particular Human Functional Failure 
HFF. Such, data are not generally available in 
police reports nor in most in-depth databases. This 
is therefore a new concept developed within the 
European project and which gives the survey a new 
dimension and a new vision of the causes of 
accidents. 
The sample we used in this accurate analysis is 
composed of seven European in-depth database 
sources5. We took into account accidents occurring 
from 1997 onwards to analyze the most recent 
vehicles and situations. 
 
The intersection scenarios.  
 
The intersection scenarios were previously 
identified (descriptive analysis) on one hand 
according to driver manoeuvre, the relative 
direction of the vehicles and the regulation and on 
the other hand according to the frequency and the 
KSI severity. In-depth analysis highlights how 
accidents occurred (accident mechanisms) and their 
main causes. The following analysis will show that 
among the relevant parameters, regulation (right of 
way or not) and direction of the opponent vehicle 
are the main parameters which differentiate 
accident causation. This analysis led us to split the 
results according to right of way.  Obviously the 
related counter-measures we can propose will be 
adapted to the driver according to his driving tasks 
and his needs. 
In order to propose an accurate analysis and to 
avoid sample size bias, we have focused the 
analysis on the 2 main intersection accidents 
scenarios: 
The “Cutting Scenario” covers 53% of all 
intersection accidents in Europe and 59% of the 
KSI.  

                                                 
5 EDA, LAB, France ; EDA, INRETS, France ; 
OTS, VSRC, UK ; GIDAS, Germany ; RIDER ; 
ETAC ; EACS. 

The “Pedestrian scenario” covers 9 to 15% of the 
intersection accidents depending on the country. 
Despite the lack of information concerning 
pedestrian accidents in the in-depth databases, we 
intend to analyze the circumstances of such cases 
and highlight the requirements for further 
investigation.  
We highlighted the “key events” (previously 
defined), the “Human Functional Failures” and the 
“related causes”. 
 
The “Cutting Scenario” 
 
The “cutting scenario” is a 
set of several sub-scenarios 
in which the Opponent 
Vehicle comes from the left 
or the right. The Case 
Vehicle has right of way or 
not and is going straight or turning.  
     The drivers having not the right of way- 
“Yield drivers” – Key events. These drivers are 
generally driving on secondary roads. Key events 
that tip the driving phase into the rupture phase are 
mainly represented by endogenous parameters (i.e. 
related to the driver) with on the one hand the 
“internal conditions of the task” and on the other 
hand “driver behaviour”.  
The “internal conditions of the task” means all 
factors related to the driving task such as the 
manoeuvre (turning, going straight) be it correctly 
performed or not, the speed and so on. These 
factors are essential for understanding the accident 
mechanisms. 
The “yield drivers” are more likely to be concerned 
by incorrect driving manoeuvres or incorrect 
positioning (2/3 non respect of traffic regulation 
and 1/3 incorrect decision to perform a manoeuvre 
according to the information available (visibility or 
available time gap)). 
These drivers also present a poor prognosis 
(evaluation) of the situation or of the opponents’ 
manoeuvre. “Poor evaluation” means that drivers 
saw the other vehicle (on the main road) but 
estimated that they had time to cross. 
 Finally, the “yield drivers” showed a 
misinterpretation of the situation. “Misinterpreted 
the driving situation” includes 1/3 of poor 
knowledge of the site, 1/3 of misleading 
infrastructure (the road is not as we think it is!) and 
1/3 of miscellaneous factors such as driver state or 
visibility obstructions.  
The “driver behaviour” means all factors directly 
linked to the drivers’ awareness of the situation 
(attention, distraction for example). Most drivers 
who did not have the right of way and who 
presented “driver behaviour” as a key event, “failed 
to look”.   
2/3 of “failed to look” causes are exogenous and 
related to the infrastructure and the environment 

 



  Simon 7 

(road layout, mask, weather luminosity). Moreover, 
1/3 of these drivers had to deal with a problem of 
geometrical visibility directly linked to the road 
layout.  
1/3 of “failed to look” are endogenous and related 
to the driver state (age, mood, experience). 
     The drivers having not the right of way- 
“Yield drivers”  – Human Functional Failures. 
Half of drivers having not the right of way 
experience a “perception failure” rather than the 
other functional failures.  
The “perception failure” can be explained by:  
a “quick look” (quick look at the environment and 
the opponent),  
“focused attention” (focus on a part of the situation 
instead of the opponent vehicle),  
“did not look” (the driver stopped searching for 
information and carried out a non-driving task for 
example),  
“no visibility” (the information is not available or 
there is a geometrical obstruction). 
“inattention” (low effort driving task, 
inattention…). 
     The drivers having not the right of way- 
“Yield drivers”  – Related causes and discussion. 
The emergency reaction 
Because, the driver didn’t perceive the opponent 
vehicle correctly, he couldn’t anticipate and avoid 
the crash. Only 1/3 of “yield drivers”, with 
“perception failures”, attempted to avoid the crash 
by braking or accelerating while 2/3 did not react 
before the crash. Moreover, 20% of these drivers 
(perception failures) were driving at excessive 
speeds, thus reducing the chance of avoiding the 
crash through emergency braking action.  
     Older drivers. Despite the fact the proportion of 
older drivers (65+) in the TRACE sample is low 
(11% of the drivers at intersection), they are more 
often involved as “driver having not the right of 
way” than the other categories. It means that older 
drivers have trouble managing the driving task at 
intersection and especially when they do not have 
right of way. Several situations characterize older 
driver involvement at intersection: 
“Perception” issues. They failed to look (looked 
but didn’t see or looked, didn’t see anything and 
decided to cross without checking again) 
They have navigation problems (attention focused 
on finding their route) or mood (irritated),  
“Misinterpretation” of the traffic lights in 
operation, 
“Hesitant manoeuvre” or slow manoeuvre (after 
looking at the traffic, pulled out slowly). 
So, older (65+) “yield drivers” had problems related 
to the perception of the other vehicle but also 
problems related to the understanding of the 
situation. Moreover, when they correctly performed 
the perception and the understanding, their action 
was too slow. 

As a result of these failures, they pulled out or 
crossed the intersection and most of them did not 
react. They could not avoid the crash.  
     The drivers having the right of way- “Priority 
drivers”– Key events. Although the key-events 
mostly concern the drivers, who do not have right 
of way, sometimes both “Priority drivers” and 
“yield drivers” contributed to tipping the driving 
phase over into the rupture phase. 
“Internal conditions of the task” and “driver 
behaviour” are the main relevant key events related 
to the “Priority drivers”. 
“Internal condition of the task” is split into: 
“Incorrect driving manoeuvre” is related to risk 
taking. The driver sees the other driver, understands 
the danger but does not anticipate. 
 “Misinterpreted the driving situation” is related to 
the driver who misunderstands the intentions of the 
other driver.  
“Excessive speed” is related to the speed limits 
(above the speed limit) while “inappropriate speed” 
is related to the driving conditions (weather, road 
surface, traffic…) even if the speed limit is not 
reached. 
 “Inappropriate reaction” concerns drivers who 
brake to avoid the crash but lock the wheels 
(sample of accidents with passenger car not 
equipped with ABS). Moreover, the stopping 
distance is not long enough to allow correct 
avoidance of the crash. The “Priority drivers” see 
the other driver (on the secondary road), but 
understand his intentions too late. 
“Driver behaviour” is mainly “failed to look”. 
“Failed to look” is related to the “Priority driver” 
who was attentive to the traffic but didn’t see the 
other vehicle because he didn’t look for the 
information (feeling of priority). 
     The drivers having the right of way- “Priority 
drivers”– Human Functional Failures. Drivers 
having the right of way experience more 
“prognostic failures” such as anticipation of the 
opponent driver manoeuvre, prediction of opponent 
driver presence and “perception failures”.  
The “prognostic failures” can be explained with 
the fact the “Priority driver” is: 
“Waiting for the regulation” of the situation by the 
other driver (sees the other vehicle slowing down 
up to the intersection and assumes it is going to 
stop) 
“Assuming that the other driver will not 
manoeuvre” (sees the other driver stopped on the 
secondary road but does not anticipate his 
manoeuvre) 
 “Not predicting obstacle” in his path (unusual or 
prohibited manoeuvre performed by the other 
driver). 
75% of “prognostic failures” can be explained by 
endogenous explanatory elements (related to the 
driver) with a feeling of priority, inappropriate 
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speed, time constraint, risky driving, 
misunderstanding the situation. 
The “perception failures” can be explained by 
“focused attention” (on the priority rules), 
“inattention” (lost in thought),  
“no visibility” (mobile obstruction to visibility), 
“no look” (break in information search because of 
non driving task) and  
a “quick look” (feeling of right of way) 
75% of “perception failures” are due to endogenous 
explanatory elements (related to the driver) with 
feeling of priority, inappropriate speed, non driving 
task or misunderstanding of the situation. 
     The drivers having the right of way- “Priority 
drivers”– Related causes and discussion.  
The emergency reaction 
In almost nine out of ten “prognostic failures”, the 
drivers with right of way braked before the crash.  
However, in the case of “perception failures”, only 
half of drivers with right of way braked before the 
crash.. 
 “Focused attention” failures led to “no reaction” 
(as emergency reaction) performed by the “Priority 
driver” while the other classes (inattention, no look 
and quick look) led to a braking response. 
When the driver with right of way is confronted 
with a vehicle coming from the left or the right, his 
emergency manoeuvre is slightly different. When 
the other vehicle OV comes from the left, the driver 
with right of way reacts mainly by braking. 
Whereas, when the other vehicle comes from the 
right, the driver with right of way reacts with a 
braking response or a combined braking and 
evasive steering action. There are more avoidance 
manoeuvres when the OV comes from the right.  
The initial speed of the “Priority drivers” 
More than a half of the initial speeds, where vehicle 
braked before the crash, were higher than 80 km/h. 
1/4 of the calculated initial speeds were “excessive 
speed” (over the speed limits). 
The stopping distance 
More importantly than the initial speed or the 
driving speed, the “stopping distance” is crucial in 
determining crash avoidance possibilities. The 
“stopping distance” is the distance required to stop 
the vehicle before the crash. It includes the distance 
travelled during the reaction time and the braking 
distance. 
Despite drivers performing a braking manoeuvre to 
avoid the crash, the accident happened. If we 
compare the stopping distance to the available 
distance (distance to crash used in the 
reconstruction of the accident to evaluate the initial 
speed), 66% of the drivers did not have sufficient 
distance to stop their vehicle and avoid the crash. 
So, the “Priority drivers” braking before the crash 
didn’t avoid the accident because: 
They did not have the time and the space to perform 
a manoeuvre 
They drove too fast (excessive speed) 

The road surface was wet, decreasing the efficiency 
of the braking 
They could not see the other driver 
     Generic counter-measures. The main generic 
counter-measures related to the “cutting scenario” 
drivers are closely linked to the accidents involving 
older drivers, followed by driver perception 
problems and finally driver emergency manoeuvre.  
Consequently, we need to think about the best way 
to help older drivers at intersections. The evolution 
in the population structure (and the driver 
population structure) means that older drivers are 
becoming more numerous. Today the best way to 
help them with the available ITS is through obstacle 
detection. But when older drivers perceived the 
other vehicle and performed a manoeuvre such as 
crossing the main road or turning left into the main 
road, they were confronted with fast moving traffic 
which left them insufficient time to perform their 
manoeuvre. So, the best help is to reduce the 
approach speed limits on the main road to allow 
older drivers to perform the manoeuvre safely. 
Then drivers “having not the right of way” need to 
be helped in their perception of the other vehicle, to 
look properly and to detect the other vehicle. It is 
necessary to control the available geometric 
visibility (sight distance), to take remedial actions if 
necessary or develop new road layouts with 
appropriate sight distances. 
Lastly, the drivers “having the right of way” need to 
be helped to be more attentive (more concentrated 
on the driving task) and to anticipate the other 
driver’s manoeuvre.  These drivers have a strong 
feeling of priority. They don’t understand the 
situation as being risky but rather as being safe. 
They see but don’t anticipate or anticipate too late. 
They need to be informed of the approaching 
situation with an up-to-date navigation tool that 
informs the driver of the potential risk situation 
according to geometry, visibility constraints and 
referenced “black spots”. They also need to be 
helped during their emergency manoeuvre. EBA 
can help reduce the braking distances. 
 
“Pedestrian scenarios” 
 
It should be 
remembered that in 
Europe, 14% of road 
fatalities were 
pedestrians in 2004, 
11% in France, and 
21% in UK. 67% of 
pedestrian fatalities occurred inside urban areas, 
34% of pedestrian fatalities are aged 65+ and 45% 
are aged 0 to 24 (CARE 2006). 
Despite the lack of information, we know that 
pedestrians are mostly involved at intersections 
with neither regulation nor traffic lights. In this 
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configuration, the youngest and the eldest are 
overrepresented.  
     The causation factors. Accident causation 
factors are mostly related to the “pedestrian” 
followed by the “internal conditions of the 
passenger car driver task”. 
For both pedestrians and passenger cars, “failed to 
look properly” is the first causation factor. In fact 
the visibility problem related to this scenario is 
specific. The visibility is linked to the way the 
pedestrian crosses the road. Half of intersection 
accidents involving pedestrian in our sample 
occurred at night and most of them inside urban 
area. We suppose that in daylight the problem can 
be linked to the different traffic flows, the urban 
environment, and “visual pollution”. The literature 
review highlighted that when volumes are higher 
than 12 000 vehicles/day, marked pedestrian 
crossings on multi-lane roads were more prone to 
crashes than unmarked locations, and the risk goes 
up as the volume rises. During the night the 
problem is different. We know that factors such as 
contrast related to the vehicle colour and lights and 
to the pedestrians’ clothes appear to have an effect 
on the conspicuity of both users.  
Half of the pedestrians cross at intersection with no 
regulation. But half of them cross at intersection s 
with traffic lights! The literature indicates that 
pedestrians look before crossing at both marked and 
unmarked pedestrian crossings, except at signalized 
intersections.  
The emergency reaction. Although 60% of 
passenger car drivers did brake before the crash, 
40% of them did not react! In fact 9 pedestrian 
accidents out of 10 were the pedestrians’ fault 
which could explain the lack of reaction. Moreover, 
all intersection accidents involving a pedestrian 
occurred when the initial speed of the passenger car 
was lower than 60 km/h. For half of them, the 
initial speed was lower than 40 km/h. A passive 
safety survey (ref LAB) performed on pedestrian 
accidents showed that when the impact speed is 
raised from 45 km/h to 55 km/h that is to say 
“only” 10 km/h, (the risk of sustaining fatal injuries 
rises from 30% to 50%! 
Generic Counter- measures. Generic counter-
measures linked to pedestrian intersection accidents 
are related to the vehicle (passenger car) driver. 
In this way, the passenger car driver needs to be 
helped to perform his emergency manoeuvre. The 
driver braked most of time (60%) but did not avoid 
the crash. EBA can be useful to help the drivers. 
They also need to be helped to predict the presence 
of a pedestrian, to see the pedestrian and to 
anticipate avoidance. Obstacle detection is required 
when the pedestrian is on the road but when the 
pedestrian is previously hidden from view, 
detection is more difficult.  Navigation tools can be 
useful to inform the driver about a potential risk 
zone (likelihood of pedestrian presence). 

 
CONCLUSIONS 
 
Descriptive analysis based on European national 
databases led us to identify the main relevant 
scenarios observed at intersections. The first in 
terms of frequency and severity is the so called 
“cutting scenario” grouping crossing trajectories 
and turning trajectories and representing 53% of 
intersection accidents. No distinction was possible 
at European level. The remaining 47% concerned 
rear end collisions with or without manoeuvres, 
roundabout scenarios and pedestrian scenarios. 
In-depth analysis of the intersection accident 
scenarios highlighted that we have to consider the 
scenario as a combination of two situations related 
to the driver who has “right of way” confronted 
with the driver who does not. This point of view is 
very important to infer the best countermeasures 
related to each requirement. 
Endogenous factors, related to the driver are 
common. They are either related directly to “driver 
behaviour” through “driving speed” or related to 
the “conditions of the task” through “poor 
evaluation” or “poor understanding” of the situation. 
“Perception failures” are often found in both groups 
but are overrepresented in the group of the “yield 
drivers”. This functional failure can be explained 
through factors such as “priority feeling” for the 
driver with right of way but also in the case of the 
driver who does not have right of way through the 
“sight distance”. This last result leads to question 
the intersection design of future roads.  
More drivers with right of way performed an 
emergency reaction to avoid the crash. The 
countermeasures recommended to these drivers 
could help the driver perform the emergency 
manoeuvre earlier and improve vehicle efficiency. 
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ABSTRACT 
 
Collisions at intersections are common and their 
consequences are often severe. This paper 
addresses the need for information on accident 
causation; a knowledge that can be used to obtain 
more effective countermeasures. A novel method 
that can be applied to data recorded in a ground-
based observation system or similar is proposed 
for classifying vehicle interactions into a set of 
predefined traffic scenarios. The classification is 
based on possible combinations of trajectories of 
two interacting vehicles that have passed through 
an intersection.  
Additionally, the authors present an incident 
detection algorithm that uses the classified 
vehicle interactions. This algorithm constitutes 
the core of a video-based automatic incident 
detection at intersections (AIDI) system. The 
performance of the AIDI system was successfully 
verified both in a driving simulator and in real 
traffic conditions. 
 
INTRODUCTION 
 
In Sweden, collisions at intersections account for 
approximately 30% of all severe injuries and 
20% of all fatalities [1]. Corresponding figures 
from European studies report 30% to 60% and 
16% to 36% for crashes with injuries and 
fatalities respectively [2]. In USA, 21% of the 
fatalities on the roadways were related to 
intersections [3]. 
Traditionally, traffic safety research has been 
conducted on retrospective crash data, which has 
been used for continuous improvement of traffic 
safety [4], [5]. However, such accident data 
contain limited detailed information on driver 
behaviour; information that can be used to 
increase the performance of preventive safety 
systems and to perform needed changes in the 
infrastructure [6]. 
The concept of traffic conflicts as an alternative 
to crash data was first introduced in 1968 by 
Perkins and Harris [7]. Furthermore, the 
importance of describing traffic conflicts as 

surrogates for collisions for safety analysis 
purposes has been described in the Swedish 
traffic conflict technique (TCT), established at 
the University of Lund and now generally 
accepted as standard [8].  
Incident detection can be defined as the process 
of identifying the spatial and temporal 
coordinates of an incident. Several surrogate 
safety measures have been previously proposed 
for detecting incidents such as: Post-
encroachment time (PET), Time to collision 
(TTC) [9]  and Distance between vehicles 
(DBV) [10]. In spite of the many advantages 
related to the usage of safety measures, some 
fundamental issues have been identified, such as 
the lack of a consistent definition, their validity 
as a measure of traffic safety, and the reliability 
of their associated measurement technique [10]. 
An important alternative in dealing with those 
limitations includes the study of relationships 
between safety measures in order to have a 
better understanding of traffic conflicts and the 
safety effects of those measures [11]. 
Several "on road" studies have been conducted 
to learn more on, e.g., driver behaviour [12] and 
even larger studies are planned for the near 
future [13]. These studies equip vehicles with 
cameras and extra sensors and store data during 
both normal driving conditions and traffic 
conflict situations. Another way to increase 
knowledge on driver behaviour is to equip parts 
of the traffic environment, e.g. intersections, 
with a ground-based observation system that 
uses cameras to observe the traffic flow [14]. 
One of the main challenges with such systems is 
to assess the collected data and extract relevant 
information. The vast amount of data from the 
observation system needs to be processed before 
any conclusions can be drawn.  
This paper presents basic and fundamental 
methods for processing data from ground based 
observation systems to classify vehicle 
interactions into typical traffic scenarios and 
detect incidents or accidents for later analysis. 
The present study was carried out within a 
larger Swedish project involving several 
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partners from the industry, government and 
academy [15]. Focusing on intersections, three 
different data collection methods were used. One 
of them consisted of a ground-based observation 
system. 
 
OUTLINE 
 
This study extends over five main steps, 
illustrated in Figure 1, for processing 
continuously recorded real world data with the 
purpose of extracting relevant information for 
traffic safety research. The first step comprises 
assessing and structuring the input data. Next, 
definitions of zones and trajectories considering 
the size and layout of the studied intersection 
form the basis of the traffic situation 
classification method. Here, the classification of 
vehicle interactions into predefined scenarios is 
one of the desired outputs. The automatic 
incident detection at intersections (AIDI) 
method calculates a number of established safety 
indicators and a combination of these is 
suggested to estimate the crash risk for every 
interaction of two vehicles. The validation of this 
incident detection method is performed by 
processing data from a driving simulator study. 
Both methods are applied to real world traffic 
data in a case study. These steps are described in 
detail in the following sections.  
 

 
Figure 1.  Process description. 
 
INPUT DATA 
 
The input data used for developing the methods 
should contain information about the vehicles and 
the geometrical layout of the intersection. That 
kind of information can be collected using 
camera-based computer tracking of vehicles, 
driving simulators involving test persons, or fully 
generated by traffic simulators. 
In the required structure of the input data, every 
object/vehicle is described with several attributes; 
from which the most relevant in the design and 
implementation of these methods are: 

• Size (width, length and height) 
• Time stamps 
• Position (central point) 
• Speed 
• Acceleration 
• Orientation (vehicle heading angle) 

 
TRAFFIC SITUATION CLASIFICATION 
 
With regard to the actual size and layout of the 
studied intersection, a number of concepts that 
describe the traffic flow are defined. This step in 
the process describes how the intersection is 
first divided into zones according to its 
geometry, and then how these zones are used to 
identify vehicles’ trajectories. Next, different 
types of interactions, classified into scenarios, 
can be found from different combinations of 
trajectories. 
 
     Trajectories - The trajectory classification is 
based on a road segmentation process which 
divides the layout of the intersection into zones, 
as shown in Figure 2.  
   

 
Figure 2.  Definition of zones for a typical 4-
way intersection. The shaded regions 
constitute the core of the intersection and the 
big arrows indicate the traffic flow 
directions. 

In a typical intersection it is possible to identify 
and define entry, exit and central zones. 
Considering the dynamics of vehicles that pass 
through the intersection, the labels used to 
identify those zones are: 
 

• Entry zones: A1, B1, C1 and D1 
• Exit zones: A, B, C, and D 
• Central zone: Z 

 
The length of the entry zones can be altered and 
typically set to 5-10 m.  The intersection centre 
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is the region where all four lanes merge together, 
starting where incoming vehicles begin to turn.  
In Figure 2, the centre is represented by the 
central square labelled with Z.  This is the zone 
where most encroachment incidents and other 
conflicts are likely to happen and where it is 
possible to identify clusters of conflict locations 
and discover groups of events with similar 
driving patterns. The intersection core consists of 
the central zone and four entry and exit zones 
surrounding it.  
Finally, a trajectory type is identified according 
to the sequence of zones that a vehicle visits.  
Table 1 lists all possible trajectories specifying a 
vehicle’s transition from an entry zone to an exit 
zone (through the central zone). According to 
traffic rules, there are four correct possible ways 
to arrive at the central zone and four possible 
ways to exit it: turn right, go straight, turn left or 
make a U-turn.  Thus, there are 16 different 
trajectories in a 4-way intersection.   
 
 

Table 1. 
Numbering scheme for traffic-permitted 

trajectories 

Trajectory  
ID 

Entry 
Zone 

Exit 
Zone 

1 A1 D 
2 A1 C 
3 A1 B 
4 A1 A 
5 B1 A 
6 B1 D 
7 B1 C 
8 B1 B 
9 C1 B 

10 C1 A 
11 C1 D 
12 C1 C 
13 D1 C 
14 D1 B 
15 D1 A 
16 D1 D 

 
 
 
     Interactions - The second step identifies 
fundamental concepts of the interactions between 
vehicles: the number of vehicles and the scenario 
type. Also, the identification process is restricted 
to interactions happening in the intersection core 
during a specific time window. 
First, the number of vehicles is defined as the 
total number of vehicles present in the 
intersection core during a time-unit. 
Then, according to the number of vehicles, the 
following three main cases of interactions are 
identified: the single-car case, the fundamental 

two-car case, and the general multiple-car case. 
A single-car case refers to the situation in which 
only one vehicle passes through the intersection 
during a time-unit. Two-car cases are defined 
whenever two vehicles are observed in the 
intersection during the time unit. Multiple-car 
cases are treated as simultaneous combinations 
of two-car cases. When there is a multiple-
vehicle interaction, the related number of cases 
is obtained by Equation (1). 
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where n is the total number of vehicles in the 
intersection during the unit time.  
Finally, all the interactions between two 
vehicles are further classified into scenarios 
according to the combination of the vehicles' 
trajectories. 6 main categories of scenarios are 
defined: 
 

• Crossing - scenarios with vehicles 
with intersecting paths.  

 
• Merging - scenarios with vehicles 

moving from different into the same 
direction.   

 
• Splitting - scenarios with vehicles 

moving from the same into the 
different directions. 

 
• Following - scenario with one vehicle 

behind another vehicle that is moving 
ahead or waiting. 

 
• Oncoming - scenario with oncoming 

traffic, none of the parties have the 
intention to turn and cross over the 
opposite lane. 

 
• General - any other scenario. 

 
Specific cases are defined and identified within 
each of the 6 main categories of scenarios.  For 
example, there are four cases of crossing-path 
scenarios:  Left Turn Across Path/Opposite 
Direction (LTAP/OD), Left Turn Across 
Path/Lateral Direction (LTAP/LD), Straight 
Crossing Paths (SCP), and Leaving by Left - 
Arriving by Right (LL-AR).  These four cases, 
shown in Figure 3, are the focus of the analysis 
in the upcoming case study. Appendix 1 lists 
more specific cases identified within each of the 
other 5 main categories of scenarios. 
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Figure 3. Scheme and graphical representation 
of crossing-path scenarios: (a) LTAP/OD, (b) 
LTAP/LD, (c) SCP and (d) LL/AR. 
 
 
AUTOMATIC INCIDENT DETECTION 
AND CLASSIFICATION AT 
INTERSECTIONS 
 
In this step, an algorithm is proposed for 
detecting and classifying incidents at 
intersections. The target cases of the present 
study are 2-vehicle interactions classified as 
crossing scenarios; i.e., cases within the scenario 
type LTAP/OD, LTAP/LD, SCP or LL/AR. 
First, several safety measures are computed for 
every interaction and are then used to build crash 
risk indicators (CRI). Secondly; since different 
sources of processed traffic flow data can have 
different levels of noise and usability, the 
proposed idea is to combine several CRIs to 
obtain a reliable and robust method for detecting 
and classifying incidents. 
 
Crash Risk Indicators (CRIs) 
 
For each 2-vehicle interaction, the following 
safety measures are computed: 
 

1. Post encroachment time (PET), defined 
as the time measured from the moment 
in which the first road user leaves a 
potential collision zone, known as the  
encroachment zone, to the moment in 
which another road user enters this zone 
[16]. 

 
2. Time to collision (TTC), defined as the 

extrapolated time until a collision would 
occur keeping constant the heading and 
speed of both interacting vehicles [17]. 

TTC is a continuous measure 
computed during all the interaction and 
TTCmin is the minimum value of the 
TTC vector. 

 
3. Distance between vehicles (DBV), 

defined as the estimated distance 
between the two closest points 
corresponding to each vehicle [18]. 

 
4. Acceleration rate (AR) of the first 

vehicle passing through the 
encroachment zone. The aim is to 
assess if any road user requires to 
accelerate in an unusual way in order 
to avoid a collision.  

 
5. Deceleration rate (DR) of the second 

vehicle passing through the 
encroachment zone. The aim is to 
assess if any road user requires to 
brake unusually in order to avoid a 
collision. 

 
The values of the above measures, together with 
related safety thresholds and guidelines 
proposed in the literature, are used to estimate 
CRIs normalised to the range [0,1]. The smaller 
the CRIs are, the less risky the corresponding 
interaction is assumed to be. 
When referring to PET, van der Horst [9] states 
that an interaction can be considered as safe 
whenever this time measure is greater than 2 
seconds. Thus, the PET-CRI, CPET, is 0 for PET 
values bigger than or equal to 2 s., and is 
proposed to increase linearly as PET decreases 
(down to 0 seconds). The TTCmin-CRI, CTTC, is 
computed similarly considering a safety 
threshold equal to 1.5 seconds [9]. 
The computation of the DBV-CRI, CDBV, takes 
also into account the mutual approaching speed 
(AS) of two interacting vehicles. CDBV is 
basically the result of the integration over time 
of a function that combines DBV and AS. It is 
small when DBV is big and AS is small, and it 
increases linearly as DBV decreases and AS 
increases. 
Consider Figure 4 for the computation of the 
CRIs related to the AR and DR measures, CAR 
and CDR. There are three regions with different 
shading levels. It is assumed that the inner 
region (light shading) contains most of the 
combinations of speed and acceleration in 
normal traffic, and thus the corresponding CRI 
is 0. The immediate outer region (medium 
shading) represents the transition from normal 
to anomalous traffic [19]. Here, the CRI 
increases linearly as the combination of speed 
and acceleration gets closer to the outmost 
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region (dark shading), where it reaches its 
maximum value (i.e., 1). 
All five CRIs are gathered in an incident vector 
(IV), as shown in Equation (2)(3): 

IV = [CPET CTTC CDBV CAR CDR]T    
  

(2) 

 
Figure 4.  Definitions of the boundaries used 
for detecting anomalous accelerations and 
decelerations of a vehicle according to its 
actual speed (adapted from [19] and [20]). The 
definitions of boundaries remain constant for 
speeds greater than 60 km/h. 
 
For each interaction, the incident number (IN) is 
a global estimation of the quantified combination 
of the 5 contributions to risk. It is normalized to 
the range [0,1] and it is equal to the weighted 
average of the elements of the incident vector as 
shown in Equation (3): 
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The higher the value of IN is, the riskier the 
corresponding interaction is assumed to be. The 
elements of the weight vector W = [WPET WTTC 
WDBV WAR WDR]T can be used as calibration 
parameters in order to deal with different quality 
levels of the input data that should be processed. 
Considering the characteristics of the data 
described in the Case Study and Validation 
sections—which were continuously used during 
the implementation—an appropriate choice for 
the weight vector is: W = [1,1,1,1,1]T, since it has 
proved to generate representative values for IN. 
 
Incident Classification 
 
In general, qualitative definitions of traffic events 
have been identified by Hydén [8], such as: 
 

• Undisturbed passage - A road user is 
passing through an intersection without 

being influenced by the presence of 
any other road user at all. 

 
• Potential conflict - Two road users are 

approaching each other in such a 
manner that the occurrence of a 
conflict is imminent unless some 
avoidance action is undertaken by 
either one of the road users involved. 
Ample reaction time is at hand, 
offering margins to compensate for a 
mistake. 

 
• Slight conflict - Two road users are 

approaching each other in such a 
manner that the risk of a serious 
conflict is obvious. Time margins are 
fairly small, thus demanding a rather 
precise and alert action to avoid an 
accident. 

 
• Serious conflict - Two road users 

appear in a situation that demands 
sudden and severe action to avoid an 
accident. A small number of serious 
conflicts lead to accidents because the 
available margins are not large enough. 
Therefore, the outcome of a serious 
conflict may be a near-accident or an 
accident when a physical collision 
happens. 

 
By observing interactions (animations and/or 
video files) and by considering the definition of 
the above four types of incidents, it is possible 
to subjectively estimate three incident 
thresholds for IN that classify an interaction as 
whether an undisturbed passage (U), a slight 
conflict (S), a serious conflict (also near-
accident, N) or as an accident (A). 
Thresholds are named in the following way: Ius 
to distinguish between U and S, Isn to 
distinguish between S and N, and Ina to 
distinguish between N and A. Then, interactions 
are classified according to the value of IN as 
shown in Equation (4): 

 
  

(4) 

Where the proposed values for the thresholds 
are: Ius = 0.15, Isn = 0.20 and Ina = 0.35. 
 
VALIDATION OF THE INCIDENT 
DETECTION METHOD 
 
Within incident management systems, most of 
the subsequent incident management actions are 
commenced only after the existence of an 

    Undist. Passage if  0  ≤ IN < Ius 
    Slight conflict if  Ius ≤ IN < Isn 
    Near-accident  if  Isn ≤ IN < Ina 
    Accident  if  Ina ≤ IN ≤ 1 

     Interaction =  
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incident has been confirmed, therefore the 
verification step is a fundamental and required 
part of a complete incident detection system [14]. 
Data from an experimental study in a driving 
simulator was used for validating this incident 
detection method. In total, 105 participants 
completed a simulator drive with different road 
environments including events such as 
intersection scenarios. The simulator provides all 
the required data to apply this method; such as 
time stamps, size of vehicles, position, heading, 
speed and acceleration. Video files of the front 
view were recorded by the simulator system and 
videos of the driver’s face were recorded by a 
faceLAB system [21]. During the driving test, the 
subject estimates the collision risk and tells it out 
directly after the event. After the experiment was 
over, trained technicians conducted a subjective 
off-line assessment of the crash risk present in 
each interaction. 
The AIDI method was applied to a data subset 
that corresponds to moments in which the 
simulated vehicle driven by the participants was 
involved in an LTAP/OD scenario. Table 2 
shows examples of the direct relation found 
between the quantitative crash-risk assessment 
provided by the computed IN’s and the qualitative 
evaluations provided by the technicians. This 
comparison shows effectively that the estimated 
crash risk given by IN constitutes a reliable 
quantification of what actually happened in the 
analysed LATP/OD interactions. 
 

Table 2. 
Comparison of different criteria to assess the 
crash-risk present in some interactions of the 
simulator study 

IN Comments 
0.05 Smooth braking, normal passage 
0.19 Sudden braking, interrupted passage 
0.25 Hard braking, near accident 
0.79 Accident 

 
 
CASE STUDY 
 
The traffic situation classification and incident 
detection systems developed in the present study 
are applied to video-processed data from an 
intersection that has been filmed. The main 
outcomes of the automatic analysis provide basic 
information about traffic flow patterns (such as 
trajectories and scenarios) and estimations of the 
crash risk present in crossing-path interactions. 
 
Input Data 
 
The data was collected during day time from a 
non-signalized, low speed priority (50 km/h 

posted speed) intersection (yield sign 
regulation) near the city centre of Gothenburg, 
Sweden. The traffic at the intersection was 
video recorded with two cameras placed on 
adjacent buildings. The cameras had 90o and 50o 
field of view (FOV) and were placed 18 m 
above the ground as depicted in Figure 5. The 
total video-recorded area of the intersection was 
approximately a 40 m radius circular area. A 
video processing and tracking system was 
applied to extract data of objects passing 
through the intersection and provide estimates 
of, e.g., the objects’ position and size in real 
world coordinates. 
More details about the locations, the video 
analysis procedure and the like can be found in 
[22]. 

 

 
Figure 5.  Intersection overview and camera 
locations. 
 
The sampling frequency of the processed data is 
equal to 20 Hz. The definition of the 
intersection’s layout is provided in the input 
data and a bird’s eye view of it is sketched in 
Figure 5. The total amount of input data used in 
this case study was obtained after processing 
approximately 470 hours of video. 
Before using the objects' data for further 
analysis, they were subjected to certain quality 
requirements. In general, the so called 
appropriate objects should have been observed 
during at least 2.5 s, have speeds below 200 
km/h, make a single pass through the 
intersection only once, have an acceptable 
percentage of position points located inside the 
intersection road section and long enough 
trajectories. 
The quality-checking procedure was designed in 
such a way that the greatest possible number of 
objects would be classified as appropriate. The 
criteria used are not rigid, but they proved to be 
an effective way to find objects with good 
enough trajectories in this case study data. 
 

Cameras 
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Traffic Situation Classification 
 
     Trajectories - Figure 6 illustrates the 
numbering scheme used for classifying 
trajectories passing through the studied 
intersection and also the distribution of the 6 
most commonly used trajectories. Notice that the 
other 10 permitted trajectories (the ones that are 
not shown in Figure 6) involve U-turns and 
traffic to or from a rarely used minor road. 
 

 
Figure 6. The most common trajectories 
occurring at the studied intersection and their 
corresponding relative frequencies. 

 
     Interactions - Table 3 shows the distribution 
of the number of interacting vehicles (NoV) from 
which the single-car situation was the most 
frequent. Cases that involved 6 or more vehicles 
could not be identified due to limitations in the 
extraction of data from the video files. Then, 
Table 4 illustrates the distribution of the scenario 
categories. 
 

Table 3. 
The distribution of interactions as a function 
of the number of vehicles (NoV) 

NoV Rel. freq. (%) 

1 53.0 
2 33.1 
3 11.2 
4 2.4 
5 0.3 
6 0.0 

 
Table 4. 

The distribution of scenario categories with 
NoV ≥ 2 observed at the intersection 

Category Rel. freq. (%) 

Crossing 13.09 
Merging 13.10 
Splitting 16.72 
Following 26.07 
Oncoming 16.39 
General 14.63 

 
Table 5 shows the distribution of crossing-path 
scenarios. Since trajectories going from north to 
south and vice-versa are very rare in this 

intersection (refer to Figure 6), it is natural to 
expect a minimal occurrence of SCP scenarios. 
 

Table 5. 
Distribution of interactions classified within 
crossing-path scenarios based on interactions 
with NoV ≥ 2. The trajectory pairs presented 
are the most representative combinations 
occurring in each scenario 

Crossing 
scenario 

Rel. freq. 
   (%) 

Trajectories 

LTAP/OD 34.22 3, 10 
LTAP/LD 20.20 7, 10 
SCP   0.82 Varies 
LL/AR 44.76 3, 7 

 
 
Automatic Incident Detection at Intersections 
 
The automatic incident detection system is 
based on the computation of IN’s. Figure 7 
shows a histogram of the incident numbers for 
all crossing-path interactions, the cumulative 
distribution of IN and also sketches the location 
of the identified incident thresholds. 
 

 
Figure 7. Histogram and cumulative 
distribution of incident numbers. The 
distribution of traffic events is: undisturbed 
passages (U) 93.6%, slight conflicts (S) 4.0%, 
serious conflicts (near-accidents, N) 1.8%, 
and accidents (A) 0.6%. 
 
As stated before, there are limitations in the 
extraction of traffic flow data which directly 
influence the global performance of this incident 
detection system.  
When viewing the corresponding video files, no 
incidents or accidents were encountered. The 
main reason for this is that the estimated shape 
and size of the vehicles in the case study data do 
not always correspond to the actual extension of 
the vehicles. Since the aim of the proposed 
method is to automatically find specific types of 
events for further studies, it is necessary to find 
a way to decrease the reality gap between the 
extracted data and the corresponding video files. 
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Representing vehicles in the same dataset with 
particles constitutes a good alternative to deal 
with the limitations in the data. 
If vehicle interactions are approximated by 
interactions between particles (i.e., all vehicles’ 
shapes are set to squares of 1 cm on each side), 
the observation and subjective classification of 
these interactions provide the following new 
values for the incident thresholds: Ius = 0.007, Isn 
= 0.019 and Ina = 0.071. The corresponding new 
distribution of incident types is: undisturbed 
passages (U) 94.99%, slight conflicts (S) 2.50%, 
serious conflicts (near-accidents, N) 2.40% and 
accidents (A) 0.11%. 

DISCUSSION 

The formulation of these methods provides an 
opportunity to assess continuously recorded data 
and extract relevant information for driving 
behavior studies.  
In this study, the proposed classification method 
is used to classify typical intersection scenarios. 
However, the method can also, in a logical and 
straight forward way, be further developed to 
meet the requirements of other analysis purposes. 
For example, will there be a difference in the 
distribution of classified incidents in Straight 
Crossing Path scenarios with both a passenger car 
and a truck involved compared to the same 
scenario where vehicles of only one type 
interact? Other descriptors of the involved 
vehicles such as "vehicle arrives at the incident 
area as first vs. second car" and "left turning 
vehicles arriving from west vs. east" are 
examples of information that can be added to the 
traffic situation classification method presented 
here—and hence form the basis for further 
behavioral studies. 
Many descriptive definitions of incidents are 
presented in the literature (see, e.g., [8], [9], [10] 
and [16]), but finding arithmetical classifications 
is difficult. One of the closest attempts is 
completed in the Lund Conflict method [8], but it 
requires manual coding and interpretation on the 
scene. The proposed incident detection algorithm 
can be used to automatically detect potential 
incidents in large traffic flow data sets. The 
algorithm combines several measures; such as 
PET, TTC and DBV, to automatically detect 
traffic incidents. In the validation and case study 
sections it is indicated that the algorithm is 
effective. However, it shall be noted that it has 
not been proven that the algorithm is able to 
detect all incidents or if it does not make any 
false detections. Further development and 
verification is needed. 
The incident thresholds can be verified (and 
tuned) by using input data from other 
intersections. In that case, the input data should 

follow the structure of the dataset used in this 
project and the zone segmentation should be 
adjusted according to the characteristics of some 
specific intersection. The method can be 
extended to include the analysis of swerving as 
a type of evasive action usually present in 
incidents. Moreover, the vehicles’ momentum 
can be calculated when appropriate parameters 
are provided in order to have a better estimation 
of the severity present in some incidents. 
For the Automatic Incident Detection, the 
quality and accuracy of the data applied are 
significantly influencing the outcome. As an 
example, the estimated shape and size of the 
vehicles in the case study input data do not 
always correspond to the actual extension of the 
vehicles. A comparison of the outcome when 
representing the vehicles in the same dataset 
with particles shows that that is a good 
alternative to cope with the reality gap between 
the extracted data and the corresponding video 
files. 
In the case study with real world traffic data 
from an intersection, adjustments according to 
the limitations in the extraction of data from 
video files were made. These can be classified 
into two main groups: 
 

• Primary limitations; identified by the 
criteria of the quality-checking 
procedure described before (long 
enough trajectories in time and space, 
speeds below 200 km/h, single pass 
through the intersection and a minimal 
percentage of position points located 
within the road boundaries). All data 
related to objects classified as 
appropriate are free of primary 
limitations. 

 
• Secondary limitations; still present in 

the data related to appropriate objects. 
The most relevant cases include 
trajectories that are closer to each other 
than in reality and incorrect estimations 
of the size and heading angles of 
vehicles. 

 
The global quantification of the risk present in 
every interaction of the recorded data is based 
on a robust combination of five independently 
crash risk indicators. That combination 
represents an important alternative for dealing 
with secondary limitations present in the data.  
Even though the global performance of the 
proposed video-based incident detection system 
is influenced by limitations in the extraction of 
data, this methodology constitutes an important 
approach to automatically perform several 
analyses of vehicle interactions and point out 
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interesting situations according to predefined 
criteria. Thus, a large amount of manual work 
previously used to identify certain events could 
now be redirected to carry out more focused 
investigations and provide a better understanding 
of those events’ dynamics. 
The proposed methods use data without any 
driver information and their outcomes do not 
provide descriptions of the drivers' state. There 
can be interactions classified as incidents in 
which the driver is totally aware of his/her 
actions and thus feeling safe all the time. For 
these reasons, it would be good to also consider 
data from other sources (such as on-road studies 
and follow-up interviews) in order to build a 
system that takes into account the drivers' states 
in addition to the kinematics of the interacting 
vehicles. 
 
CONCLUSIONS 
 
The proposed Traffic Situation Classification and 
Incident Detection methods consider basic and 
fundamental procedures to be used in the initial 
stage of the analysis process of data collected at 
intersections. 
After considering certain quality issues, it has 
been shown that it is possible to analyze extracted 
data in order to identify and classify essential 
traffic flow patterns occurring at intersections; 
such as trajectories and scenarios. 
For all vehicle interactions found in the data, 
several safety measures were computed and used 
to obtain crash risk indicators (CRIs) which are 
then combined to get an incident number IN (per 
interaction). The interpretation of the IN values 
constitutes the basis of the proposed incident 
detection system and should provide a more 
robust way to automatically detect and classify 
incidents. The validation of this detection system 
used data from a driving simulator study and 
showed a promising relationship between the 
quantitative and qualitative assessments of the 
crash risk provided by the IN’s and the 
perceptions of the observers (trained technicians) 
respectively. 
When applying these methods to a real world 
case study, it has been found that limitations in 
the data are significantly influencing the 
outcome. However, the results obtained are 
approximately reflecting the tendencies found in 
real-world-traffic statistics. 
Finally, when using automatic analysis tools like 
the one proposed here, large amounts of manual 
work used to identify or isolate certain traffic 
events could be redirected to carry out more 
focused investigations and provide a better 
understanding of the dynamics of those events. 
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APPENDIX 1: SCENARIOS 
 
 
 
 

Merging scenarios 
Left Turn 
In Path 

 
Right Turn  
In Path 

 
Both Turn  
In Path 

 
 
 
 
 
 
 

Splitting scenarios 
Left Turn 
Out of Path 

 
Right Turn  
Out of Path 

 
Both Turn  
Out of Path 

 
 
 
 
 
 
 

 
 
 
 
 

Following scenarios 
Turning Left 
Following 

 
Turning Right 
Following 

 
Straight Line 
Following 

 
 
 
 
 
 
 

Oncoming scenarios 
Straight Opposite 
Path Oncoming 

 
Turning Opposite 
Path Oncoming 
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General scenarios 
Missed Straight 
Opposite Path 
Oncoming by Right 

 
Missed Straight 
Crossing Path Both 
by Right 

 
Missed Straight 
Crossing Path by 
Both Sides 

 
Missed Straight 
Opposite Path 
Oncoming Both  
by Left 

 
Missed Straight 
Opposite Path 
Oncoming Both  
by Right 

 
Missed Straight 
Crossing Path  
by Right 
 

 
Single Car 
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ABSTRACT 
 
Standard methods of investigating real-world crashes 
are hampered by the rapid rate at which the vehicle 
fleet changes as well as logistical hurdles involved in 
collecting sufficient quantities of data regarding 
specific vehicle and crash conditions to draw useful 
conclusions regarding injury causation.  This 
degrades the ability of real-world crash data to 
contribute in a timely fashion to the assessment and 
improvement of vehicle and occupant protection 
systems.   
 
The University of Michigan Health System, General 
Motors and OnStar are collaborating on a project to 
collect real-world crash data using the OnStar system 
to identify and screen crash cases from around the 
US.  For crash events of interest, informed consent is 
obtained, medical interviews are conducted and the 
vehicle is inspected for photographic documentation.  
Medical records and digital medical imaging data 
files are also obtained for determination of injury 
mechanism and outcome.   
 
Most real-world crash data collection systems have 
limitations.  Systems in which a small subset of 
crashes is randomly sampled have very limited 
numbers of crashes from specific vehicle models and 
crash conditions.  Geographically based census 
collection systems can have the same limitation.  
Medically based crash data collection systems 
provide optimal detail and insight regarding injury 
causation factors, but are also biased by being 
outcome-sampled and expensive.  The novel use of 
advanced automatic collision notification technology 
for screening allows researchers to very efficiently 
identify the subset of real-world crash cases that hold 
most value for assessment of injury risk or evaluation 
of vehicle safety performance.  Cost effectiveness 
will increase even further once photographic 
documentation of crash damage is no longer 

necessary.  The involvement of independent, 
academically based medical researchers significantly 
enhances subject enrollment and enables the 
collection of sensitive medical records and digital 
imaging data.   
 
 
INTRODUCTION 
 
Deaths and injuries resulting from motor vehicle 
crashes are the leading cause of death for people of 
every age from 3 through 6 and 8 through 34 (based 
on 2005 data).  During the year 2007 in the United 
States, 41,059 people were killed in the estimated 
6,024,000 police-reported motor vehicle traffic 
crashes and 2,491,000 people were injured (1).   
 
Efforts to improve traffic safety must be guided by 
real-life data that is timely, accurate, precise and 
representative.  There are many research projects and 
databases that collect and analyze traffic safety data, 
each with their distinct advantages and 
disadvantages.   
 
The National Automotive Sampling System (NASS) 
Crashworthiness Data System (CDS) is a nationwide 
crash data collection program sponsored by the U.S. 
Department of Transportation. It is operated by the 
National Center for Statistics and Analysis (NCSA) 
of the National Highway Traffic Safety 
Administration (NHTSA).  NASS/CDS data has very 
significant strengths including its reliable sampling 
weights and its nationally representative data.  
Approximately 5000 crashes are collected each year 
with detailed analysis of the vehicle.  Vehicle 
occupant interviews as well as police records are 
utilized to gather information.  Due to its collection 
methodology, NASS/CDS contains a very large 
contingent of minor injuries (Maximum Abbreviated 
Injury Scale - MAIS 1-2) but relatively few 
moderate, severe and fatal injuries (MAIS 3-6).  
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Detailed occupant and injury outcome information is 
limited. 
 
The Crash Injury Research Engineering Network 
(CIREN) is a crash injury collection network 
operated by the NHTSA.  It is sponsored primarily by 
NHTSA with assistance from several automotive 
manufacturers.  The cases collected by CIREN are 
screened from trauma admissions to eight Level 1 
Trauma Centers across the US and must meet set 
injury and crash criteria.  CIREN collects very 
detailed occupant injury and medical information; it 
also collects detailed crash and vehicle data using 
NASS-derived protocols.  CIREN cases undergo 
multi-disciplinary review of crash, vehicle and 
occupant injury data to determine injury causation 
mechanisms.  While CIREN gives unprecedented 
detailed data regarding injured vehicle occupants and 
heretofore unavailable insight into mechanisms of 
injury causation, it is resource- as well as manpower- 
intensive and relatively costly.  Due to its collection 
methodology and injury severity requirement for 
entry, the CIREN database contains detailed 
information on a large number of serious injuries; 
however, because it is outcome-sampled, CIREN 
data cannot be used alone to predict risk of injury or, 
as it now functions to provide an early assessment of 
the effectiveness of safety technologies, as they are 
newly introduced into the vehicle fleet. 
 
The University of Michigan Program for Injury 
Research and Education (UMPIRE) has been a 
member of CIREN since its inception; UMPIRE has 
also been an enthusiastic user of NASS/CDS data as 
an essential complement to its CIREN work to 
improve motor vehicle safety.  Recently, there been a 
large increase in the number of vehicles on US 
roadways equipped with Advanced Automatic 
Collision Notification (AACN) capabilities.  At the 
same time, vehicle development cycles have become 
progressively shorter, increasing the need for fresh 
real-life crash data to assess the safety efficacy of 
recent vehicle design changes.   We therefore sought 
to collect crash cases of interest that would likely 
escape NASS/CDS or CIREN collection by 
combining the national reach of a vehicle telemetry 
service provider and automotive manufacturer with 
the research capability of medical research group 
(UMPIRE) based at an independent university.  The 
use of AACN allows the rapid detection of relatively 
rare crashes of interest nationwide so that 
communication can be established to obtain informed 
consent for vehicle inspection and study 

participation.  The use of university-based medical 
researchers provides assurance to the study subject 
that their confidentiality is preserved and also allows 
the collection of comprehensive injury and medical 
imaging data files.  Procedures were developed that 
prevent the telematics provider and automotive 
manufacturer from being able to link collected 
research data with any specific vehicle owner or 
occupant so as to protect confidentiality.    
 
This paper describes our initial medical experience 
with this pilot project. 
 
 
 
OBSERVATIONS 
 
Subject Recruitment 
 
As per the protocol approved by the University of 
Michigan Institutional Review Board (IRB), 
UMPIRE adheres to very strict guidelines during the 
process of establishing contact with potential study 
subjects.  The telematics provider makes initial 
contact with the vehicle occupants to determine their 
interest in becoming subjects.  The contact 
information of those occupants agreeing to 
participate is then forwarded to UMPIRE staff.  Once 
with the UMPIRE staff, neither the telematics 
provider nor the vehicle manufacturer have any 
further contact with, nor do they receive any 
information about, the individual potential subjects.  
In order to protect subject privacy, if contact is not 
established within ten days, no further attempts are 
made.  The number of phone call attempts is also 
strictly limited.  Adhering to these guidelines, we 
have been able to contact and interview over two-
thirds of potential study subjects.  To date, only 6% 
of the individuals contacted have declined 
participation beyond the initial description of the 
proposed research and screening.    
 
The overwhelming majority of individuals contacted 
have been receptive and cooperative with the initial 
screening interview.  Many of the subjects 
volunteered very positive comments regarding the 
fact that the manufacturer and telemetry services 
provider had facilitated such a project to assess the 
field performance of their products.   
 
The initial interview allows UMPIRE to efficiently 
determine whether the crash event and study subject 
met our inclusion criteria.  One unanticipated finding 
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was the large number of crashed vehicles which had 
already undergone repair or were undergoing repair 
at the time of the subject interview.  At the current 
time, our study requires an independent investigator 
to examine and photograph the damaged vehicle to 
supplement and corroborate the AACN vehicle 
telemetry sent during the crash event; therefore, 
subjects whose vehicles were undergoing repair or 
already repaired were dropped from the study.  
Changing the day of week and time of attempted 
initial contact with potential subjects has helped 
increase the proportion of subjects contacted before 
vehicle repair.  If vehicle inspection and 
photographic documentation is not necessary once 
the relationship between crash telemetry and vehicle 
damage has been confirmed, this problem with 
vehicles unavailable for inspection will no longer be 
a concern.  In future, if studies target more severe 
crashes where a greater proportion of vehicles are 
considered beyond repair, this problem will be less 
significant.  Since the rate of injury observed in the 
potential study population has been quite low, the 
option of increasing the AACN crash severity criteria 
for study inclusion seems reasonable.   
 
 
Documentation of Informed Consent 
 
It is absolutely imperative in research involving 
human subjects that informed consent of the study 
subjects is performed by suitably qualified and 
trained research personnel and that this informed 
consent be documented in writing.  The consenting 
subject must also receive materials that inform them 
of their right to withdraw their participation as well 
as how to do so.  We found the logistics of providing 
written information regarding the research project to 
the study subject and documenting their informed 
consent more challenging than initially anticipated.  
There is a need to contact the study subject early to 
facilitate vehicle inspection, but this increased the 
difficulty of getting written materials to the study 
subject before the initial phone contact.   At the same 
time, prior experience has shown us that sending the 
necessarily long and detailed informed consent 
documents to potential subjects without prior 
personal contact to explain the study purpose and 
techniques resulted in many of the documents being 
discarded without reading or consideration.    
 
We found that it is important to have multiple, 
redundant means of transmitting and receiving 
written documents to potential study subjects.  The 

addition of express mail services as well as multiple 
Web-based technologies and services has improved 
our efficiency in obtaining documentation of 
informed consent.  Simultaneous phone contact to 
guide the potential study subject through their 
reading of the informed consent document helps to 
allay confusion caused by the many formally written 
clauses required by the IRB. 
 
 
Medical Records and Imaging Data 
 
Once having obtained documentation of informed 
consent from the study subjects, we have not 
encountered any difficulty in obtaining all necessary 
medical records and complete medical imaging 
studies such as CT scans and MRI scans.  For ease of 
handling and to facilitate de-identification to protect 
study subject confidentiality, we request that records 
be sent in electronic form.  Medical imaging studies 
are stored and sent in standardized DICOM format by 
medical facilities nationwide.  Therefore, transfer of 
very large data files from complete medical imaging 
studies performed on consented study subjects has 
been very straightforward.   
 
This ability to obtain medical imaging files from 
AACN crashes represents a key source of vital crash 
information not available from NASS/CDS or 
CIREN.  Medical imaging files such as CT scans 
performed on recruited study subjects provide 
tremendous detail regarding the subjects’ body 
characteristics.  They also provide great insight 
regarding the mechanism of any observed injuries.   
Our work with medical imaging analysis in the 
CIREN population has demonstrated very clear links 
between the subject’s body composition and their 
severity and pattern of injury(2-4).   NASS/CDS does 
not currently collect the medical imaging files.  
While CIREN does collect medical imaging files, the 
fact that CIREN is outcome sampled means that the 
body composition information from CIREN imaging 
studies cannot be used along with CIREN injury data 
to determine the effect of body composition 
differences on injury risk in a given crash.  Such 
determination is essential for the development and 
validation of human body finite element models 
capable of predicting crash injuries (5).    
 
As anticipated prior to initiation of this study, a large 
majority of the medical imaging studies that we have 
obtained have been from study subjects who did not 
sustain any significant injuries in their crash.  This is 
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therefore the control population needed to determine 
the effect of body composition on injury risk in a 
given crash condition.  These CT scans provide us 
with detailed documentation of the subjects’ body 
characteristics as well as any observed injuries and 
the vehicle telemetry from their AACN system 
provides us with information regarding crash 
direction and severity.  Taken together, the data from 
this type of study can provide information that will 
allow more accurate prediction of injury risk for 
different crash conditions.  This information can be 
used by EMS systems and trauma centers to deliver 
optimal post-crash care.   
 
 
 
CONCLUSIONS 
 
Motor vehicle crash injuries remain a major global 
health problem.  Real-life crash data that is more 
timely, detailed and representative is necessary to 
guide improvements in vehicle safety.  Most real-
world crash data collection systems in which a small 
subset of crashes is randomly sampled have very 
limited numbers of crashes from specific vehicle 
models and crash conditions.  Geographically based 
census collection systems have the same limitation.  
Medically based crash data collection systems 
provide optimal detail and insight regarding injury 
causation factors and outcomes, but are also biased 
by being outcome-sampled and expensive.  The use 
of advanced automatic collision notification 
technology for screening allows researchers to very 
efficiently identify the subset of real-world crash 
cases that hold most value for assessment of injury 
risk or evaluation of vehicle safety performance.  
Cost effectiveness will increase even further once 
photographic documentation of crash damage is no 
longer necessary.   
 
The involvement of independent, academically based 
medical researchers significantly enhances subject 
enrollment and enables the collection of sensitive 
medical records and digital imaging data while 
preserving subject privacy and protecting confidential 
personal medical information.  The results of such 
studies hold great potential to enhance post-crash 
EMS and trauma care as well as the development of 
human body finite element models that can 
accurately predict crash injury patterns and risk.  
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ABSTRACT 
 
Since its beginning in 1999, the German In-Depth 
Accident Study (GIDAS) evolved into the 
presumably leading representative road traffic 
accident investigation in Europe, based on the work 
started in Hanover in 1973. The detailed and 
comprehensive description of traffic accidents 
forms an essential basis for vehicle safety research. 
Due to the ongoing extension of demands of 
researchers, there is a continuous progress in the 
techniques and systematic of accident investigation 
within GIDAS. This paper presents some of the 
most important developments over the last years. 
Primary vehicle safety systems are expected to have 
a significant and increasing influence on reducing 
accidents. GIDAS therefore began to include and 
collect active safety parameters as new variables 
from the year 2005 on. This will facilitate to assess 
the impact of present and future active safety 
measures. A new system to analyse causation 
factors of traffic accidents, called ACASS, was 
implemented in GIDAS in the year 2008.  

The whole process of data handling was optimised. 
Since 2005 the on-scene data acquisition is 
completely conducted with mobile tablet PCs. 
Comprehensive plausibility checks assure a high 
data quality. Multi-language codebooks are 
automatically generated from the database structure 
itself and interfaces ensure the connection to 
various database management systems. Members of 
the consortium can download database and 

codebook, and synchronize half a terabyte of 
photographic documentation through a secured 
online access. 

With the introduction of the AIS 2005 in the year 
2006, some medical categorizations have been 
revised. To ensure the correct assignment of AIS 
codes to specific injuries an application based on a 
diagnostic dictionary was developed. Furthermore a 
coding tool for the AO classification was 
introduced. 

All these enhancements enable GIDAS to be up to 
date for future research questions. 
 
INTRODUCTION 
 
Though having the advantage of leveraging the 
whole experience in accident collection 
methodology of the Hanover medical university, a 
large project like GIDAS with its staff of about 100 
people has a lot of aspects to care about [1,8], while 
being confronted with new challenges. 
Additionally, changing demands from customers 
and improvements in technology lead to a 
continuous evolvement of the project. This paper 
tries to highlight some of these changes and 
improvements in the methodology of the GIDAS 
accident collection effort. 
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PRIMARY VEHICLE SAFETY 
 
In the last years vehicles are fitted more and more 
with primary vehicle safety systems like e. g. anti-
lock braking systems (ABS), traction control, 
vehicle stability control (VSC) or other advanced 
driver assistance systems. Since these active safety 
systems are expected to have a significant and 
increasing influence on reducing accidents, 
fatalities and injuries in the future, this should show 
up in accident databases as well. In-depth studies 
therefore began to include active safety issues as 
new variables and to collect corresponding data. In 
the German In-Depth Accident Study (GIDAS) 
such a data collection was started with the year 
2005 [2]. Features like e. g. adaptive cruise control, 
lane departure warning systems, park distance 
control or night vision systems are included now. 
On the one hand it is recorded whether the vehicle 
is fitted with some of these devices, on the other 
hand it is recorded how sophisticated the system is 
or which kind of functionality the system offers. It 
is the aim to be able to assess the positive or 
negative impact on traffic safety associated with 
these devices after several years of data collection. 
 
Since active safety systems are developed to avoid 
accidents it seems to be an antagonism to detect 
effects in in-depth accident studies. Accidents 
which are avoided by these systems will not take 
place and thus will not appear in the database. 
However, it might be possible to elaborate cases in 
which a certain vehicle segment is equipped with a 
safety device and a second comparable segment is 
not. Such a situation would allow checking whether 
the segment of vehicles not being equipped is to a 
higher extent involved in special classes of 
accidents than the vehicles being equipped. 
 
Prerequisites 
 
An assessment of the impact of active safety 
measures by means of accident analyses should 
help to optimise the systems and give advice for 
policy making with regard to vehicle safety. For 
such an impact assessment it is necessary that 
accident data can offer information about the 
following items: 
 
• Was the vehicle equipped with the safety 

system of interest? 
• If yes, was the system enabled? 
• If yes, did the system influence the course of 

the accident? 
• Could a system which was not fitted to the 

vehicle have had an accident avoiding or 
mitigating effect if it had been fitted? 

 
The possibility to benefit from collecting active 
safety data while analysing accidents at the 

roadside depends on the usability of the data 
recorded. A general and obvious prerequisite is that 
the physical figures and facts are ascertained 
correctly and the questions to the participants are 
answered truly. 
 
To determine the safety gains of a system the user 
of the accident database needs as much cases and as 
detailed figures as possible. A sufficient number of 
cases will be reached earlier if more vehicles are 
equipped with the relevant systems. For the 
majority of active safety devices this will require to 
wait for several years. 
 
Another prerequisite is that the real accident causes 
are known. Only with this knowledge it can be 
assessed whether the active safety system has had a 
chance to interfere and do its beneficial job. Here 
accident reconstruction as a part of in-depth study is 
indispensable especially for active safety issues. 
 
Attributes of Active Safety within GIDAS 
 
In a special record GIDAS collects the information 
by means of about 80 variables associated with 
primary safety. Among others driving stability, 
braking performance, tyres, visibility, lighting or 
ergonomics are addressed. 
 
Some examples of issues of active safety systems 
being recorded in GIDAS are: 
 
• Cruise Control / Adaptive Cruise Control 
• Lane Departure Warning / Lane Change Assist 
• Mirrors 
• Daytime Running Light 
• Advanced Frontlighting Systems 
• Night Vision 
• Parking Aid 
• Run-Flat Tyres 
• Collision Warning / Collision Mitigation 
• Brake Assist 

 
Also the function and operation of communication 
systems and comfort systems which enhance or at 
least influence the condition of the driver are part of 
the active safety record. It is for example checked 
how the phone or the navigation system can be 
operated, whether a voice control is there, how the 
gear shift can be operated or where the buttons and 
switches for the engine brake or the distance control 
system are located etc..  
 
Some of the active safety systems can be found 
together with the primary information of the vehicle 
in another record of the GIDAS database. This is 
the case for technical failures, vehicle stability 
control systems or anti lock braking systems. 
Information about active safety features is also 
available via the recorded questioning of the drivers 
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or other participants of the accident. There it is 
asked what the reaction of the driver was with 
regard to steering or braking, how the visibility 
conditions were and what was done or operated 
before and during the course of the accident and 
why. The questioning comprises also whether the 
driver has knowledge about certain safety features 
like ABS or brake assist which his vehicle is fitted 
with. The driver also should state if he had got 
some feedback from operating safety systems. 
 
The GIDAS Codebook [3] yields a detailed listing 
of all active safety variables being recorded.  
 
For each of the active safety variables a certain 
value is recorded in GIDAS, indicating whether the 
vehicle was equipped and - if yes - representing 
system properties. As an example, the variable “run 
flat tyres” is split up into the following values: 
 
0) not applicable  
1) yes (without add. info)  
2) no  
3) with support ring  
4) reinforced side wall  
5) repair kit  
8) others  
9) unknown  
 
Together with the launch of collecting primary 
vehicle safety data an expert group was established 
to accompany this part of the data survey. The 
group is responsible for the selection of variables 
and their parameter values. In addition, 
refinements, updates and checks of the variables 
associated with active safety as well as discussion 
on the usability of the data collected are carried out 
by the group. 
 
Accident Reconstruction Analysis 
 
Based on data collection at the accident scene with 
documentation of all tyre marks and artefacts at the 
scene, the final position of vehicles and vehicle 
deformation pattern, the motion of casualties during 
the collision phase can be reconstructed after the 
accident and the speed of vehicles can be 
determined. A true to scale drawing based on 3-D-
Laser-Scans and fotogrammetric procedure are the 
basis for the technical-physical analysis as well as 
for the replication of the vehicle motion and other 
important parameter for describing the accident 
severity, i.e. delta-v and EES. For pedestrian 
accidents the absolute collision speed is calculated 
on traces and throw distances [9]. 
 
Accident Causation Analysis 
 
As the official German catalogue of accident causes 
has difficulty in matching the increasing demands 

for detailed psychologically relevant accident 
causation information, a new system, based on a   
“7 Steps” model, so called ACASS, for analyzing 
and collecting causation factors of traffic accidents, 
was implemented in GIDAS in the year 2008. A 
hierarchical system was developed, which describes 
the human causation factors in a chronological 
sequence (from the perception to concrete action 
errors), considering the logical sequence of basic 
human functions when reacting to a request for 
reaction. With the help of this system the human 
errors of accident participants can be adequately 
described, as the causes of each range of basic 
human functions may be divided into their 
characteristics (influence criteria) and further into 
specific indicators of these characteristics (e.g. 
distraction from inside the vehicle as a 
characteristic of an observation-error and the 
operation of devices as an indication for distraction 
from inside the vehicle). The analysis of the human 
causation factors in such a structured way provides 
a tool, especially for on-scene accident 
investigations, to conduct the interview of accident 
participants effectively and in a structured way. 
 
Perspective of Recording Active Safety Data 
 
The effort of collecting active safety data within in-
depth accident studies is based on expectations that 
the data will be suitable to show the impact of any 
safety, comfort or communication device on traffic 
safety, either positive or negative. Knowing this 
impact will enable researchers or policy makers to 
carry out cost-benefit assessments for the 
introduction of safety measures and to take 
corresponding actions. The latter was done in the 
past mainly for passive safety devices like seatbelts 
or airbags. Now the analyses should be extended to 
measures concerning longitudinal and lateral 
control of vehicle dynamics, vision, conspicuity or 
ergonomics. First studies were carried out with 
regard to vehicle stability control, brake assisting 
systems and automatic emergency braking [4-7]. 
Knowledge about the real safety benefits will on the 
one hand help to optimise the systems and on the 
other hand to support legislation. 
 
Researchers in the area of vehicle safety therefore 
hope to be able to answer questions like e. g. 
 
• how far do advanced (emergency) braking 

systems reduce (severity of) rear end 
accidents? 

• what is the influence of lane keeping or lane 
change assist on accidents with vehicles in the 
adjacent lane? 

• does a head-up display reduce accidents due to 
eye distraction? 
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The importance of gaining information about active 
safety will increase in the next years since progress 
in vehicle safety will rely more on accident 
avoiding systems rather than on classical passive 
safety measures. 
 
Although the number of recordings for active safety 
is still small and biasing effects do not always allow 
carrying out statistical evaluations the examination 
of single cases already helps to get insight into the 
accident avoiding mechanisms and the possible 
benefits of active safety devices. Especially for 
vehicle or system manufactures information 
gathered from these single cases can therefore be 
useful already at the time being. 
 
But if the demonstration of safety benefits will be 
possible for a safety system only fitted to a minority 
of vehicles now, this would indicate a big potential 
for traffic safety since a coming high market 
penetration would lead to a high safety gain in the 
future. Under the assumption that the equipment 
rates grow linearly the effects in accidents and 
accident databases should increase nearly to the 
square since the vehicles being equipped once will 
remain in the stock for years. 
 
There is no doubt that starting to collect active 
safety data was a necessary and sensible step, but 
patience is needed for searching for effects in in-
depth accident databases. 
 
DATABASE STRUCTURE 
 
Several important steps have been undertaken to 
further optimise the process of data handling with 
GIDAS. In all areas of work, from data input to 
data utilisation by the end-user enormous 
improvements were achieved. 
 
Relational Database Structure 
 
During the last years the GIDAS database has been 
converted into a completely hierarchically 
structured relational database. In accordance with 
the common definition enacted by the expert group, 
the database has been organized in different 
records, that are recombined for each single 
accident, providing the user a logical 
comprehension and overview. Thus, the structure 
contains only the exact data records the accident 
requires and allows a consistent comparability of 
accidents on every level of the dataset. 
Furthermore, GIDAS now allows a common 
interface to export the data to various database 
management systems. Due to this fundamental 
advancement a database independent data access is 
now guaranteed. However, despite of these radical 
amendments it was carefully ensured that all 
previous cases were included and updated, always 

allowing an analysis in accordance with the 
corresponding dataset version. 
 
Multilingual Codebooks 
 
To guarantee an easy and consistent analysis of 
each dataset copy, the codebooks are automatically 
generated in concordance with the current database 
version. The codebook itself is stored in a database, 
ensuring a perfect compatibility with each dataset 
copy. In addition to that the data input-forms are 
derived from this database likewise, to allow an up-
to-date encoding of each case by the teams.  
Furthermore, to meet the expectations of various 
different clients, a new codebook structure has been 
developed. As more and more international 
contractees and associates work with GIDAS, the 
necessity of a multilingual access to the data led to 
the realization of a codebook database comprising 
more than one language. Currently a German and 
an English version are available and further 
languages can now easily be added.  
 
Quality Management 
 
Due to the enormous amount of recorded data, 
errors can hardly be excluded. To reduce mistakes 
and implausibilities in the database, a thorough 
reviewing network has been developed. To keep 
track of necessary amendments and corrected errors 
a joint platform has been created. After processing 
each error, possible automatic plausibility checks 
are applied to exclude the error in future cases. 
These plausibility checks do already take effect 
during the coding process to reveal errors right 
away. In addition to that a verification of 
completeness follows every encoding section to 
prevent an inadvertent loss of information. Finally, 
every case that is completely coded goes through a 
peer-reviewed double-check and will be returned 
for discussion if an obvious error is found. In this 
process, repeated time consumption by mistakes is 
reduced to a minimum and a steady improvement of 
data quality can be achieved. 
 
External Sources 
 
During the constant review of specific variables in 
the expert groups several sections were brought out 
that asked for additional sources. As there are 
sometimes inevitable circumstances (both logistic 
and physical) that impede a thorough data 
acquisition at the accident scene, external databases 
and resources are now used to provide additional 
information and fill this gap. Thus, vehicle 
databases, environment information and official 
police records are acquired after the accidents, to 
deliver crucial specifications. 
 
 



  

Seeck  5 

On-Spot Digital Data Recording 
 
Another fundamental improvement was the 
introduction of mobile tablet computers for the on-
spot data recording. Not only was the time for data 
encoding reduced significantly because transferring 
the data from the forms to the database could be 
avoided, also was the loss of information during 
this process eliminated. Using the “database to go” 
the team sees necessary variables right away and 
encoding aids apply immediately, again saving time 
and preventing errors. Also the electronic forms 
were adapted exclusively for the on-spot encoding 
to meet the special circumstances at the scene. 
Furthermore, the recorded data is available for 
processing immediately, allowing up-to-date 
discussions and fastest results for data analysis. 
 
Online Data Access 
 
Finally, the complete data access for the contractees 
and associates has been renewed and modernized 
essentially. In a new web area a secured online 
access is now available to obtain both data and 
photographic records. Unique and user-specific 
access authorization grants secure access to all 
online data. A tool for efficient synchronization of 
half a terabyte of photographs and related files has 
been implemented and guarantees the members of 
the consortium fast and up-to-date access to all data 
of each accident case. An up- and download area 
and a content management system allow a modern 
interaction and exchange of experience of 
associates in different projects or working groups. 
Finally a webgallery of all accident files even 
provides quick access to the data on the move. 
 
MEDICAL ASPECTS 
 
To provide the best possible utilisation of the 
obtained data and derive both strategies and ideas 
for innovations, a complete understanding of the 
whole accident situation is indispensable. Beside 
the documentation of the course of the accident, the 
technical equipment, and environmental factors, 
detailed information about the medical aspects of 
the accident are given in GIDAS. Apart from the 
specific physiological and psychological 
specification of the involved persons, a thorough 
documentation of all injuries is ensured, including 
the injury causation, the rescue phase, treatment 
and therapy, rehabilitation, and outcome. To 
accomplish this goal the data acquisition is 
performed by specially educated medical personnel 
right at the accident scene, in cooperation with the 
rescue services during transport, and physicians at 
the clinics. Subsequently, comprehensive 
interviews are conducted and all medical results are 
analysed. The following illustration gives an 
overview of the medical data input (See Figure 1). 

 

 

Figure 1.  Overview of medical data input in the 
GIDAS accident investigation process. 

 
 
  
 
New Technological Possibilities 
 
To provide a steady high-quality data acquisition, 
several new technological possibilities have been 
incorporated in the medical investigation during the 
last years. The use of high-quality digital 
photography at the accident scene and for the 
documentation of x-rays and medical results allows 
a higher level of detail for the injury description. To 
preserve these specifications new software for 
diagnostics and classifications were implemented 
consequently. With this higher level of injury 
specification a more comprehensive understanding 
of the causation and coherences is given to allow 
data analysis in various new sectors. The use of 
clinical software for the analysis of computer 
tomography scans and magnetic resonance imaging 
now even permits the detection of concealed 
injuries for an extensive coverage. 
 
Systematic Injury Encoding 
 
As the Association for the Advancement of 
Automotive Medicine published a new Abbreviated 
Injury Scale (AIS) in 2005 a broad step towards a 
more systematic injury encoding has been 
undertaken in GIDAS. After the AIS code has been 
coded for suffered injuries ever since, the catalogue 
is now the principal basis for the injury 
specification. Including the assignment of a specific 
identification number for each injury, numerous 
specifications can now be encoded automatically 
excluding typing errors or mistakes with regard to 
contents. Providing a diagnostic list of all possible 
injuries described by one single ID, GIDAS offers 
essential and consistent filter possibilities for data 
analysis. Furthermore the inclusion of both old and 
new AIS codes allows a continuous and comparable 
investigation of existent and future cases to exclude 
bias from the scale change and distinguish real 
trends in accident severity. 
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In-Service Education 
 
Since only innovative and state of the art 
knowledge allows prospective inventions, the 
continuous education and advanced training of the 
medical team members has become a primary 
commitment during the last years. An important 
part of this development was the clarification of a 
standardized scheme to interview the involved 
persons and the instruction of the team by 
professional psychologists. Thus, the recorded data 
becomes not only more comparable and consistent 
but also more exhaustive as the compliance of the 
involved persons could be increased notably. In 
addition to that qualified lecturers from business 
associates and educational institutions inform the 
teams about technological automotive 
improvements and essential fields of attention in 
periodic trainings and review courses. 
 
CONCLUSIONS 
 
Over the years, the GIDAS project has seen several 
improvements in various fields of the accident data 
acquisitioning process. This includes: 
 
• Inclusion of primary safety systems. 
• Analysis of accident causation. 
• Improved data management and distribution. 
• Maintenance and generation of multilingual 

documentation closely tied to the database 
structure. 

• On spot digital recording and leveraging of a 
variety of technical third-party data sources. 

• Introduction of AIS 2005 and a corresponding 
diagnostic dictionary. 

• Program for classification of fractures. 
 
Despite the high level that already has been 
successfully achieved, the challenge remains to 
adapt to changing and increasing demands in the 
need of comprehensive accident data. So, the 
concerted effort of all contributors to the GIDAS 
project can be viewed as a work in progress. 
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ABSTRACT  
 
As the official German catalogue of accident causes 
has difficulty in matching the increasing demands 
for detailed psychologically relevant accident cau-
sation information, a new system, based on a “7 
Steps” model, so called ACASS, for analyzing and 
collecting causation factors of traffic accidents, was 
implemented in GIDAS in the year 2008. A hierar-
chical system was developed, which describes the 
human causation factors in a chronological se-
quence (from the perception to concrete action 
errors), considering the logical sequence of basic 
human functions when reacting to a request for 
reaction. With the help of this system the human 
errors of accident participants can be adequately 
described, as the causes of each range of basic hu-
man functions may be divided into their character-
istics (influence criteria) and further into specific 
indicators of these characteristics (e.g. distraction 
from inside the vehicle as a characteristic of an 
observation-error and the operation of devices as 
an indication for distraction from inside the vehicle. 
The causation factors accordingly classified can be 
recorded in an economic way as a number is as-
signed to each basic function, to each characteristic 
of that basic function and to each indicator of that 
characteristic. Thus each causation factor can be 
explicitly described by means of a code of numbers. 
In a similar way the causation factors based on the 
technology of the vehicle and the driving environ-
ment, which are also subdivided in an equally hier-
archical system, can be tagged with a code. Since 
the causes of traffic accidents can consist of a vari-
ety of factors from different ranges and categories, 
it is possible to tag each accident participant with 
several causation factors. This also opens the possi-
bility to not only assign causation factors to the 
accident causer in the sense of the law, but also to 
other participants involved in the accident, who 
may have contributed to the development of the 
accident. The hierarchical layout of the system and 
the collection of the causation factors with numeri-
cal codes allow for the possibility to code informa-
tion on accident causes even if the causation factor 

is not known to its full extent or in full detail, given 
the possibility to code only those cause factors, 
which are known. Derived from the systematic of 
the analysis of human accident causes ("7 steps") 
and from the practical experiences of on-scene 
interviews of accident participants, a system was set 
in place, which offers the possibility to extensively 
record not only human causation factors in a struc-
tured form. Furthermore, the analysis of the human 
causation factors in such a structured way provides 
a tool, especially for on-scene accident investiga-
tions, to conduct the interview of accident partici-
pants effectively and in a structured way. 

INTRODUCTION AND OBJECTIVE 

Accidents happen as consequence of disregarding 
traffic rules and a conflict situation between the 
road users, whose temporal movement leaves no 
room for avoiding a collision. The police accident 
documentation contains a kind of determination of 
accident causes, which is oriented however at 
criminal offences and irregularities committed. 
These causes of accidents are part of the official 
accident statistics for Germany and are also being 
used in a similar form in national accident statistics 
of other countries, amongst others in IRTAD und 
CARE. The International Road Traffic and Acci-
dent Database IRTAD is an international database 
that gathers data on traffic and road accidents from 
28 of the 30 OECD Member countries, the Euro-
pean database CARE (Community database on 
Accidents on the Roads in Europe) is a Community 
database on road accidents in European member 
states, collecting data on accidents resulting in 
death or injury (no statistics on damage - only acci-
dents). The major difference between CARE and 
most other existing international databases is the 
high level of disaggregation, for both, however, the 
data collected by the police are used exclusively for 
the description of the accident and they contain no 
statements on the cause of the accident. Neverthe-
less, the official national accident statistics also 
contain a characteristic marked as cause of acci-
dent, which is determined primarily by the police 
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immediately after the acquisition of accident data 
from the apparent circumstances. These causes of 
accident specified by the police do not contain a 
reconstruction of the accident event, based on 
which an excessive driving speed, for example, or 
the actual visibility conditions at the site of the 
accident would be considered in the cause evalua-
tion. Also the frequently given cause "alcohol" is 
stated exclusively as a fact, based on finding blood 
alcohol levels, the actual effect of the alcohol on the 
accident emergence is not proven. For many years 
there have been efforts to conduct an adequate 
evaluation of the causes of accidents, usually in 
scientific studies of psychologically oriented scien-
tists, who analyzed interviews of persons having 
been involved in an accident, compared to those of 
control groups without accident. Into the 70s so-
called In-Depth-data collections were used, where a 
team at the site of an accident questioned persons 
involved in accidents and thus collected informa-
tion on failure and behavior patterns (Wanderer et 
al. 1974). In-Depth-collections open the possibility 
to understand not only the kinematic and biome-
chanical operational sequence of the accident, but 
also of creating the human system-component from 
his reported or observed behavior, from his memory 
and his evaluation of the course of the accident and 
thus access an analysis of accident causes. In a 
study conducted for the Federal Highway Research 
Institute, Germany (Pund et al. 1994), suggestions 
were made, based on a bibliographical evaluation 
and different method variations, which accommo-
date both research based on an analysis of the acci-
dent participant as well as the conditions of an 
accident research working on-scene. 
In the past years many of the conducted safety 
measures concentrated on the avoidance and reduc-
tion of injuries and injury severity in case of an 
accident (measures of passive safety). Measures for 
the avoidance of accidents (measures of active 
safety) were so far conducted usually sporadically 
and were advanced individually by transport au-
thorities and road and town planning. They were 
based on police collections and the official system 
of accident causes. Only recently analyses of causes 
of accidents also put emphasis on optimized safety 
strategies in automotive engineering and research 
on accidents. In that way the relatively increasing 
numbers of accidents due to the increase of the 
vehicle population and the mileage can be encoun-
tered with decreasing numbers of fatalities and 
severely injured persons. In particular the use of 
intelligent technical aids like vehicle assistant sys-
tems, currently being intensified, such as navigation 
systems, brake assistants, lane departure warning, 
adaptive Cruise control, it becomes more and more 
difficult to evaluate the contributions of these elec-
tronic systems implemented in the vehicle on acci-
dent influence and accident avoidance. Thus active 
safety and above all the knowledge of the causes of 

traffic accidents seem to play an ever-increasing 
role. 
The objective thus has to be to compile an evalua-
tion-neutral coding system of causes of accidents 
and/or accident influence parameters on the acci-
dents, which can be used within the procedures of 
accident research. This system has to contain the 
individual components "human-vehicle-
environment" and has to supply a methodology for 
the collection of important information, it also has 
to make the causes and/or influence parameters 
available for computer-based evaluation. To this 
end at first a suitable system has to be developed 
and the relevant parameters have to be defined. In a 
second step these can be coded and a technical and 
practical coding structure can be developed. For In-
Depth data collections on scene it would be particu-
larly helpful, if the developed system could not 
exclusively be applied by psychological specialists, 
but also by other researchers after a psychological 
and system-oriented training. Beyond that it is well 
known from past on scene accident research and 
other in-Depth-collections that not always all in-
formation concerning the accident is available and 
that the persons involved or injured in an accident 
are not always available for questioning. Even in 
these cases without direct interview of the involved 
parties the causes of the accident and/or the influ-
encing parameters should still be analyzable. 
From these multivariate requirements it was possi-
ble to develop a methodology (ACASS – Accident 
Causation Analysis with Seven Steps), which is to 
aid the on-scene accident research GIDAS (German 
in-Depth-Accident Study) and which is in use since 
the beginning of 2008. GIDAS' special feature is a 
statistically representative sample appropriate for 
all types of accidents with personal injury collected 
by an on scene investigation team consisting of 
physicians and engineers and a very comprehen-
sive, detailed compilation of the accident data by 
means of more than 2000 items of information for 
every accident, concerning injury and deformation 
patterns, driving and collision speeds as well as 
other accident characteristics, and, in addition, 
information from questioning persons involved in 
the accident (Otte et al. 2003 and Bruehning et al. 
2005). In the context of this study the newly devel-
oped methodology and structure of the causation 
coding in GIDAS by means of ACASS and the first 
results of the application in GIDAS, implemented at 
the beginning of 2008, are illustrated. 

HYPOTHESIS-BASED EXPLORATIVE 
ANALYSIS OF CAUSES OF ACCIDENTS 
DUE TO HUMAN FACTORS IN                                                          
SEVEN STEPS (ACASS) 

For the multivariate requirements of In-Depth-
studies on accident-causes a methodology (ACASS 
– Accident Causation Analysis with Seven Steps) 
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was developed, which is to aid the on-scene acci-
dent research GIDAS (German in-Depth-Accident 
Study) and which is in use since the beginning of 
2008. 
In a study conducted for the Federal Highway Re-
search Institute, Germany (PUND & NICKEL, 
1994), suggestions were made, based on a biblio-
graphical evaluation and different method varia-
tions, which accommodate both research based on 
an analysis of the accident participant as well as the 
conditions of an accident research working on-
scene. 
Apart from the collection of technical and infra-
structural characteristics the analysis of the human 
influences during the accident development con-
tributes to the explanation of causes (cf. PUND & 
OTTE, 2005). Therefore the influence of the situ-
ational effective behavior is recorded in the context 
of an analysis of the persons involved as soon as 
possible after the accident and if possible at the site 
of the accident. The explorative analysis of accident 
causes in seven steps based on traffic-psychology 
considers the dynamic process character of human 
functions, which play a role in the avoidance of 
collisions when coping with a traffic conflict. 
The 7 categories (seven steps) of the human cause 
factors are an analysis and order system, which 
describes the possible human causation factors at 
the moment of the accident development in chrono-
logical order (from perceptibility to action errors). 
These seven steps are first based on error tracing in 
the top category of the "information access" and 
subsequently on the basic 6 human functions (from 
"observing" to "operating"), which run in chrono-
logical order from recognizing the danger up to the 
reaction to a cause, e.g. a traffic situation evaluated 
as critical. Based on this structure, the human cause 
factors can be divided not only into meaningful 
categories, but can be recognized and collected 
more easily because of a structured questioning 
method. 
As process model “Seven steps” takes into account 
the dynamic sequences, which develop, if a human 
with his characteristics, abilities and restrictions 
intervenes in a system. The core method of inter-
viewing the persons involved created a structure of 
the procedure of data acquisition. The identification 
of causes of accidents in human behavior should 
consider the process character of human observa-
tion, thinking and acting, in order to arrive at man-
ageable analysis units, which permit clear state-
ments as to the respective human sources of error 
on distinguishable "function levels". A procedure 
based on hypotheses lends itself for this purpose, 
where for every step within the processing concept 
of the seven steps a core hypothesis is presented, 
which can be disproved using certain criteria. The 
respective criterion again experiences its validity of 
the allocation by different indicators, which are 

collected at the site of the accident in a predomi-
nantly explorative manner. 
The methodology of the collection of accident 
causes was presented for the first time at the first 
international conference "Expert symposium on 
Accident Research" (ESAR) in September 2004. 
After a testing phase it has been used in this shape 
by GIDAS in the course of the ongoing analyses of 
accidents at the medical university Hanover. The 
model it is based on has been theoretically justified 
and its implications for application on the special 
conditions of an "In-Depth/On-the Spot" analysis 
were derived (PUND and OTTE, 2005). Within two 
years of developing work, the model underwent a 
definition and an adjustment taking into account the 
feasibility and restrictions of the research at the 
sites of accidents, where the aspect of the "feasibil-
ity" and the realistically executable time and effort 
for data acquisition and coding was focused on 
(PUND, OTTE and JAENSCH, 2007). A further 
objective was as high an agreement of the model 
structure with the collection instruments derived 
from it as possible and their adjustment to the half-
standardized interview form used up to that time 
(cf. PUND and OTTE, 1999). 
Following the “Seven-Steps-Model” (focused on 
the pre-crash-phase) the sequence of accident-
related human functions can be described in follow-
ing terms: 
-no problem-solving (concerning immediate acci-
dent-danger) without information access  
-without sufficient information access no indica-
tion for observation 
-without attentive observation no identification  and 
recognition 
-without correct recognition no interpretation  and 
evaluation 
-without rational and critical evaluation no planning 
and intention forming   
-without (at least rudimentary) planning no selec-
tive implementation of action 
-without unhampered implementation no correct 
interference and operation.  
In agreement with a hypothesis-based procedure 
with the identification of relevant human causes of 
accident the first hypothesis reads: 
 
1. The information necessary for the possible solu-
tion of the traffic conflict was objectively available 
and the person involved in the accident was able to 
perceive it without obstruction. 
 
The presence of an "unobstructed perception" is 
examined exemplarily on the basis of the criterion, 
that the involved person did not exhibit functional 
limitations of his eyesight. Another criterion is, that 
the perception field necessary for the observation of 
the relevant traffic conditions was not obscured by 
vehicle-specific or infrastructural perception barri-
ers. 
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This step designates something like a "gate" for the 
use of the information. The access opened by this 
"gate" represents the pre-condition for the second 
step: 
 
 2. The involved person was able and motivated to 
direct his perception by attentive observation to the 
relevant/critical situation characteristics based on 
sufficient perception conditions. 
 
The criteria the examination of the second hypothe-
sis was based on comprise features effective in 
certain situations, which negatively affect the atten-
tion attitude of the person involved: external and 
internal “distractors”, deactivating factors and in-
fluences restricting vigilance restrictive due to sub-
stance consumption (alcohol, drugs, medication). 
If the second hypothesis cannot be negated due to 
the absence of negative attention-related influences, 
the next step of the correct identification of the 
relevant situation characteristics is entered: 
 
3. The person involved recognized the major ele-
ments of the situation and completely understood 
their impact on the further development. With sev-
eral elements observed simultaneously he kept the 
track of all of them and identified the major fea-
tures that were relevant to his actions. 
 
Identifying / recognizing the complete situation and 
the identification of the major action-relevant char-
acteristics from an event stream are determined 
exemplarily by the criteria of information density, 
complex perception conditions and/or information 
overload. 
A further criterion in the third step refers to identi-
fication problems such as similarity mistakes, mis-
take or fusion of an object with the background 
("Camouflage"). 
In the consequence the situation is misjudged, 
which negatively affects the next step of a reliable 
"risk evaluation". The question concerning the 
evaluation of a situation regarding its decision rele-
vance (e.g. a palpable threat) follows upon the 
fourth hypothesis: 
 
4. The person involved was able to evaluate the 
danger on the basis of the recognized features, by 
correctly judging the situation and its development 
concerning its instability and/or its risk content in 
time. 
 
In this step all causes of misinterpretations are of 
interest due to wrong expectations, lack of experi-
ence or erroneous assessment of physical dimen-
sions. 
If the situation was judged correctly, however, and 
understood as a request for action, the next step of 
action planning follows: 
 

5. The person involved made at least a rudimentary 
action draft with correct objective and has consid-
ered alternative possibilities when planning. He has 
not also understood what needs to be done, but also 
how to implement it (correct method). 
 
An indication for the presence of a plan that is as 
complete and correct as possible can be exemplarily 
derived from the criterion, that the person involved 
decided on the correct alternative course of action 
with sufficient time for the selection of the action 
strategy, or he did not consciously decide in his 
planning to violate well-known traffic rules. 
For the analysis of the fifth step it has to be consid-
ered that for a rational behavior planning and con-
trol the time available permits at most a precon-
scious planning due to quickly recalled "internal 
sequence models", which developed with the ex-
perience of the driver. Questions about decision 
errors due to incorrect assumptions of the develop-
ment of the situation thus play a role for the analy-
sis just like skipping the planning phase in favor of 
a reflex action. 
In the context of the explorative accident research 
persons concerned occasionally report the execu-
tion of an action, yet the execution of the intended 
action was omitted or delayed. In order to be able to 
analyze this phenomenon more in detail, the sixth 
step of the pertinent hypothesis is formulated as 
follows: 
 
 6. With the intention of realizing a decision that 
had been made, no psychologically or physiologi-
cally disturbing influences arose, which prevented 
the implementation of the decision or which pro-
longed the time required for decision. 
 
The question of a correct and punctual conversion 
of the principally promising decision can be deter-
mined by the criterion of "performance obstacles 
during the conversion". 
E.g., the effect of  "shock and block phenomena" is 
a delay or a suppression of the intended reaction. In 
this step paralyzing emotional reactions like "a 
feeling of being overwhelmed" (e.g. the participant 
shuts his eyes because he is horrified) or the oppo-
site, a "hyperactivity / uncontrolled reaction" as 
stress reaction are queried, which altogether prevent 
a coordinated setting of priorities and implementa-
tion of actions. 
In case of unobstructed implementation of the 
planned decision, possible execution errors move 
into the focus of the analysis. General action errors 
and specific control errors prevent the correct exe-
cution of a preventive action or emergency and/or 
avoidance reaction: 
 
 7. The occupant did objectively have the chance of 
intervening in the system by acting and no qualita-
tive or quantitative procedural errors occurred. The 
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person involved implemented the selected mode of 
operation as intended and the interference was 
carried out completely.. 
 
The indicators that lead to criteria for a correct and 
unhindered transformation of the decision into 
action and for an operation without error are, that 
the action of the person involved was not subject to 
mix-ups or operating errors. 
 
In the context of implementing ACASS into GI-
DAS it appeared to be sensible to simplify the 
seven Categories of human causation factors, to 
improve the practicability of this system during on 
scene investigations for team members without a 
fundamental psychological background. Thus two 
changes were performed: First the categories “(2) 
Observation” and “(3) Recognition” were merged 
to one category “Information access” und secondly 
the category “(6) Selection/Implementation” was 
merged into the category “(7) Operation”. These 
remaining five categories may easily be converted 
back into a seven step system with the knowledge 
of the specific influence criteria of the categories. 
With the “Seven-steps model” as a theoretical ap-
proach to describe and explain the human causes of 
accidents efforts were made to develop an eco-
nomic tool suitable for the practical use “on scene.” 
Furthermore, the hypothesis-based procedure en-
sures reliable linking of the found topics with pos-
sible human causes and transforming them into a 
code-system also derived from the model. 
Training and supervision of the research-team (in-
terview-techniques, use of the codebook, use of the 
semi-structured questionnaire) are as much essen-
tial as plausibility-checks of the coding in the sense 
of inter-rater-reliability. 

BASIS OF METHODOLOGY  

The analysis of causes of accidents starting with the 
event (in contrast for instance to the traffic conflict 
research) the conditions effective at the time of the 
critical event are examined as extensively and ex-
actly as possible, on the other hand looking back-
wards on a time axis conditions, which were the 
cause of the accident are tracked. The latter applies 
particularly to the human contribution: Conditions 
like fog or icy roads as such relatively rarely repre-
sent causes of a certain accident (otherwise all road 
users would have been involved in an accident at 
the observed accident site under these conditions), 
but only become an identifiable cause in connection 
with human processes. Human conditions unfold 
interactively-dynamically, occur iteratively-
process-like and are subject to a high variance. 
Perception, evaluation and decision procedures, for 
instance, depend to a high degree on basic func-
tions, which humans bring into the accident situa-
tion and which also change and adapt in the course 

of events, e.g. a "switching" from a more distrib-
uted attention attitude to a focused one. 
 
If one considers the structure of an accident causa-
tion analysis, one arrives at the rather complex 
representation of the possible influence parameters 
relevant in this context (Appendix). From this the 
approach of a system-oriented recording of accident 
influence parameters and the ACASS-methodology 
were developed. 
The systematics used for ACASS in the context of 
the GIDAS accident research contain an explorative 
classification of characteristics affecting accidents, 
which occur during the analysis of accidents. Cau-
sation factors are relevant single characteristics or 
combinations of characteristics, which were causal 
for the development of a traffic accident, or which 
contributed to the development of the accident. For 
traffic accidents these factors can be expected to 
originate from the areas "human", "machine" and 
"environment". 
 
"Human“ � Group 1, human cause factors (Seven 
Steps) 
„Machine“ � Group 2, factors from the technical 
nature of the vehicle  
"Environment“ � Group 3, factors from the range 
of the infrastructure and nature 
 
Group 1 with its 7 subcategories is the seven-steps 
method and thus the core of this system for collect-
ing causes of accidents, which can be attributed to 
human behavior. 
 
ACASS not only is a system for recognizing and 
describing causation information but also for col-
lecting them in a data base, by categorizing them 
using a system of numeric codes. Such a system 
requires additional information apart from the con-
crete influence parameters of the cause of the acci-
dent, in order to be able to deliver as complete a 
picture of the accident as possible. As can be seen 
in figure 1, for each accident participant a set of 
codes is collected, which contain information on the 
causes of the accident and the source of the corre-
sponding information as well as their reliability. 
Besides for each causation code an explanatory text 
is given in a text field. 
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Figure 1: Overview over the data to be encoded for 
ACASS. 

  
Cause factors  
The cause factors constitute the core of the system 
for the collection of accident causes. The cause 
factors specific to traffic accidents are summarized 
in a catalog, which covers the ranges human, ma-
chine and environment. Each recognized cause, 
which has been considered relevant for the respec-
tive traffic accident, can be assigned a code, con-
sisting of 3 or 4 numbers. Frequently a combination 
of several cause factors is responsible for the devel-
opment of a traffic accident, thus the indication of 
only one cause of accident would not be sufficient. 
For this reason there is the option of assigning sev-
eral cause factors to each person involved in an 
accident. 
 
Source of information of the coded causes  
Here the source of information of a factor can be 
indicated for each coded cause factor. During the 
accident investigation and the collection of the 
causes of the accident frequently possible causation 
factors are found, which may or may not have con-
tributed to the development of the accident. Often 
even people involved in the accident also indicate 
or assume causes, whose relevance may be 
doubted. For this reason the source of the informa-
tion of the respective causation factor can be num-
ber coded:  
(1) questioning of the involved person at the site of 
the accident; (2) questioning of the involved person 
in hospital; (3) retrospective interview of the in-
volved person by telephone; (4) retrospective ques-
tioning of the involved person in person; (5) ques-
tioning of another involved person; (6) questioning 
of eye-witnesses; (7) information by the police; (8) 
information from accident reports/official records; 
(9) estimate of the accident research team. 
To have the opportunity of expressing doubts about 
a cause of the accident expressed by third parties, 
there is the possibility, apart from the indication of 
the source of information, of marking a check box 
expressing the doubt of the accident researcher, 
while the cause factor is being recorded in the data 
base. 
 

Further relevant information 
To be able to piece together a complete picture of 
the development of the traffic accident at a later 
point in time, it is sensible to collect descriptive 
information of the constellation of the accident in 
addition to the cause factors. 
For this purpose a text describing the accident is 
suitable as well as recording the type of the acci-
dent in accordance with the GDV (General Asso-
ciation of German Insurance Companies - Ge-
samtverband Deutscher Versicherer)/ISK (Institute 
for Traffic Cologne - Institut für Straßenverkehr 
Köln). This is another 3-digit code, based on the 
classification in 7 main classes and subsequently in 
several subclasses of the respective main classes. 

CAUSATION FACTORS OF TRAFFIC ACCI-
DENTS 

A number of investigations on causes with traffic 
accidents, already conducted, showed that most 
causation factors are to be found within the range 
"human". Due to this relevance the Seven step 
system was developed, which divides the human 
factors in 7 categories within group 1. Together 
with the factors from the range of the technology of 
the vehicle and the factors from the ranges "na-
ture/infrastructure" three different groups emerge, 
in which causation factors for traffic accidents can 
be found. These 3 groups constitute the first digit of 
the cause code. 
 
Figure 2 shows that the causation factors of the 
three mentioned groups are divided in each case 
into up to seven subcategories within the groups.  

  

Figure 2: Structure of the causation code. 
 
The respective categories constitute the second digit 
of the causation code. The third number of the cau-
sation code is determined by the concrete causes or 
by the influence criteria within the respective cate-
gories. This has been represented as an example of 
subcategory (7) "Opertation" within Group 1 (hu-
man factors). For human cause factors, however, 
there is an additional fourth number (indicator). 
Each influence criterion has a set of indicators, 

Structure of  for recording accident causation data with  ACASS
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Specification of the factors 
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causes of the accident with a 3 
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which indicate frequent occurrences of these influ-
ence criteria. Using the example (1) of "mix-up and 
operating error" from group 1, category 7, the most 
frequent occurrences were (1) pedals; (2) gear shift; 
(3) control elements. The fourth digit of the code is 
used to specify the appropriate indicator applicable 
here. If a mix-up of gas and brake pedal were a 
cause for a traffic accident, the appropriate cause 
code for that constellation would be 1711, for in-
stance. 

EXPLORATIVE ANALYSIS OF CAUSES OF 
ACCIDENTS DUE TO HUMAN FACTORS IN 
SEVEN STEPS (SEVEN STEPS) 

The 7 categories (seven steps) of the human cause 
factors in group 1 are an analysis and order system, 
which describes the possible human causation fac-
tors at the moment of the accident development in 
chronological order (from perceptibility to action 
errors). These seven steps are first based on error 
tracing in the top category of the "information ac-
cess" and subsequently on the basic 6 human func-
tions (from "observing" to "operating"), which run 
in chronological order from recognizing the danger 
up to the reaction to a cause, e.g. a traffic situation 
evaluated as critical. Based on this structure, the 
human cause factors can be divided not only into 
meaningful categories, but can be recognized and 
collected more easily because of a structured ques-
tioning method. 
As process model Seven steps takes into account 
the dynamic sequences, which develop, if a human 
with his characteristics, abilities and restrictions 
intervenes in a system. The core method of inter-
viewing the persons involved created a structure of 
the procedure of data acquisition. The identification 
of causes of accidents in human behavior should 
consider the process character of human observa-
tion, thinking and acting, in order to arrive at man-
ageable analysis units, which permit clear state-
ments as to the respective human sources of error 
on distinguishable "function levels". A procedure 
based on hypotheses lends itself for this purpose, 
where for every step within the processing concept 
of the seven steps a core hypothesis is presented, 
which can be disproved using certain criteria. The 
respective criterion again experiences its validity of 
the allocation by different indicators, which are 
collected at the site of the accident in a predomi-
nantly explorative manner. 

RESULT OF AN APPLICATION ORIEN-
TATED STUDY 

The methodology of the collection of accident 
causes was presented for the first time at the first 
international conference "Expert symposium on 
Accident Research" (ESAR) in September 2004. 
After a testing phase it has been used in this shape 

by GIDAS in the course of the ongoing analyses of 
accidents at the medical university Hanover. The 
model it is based on has been theoretically justified 
and its implications for application on the special 
conditions of an "In-Depth/On-the Spot" analysis 
were derived (PUND and OTTE, 2005). Within two 
years of developing work, the model underwent a 
definition and an adjustment taking into account the 
feasibility and restrictions of the research at the 
sites of accidents, where the aspect of the "feasibil-
ity" and the realistically executable time and effort 
for data acquisition and coding was focused on 
(PUND, OTTE and JAENSCH, 2007). A further 
objective was as high an agreement of the model 
structure with the collection instruments derived 
from it as possible and their adjustment to the half-
standardized interview form used up to that time 
(cf. PUND and OTTE, 1999). 
The analysis of the human causation factors of 
accidents in seven steps is now a variable set of 
group 1 of the causation codes, besides the "factors 
of influence from the range of the vehicle technol-
ogy" of group 2 and the "factors of influence from 
the range of the infrastructure and environment" of 
group 3 (cf. diagram 3). 
On the basis of interactive models of the traffic 
participation and accident development, the model 
of the Seven Steps is based on an information-
theoretical access; it considers action theoretical 
explanation approaches and covers components of 
the error analysis. Models of the procedural data 
processing generally assume step procedure "per-
ception - interpretation - decision - action" and also 
consider the interfaces of the "human factor" with 
other system components (in summary e.g. 
HEINRICH and PORSCHEN, 1989; WILLUMEIT 
and JUERGENSOHN, 1997; WICKENS, 2000). 
The approach of process description of the informa-
tion acquisition, its cognitive processing, the inten-
tion and goal formation, which are based on the 
above, as well as their conversion into actions have 
been integrated into the model, just like the obser-
vation of human processes as sequential functions 
from the perception of a critical attraction to the 
execution of the action. The "disturbance" identi-
fied in the respective step of the hierarchically 
structured flow chart, describing the human basic 
function in detail is perceived as an error during the 
process of the information processing and action 
conversion (e.g. REASON, 1994; RASMUSSEN, 
1986, 1995; KUETING, 1990), the failure of a 
basic human function is explained due to effective 
physiological or psychological factors, e.g. percep-
tion errors due to distraction; decision errors due to 
unsolvable conflicting objectives or action errors 
due to coordination errors (see tri level study; 
TREAT et al., 1977). The role of the motivation of 
the drivers concerns above all the risk evaluation of 
a situation and the driver's behavior, thus questions 
concerning the motivational conditions, particularly 
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in the steps "estimate" (interpretation of the recog-
nized characteristics) and "planning" (action draft 
due to intention formation) are asked (see 
NAEAETANEN and SUMMALA, 1974). 
The first question, which the accident analyst puts 
to the person involved in the accident and his 
"view" of the accident (in both senses of the expres-
sion), is the one concerning the existing access to 
information on all sensory levels. As the solution of 
traffic conflicts in the predominant number of the 
cases is dependant on a visual perceptual input and 
less on an auditory or kinesthetic-tactile access, the 
visual conditions on individual, vehicle-lateral and 
environmental basis have the highest priority (in the 
course of the interview different perception restric-
tions can turn out to be important, for instance if 
acoustic warning signals were not noticed). 
Group 1 of the human cause factors (Seven step) 
subsequently shown as a hypothesis list conveys 
only exemplarily and as abstracts some of the crite-
ria associated with the hypothesis. 
In agreement with a hypothesis-based procedure 
with the identification of relevant human causes of 
accident the first hypothesis reads (if this cause is 
true, it has to be negated): 
 
1. The information necessary for the possible solu-
tion of the traffic conflict was objectively available 
and the person involved in the accident was able to 
perceive it without obstruction. 
 

- The presence of an "unobstructed perception" 
is examined exemplarily on the basis of the 
following criteria: the involved person did not 
exhibit functional limitations of his eyesight 
and his central daily visual acuity as well as 
the other vision functions (e.g. color vision, 
twilight vision, stereoscopic vision) generally 
enabled him to use the field of view for the 
acquisition of information (also taking into ac-
count corrective lenses). 

- The perception field necessary for the obser-
vation of the relevant traffic conditions was 
not obscured by vehicle-specific perception 
barriers (characteristics of the vehicle con-
struction, passengers, additional load, changes 
to the vehicle, wrong or insufficient use of 
perception assisting devices, condition of the 
windscreen and other windows, retro-fitted 
devices). 

 
The first of the seven steps thus refers only indi-
rectly to human characteristics in the sense of an 
individual reception possibility of sensorily trans-
mitted information. This step designates something 
like a "gate" for the use of the information. The 
access opened by this "gate" represents the pre-
condition for the second step: 
 

 2. The involved person was able and motivated to 
direct his perception by attentive observation to the 
relevant/critical situation characteristics based on 
sufficient perception conditions. 
 
The existence of an "attentive observation" (distrib-
uted attention, observation of details) is examined 
exemplarily on the basis the following criteria: 

- The observation accuracy of the person in-
volved was not subject to a diverting influence 
due to outside stimuli from the driving envi-
ronment, which limited the distributive atten-
tion or which impaired channeling the atten-
tion on relevant details. 

- The degree of physiological activation of the 
person involved was not reduced; in particular 
there were no negative influences on the vigi-
lance (fatigue, exhaustion, drowsiness, mi-
crosleep, effects of monotonous driving condi-
tions, influences of the circadian rhythm, dis-
ease symptoms with reduction of the level of 
activity, (side-) effects of medication, influ-
ence of other substances). 

 
The criteria the examination of the second hypothe-
sis was based on comprise features effective in 
certain situations, which negatively affect the atten-
tion attitude of the person involved: external and 
internal distractors, deactivating factors and influ-
ences restricting vigilance restrictive due to sub-
stance consumption (alcohol, drugs, medication). 
The influence of the substances also impairs the 
cognitive and coordination conditions in the next 
steps, but it is postulated that a substance consump-
tion particularly and primarily affects the observa-
tion ability and attention attitude as a malfunction, 
thus it is explicitly inquired as specific effect factor 
in the second step of the Seven steps and is also 
coded there, if necessary. 
If the second hypothesis cannot be negated due to 
the absence of negative attention-related influences, 
the next step of the correct identification of the 
relevant situation characteristics is entered: 
 
3. The person involved recognized the major ele-
ments of the situation and completely understood 
their impact on the further development. With sev-
eral elements observed simultaneously he kept the 
track of all of them and identified the major fea-
tures that were relevant to his actions. 
 
Identifying / recognizing the complete situation and 
the identification of the major action-relevant char-
acteristics from an event stream is determined ex-
emplarily by the following criteria: 

- With available information density, complex 
perception conditions and/or requirements of 
the substantial/solid information admission 
(incessant flood of irritations/sensory over-
load) the person involved was nevertheless 
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able to understand the substantial features and 
their meaning. 

- During the observation of the traffic the per-
son concerned has filtered the action-relevant 
information from the information on offer and 
neglected irrelevant features. 

 
A further criterion in the third step refers to identi-
fication problems such as similarity mistakes, mis-
take or fusion of an object with the background 
("Camouflage"). 
In the consequence the situation is misjudged, 
which negatively affects the next step of a reliable 
"risk evaluation". The question concerning the 
evaluation of a situation regarding its decision rele-
vance (e.g. a palpable threat) follows upon the 
fourth hypothesis: 
 
4. The person involved was able to evaluate the 
danger on the basis of the recognized features, by 
correctly judging the situation and its development 
concerning its instability and/or its risk content in 
time. 
 
A timely evaluation and a correct interpretation is 
examined exemplarily on the basis of the following 
criteria: 

- The person involved correctly estimated 
speeds and distances of other road users 
and/or distances of objects or topographic fea-
tures. 

- The person involved combined and correctly 
interpreted information concerning the driving 
environment or the behavior of other road us-
ers (no "hasty conclusions"; no incorrect as-
sumptions, e.g. due to communication error, 
confidence error, transfer of responsibility). 

In this step all causes of misinterpretations are of 
interest due to lack of experience, erroneous as-
sessment of physical dimensions (distances, speeds, 
dimensions, spacial location, length of time), misin-
terpretations of indications and warning signals and 
communication errors between road users. Also 
erroneous evaluations due to "experience problems" 
(neglecting a risk due to wrong expectations and 
habits: "nobody ever comes out of this road") are 
covered by this analysis step. If the situation was 
judged correctly, however, and understood as a 
request for action, the next step of action planning 
follows: 
 
5. The person involved made at least a rudimentary 
action draft with correct objective and has consid-
ered alternative possibilities when planning. He has 
not also understood what needs to be done, but also 
how to implement it (correct method). 
 
An indication for the presence of a plan that is as 
complete and correct as possible can be exemplarily 
derived from the following criteria: 

- The person involved decided on the correct 
alternative course of action with sufficient 
time for the selection of the action strategy. 

- The person involved did not consciously de-
cide in his planning to violate well-known 
traffic rules. 

- The person involved did not include any "ulte-
rior motives" in his decision-making, which 
have no recognizable connection to the traffic 
conditions (counter-productive goals and 
problematic driving motives, such as superior-
ity, competition, demanding privileges etc.). 

- The person involved considered the possible 
side effects of his planning in the decision-
making process and made changes to the plan 
if necessary and/or considered corrective 
measures. 

For the analysis of the fifth step it has to be consid-
ered that for a rational behavior planning and con-
trol the time available permits at most a precon-
scious planning due to quickly recalled "internal 
sequence models", which developed with the ex-
perience of the driver. Questions about decision 
errors due to incorrect assumptions of the develop-
ment of the situation thus play a role for the analy-
sis just like skipping the planning phase in favor of 
a reflex action. 
In the context of the explorative accident research 
persons concerned occasionally report the execu-
tion of an action, yet the execution of the intended 
action was omitted or delayed. In order to be able to 
analyze this phenomenon more in detail, the sixth 
step of the pertinent hypothesis is formulated as 
follows: 
 
 6. With the intention of realizing a decision that 
had been made, no psychologically or physiologi-
cally disturbing influences arose, which prevented 
the implementation of the decision or which pro-
longed the time required for decision. 
 
The question of a correct and punctual conversion 
of the principally promising decision can be deter-
mined by the criterion of "performance obstacles 
during the conversion". This can be described based 
on the following examples: 

- The person involved was not subject to a reac-
tion inhibition due to shock phenomena, fright 
or fear and/or escape reactions. 

- During the implementation of the planned ac-
tion no reaction errors in the sense of inappro-
priate force, delayed introduction of the reac-
tion or wrong sequence occurred. 

The causes of a delayed reaction or of a complete 
suppression of a reaction are often "shock and block 
phenomena", confusion due to panic, "hyperactivity 
/ uncontrolled reaction", "a feeling of being over-
whelmed" or unsolvable conflicting aims with sev-
eral equivalent options to react (“to brake or to 
accelerate”).  Also the necessary intensity of the 
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reaction implementation may be negatively influ-
enced herewith (e.g. too weak braking). 
In case of unobstructed implementation of the 
planned decision, possible execution errors move 
into the focus of the analysis. General action errors 
and specific control errors prevent the correct exe-
cution of a preventive action or emergency and/or 
avoidance reaction: 
 
 7. The person involved did objectively have the 
chance of intervening in the system by acting and 
no qualitative or quantitative procedural errors 
occurred. The person involved implemented the 
selected mode of operation as intended. 
 
As criteria for a correct und complete action or for 
an error-free operation the following indicators may 
be drawn on: 

- The action of the person involved was not sub-
ject to mix-ups or operating errors. 

- The person involved was able to operate the 
control element without interruption 

 
In the seventh step the question of the concrete 
execution of the action, after a reaction has oc-
curred, is discussed. Possible action and control 
errors are explored in the interview. If errors in the 
execution of the action were not identifiable, how-
ever, technical and/or structural system errors in 
group 2 (e.g. vehicle changes, malfunctions, inter-
face problems) have to be searched for or the re-
spondent has not contributed to the causation of the 
accident. 
In the context of implementing ACASS into GI-
DAS it appeared to be sensible to simplify the 
seven Categories of human causation factors, to 
improve the practicability of this system during on 
scene investigations for team members without a 
fundamental psychological background. Thus two 
changes were performed: First the categories “(2) 
Observation” and “(3) Recognition” were merged 
to one category “Information access” und secondly 
the category “(6) Selection” was merged into the 
category “(7) Operation”. These remaining five 
categories may easily be converted back into a 
seven step system with the knowledge of the spe-
cific influence criteria of the categories.     
In the following the seven-step system for the col-
lection of causes of accidents is to be clarified by an 
example. This example is based on a real-life traffic 
accident, which was collected in the context of the 
GIDAS accident research project. 

RESULTS OF THE IMPLEMENTATION IN 
GIDAS 

561 accidents collected within GIDAS by June 
2008 were evaluated, of these 412 cases (73%) 
contained causation codes. Thus 687 involved per-
sons were available for analysis, of which 457 per-

sons contributed to the emergence of the accident 
and had a causation code. A population of cases 
resulted with a distribution similar to all accidents 
in GIDAS, for instance based on the proportion of 
traffic participants, cars 54%, trucks 6%, bicycles 
21%, 8% pedestrians, 9% motorcycles. Human 
causes were determined for all road users in over 
92% of the cases, with the exception of accidents 
involving busses and streetcars (figure 3). Envi-
ronmental factors obviously have less effect on the 
development of accidents involving passenger cars 
and trucks than on accidents involving pedestrians 
and motorcyclists as traffic participants. 
 

 

Figure 3: Frequency of the indicated causation 
factors in the accident documentation of GIDAS 
 
A coding of the human cause factors was done as a 
complete code in 91.2% of the cases, in 6.8% of the 
cases without an indicator and in 2% of the cases 
only the group could be specified (figure 4). 
The group of the human cause factors consists of 
categories of the ranges of the perception of hu-
mans, the evaluation of the perception and the re-
sulting action, which is called 7 Steps because of 
the possible 7 categories. 
In 20% of the cases no complete access of the par-
ticipant to all information was possible. Further-
more 18% of the participants that contributed to the 
emergence of the accident did not observe the 
Situation with full attention. 31% of the human 
factors relate to failures with the recognition of the 
traffic situation and respectively about 25% relate 
to errors when evaluating the situation and when 
planning an action to handle the situation. Only 
10% of the participants had problems with the se-
lection and initiation of an action and only about 
1% had an action error like mixing up the brake-
pedal with the accelerator (figure 4). 
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Figure 4: Completion of human factors. 
 

 

Figure 5: Frequencies of the categories of the hu-
man causation factors. 
 
With the more differentiated evaluation of the cate-
gories, using the criteria, a wrong focus of attention 
of the driver appears with an incidence of 29 % 
(figure 6). This can be regarded as a substantial 
influence parameter for accident causation. But also 
the intentional breach of rules with an incidence of 
14 % proves to be a frequent accident causation 
factor.  
 

 

Figure 6: Frequencies of the criteria within the 
different categories of the human causation factors. 
 
When evaluating the most frequent indicators of the 
different criteria, the “wrong observation strategy” 
and also the “wrong assumption concerning the 
outcome of a situation“ appear most frequently 
from altogether 669 mentions. But also “excessive 
speed” and the “focus towards the wrong road 

user”, the “wrong estimation of distance of other 
road users” as well as “driving under influence of 
alcohol” appears as frequent indicators of human 
causes: 
 
 12063 Wrong observation strategy n=87 
 14012 Wrong assumption concerning the out-

come of a situation n=36 
 14022 Excessive speed n=27 
 12061 Focus of attention towards the wrong 

road user n=25 
 13022 Wrong estimation of distance of other 

road users n=20 
 12042 Driving under influence of alcohol n=18 

CONCLUSIONS 

In particular due to the increasing use of intelligent 
technical aids of the vehicle assistant systems, it 
becomes more and more difficult to evaluate the 
contributions of these electronic systems built in the 
vehicles concerning their influence on accident 
causation and accident avoidance. Active safety and 
above all the knowledge of the causes of traffic 
accidents gain at present an ever-increasing impor-
tance for the development of safety measures. The 
objective was the creation of a coding system of 
causes of accidents and/or influencing parameters 
on the accidents, which can be used in the frame-
work of accident research. This system should con-
tain the individual components "human - vehicle - 
environment" and a methodology for the collection 
of the important information, beyond that it should 
also make the causes and/or influence parameters 
available for evaluation/processing on computers. 
The objective of finding a suitable system to supply 
the relevant parameters for the GIDAS on scene 
investigations and also other in-Depth-
investigations was achieved and the system has 
been judged as suitable after it underwent a practice 
test. 
The practice test resulted in a satisfactory usage rate 
of coding application for the accident documenta-
tion. The team members had undergone psycho-
logical training and the codes selected by the team 
were correctly chosen in the majority of the cases. 
Next to three days of traffic psychological training, 
the quality control arrangements also included case 
reviews with plausibility validation of the codes as 
well as a random operation of the traffic psycholo-
gist in the accident research team  
The coding should be a component of an on scene 
accident data collection system. Thus information 
collected from persons and vehicles involved in an 
accident can be recognized as parameters influenc-
ing the accident development and processed for use 
on computers based on the coding system. 
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Appendix: Structural-analytical view of causes of accidents in the human-vehicle-environment-model 
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vehicle alterations and problems with the human-machine interface. 
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(7 Steps).  

The range of factors from the traffic-infrastructure and the environment is 

subdivided into categories like the condition/maintenance of the road, road 

design or factors from nature like weather conditions or wild animals. 
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ABSTRACT 

Since secondary safety systems have been 
implemented in modern cars successfully, the 
development of primary safety systems becomes 
more and more important. That causes the necessity 
of useful methods to estimate the benefit of these 
advanced safety systems. In this paper a new 
method for the benefit estimation of advanced 
safety systems by simulating real world crashes is 
presented. 

The bases of this simulation are real world crashes 
out of the GIDAS (German In-Depth Accident 
Study) database, including reconstruction data, 
accident sketches and safety systems specifications. 

The result of this method is a comparison between 
the simulated real accident scenario and the 
predicted accident scenario using a virtual 
prototype of the safety system. Using this 
comparison it is possible to estimate the benefit for 
the single case as well as the global benefit for all 
cases. The simulation will be done with a car 
dynamic simulation program. Therefore, 
interactions between sensor systems, brakes and 
steering controls can be considered. 

Furthermore, it is also possible to simulate crash 
involved cars with more than one safety system. 
The benefit will be estimated regarding accident 
avoidance and/or accident mitigation based on all 
available cases in GIDAS. 

Another possibility of such a simulation is to find 
out potentials of the further development of 
advanced safety systems or to develop new 
activating strategies by checking up parameters like 
yaw-angle, lateral acceleration or steering wheel 
angle. 

This paper explains a method for the estimation of 
potential benefits of primary safety systems and 
exemplified results. 

The paper offers the possibility of a dynamic 
simulation of real world accident initiations with 
and without virtual safety systems. The results 
provide detailed information about useful 
combinations of advanced safety systems. 

THE GIDAS DATABASE 

For this paper accident data from GIDAS (German 
In-Depth Accident Study) was used. GIDAS is the 
largest in-depth accident study in Germany. The 
data collected in the GIDAS project is very 
extensive, and serves as a basis of knowledge for 
different groups of interest. Due to a well defined 
sampling plan, representativeness with respect to 
the federal statistics is also guaranteed. Since mid 
1999, the GIDAS project has collected on-scene 
accident data in the areas of Hanover and Dresden. 
GIDAS collects data from accidents of all kinds 
and, due to the on-scene investigation and the full 
reconstruction of each accident, gives a 
comprehensive view on the individual accident 
sequences and its causation.  

The project is funded by the Federal Highway 
Research Institute (BASt) and the German 
Research Association for Automotive Technology 
(FAT), a department of the VDA (German 
Association of the Automotive Industry). Use of 
the data is restricted to the participants of the 
project. However, to allow interested parties the 
direct use of the GIDAS data, several models of 
participation exist. Further information can be 
found at http://www.gidas.org. 

 

METHOD 

The origin for a good benefit estimation of 
advanced safety systems should be a kind of 
comparison. The basis of such comparisons is 
derived from Hannawald [2]. The comparison that 
is used for this paper is shown in Figure 1. 
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Figure 1.  Scheme of comparison 

All relevant information is taken out of the pre 
crash matrix. Then the simulation is processed with 
and without an active safety system. The results are 
then compared to each other to find the benefit of 
the implemented safety system. Furthermore, every 
block will be explained on its own.  

The pre crash matrix 

The pre crash matrix is a cluster of information 
about the accident scene and the movement 
parameters of the participants. For explanation, the 
content of this matrix is divided into two parts. The 
first part of information in this matrix is the 
geometrical information of the accident scene 
which comprehends the geometrical positions of 
lane borders, lane markers, view obstacles and 
drivelines of each participant. An example accident 
sketch, shown in Figure 2, is taken to show this 
process graphically. 

 

Figure 2.  Accident sketch 

The extracted geometrical information is shown in 
Figure 3. 

Figure 3.  Extracted information of the acci
sketch 

After extracting the geometrical coordinates 
layers the data is then converted into a readable
or ASCII file. 

The next step in generating a complete pre c
matrix is the compilation of the movem
parameters of the GIDAS database out of 
reconstruction data. Using this reconstruction 
it is possible to create an X,Y(t) matrix of
participants in the accident. The method for
calulation of the pre crash accident phase and
development of an X,Y(t) matrix was describe
Erbsmehl in [1]. The pre crash matrix used in 
paper is a combination of the digital acci
sketch and the X,Y(t) matrix of the participants

Simulation of the real accident with
safety system 

The next step in Figure 1 is the foreward simula
of the real accident.  
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Figure 4.  Simulation of the accident without sa
system 
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In Figure 4 a short scheme of the simulation and 
the working process is illustrated. The simulation 
starts about three seconds before the crash. After 
the start of the simulation the time value is 
increased slowly by 0.001 sec. In every time step 
the complete vehicle dynamic is calculated 
regarding the actual physical car parameters. This 
calculation is done for every participant of the 
accident. CarSim in combination with Matlab 
Simulink is used as  dynamic car simulation 
program. As shown below some addidtional car 
parameters are used as well. 

     Aditional car parameters - are needed to 
complete the input for the dynamic simulation. 
These car parameters are: 

• car dimensions 
• road conditions (tire contact) 
• information about tires 
• rear, front or all wheel drive 
• braking system 

     Physical parameters - are the result and the 
input for the next time step of the dynamic car 
simulation. These simulation parameters are saved 
in every time step for later comparisons. The list of 
the saved parameters can be edited as well. For the 
current simulation the following parameters are 
used. 

• current car position 
• current car speed (x,y,z) 
• current car acceleration 
• current yaw angle 
• current steering angle 
• current brake cylinder pressure 

     Result - is a compact file, which contains all 
physical parameters depending on the time to 
collision (TTC) or simulation time. The graphical 
result of such a simulation is shown in Figure 5. 

 

Figure 5.  Result of simulation without safety system 
(car positions) 

Simulation of the virtual accident usin
safety system 

All described input variables are now used
simulate the virtual accident scenario using  ac
safety systems.  
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Figure 6.  Simulation of the accident using a
safety systems 

In Figure 6 a similar scheme as shown in Figu
is presented. The only difference between the 
schemes is the blocks like EBS (emergency b
system) and LDW (lane departure warning). T
blocks represent a number of user defined sa
systems which can be integrated into the stri
car, for example. Those safety systems reac
physical parameters as well as to environme
parameters because they are implemented into
closed loop of the simulation. There is no need
pre-defined field of operations or pre-def
effectiveness values for the systems. For 
simulation in the current study, only an emerge
brake system is implemented.  

     The emergency brake loop - is based on 
input values. The first input value is 
information whether there is an object in the 
of the sensor for the emergency brake system 
whether it is detected. The second input valu
derived from the geometrical position and 
speed difference of both cars. It is checked whe
they are on a direct collision course or not. If
collision is unavoidable and the other acci
participant is in range of the sensor and detecte
well, then the emergency brake loop raises
pressure in the main brake cylinder and the
begins to brake. If the situation is not lo
dangerous, the emergency brake loop reduces
brake pressure. To check whether the sec
participant is in the field of the sensor a detec
module is used. 
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     The detection module - of the EBS loop is 
constructed by using the following scheme.  

 

Figure 7.  The detection module 

In Figure 7 the time to collision (TTC) is the first 
input value for the detection module. The TTC is 
the same as in the iteration step during the 
simulation and also called simulation time. In every 
iteration step the position of the opponent car is 
checked regarding the visibility condition. For 
checking the visibility condition, four detection 
lines are drawn from the position of the sensor on 
the equipped car to the corners of the opponent. 

 

Figure 8.  Detection lines 

In the situation shown in Figure 8, three of four 
detection lines do not intersect the view obstacle, 
so the criteria for the visibility of participant 02 to 
participant 01 is fulfilled. If more than one 
detection line intersects the view obstacle, 
participant 02 is not visible to participant 01. In this 
case, the detection module ends and a detection for 
this TTC or iteration step is not possible. Otherwise 
the next request is done by the detection module. It 
is checked, if the position of the opponent is in the 
geometrical field of the sensor. To answer this 
request, the information about the used sensor 
characteristics is defined with: 

• beam angle 
• range 
• initial detection latency 
• trigger time 
• number of sensors 

 

Figure 9.  Geometrical field of the sensor 

If the opponent is not in the geometrical field of the 
used sensor system, the detection module is again 
not able to detect the opponent. Otherwise the next 
request by the detection module refers to the 
duration of the visibility. If this duration is shorter 
than the initial detection latency of the sensor 
system, the opponent is again not detected. If all 
these terms are fulfilled the equipped car is able to 
detect the opponent. 

     The collision course - must be regarded too. 
Additional input variables are needed to calculate 
the collision course. These are the current 
movement vector of the opponent, the own 
movement vector, the current steering angle (if the 
option of evasion is considered), the maximum 
deceleration and the speeds of both participants. All 
this information is extracted out of the current 
simulation, as described in the physical parameters, 
and the collision course is calculated.  

     Results - of the simulation with embedded 
safety systems are given in the same way as the 
simulation results of the real accident. This is the 
basis for a comparison.   

Comparison 

After simulating the accident with and without an 
embedded safety system the following information 
is available. 

• collision speed of the participants 
• collision position of the participants 
• avoidance of the accident 

At first, an example for accident avoidance is 
displayed in Figure 10. Here, an original crossing 
accident is utilized.  
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Figure 10.  Collision position crossing accident 
(original) 

In this case the accident can be avoided with the 
embedded emergency brake loop, illustrated in 
Figure 11.  

 

Figure 11.  Collision position crossing accident 
(virtual) 

The accident is avoided if the speed of the striking 
car is zero and its position is in front of the 
collision position of the original accident. The 
accident is also avoided if the striking car passes 
the original collision position later than the second 
participant. If the accident could not be avoided, a 
closer look at the collision speed and the new 
collision position is necessary. For this case it is 
important whether the speed reduction is achieved 
for the striking car or not. The accident in Figure 
12 could not be avoided using the embedded 
emergency brake system. 

 

Figure 12.  Frontal accident with speed reduction 

The collision speed of the right (red) striking car 
can be reduced by 10 km/h, which is shown in 
Figure 13. 

 

Figure 13.  Speed reduction of the striking car 

If the accident could not be avoided and there is no 
speed reduction of the striking car, the embedded 
safety system has no effect on the accident severity. 

 

EXEMPLIFIED RESULTS 

Three accidents are analyzed with the described 
emergency brake system to show the possibilities 
of this estimation method.  

Sensor geometry 

For the simulation two sensor geometries are used. 
The first sensor covers a range of 100 meters with a 
beam angle of 20 degrees and the second sensor 
covers a range of 50 meters with a beam angle of 
120 degrees. 

participant 01 

participant 02 
participant 01 

participant 02 

participant 02 

participant 01 
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The turning off accident 

A turning off accident is taken from the GIDAS 
database. The pre crash matrix is built out of the 
accident sketch in Figure 14 before the accident is 
simulated. 

 

Figure 14.  Accident sketch turning off example 

 

     The simulation of the real accident - delivers 
the collision position shown in Figure 15. 

 

Figure 15.  Simulated collision position real accident 

The speed function for the participant one, of the 
accident, is shown in Figure 16. 

 

Figure 16.  Simulated speed function of participant 
one of the real accident 

     The simulation of the virtual accident 1 - 
under the use of the first sensor system (range 
100m, beam angle 20°) delivers the collision 
position shown in Figure 17.  

 

Figure 17.  Simulated collision position virtual  
sensor 1 

The speed function of participant one of the 
simulated accident with an embedded emergency 
brake under the use of sensor system one is 
compared to the speed table of participant one of 
the simulation of the real accident. 

 

Figure 18.  Simulated speed function virtual  
accident 1 

Figure 18 shows the speed tables of the striking car 
in the real and the virtual accident. The speed 
reduction by using the emergency brake system and 
sensor system one is 28 km/h at the time of 
collision even though the striking car brakes in the 
original accident. 

  

participant 01 

participant 02 

participant 02 

participant 01 
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     The simulation of the virtual accident 2 - 
under the use of the second sensor system (range 
50m, beam angle 120°) delivers the collision 
position shown in Figure 19.  

 

Figure 19.  Simulated collision position virtual  
sensor 2 

The speed function for the simulated accident with 
an embedded emergency brake under the use of 
sensor system two is also compared to the speed 
table of the simulation of the real accident. 

 

Figure 20. Simulated speed function virtual accident 2 

Figure 20 shows the speed table of the striking car 
in the real and the virtual accident with sensor two. 
The speed reduction by using the emergency brake 
system and sensor system two is 28 km/h at the 
collision as well, because the used sensor system is 
not able to detect participant two earlier than the 
sensor system one.  

The crossing accident 

For the second comparison a crossing accident is 
taken out of the GIDAS database. The pre crash 
matrix is build out of the accident sketch in Figure 
21 before the accident is simulated. 

 

Figure 21.  Accident sketch crossing accident 

     The simulation of the real accident - delivers 
the collision position shown in Figure 22. 

 

Figure 22.  Simulated collision position real accident 

The speed function of participant one is shown in 
Figure 23. 

 

Figure 23.  Simulated speed function real accident 

In this case the striking car did not brake. 

     The simulation of the virtual accident 1 - 
under the use of the first sensor system (range 
100m, beam angle 20°) delivers the collision 
position shown in Figure 24.  

participant 02 

participant 02 

participant 01 

participant 01 
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Figure 24.  Simulated collision position virtual  
sensor 1 

The speed function for the simulated accident with 
an embedded emergency brake under the use of 
sensor system one is compared to the speed table of 
the simulation of the real accident. 

 

Figure 25.  Simulated speed function virtual  
accident 1 

The benchmark in Figure 25 shows that the striking 
car brakes just a short time before the impact and 
reduces its speed by approximately 1 km/h. 

The simulation of the virtual accident 2 - under 
the use of the second sensor system (range 50m, 
beam angle 120°) delivers the collision position 
shown in Figure 26.  

 

Figure 26. Simulated collision position virtual  
sensor 2 

This collision position shows the fact that this 
accident could be avoided using the emergency 
brake system and the sensor system two. The 
comparison of the speed table does additionally 
show the speed for the striking car in this 
simulation. 

 

Figure 27.  Simulated speed function virtual  
accident 2 

The comparison in Figure 27 shows that the 
collision speed in the simulation with the 
emergency brake system and the second sensor 
system is reduced from 56 km/h to 44 km/h, if the 
accident could not be avoided in case of a longer 
opponent. 

  

participant 02 

participant 02 participant 01 

participant 01 
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The longitudinal accident 

For the third comparison a longitudinal accident is 
taken from the GIDAS database. The pre crash 
matrix is built out of the accident sketch in Figure 
28 before the accident is simulated. 

 

Figure 28.  Accident sketch longitudinal accident 

 

     The simulation of the real accident - delivers 
the collision position shown in Figure 29. 

 

Figure 29.  Simulated collision position real accident 

The speed function for the participant one is shown 
in Figure 30. 

 

Figure 30.  Simulated speed function real accident 

In this case the striking car did not brake, so the 
collision speed is 55 km/h. 

     The simulation of the virtual accident 1 - 
under the use of the first sensor system (range 
100m, beam angle 20°) delivers the collision 
position shown in Figure 31.  

 

Figure 31.  Simulated collision position virtual  
sensor 1 

The speed function for the simulated accident with 
an embedded emergency brake under the use of 
sensor system one is compared to the speed table of 
the simulation of the real accident. 

 

Figure 32.  Simulated speed function virtual  
accident 1 

Using the simulated speed function in Figure 32 out 
of the simulation it can be stated, that the 
participant two is not detected all the time. 
Nevertheless, the speed reduction makes up 31 
km/h to a collision speed of 24 km/h, compared to 
the real accident. 

The simulation of the virtual accident 2 - under 
the use of the second sensor system (range 50m, 
beam angle 120°) delivers the collision position 
shown in Figure 26.  

participant 02 

participant 02 

participant 01 

participant 01 
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Figure 33.  Simulated collision position virtual  
sensor 2 

The speed function for the simulated accident with 
an embedded emergency brake under the use of 
sensor system two is compared to the speed table of 
the simulation of the real accident. 

 

Figure 34.  Simulated speed function virtual  
accident 2 

In Figure 34 the speed function of the virtual 
accident two shows that the participant two is 
detected longer than using the first sensor system. 
That enables a full braking maneuver over the 
entire simulation time. The speed reduction for the 
emergency brake system combined with the sensor 
system two makes up 39 km/h, which results in a 
collision speed of 16 km/h. 

ADAPTABILITY OF THE SIMULATION 

The simulation method, which was explained in 
this paper, is adaptable for every reconstructed 
accident in the GIDAS database. Simulations of 
accidents out of other accident databases might be 
possible if all needed parameters out of the 
reconstruction dataset, the accident site dataset and 
out of the accident sketch are available. 

CONCLUSIONS 

This paper shows a new method for estimating 
active safety systems using a simulation. The basis 
of the simulation is the pre crash matrix from the 
accident data and the accident sketch. The original 
accident is then simulated without any additional 
system. Afterwards, the accident is simulated again 
with several implemented safety systems. The 
benefit of one active safety system or a 
combination of safety systems is taken out of the 
comparison of those simulations. The timeline of 
activation of the different systems or the field of 
operation is not needed. Using this method the 
benefit of almost every new safety system or 
combinations of safety systems can be estimated 
without any assumptions about the effectiveness of 
the safety systems. Furthermore this method can be 
used to find faulty activations of active safety 
systems and required characteristics of future safety 
systems. 
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ABSTRACT 

With significant benefits achieved with 
frontal/side and rollover passive safety 
systems and additional improvements 
coming on board with frontal active safety, 
it is natural to consider extension of similar 
systems to side impact. In this paper, we 
have made an attempt to understand the side 
impact crash causation, vehicle kinematics 
and occupant restraints benefits with early 
deployments to quantify the problem and 
evaluate potential benefits. 

Using NASS/CDS & FARS 2000-2006 
database, we have identified top 10 crash 
conditions (AIS 2+ injury and fatalities) and 
looked at select cases for each through 
accident reconstruction tools to better 
understand the vehicle kinematics prior to 
contact. This approach also has given us an 
initial view of potential ‘zones’ on the 
vehicle where active systems can best be 
deployed to improve detection while 
reducing potential for false alarm. 

Also, a preliminary analysis through 
simulation and testing of early deployment 
of conventional passive systems compared 
to standard crash sensing shows a potential 
for significant injury reductions. 

INTRODUCTION 

Side impacts (SI) resulted in approximately 
9,000 occupant fatalities per year in 
passenger cars and LTVs (light trucks and 
vans, including pick-up trucks, SUVs, 
minivans, and full-size vans) from 1975 
through 2004. The proportion of fatalities 
resulting from side impacts are steadily 
increasing: from 30% of the fatalities in 
1975 to 37% in 2004. Side impacts are the 
second highest cause of occupant fatalities 

in passenger cars. Near-side occupants are at a higher 
risk, close to 2 to 1 ratio compared with far-side 
fatalities. Striking or bullet vehicle types changed 
significantly through the years with over 50% of 
impacts being an LTV in 2004. LTVs are considered 
more destructive as a “bullet” vehicle in side impact 
due to their greater mass, height, and rigidity [1]. 
 
In the NASS/CDS 1995-2001 data analysis, 32% of 
AIS 3+ (seriously injured) occupant injuries were as 
a result of side crashes. Nearside occupants were 
involved in 49% of side crashes but accounted for 
66% of AIS 3+ [2]. 
 
Based on the Traffic Safety Facts 2005 [3], a 
compilation of Fatality Reporting System (FARS) 
and General Estimates Sampling (GES) data, side 
impact incidents, involving passenger cars and LTVs, 
accounted for 28% of fatalities and 26% of all 
injuries. When analyzed separately, 34% of fatalities 
in passenger cars were due to side impact versus 21% 
in LTVs (Table 1, next page). In vehicle-to-vehicle 
type impacts, 23% of passenger cars were involved in 
a side impact. The ratio for passenger cars fatalities is 
18% compared to 9% for LTVs (Figure 1, next page) 
yielding a ration of 2 to 1. It should be noted that 
FARS numbers are actual counts of fatalities or fatal 
crashes, whereas GES numbers are estimates of 
counts of crashes and injuries and are subject to 
sampling and non-sampling errors. 
 
With the introduction of FMVSS-214 and the present 
214 upgrade, many vehicles are expected to be 
equipped with life saving side airbags by 2010-13 
timeframe. These airbags are typically designed to 
protect occupants in AIS 3+ type of injuries. 
 
However, looking ahead of these technologies for the 
future, to address AIS 2+ type injuries, researchers 
are considering pre-crash technologies to help 
mitigate a higher number of side impact injury and 
fatalities. 
    
Pre-crash sensing technologies are used to estimate 
the travel speed of a potential hazardous object or 
vehicle, its mass, and its principle impact direction. 



Main intent of these technologies is to 
anticipate an imminent collision and deploy 
the countermeasures in a timely manner. 
 

Table 1.  
Occupants injured or killed by initial point 
of impact for passenger vehicles and light 
trucks (2005 crash data from FARS and 

GES) [3] 
 

 Occupants Killed 
by Initial Point of 

Impact 

Occupants Injured 
by Initial Point of 

Impact 
Initial 
Point of 
Impact 

Passenger 
Vehicle 

Light 
Truck 

Passenger 
Vehicle 

Light 
Truck 

Front 9,658 6,946 741,000 392,000 

Left Side 3,298 1,391 234,000 109,000 

Right 
Side 

2,986 1,271 194,000 105,000 

Rear 998 659 369,000 206,000 

Other 545 434 6,000 3,000 

Non-
collision 

737 1,948 31,000 58,000 

Unknown 218 326   

 

 
 

Figure 1. Passenger Cars and Light 
Trucks involved in crashes by most 

harmful event (2005 crash data from 
FARS and GES) [3] 

 
The objective of this study was to focus on 
side crashes and to identify the most 
common collision scenarios.  For this 
purpose, latest available accident data was 
analyzed.  The results are used to help 
define and prioritize some of the 
requirements for the pre-crash sensing & 
countermeasure developments. 

Methodology 

The data was obtained from the NASS/CDS and 
FARS databases from 2000 to 2006.  The crashes 
investigated in NASS/CDS are a probability sample 
of all police reported crashes in the U.S. A 
NASS/CDS crash must fulfill the following 
requirements to be included in the database: must be 
police reported, must involve a harmful event 
(property damage and/or personal injury) resulting 
from a crash and must involve at least one towed 
passenger car or light truck or van in transport on a 
traffic-way. AIS2+ side impact incidents were 
filtered from NASS/CDS. The AIS stands for 
Abbreviated Injury Scale consisting:  
AIS - 0: Uninjured, 1: Minor, 2: Moderate, 3: 
Serious, 4: Severe, 5: Critical, 6: Maximum, 7: 
Unknown. 
 
For example, AIS 2 is coded when the victim is 
unconscious due to the accident for 1hr. or less 
and/or has 2 to 3 sternum/rib fractures (connected to 
rib-cage but not flailing). 
 
NASS/CDS study population included light vehicles 
with primary damage to the left or right side of the 
vehicle, and no rollovers with AIS 2 and above (AIS 
2+). FARS study population consisted of light 
vehicles with angle collision and included AIS 2+. 
 

Results 

In NASS/CDS database, an average of 5,000 
accidents is investigated per year and the results are 
projected nationally. From 2000 to 2006, out of 22 
million towed vehicles due to accidents nation-wide, 
almost 5 million was a result of side impact incidents 
(23%). Approximately 321,000 vehicles included 
injuries with AIS2+.  
 
Fatality information derived from FARS includes 
motor vehicle traffic crashes that result in the death 
of an occupant of a vehicle or a non-motorist within 
30 days of the crash (caused as a result of the 
accident). FARS analysis showed that there were a 
total of 262,893 fatalities between 2000 and 2006. 
55,200 of them were due to side impact. 
 
Types of Objects Contacted - The analysis of 2000-
2006 NASS/CDS AIS 2+ SI incidents showed that 
81% of them were due to vehicle-to-vehicle impact 
and 19% were due to an impact with fixed objects. 
Figure 2 shows the distribution of vehicle-to-vehicle 
impact and types of fixed objects contacted. 
 



 
Figure 2. Type of Object Contacted 

 

 

Class of struck vehicles – 65% of the 
vehicles was categorized as cars and 35% as 
LTVs. When the car was a struck vehicle, 
71% of them were classified as 4-door sedan 
/ hardtop, 17% as 2-door sedan/ hardtop / 
coupe, 7% as 3-door / 2-door hatchback, 3% 
as convertible, and 2% as 5-door/4-door 
hatchback. 
 
Crash severity and Delta-V – In a previous 
study [4] based on the field data analysis 
using UK data, median delta-V was found to 
be 31 km/h for seriously injured near-side 
struck occupants and 43 km/h for fatalities 
in car-to-car collisions. In a small study of 
39 car-to-car side impact collisions, mean 
delta-V for AIS 3-5 injuries was found to be 
30 km/h. The typical delta-V resulting in 
AIS 3+ injuries are in the region of 30 km/h 
while 75%ile delta-V for these injuries at 38 
km/h. 
In our analysis of NASS/CDS AIS2+ side 
impact incidents, the mean delta-V was 
calculated as 27.4 km/h, while lateral 
component of that averaged at 22.8kph.  
 
Police Reported Travel Speed - In our 
analysis of NASS/CDS AIS 2+ SI incidents, 
the average police reported travel speed was 
found to be 44 km/h. This information is 
indicated on the police report by the 
investigating officer and is missing in 
approximately 60% of the cases. The speed 
limit of the area where incident occurred 
averaged at 65 km/h. 
 
An analysis of FARS data for 2002-2003 
showed that the average travel speed was 61 
km/h for perpendicular side crashes [5]. In 
our analysis of FARS data for 2000-2006 
supported this finding and the average speed 
was 60.8 km/h. 
 

Accident Types – Top accident types in NASS/CDS 
2000-2006 side-impact analysis is shown in Figure 3. 
For example, 22% of AIS2+ side impact accidents 
happened when the vehicle was impacted on the left 
side while taking a left turn which is coded as type 
82. 

 
Figure 3. NASS/CDS 2000-2006 AIS2+ SI Top 

Accident Types (by frequency - %) 
 
According to the analysis, the top six accident types 
(type 82 to 7 in Figure 3) covered 76% of all AIS2+ 
side impact accidents. Figure 4 illustrates these top 
accident types. 

           
Figure 4. Representation of top six accident types 

(NASS/CDS 2000-2006 AIS2+ SI) 
 
Pre-impact Stability and Location - In 71% of the 
AIS2+ SI incidents, vehicle continued along its 
intended path without rotation. Vehicles mostly 
stayed in lane in 70% of AIS2+ SI incidents, and 
departed the roadway in 19% of incidents. Table 2 
displays the distributions for pre-impact stability and 
location.  

Table 2  

Pre-Impact Stability and Location, AIS2+ Side 
Impact Incidents NASS/CDS 2000-2006 

 

1. Pre-impact stability Frequency 

Tracking (along 
original path) 

71.35% 

Lateral skid-
counterclockwise 

8.79% 

Missing information 8.51% 

Lateral skid-clockwise 7.02% 

Others 4.33% 

Longitudinal skid 4.18% 



2. Pre-impact location Frequency 

Stayed in lane 69.32% 

Departed roadway 18.56% 

Left travel lane 10.24% 

Others 1.88% 

 
Intrusion - First location of the intrusion 
was mostly to the left or right side of the 
front row (65%). In 31% of the incidents, 
intrusion was to the second row left or right 
side (Figure 5.) Door panel was the first 
intruding component followed by B-pillar 
and floor pan, and front side panel. 
 

 
Figure 5. First Location of Intrusion of 

AIS2+ Side Impact Incidents, NASS/CDS 
2000-2006 

The magnitude of intrusion was between 15 
and 29 cm in 37% of the AIS2+ side impact 
incidents, and in 22% of the incidents, the 
magnitude was 30-45 cm. Passenger 
compartment integrity is shown in Figure 6 
with the side window glazing having the 
highest percentage. 
   

 
Figure 6. Passenger Compartment Integrity 
of AIS2+ Side Impact Incidents, NASS/CDS 

2000-2006 
 
Occupants – NASS/CDS 2000-2006 data 
showed that 76% of the occupants were at 

least 18 years old. 55% of the occupants were males. 
36% of the occupants can be classified as fragile 
while 7% of these are very small females and the rest 
are children. The occupancy of the front row is 82% 
(note this is not 100% due to the fact front row 
includes right front passenger as well) and of the 
second row is 15%. 
 
In 39% of the AIS2+ side impact incidents, drivers 
were non-attentive (either distracted or they looked 
but did not see any threat). Sole driver distraction 
(i.e., by an occupant, outside source, eating/drinking) 
were around 20% out of these non-attentive type 
incidents. Majority of the non-attentive type incidents 
were categorized as driver looked but did not see 
(72%). 
 
Injuries - In terms of the injured body region of the 
occupants, head and face were the most injured areas 
(37%), followed by thorax, abdomen, and spine 
(27%). Upper extremities were injured at 20% level, 
and lower extremities were injured at 16% level. 
Right interior, roof, and left B-pillar were the top 
three injury sources that caused injuries on head and 
face. Thorax, abdomen, and spine were injured 
mostly by belt (webbing, pillar attachment, buckle) 
and left + right interior.   
 
When a passenger car is struck by another car or 
LTV, head and lower extremities are the top two 
injured body regions. If a passenger car is struck by a 
pole, upper extremities and face were the top two 
injured areas.  
 
Injury Patterns in the Literature - Struck-side 
occupant injury patterns showed that the torso and 
head were the most common sites of AIS 4+ injury in 
fatalities, while seriously injured survivors had legs, 
arms, and head as the most common sites of AIS 2+ 
injuries. Investigation of side crashes occurred in 
1988-1992 revealed that head and chest were most 
commonly injured areas at AIS 3+ level but 
abdomen/pelvis and lower extremities were also 
important [2]. 
 
A sample investigation of UK data of 1992-1998 
showed that 66% of MAIS 3+ survivors and 68% of 
the fatalities were near-side occupants. In terms of 
injury patterns, this study found that 55% sustained 
lower extremity injury of AIS 2+, followed by thorax 
at 49%, and head at 40%. However, regarding the 
key injuries of the fatalities (taken as AIS 3+), the 
most commonly injured body part was thorax with 
89% followed by head with 70% [4].  
 



In the NASS/CDS 1995-2001 data analysis 
for nearside AIS 3+ injured belted occupants 
in vehicles with MY 1995+, chest is the 
predominant injured body region (52%) 
followed by head (22%), pelvis (19%), and 
abdomen (12%). Side crashes with LTVs 
and narrow objects result in more occupants 
with head injuries compared with crashes 
with passenger cars. In modern fleet, the 
small size occupant (up to 5’ 4’’) is more at 
risk of serious injury in side impacts 
irrespective of crash partners [2].  
 
A UK-based study that investigated injury 
outcomes in side impacts involving modern 
passenger cars found that the distribution of 
the 350 AIS 2+ injuries were highest to the 
head (28%) followed by the chest (22%) 
then the lower extremity (19%). These 
figures were for struck-side crashes only [6]. 
 
Environmental Conditions - A total of 
67% of AIS2+ side impact incidents 
occurred at daylight, 11% of them in dark, 
and 18% in dark but lighted conditions. 
There were no adverse atmospheric 
condition in 82% of the incidents; it was 
raining in 15% of the incidents and snowing 
at 2% of the incidents. 
 
However, within the top ten accident types, 
35% of single-vehicle incidents of this group 
took place when it was dark and 22% in 
dark but lighted conditions. Only 6% of 
vehicle-to-vehicle top ten accident types 
occurred in dark and 16% in dark but lighted 
conditions. 11% of the vehicle-to-vehicle 
impacts occurred when it was raining as 
opposed to 18% of the single driver 
accidents. Although snow condition was 
insignificant overall, 15% of the accident 
type 2 where a single driver lost control and 
caused a right roadside departure, occurred 
in snow. 
 
75% of AIS2+ side impact incidents 
occurred in a not physically divided two-
way traffic. 15% of them occurred in a 
divided traffic-way with median strip but 
with no barrier. 5% of the incidents occurred 
in a divided traffic way – median strip with 
positive barrier and another 5% in a one 
way. 64% of the AIS2+ side impact 
incidents were related to intersection. 7% of 
them were related to driveway and 3% to 

interchange (area around a grade separation which 
involves at least two traffic ways). 
 
Restraints - Another variable category that was 
investigated was the availability, usage, and response 
of restraints in the vehicles. Lap and shoulder belts 
were used in 59% of the AIS2+ SI incidents. In 35% 
of the incidents lap/shoulder belts were either not 
available or not used. It should be noted that 44% of 
the vehicles were manufactured in 1995 or earlier in 
this database. Frontal airbags were available in 61% 
of the AIS2+ side impact incidents. 39% of the 
incidents included vehicles with no frontal airbags. In 
24% of the incidents, frontal airbags were deployed. 
In terms of side airbags, only 10% of the AIS2+ SI 
included vehicles with side airbags, and those airbags 
were deployed in half of the incidents. 
 

SUMMARY & CONCLUSION 

An analysis of the US field data using NASS and 
CDS from 2000-2006 was conducted to understand 
side impacts in general. Data was filtered to look at 
only AIS2+ type injuries. Table 3 lists some 
highlights gathered from the field data analysis. 

Table 3.  

Major findings of NASS/CDS 2000-2006 AIS2+ Side 
Impact Field Data Analysis 

 

Category Major Finding 
First Location of Intrusion Front Row (Left/Right 

side) (65%) 
Magnitude of Intrusion 15-45 cm (59%) 

Occupants Children (29%) 

Drivers  Non-attentive (39%) 

Most injured body region Head & Face (37%) 

Injury Sources Right interior, Roof, Left 
B-pillar 

Traffic-way flow and 
Intersection  

Not physically divided 
two-way traffic (75%) 
Intersection (64%) 

Single Vehicle Incidents 
among Top Ten – 
Lighting Condition 

Dark (35% in dark, 22% 
dark but lighted) 

Single Vehicle Incidents 
among Top Ten – 
Atmospheric Condition 

Raining (18%) 

Lap & Shoulder Belts Used (59%) 

Frontal Airbag  Available (61%) 
Deployed (24%) 

Side Airbag Available (10%) 
Deployed (5%) 

 



Using the analyzed data, top ten important 
crash events have been identified and also 
additional supporting information such as 
weather condition, major impact location 
have been recorded. Some major findings 
are - 

Among the top ten, top six types of events 
contribute to about 76% of all side events 
with AIS2+. 75% of AIS2+ side impact 
incidents occurred in a not physically 
divided two-way traffic. 64% of the AIS2+ 
side impact incidents were related to 
intersection. Also in 18% of cases vehicle 
departed the roadway. 

These results have been compared to data 
available from UK trends being similar. 

These findings (e.g. types of accidents) are 
helpful to both vehicle and restraint system 
(including electronics) designers to develop 
next generation safety systems specifically 
side pre-crash. A detailed discussion of this 
topic is planned for a future paper. 
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ABSTRACT 
 
It is known that some Electronic Control Units 
(ECUs) that are installed in a vehicle can record pre-
crash and/or post-crash information in an accident. 
The aim of this study is to understand the availability 
and usefulness of the ECU data and to develop 
various analysis methods enhancing the accident 
investigation. 
With respect to ABS-ECU, engine-ECU, and Event 
Data Recorder (EDR), two types of crash test data 
are analyzed in this study. The first type is the J-
NCAP crash tests, for understanding the EDR 
characteristics under standardized crash test 
conditions. The second type is the real-world 
accident reconstructions for evaluating the 
performance of those ECUs under highly complex 
and/or severe crash conditions, including multiple 
rear-end collisions, car-to-car side impacts, and 
frontal and side pole impacts. The data obtained from 
ECUs are compared with the results from the 
instrumented sensors. 
The study concludes that, the pre-crash velocities 
recorded by the EDR were highly accurate and 
reliable when cars proceeded without braking prior to 
the collision. The accuracy and reliability of the EDR 
impact velocity could be affected by the braking 
conditions and the EDR time zero information. The 
accuracy and reliability of the maximum delta-V 
recorded by the EDR decreased under highly 
complex or severe crash conditions, especially in the 
pole impacts. The EDRs underestimated the 
maximum delta-V in almost all the J-NCAP tests. 
The difference between the EDR maximum delta-V 

and the reference value was greater than 10 % in 4 of 
14 tests. One of the factors responsible for this result 
might be attributable to the characteristics of the 
accelerometers used in EDR. 
Diagnosis freeze data recorded in ABS-ECU and 
engine-ECU have a potential to be utilized for the 
accident investigation by providing additional pre-
crash vehicle information. However, further study is 
needed for understanding the reliability and accuracy 
of the diagnosis freeze data. 
 
INTRODUCTION 
 
Currently, many Electronic Control Units (ECUs) are 
used in a vehicle. Our preliminary study suggests that 
some ECUs such as ABS-ECU and engine-ECU 
could record pre-crash information in an accident 
[Nakano et al, 2008]. An ABS-ECU may record the 
tire wheel velocity when one of the four wheels is 
damaged at the collision. An engine-ECU could also 
record the engine control data including pre-crash 
vehicle speed when the engine is damaged at the 
collision. 
 
Whereas, Event Data Recorder (EDR) is an 
additional function installed in airbag control module 
(ACM) to record vehicle and occupant information 
for a brief period of time before, during, and after a 
crash event. Accordingly, EDRs are promising for 
accident investigation. They record delta-V, indicated 
vehicle speed, engine speed, seat position and safety 
belt status; furthermore, they verify whether or not 
the brake was applied, to what extent the accelerator 
pedal was depressed. 
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The National Highway Traffic Safety Administration 
(NHTSA) in the USA published a final rule on EDRs 
in August 2006 [49 CFR Part 563, 2006]. In January 
2008, NHTSA published a revised final rule on 
EDRs and responded to several petitions for 
reconsideration of the rule published in August 2006 
[49 CFR Part 563, 2008]. The US EDR rule became 
effective in March 2008. 
 
The Japanese Ministry of Land, Infrastructure, 
Transport and Tourism (J-MLIT) decided on the 
technical requirements for the application of EDRs to 
light vehicles (3500 kg GVWR or less) in March 
2008 [J-MLIT website, 2008]. This requirement—so 
called J-EDR technical requirement—is comparable 
to the US Part 563. However, J-EDR is adding two 
data elements which are the pre-crash warning and 
the pre-crash brake operating status. EDRs are now 
being installed in ACMs by several automakers. 
 
EDRs have the potential to enhance the accident 
investigation by adding the pre-crash and post-crash 
information. ABS-ECU and engine-ECU are 
expected to provide an additional pre-crash vehicle 
condition. However, if the read out data from these 
ECUs are to be utilized for accident investigation, it 
is first necessary to examine their reliability and 
accuracy. 
 
OBJECTIVE 
 
The objective of this study is to understand the 
availability and usefulness of the ECU recorded data 
and to develop analysis methods of those data for the 
improvement of accident investigation. 
 
APPROACH 
 
The analysis is based on two types of crash tests. The 
first type is the J-NCAP crash tests conducted in 
2006–2007 by National Agency for Automotive 
Safety and Victim's Aid (NASVA). The analysis of 
the J-NCAP data is for understanding the EDR 
characteristics under standardized crash test 
conditions. The second type is the real-world 
accident reconstructions conducted by National 
Research Institute of Police Science (NRIPS) in 
2007–2008 for evaluating the performance of the 
EDRs and investigating the diagnosis data of the 
ABS and engine ECUs under highly complex and/or 
severe crash conditions. The accident reconstruction 
tests consist of eight cases which are an offset frontal 
rigid barrier impact, multiple rear-end collisions (2 
cases), car-to-car side impacts (2 cases), frontal pole 
impacts (2 cases) and a side pole impact. 

RETRIEVAL OF DIAGNOSIS FREEZE DATA 
FROM ECUS 
 
We used a scan tool (Denso DST-2) for retrieving the 
diagnosis data from the ECUs. Some ECUs such as 
ABS-ECU and engine-ECU record pre-crash 
information as a freeze data in an accident. When a 
system detects the engine failure during the collision, 
engine control data including vehicle velocity could 
be recorded as freeze data in an engine-ECU. A 
typical engine failure was reconstructed in our 
previous study, in which the engine was intentionally 
stopped by disconnecting the airflow meter [Nakano 
et al, 2008]. 
 
Figure 1 shows an example of the results in this study, 
indicating the velocity data recorded as freeze data in 
the engine-ECU. The difference between the velocity 
data recorded in the engine-ECU and the reference 
value measured by using a chassis dynamo was less 
than 1 m/s. However, further study is needed for 
understanding the reliability and accuracy of those 
diagnosis freeze data to be used for the accident 
investigation. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Velocity data recorded in engine-ECU. 
 
 
ANALYSIS OF J-NCAP TEST DATA 
 
The pre-crash velocity, maximum delta-V, and delta-
V time history recorded in the EDRs are compared 
with the results obtained from instrumented sensors 
and high-speed video cameras. According to the test 
procedures, three or four accelerometers are attached 
to the cars tested, and high-speed video cameras are 
employed. Acceleration data are recorded with a 
sampling rate of 10 KHz. High-speed video cameras 
capture displacement with a recording rate of 500 or 
1000 fps. The acceleration data from the sensors are 
integrated to obtain the delta-V during the collision. 
The displacement of the target marks on the cars 
captured by a high-speed video camera is 
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differentiated to obtain the delta-V. An external 
optical speed sensor is employed to obtain the impact 
velocities of the cars.  
 
Car models installed with EDRs are used for the 
analysis. The car velocities obtained as pre-crash data 
recorded in the EDRs are compared with the 
velocities obtained from the optical speed sensor and 
high-speed video cameras. The delta-V recorded in 
the EDR is compared with the delta-V calculated 
using the accelerometers and high-speed video 
cameras. 
 
Fourteen separate crash tests involving seven vehicle 
models equipped with EDR were analyzed. The 
analysis was based on the data obtained from the J-
NCAP full-lap frontal barrier (FLB) tests at 55 km/h 
along with 40% overlap offset frontal deformable 
barrier (ODB) tests at 64 km/h. The pre-crash 
velocity recorded in each EDR (VEDR) was compared 
with the data obtained from the optical speed sensor 
placed in front of the barrier (VOP). 
 
The EDR pre-crash velocity data were aligned along 
the EDR time zero, the time of airbag deployment 
algorithm-wakeup. In the crash tests, the beginning 
of the event is the time when the test vehicle contacts 
the opposing barrier or vehicle. That is, EDRs and 
crash test procedures use different definitions for the 
beginning of the event. However, the time axis is not 
adjusted in our study. 
 
The maximum delta-V and delta-V time history 
recorded in the EDRs were compared with the J-
NCAP test data obtained from three 
accelerometers—placed on the left-side sill (A-L), 
right-side sill (A-R), and center floor (A-C)—and 
from a high-speed video camera (Video). In several 
tests, the values obtained from the accelerometers 
significantly differ from those obtained from the 
video. Accordingly, after an intensive analysis of the 
J-NCAP crash test data, reference J-NCAP data for 
comparisons with the EDR data were selected as 
follows: 
・ For the maximum delta-Vs, the data obtained 

from the video were selected as reference values. 
・ For the delta-V time histories, the data obtained 

from the center-floor accelerometer (A-C) and the 
video were selected. However, when the values of 
the delta-V time history obtained from the A-C 
significantly differed from those obtained from 
the video, the average of the delta-V time history 
obtained from the accelerometers at the left-side 
sill (A-L) and right-side sill (A-R) was used. 

 

EDR Pre-Crash Velocity in J-NCAP Tests 
 
Table 1 compares the results obtained for the pre-
crash velocity. In all the cases, the difference 
between the EDR pre-crash velocity (VEDR) and the 
J-NCAP test velocity (VOP) is less than 4% (average: 
approximately 2%). The EDR pre-crash velocities are 
highly accurate and reliable but generally lower than 
the optically derived velocities (VOP). 
 

 
Test Model VOP VEDR Difference 

  m/s m/s m/s % 
 PC-1 15.3 15.0 -0.3 -2.0 
 PC-2 15.3 15.6 0.3 2.0 

FLB PC-3 15.3 15.0 -0.3 -2.0 
 PC-4 15.3 15.0 -0.3 -2.0 
 PC-5 15.3 15.0 -0.3 -2.0 
 Mv-1 15.3 15.0 -0.3 -2.0 
 Mv-2 15.3 14.9 -0.4 -2.6 
 PC-1 17.9 17.2 -0.7 -3.9 
 PC-2 17.8 17.8 0.0 0.0 

ODB PC-3 17.8 17.2 -0.6 -3.4 
 PC-4 17.8 17.2 -0.6 -3.4 
 PC-5 17.8 17.2 -0.6 -3.4 
 Mv-1 17.9 17.8 -0.1 -0.6 
 Mv-2 17.7 17.1 -0.6 -3.4 

Average   -0.3 -1.8 
Root mean square   0.4 2.6 

 
EDR Post-Crash Delta-V in J-NCAP Tests 
 
Table 2 compares the results for the post-crash 
maximum delta-V. The maximum delta-Vs recorded 
by the EDR (Max delta-VEDR) shows uncertainty in 
measurement in several cases when compared with 
the results obtained from the video (Max delta-VVideo) 
or the reference value. The difference is greater than 
5 % in 10 of 14 tests and greater than 10 % in 4 of 14 
tests. The average difference in the maximum delta-V 
is approximately 7 %, and the mean square difference 
8.4 %. The maximum delta-V values recorded by the 
EDR are generally lower than those measured by the 
high speed video (Max delta-VVideo). 
 
We also examined the degree of deviation of the 
maximum delta-Vs calculated by accelerometer 
signals (A-C, Ave. A-R and A-L) from the video 
results. As shown in Table 2, the deviation of the 
maximum delta-V calculated by A-C from the video 
results is greater than 5 % in 8 of 14 tests and greater 
than 10 % in 4 of 14 tests. Whereas, the deviation of 
the maximum delta-V calculated by average of A-R 
and A-L from the video results is less significant, that 
is, the deviations is less than 5 % in 10 of 14 tests. 

Table 1 
Comparison results of pre-crash velocity  

(J-NCAP) 
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Accordingly, the accuracy and reliability of the EDR 
maximum delta-V appeared to be of the same order 
as the data obtained by the single accelerometer in 
the crash tests. The accelerometers utilized in the 
EDRs could have the same performance as that of the 
instrumented accelerometers used in the crash tests. 
However, the maximum delta-Vs recorded by the 
EDRs were slightly lower than those obtained by the 
video and accelerometers in the J-NCAP tests (See 
Table 2), that is, the EDRs underestimated the 
maximum delta-V in almost all the tests. One of the 
factors responsible for this result might be 
attributable to the characteristics of the 
accelerometers to be used for an airbag sensor. 
 
In general, every accelerometer has its unique 
characteristics under the exposed environment. One 
of the typical characteristics of the accelerometer is 
the temperature dependency. An accelerometer signal 
contains an apparent acceleration due to the 
temperature dependency besides the actual 
acceleration. The apparent acceleration is a signal 
including the DC and/or low frequency components 
in frequency domain. The airbag sensor should have 

a function to cut the low frequency signal off by 
using a high-pass or band-pass filter, accordingly. 
The deletion of the low frequency components 
including the DC acceleration from the original 
acceleration signal affects the delta-V calculation. 
The characteristics of the filter designed in the airbag 
sensor plays an important role in the reliability and 
accuracy of the delta-V recorded by the EDR. 
 
Figure 2 compares the delta-V time history curves 
obtained by EDR with those from the accelerometers 
and video in the FLB and ODB tests . In many cases, 
there was an apparent difference between the EDR 
data and the results from the accelerometers and 
video. However, when we focused on the initial short 
time window of the delta-V curve, the EDR data 
were very comparable with those from the 
accelerometers. This initial short time window was 
up to about 60 ms in the FLB test and about 100 ms 
in the ODB test. This result suggests that the 
acceleration calculated by the EDR data agrees well 
with the accelerometer signal in these short time 
windows. 
 

 
Table 2 

Comparison results of post-crash maximum delta-V (J-NCAP) 
 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.  Comparison of delta-V time histories from EDR, video and accelerometer. 
(*: Max ΔVEDR differed more than 10 percent compared with Max ΔVVideo.) 

m/s % m/s % m/s %
PC-1 17.2 17.0 17.7 16.5 -0.2 -1.2 0.5 2.9 -0.7 -4.1
PC-2 16.9 17.1 17.8 15.3 0.2 1.2 0.9 5.3 -1.6 -9.5
PC-3 17.1 16.4 18.1 14.9 -0.7 -4.1 1.0 5.8 -2.2 -12.9
PC-4 17.3 17.9 18.5 16.2 0.6 3.5 1.2 6.9 -1.1 -6.4
PC-5 17.0 18.8 17.6 16.7 1.8 10.6 0.6 3.5 -0.3 -1.8
Mv-1 17.1 21.4 17.1 14.7 4.3 25.1 0.0 0.0 -2.4 -14.0
Mv-2 17.0 18.1 17.5 15.2 1.1 6.5 0.5 2.9 -1.8 -10.6
PC-1 20.3 19.0 19.3 19.1 -1.3 -6.4 -1.0 -4.9 -1.2 -5.9
PC-2 19.4 22.1 19.4 19.2 2.7 13.9 0.0 0.0 -0.2 -1.0
PC-3 20.0 21.7 19.4 18.4 1.7 8.5 -0.6 -3.0 -1.6 -8.0
PC-4 20.7 20.2 19.9 18.7 -0.5 -2.4 -0.8 -3.9 -2.0 -9.7
PC-5 20.1 19.4 19.4 18.7 -0.7 -3.5 -0.7 -3.5 -1.4 -7.0
Mv-1 18.4 22.4 20.8 18.5 4.0 21.7 2.4 13.0 0.1 0.5
Mv-2 19.9 18.8 20.1 17.5 -1.1 -5.5 0.2 1.0 -2.4 -12.1

0.9 4.9 0.3 1.9 -1.3 -7.3
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Figure 3.  Comparison of acceleration time histories from EDR and accelerometer. 
(*:  Max ΔVEDR differed more than 10 percent compared with Max ΔVVideo.) 

 
Figure 3 compares the calculated EDR acceleration 
and the accelerometer signal. The calculated EDR 
acceleration agreed well with the accelerometer 
signal for the entire period of 200 ms. Even in the 
worst cases (PC-3(FLB) , Mv-1(FLB), Mv-2(FLB) 
and Mv-2(ODB)), in which the EDR maximum delta-
V (Max ΔVEDR) differed by more than 10 percent 
from the video results (Max ΔVEDR), the calculated 
EDR acceleration plots were almost comparable with 
the accelerometer signals. 
 
A previous study [Niehoff et al, 2005] on EDRs 
produced results similar to those in our study; the 
difference between the pre-crash velocities was less 
than 1 mph in all the cases (average difference: 
1.1 %). The average difference in the maximum 
delta-V was approximately 6 %, and in nearly all the 
cases, the maximum delta-V recorded by the EDRs 
was less than the delta-V obtained by the 
instrumented accelerometers. In the previous study, it 
was explained that the EDR data loss was responsible 
for the difference in the delta-Vs, because the 
majority of the EDRs did not record the entire event. 
In contrast, although the EDRs used in our study 
recorded the entire event up to 200 ms, the EDRs 
underestimated the maximum delta-V in almost all 
the tests. 
 
ACCIDENT RECONSTRUCTIONS 
 
Typical real world accidents such as single car 
collisions against a road facility, car-to-car collisions 
at an intersection and multiple rear-end collisions on 
a freeway were reconstructed in order to understand 
the performance of an EDR. Diagnosis data from 
ABS-ECU and engine-ECU were also investigated in 
the accident reconstruction tests. In our instrumented 
laboratory tests, an offset frontal rigid barrier impact 
(See Fig. 4), car-to-car 90-degree side impacts (See 
Fig. 5), multiple rear-end collisions (See Fig. 6), and 
frontal and side pole impacts (See Fig. 7) were 
conducted, and their test data were analyzed. 
The analysis method was similar to that used in the J-
NCAP data analysis. The pre-crash velocity recorded 

by each EDR (VEDR) was compared with the data 
obtained from the optical speed sensor (VOP). Four 
accelerometers were used for calculating the post-
crash delta-V. The maximum delta-V and the delta-V 
time history recorded in the EDRs were compared 
with those obtained from four instrumented 
accelerometers—placed on the left-side sill (A-L), 
right-side sill (A-R), center floor (A-C), and airbag 
control module or ACM (A-EDR)—and from a high-
speed video camera (Video). The average 
acceleration measured by A-R and A-L (ave. A-R 
and A-L) was also used for obtaining the delta-V.  
 
Toyota Corolla (E140) equipped with EDR and front, 
side and curtain airbags (model year 2007 - 2008) 
was mainly used for the tests. In Figures 4-7, the test 
cars indicated as O-1, A-1, A-2, A-4, R-2, R-3, R5, 
R-6, P-1, P-2 and P-3 were Toyota Corolla (E140). 
Cars (R-1 and R-4) used for the multiple rear-end 
collisions in the front-most position were Toyota 
Progress (G10) equipped with EDR and front, side, 
and curtain airbags. A bullet car (A-3) used in the 
case 2 car-to-car side impact was Toyota Corolla 
previous model (AE110) not equipped with EDR. 
After the crash tests, the ACMs were removed for 
downloading the EDR data. 
 
Offset Frontal Rigid Barrier Impact  
 
As shown in Figure 4, the target velocity was 17.8 
m/s. The test was successfully conducted under the 
targeted conditions. O-1 collided against the rigid 
barrier with 40% overlap. After the collision, O-1 
rotated approximately 45° clockwise, and rebounded 
approximately 2 m from the barrier. Front airbags 
were deployed at the instant of the crash. 
 
Car To Car 90-Degree Side Impact 
 
As shown in Figure 5, the target velocity was 15.3 
m/s for both cars. Impact angle was 90-degree. Two 
tests (case 1 and case 2) were successfully conducted 
under the targeted conditions. 
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Figure 4.  40% overlap offset frontal rigid barrier 
test. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 5.  Car to car 90-degree side impact tests 
 
 

 
 
 

 
 
 

Figure 6.  Multiple rear-end collision. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

(1) Frontal pole impact 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(2) Frontal offset pole impact 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(3) Side pole impact 
 

Figure 7.  Pole impact tests. 
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In the case 1, A-1 and A-2 collided with each other at 
their front corner. Each car rotated along its outer 
direction (clockwise for A-1 and counterclockwise 
for A-2) and separated from each other at 
approximately 150 ms. The two cars maintained the 
rotation and impacted their rear sides again at 
approximately 300 ms. The front airbags of both A-1 
and A-2 were deployed at the instant of the crash. 
 
In the case 2, A-3 impacted the right side of A-4 near 
the rear wheel. Each car rotated along its outer 
direction (clockwise for A-3 and counterclockwise 
for A-4) and separated from each other at 
approximately 150 ms. A-3 and A-4 maintained the 
rotation for approximately 2 seconds. The angular 
displacement of A-3 at the final rest position was 
about 230-degree and that of A-4 about 410-degree. 
The front airbags of A-3 and the driver side curtain 
airbag of A-4 were deployed at the crash. 
 
Multiple Rear-End Collision 
 
As shown in Figure 6, two tests (case 1 and case 2) 
were conducted under the similar impact 
configuration. The case 1 was successfully conducted 
under the targeted conditions. The car (R-1) in the 
front-most position kept stopping by using the foot 
brake. The car in the middle position (R-2) and the 
car in the rearmost position (R-3) approached R-1. R-
2 activated full braking and then crashed into the rear 
end of R-1 (1st crash phase), and both the cars 
moved forward by approximately 1 m. Airbags of R-
1 and R-2 were not deployed in the 1st crash phase. 
Then, R-2 stopped and moved backward. 
Approximately 800 ms after the 1st impact, R-3 
crashed into the rear end of R-2 (2nd crash phase). 
The impact center of R-3 was off to the right side by 
approximately 0.2 m. The driver side curtain airbag 
of R-2 and the front airbags of R-3 were deployed in 
the 2nd crash phase. R-3 pushed R-2 forward and R-
2 crashed into the rear end of R-1 again (3rd crash 
phase). Approximately 2 seconds after the 1st crash 
phase, all the cars came to a stop. R-1 moved forward 
by approximately 4.5 m from the initial position. 
Airbags of R-1, R-2 and R-3 were not deployed in 
the 3rd crash phase. 
 
In the case 2, the car in the middle position (R-5) 
intended to avoid the rear end collision against the 
car (R-4) in the front-most position, however R-5 
crashed into the rear end of R-4 (1st crash phase) at 
4.1 m/s, and both the cars moved forward by 
approximately 0.2 m. The impact center of R-5 was 
off to the right side by approximately 0.2 m. Airbags 
of R-4 and R-5 were not deployed in the 1st crash 

phase. Then, R-4 and R-5 stopped. Approximately 
1.5 seconds after the 1st impact, the car in the 
rearmost position (R-6) crashed into the rear end of 
R-5 (2nd crash phase). The impact center of R-6 was 
off to the right side by approximately 0.1 m. Only the 
front airbags of R-6 were deployed in the 2nd crash 
phase. R-6 pushed R-5 forward and R-5 crashed into 
the rear end of R-4 again (3rd crash phase). 
Approximately 3 seconds after the 1st crash phase, 
all the cars came to a stop. R-4 moved forward by 
approximately 3.5 m from the initial position. 
Airbags of R-4, R-5 and R-6 were not deployed in 
the 3rd crash phase. 
 
Frontal and Side Pole Impacts  
 
As shown in Figure 7, the target velocity was 22.2 
m/s for each car and the pole diameter was 300 mm. 
Three tests were successfully conducted under the 
targeted conditions.  
In the frontal pole impact, the body center of P-1 
collided against the rigid pole. After the collision, P-
1 rebounded approximately 1.5 m from the pole. 
Front airbags were deployed at the instant of the 
crash. 
 
In the frontal offset pole impact, the front right side-
member (driver-side) of P-2 collided against the rigid 
pole (offset of 460 mm) with the engine idling. After 
the collision, P-2 rotated clockwise and crashed into 
the cushion barrier from the rear end. Front airbags 
were deployed at the instant of the crash. 
 
In the side pole impact, the driver-side of P-3 
collided against the rigid pole laterally with the 
engine idling. Impact center was the wheel base 
center of P-3. During the collision, P-3 wrapped 
around the pole and the body deformation was 
recovered significantly after the collision. Driver side 
curtain airbag was deployed at the instant of the crash. 
 
Pre-Crash EDR Data in Accident Reconstruction 
 
Table 3 shows the pre-crash data recorded by the 
EDRs in the accident reconstruction tests. Table 4 
summarizes the comparison results of the impact 
velocities recorded by the EDRs with those from the 
optical speed sensor and video. 
 
In the offset frontal rigid barrier impact, the test car 
(O-1) did not brake; hence, all pre-crash velocities 
had the same value of 17.8 m/s, whereas the optical 
speed sensor (VOP) indicated 17.9 m/s. The difference 
between the EDR impact velocity (VEDR) and VOP 
was 0.1 m/s, that is, a difference of less than 1%.  
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m/s %
Offset frontal 1 O-1 front-right Off 17.9 17.8 -0.1 -0.6

A-1 front-left Off 15.4 15.6 0.2 1.3
A-2 front-right Off 15.4 15.6 0.2 1.3
A-3 front Off 15.4 N/A N/A N/A
A-4 side-right Off 15.4 15.6 0.2 1.3
R-1 (1s t crash phase) rear On 0.0* 0.0 0.0 0.0

R-1 (3rd crash phase) rear On 0.0* 0.0 0.0 0.0

R-2 (1s t crash phase) front On 8.5 11.1 2.6 30.6
R-2 (2nd crash phase) rear On 0.6* 1.7 1.1 -**
R-3(2nd crash phase) front Off 21.5 21.7 0.2 0.9
R-4 (1s t crash phase) rear On 0.0 0.0 0.0 0.0

R-4 (3rd crash phase) rear On 0.0 0.0 0.0 0.0

R-5 (1s t crash phase) front On 4.1* 4.4 0.3 7.3
R-5 (2nd crash phase) rear On 0.0* 0.0 0.0 0.0

R-6(2nd crash phase) front Off 22.0 22.2 0.2 0.9
1 P-1 front-center Off 22.4 22.8 0.4 1.8
2 P-2 front-right Off 22.2 22.2 0.0 0.0
3 P-3 s ide-right Off 22.3 N/A N/A N/A

0.4 3.2
0.7 8.5

*:Data from video Analys is
**:VOP and VEDR are so small that percentage is  excluded

Average
Root mean square

Multiple
rear-end

Pole

1

2

1

2

VOP

m/s
VEDR

m/s
Difference

Car to car
90 degree

s ide impact tes t

Test type No. Model Ｂｒａｋｅ
Impact-

direction

Table 3. 
EDR pre-crash data in accident reconstruction tests 

Model Model
Time(sec)* -4.1* -3.1* -2.1* -1.1* -0.1* 0* Time(sec)* -4.9* -3.9* -2.9* -1.9* -0.9* 0*
Velocity(m/s) 17.8 17.8 17.8 17.8 17.8 17.8 Velocity(m/s) 0.0 0.0 0.0 0.0 0.0 0.0
Brake Off Off Off Off Off Off Brake On On On On On On

Model
Time(sec)* -4.7* -3.7* -2.7* -1.7* -0.7* 0*

Model Velocity(m/s) 0.0 0.0 0.0 0.0 0.0 0.0
Time(sec)* -4.7* -3.7* -2.7* -1.7* -0.7* 0* Brake On On On On On On
Velocity(m/s) 12.8 14.4 15.6 15.6 15.6 15.6 Model
Brake Off Off Off Off Off Off Time(sec)* -4.6* -3.6* -2.6* -1.6* -0.6* 0*
Model Velocity(m/s) 21.7 22.2 22.2 22.2 16.1 11.1
Time(sec)* -4.3* -3.3* -2.3* -1.3* -0.3* 0* Brake Off Off Off Off On On
Velocity(m/s) 13.3 15.0 15.6 15.6 15.6 15.6 Model
Brake Off Off Off Off Off Off Time(sec)* -4.4* -3.4* -2.4* -1.4* -0.4* 0*
Model Velocity(m/s) 22.2 22.2 22.2 16.1 3.3 1.7
Time(sec)* -4.6* -3.6* -2.6* -1.6* -0.6* 0* Brake Off Off Off On On On
Velocity(m/s) 13.9 15.0 15.6 15.6 15.6 15.6 Model
Brake Off Off Off Off Off Off Time(sec)* -4.2* -3.2* -2.2* -1.2* -0.2* 0*

Velocity(m/s) 22.2 22.2 22.2 21.7 21.7 21.7
Brake Off Off Off Off Off Off

Model Model
Time(sec)* -4.3* -3.3* -2.3* -1.3* -0.3* 0* Time(sec)* -4.5* -3.5* -2.5* -1.5* -0.5* 0*
Velocity(m/s) 21.1 22.2 22.8 22.8 22.8 22.8 Velocity(m/s) 0.0 0.0 0.0 0.0 0.0 0.0
Brake Off Off Off Off Off Off Brake On On On On On On
Model Model
Time(sec)* -4.7* -3.7* -2.7* -1.7* -0.7* 0* Time(sec)* -4.0* -3.0* -2.0* -1.0* 0*
Velocity(m/s) 16.1 18.3 20.6 21.7 22.2 22.2 Velocity(m/s) 0.0 0.0 0.0 0.0 0.0
Brake Off Off Off Off Off Off Brake On On On On On
Accelerator Off Off Off Off Off Off Model
Engine(rpm) 400 400 400 400 400 400 Time(sec)* -4.8* -3.8* -2.8* -1.8* -0.8* 0*
Model Velocity(m/s) 19.4 21.7 22.2 22.2 12.8 4.4
Time(sec)* -4.7* -3.7* -2.7* -1.7* -0.7* 0* Brake Off Off Off On On On
Velocity(m/s) 0.0 0.0 0.0 0.0 0.0 0.0 Model
Brake Off Off Off Off Off Off Time(sec)* -4.3* -3.3* -2.3* -1.3* -0.3* 0*
Accelerator Off Off Off Off Off Off Velocity(m/s) 22.2 22.2 12.8 4.4 0.0 0.0
Engine(rpm) 400 400 400 400 400 400 Brake Off On On On On On

Model
Time(sec)* -4.3* -3.3* -2.3* -1.3* -0.3* 0*

** Result from video analys is Velocity(m/s) 22.2 22.8 22.8 22.2 22.2 22.2
Brake Off Off Off Off Off Off

   * EDR time zero is the time of airbag dep loyment algorithm-wakeup .

Multiple
rear-end
collis ion

1

R-1 in 1st crash phase(rear crash)

R-1 in 3rd crash phase(rear crash)

R-2 in 1st crash phase(frontal crash)

R-2 in 2nd crash phase(rear crash)

R-3 in 2nd crash phase(frontal crash)

2

R-4 in 1st crash phase(rear crash)

R-4 in 3rd crash phase(rear crash)

R-5 in 1st crash phase(frontal crash)

R-5 in 2nd crash phase(rear crash)

R-6 in 2nd crash phase(frontal crash)

Frontal and
side pole
impacts

1

P-1 (frontal pole impact)

2

P-2 (frontal offset pole impact)

3

A-2 (front-right s ide crash)

2

A-4 (s ide-right crash)

Optical speed sensor: A-1 = 15.4 m/s, A-2 = 15.4 m/s , A-3 = 15.4 m/s , A-4 = 15.4 m/s

Optical speed sensor: O-1 = 17.9 m/s

Optical speed sensor: P-1 = 22.4 m/s , P-2 = 22.2 m/s , P-3 = 22.3 m/s

Optical speed sensor: R-2 = 8.5 m/s , R-3=21.5 m/s , R-5=4.1** m/s , R-6=22.0 m/s

P-3 (s ide pole impact)

Offset
frontal rigid

barrier
impact

1

O-1

Car to car
90-degree

s ide impact

1

A-1 (front-left s ide crash)

Table 4. 
Comparison results of EDR pre-crash impact velocities in accident reconstruction tests 
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In the case 1 of the car to car 90-degree side impact, 
the two cars (A-1 and A-2) were accelerated and 
maintained the same velocity for approximately 3 
seconds immediately before the impact, without 
braking. For the two cars, the impact velocity (VEDR) 
recorded by their EDRs was 15.6 m/s and the optical 
speed sensor velocity (VOP) was 15.4 m/s. The 
difference in the impact velocity between the EDR 
and laboratory test data was 0.2 m/s, a difference of 
approximately 1 %. 
 
In the case 2 of the car to car 90-degree side impact, 
only the target car (A-4) was equipped with the EDR. 
The EDR pre-crash data of A-4 indicated that A-4 
was accelerated and maintained the same velocity for 
approximately 3 seconds immediately before the 
impact, without braking. The impact velocity (VEDR) 
recorded by the EDR was 15.6 m/s and the optical 
speed sensor velocity (VOP) was 15.4 m/s for each car. 
The difference (0.2 m/s) in the impact velocity 
between the EDR and laboratory test data was 
approximately 1 %. 
 
In the case 1 of the multiple rear-end collision, the 
car (R-1) in the front-most position was impacted 
twice by the middle car (R-2). In both the events for 
R-1, the impact velocity of R-1 recorded by the EDR 
was 0 m/s, and this value agreed with the results 
obtained by the video. At the first impact, the impact 
velocity of R-2 recorded by the EDR was 11.1 m/s, 
and this value differed by 2.6 m/s (31%) from the 
results obtained by the optical sensor (8.5 m/s). At 
the second impact, the impact velocity of R-2 
recorded by the EDR was 1.7 m/s, and this value 
differed by 1.1 m/s from the results obtained by the 
video (0.6 m/s). In the cases with braking on, the 
EDR overestimated the impact velocity by 1.1–2.6 
m/s. One of the factors responsible for this difference 
should be the different definitions between EDRs and 
crash test procedures for the beginning of the crash 
event. In the second crash phase, the EDR impact 
velocity of R-3 was 21.7 m/s, and this value differed 
by 0.2 m/s (1%) from the result obtained by the 
optical sensor (21.5 m/s). The EDR pre-crash 
velocities of R-3 had almost similar values since R-3 
did not brake. 
 
In the case 2 of the multiple rear-end collision, the 
car (R-4) in the front-most position was impacted 
twice by the middle car (R-5). In both the events for 
R-4, the impact velocity of R-4 recorded by the EDR 
was 0 m/s, and this value agreed with the result 
obtained by the video. At the first impact, the impact 
velocity of R-5 recorded by the EDR was 4.4 m/s, 
and this value differed by 0.3 m/s (7.3 %) from the 

results obtained by the video (4.1 m/s). At the second 
impact, the EDR impact velocity of R-5 was 0.0 m/s, 
and this value was the same result obtained by the 
video (0.0 m/s). In these cases, the EDR recorded the 
impact velocity accurately even if the brake was used. 
In the second crash phase, the EDR impact velocity 
of R-6 was 22.2 m/s, and this value differed by 0.2 
m/s (1%) from the result obtained by the optical 
sensor (22.0 m/s). All the EDR pre-crash velocities 
of R-6 had almost similar values.  
 
In the case of the frontal pole impact, the EDR of the 
test car (P-1) indicated that P-1 was accelerated and 
maintained the same velocity for approximately 3 
seconds immediately before the impact, without 
braking. The impact velocity (VEDR) recorded by the 
EDR was 22.8 m/s and the optical speed sensor 
velocity (VOP) was 22.4 m/s. The difference in the 
impact velocity between the EDR and laboratory test 
data was 0.4 m/s, a difference of approximately 2 %. 
 
In case of the frontal offset pole impact, the EDR of 
the test car (P-2) indicated that P-2 was accelerated 
immediately before the impact, with the engine idling 
at 400 rpm, braking off and accelerator off. The 
impact velocity (VEDR) recorded by the EDR was 
22.2 m/s and the optical speed sensor velocity (VOP) 
was 22.2 m/s. The EDR pre-crash data corresponded 
to the laboratory impact conditions. 
 
In case of the side pole impact, the EDR of the test 
car (P-3) indicated that the P-3 was stationary with 
the engine idling at 400 rpm, braking off and 
accelerator off. P-3 was accelerated laterally before 
the impact with the engine idling, without brake. 
Accordingly, the P-3 EDR recorded data 
corresponded to the targeted test condition. 
 
As shown in Table 4, the difference between the 
EDR impact velocity (VEDR) and that obtained from 
the optical speed sensor (VOP) is less than 0.5 m/s in 
almost all the tested cars except for R-2. The 
difference in R-2 was 2.6 m/s for the first crash and 
1.1 m/s for the second crash. In the case of R-2, the 
EDR time zero could significantly affect the pre-
crash velocity recorded by the EDR because R-2 
decelerated by braking before the impact. Even a 
slight shift in the time zero can cause a significant 
deviation in the impact velocity obtained by the EDR. 
It should be noted that the pre-crash velocities 
recorded by the EDR were highly accurate and 
reliable when cars proceeded without braking prior to 
the collision. The accuracy and reliability of the EDR 
pre-crash velocity might be affected by the braking 
condition and the time zero definition of the EDR. 
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Post-Crash EDR Data in Accident Reconstruction 
 
Table 5 compares the results obtained for the post-
crash longitudinal maximum delta-V. The maximum 
delta-Vs recorded by the EDR (Max delta-VEDR) 
shows uncertainty in measurement in several cases 
when compared with the results obtained by the 
video (Max delta-VVideo) and/or the accelerometers.  
 
In case of P-1 in the frontal pole impact, the EDR 
maximum delta-V (Max delta-VEDR (17.5 m/s)) was 
approximately 30 % lower value as compared to the 
results from the video and accelerometer (Max delta-
VVideo (24.8 m/s), Max delta-VA-C (25.0 m/s)). In case 
of P-2 in the frontal offset pole impact, the difference 
between those velocities was less than 10 %.  Front 
airbag sensors were located in the front side members 
of the tested cars and the side member of P-2 directly 
crashed against the pole. Accordingly, the airbag 
sensors of P-2 could detect the crash event much 
earlier as compared to those of P-1. Airbag 
deployment could be delayed in this type of frontal 
pole impact and the time delay affects the safety 
performance of the airbag system. During the initial 
contact against the pole, the airbag deployment 
algorithm may not wakeup, and the vehicle driver 
and passengers could move forward according to the 
vehicle deceleration or velocity change. 
When excluding the pole impacts, the differences 
between the EDR maximum delta-Vs and the 
reference values (Max delta-VVideo, Max delta-VA-C) 
were less than 2 m/s. The deviation of the EDR 

maximum delta-Vs from the reference values was 
approximately 2 m/s by the root mean square velocity.  
 
The results indicate that the accuracy and reliability 
of the maximum longitudinal delta-V obtained by the 
EDR decreased under more complex crash conditions 
as compared to the standardized crash tests or the J-
NCAP test. However, the errors in the data obtained 
by the video and accelerometer should be considered. 
 
Table 6 compares the results obtained for the post-
crash lateral maximum delta-V. The lateral maximum 
delta-Vs (Max delta-VEDR) obtained by the EDR 
showed lower values as compared to the data 
obtained by the accelerometer (Max delta-VA-EDR) 
and the difference was less than 2 m/s when 
excluding the side pole impact (P-3). In case of the 
side pole impact (P-3), the EDR lateral maximum 
delta-Vs was approximately 4 m/s lower value than 
the reference (Max delta-VA-EDR). The difference 
between the maximum lateral delta-Vs was greater 
than 20 % in 2 of 4 tests (average: approximately 
18 %).  
 
Figure 8 shows the post-crash longitudinal delta-V 
time histories obtained from the EDR, video and 
accelerometers in offset frontal rigid barrier impact. 
During the initial time window, the delta-V time 
history obtained from the video showed a phase 
delay as compared with the data obtained from the 
EDR and accelerometers.  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

m/s % m/s % m/s %
Offset frontal 1 O-1 front-right 20.5 17.4 20.2 -0.3 -1.5 2.8 16.1 -3.1 -15.1

A-1 front-left 6.1 8.3 8.0 1.9 31.1 -0.3 -3.6 2.2 36.1
A-2 front-right 6.3 8.8 7.9 1.6 25.4 -0.9 -10.2 2.5 39.7
A-3 front 4.0 4.5 N/A N/A N/A N/A N/A 0.4 11.1
A-4 side-right N/A 3.8 3.5 N/A N/A -0.4 -9.2 N/A N/A
R-1 (1st) rear 3.6 3.8 4.2 0.6 16.7 0.4 10.5 0.2 5.6
R-1 (3rd) rear 6.6 6.6 6.9 0.3 4.5 0.3 4.5 0.0 0.0
R-2 (1st) front 7.0 5.7 6.1 -0.9 -12.9 0.4 7.0 -1.3 -18.6
R-2 (2nd) rear 5.7 7.5 6.9 1.2 21.1 -0.6 -8.0 1.8 31.6
R-3 (2nd) front 17.6 17.7 16.8 -0.8 -4.5 -0.9 -5.1 0.1 0.6
R-4 (1st) rear 1.9 1.9 1.9 0.0 0.0 0.0 0.0 0.0 0.0
R-4 (3rd) rear 6.4 6.3 6.7 0.3 4.7 0.4 6.3 -0.1 -1.6
R-5 (1st) rear 4.1 4.2 3.2 -0.9 -21.5 -1.0 -23.4 0.1 2.4
R-5 (2nd) front 8.3 8.3 9.1 0.8 9.9 0.8 9.9 0.0 0.0
R-6 (2nd) front 17.0 16.8 16.0 -1.0 -6.1 -0.8 -5.0 -0.2 -1.2

1 P-1 front-center 24.8 *25.0 17.5 -7.3 -29.4 -7.5 -29.9 0.2 0.8
2 P-2 front-right 23.2 22.5 20.9 -2.3 -9.8 -1.6 -7.0 -0.7 -3.0
3 P-3 side-right N/A 8.0 7.9 N/A N/A -0.1 -1.7 N/A N/A

-0.5 1.8 -0.5 -2.9 0.1 5.5
2.2 16.6 2.0 11.9 1.3 17.0

Difference
[C]-[A]

Difference
[C]-[B]

Difference
[B]-[A]

Pole

1

2

1

2

Test type No.

Car to car
90 degree

side impact test

Multiple
rear-end

MaxΔVVideo

[A]
m/s

MaxΔVA-EDR

[B]
m/s

MaxΔVEDR

[C]
m/s

* Data of center floor acceleration (A-C)

Average
Root mean square

Impact-
direction

Model
(crash)

Table 5. 
Comparison results of longitudinal maximum delta-V in accident reconstruction tests 
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Figure 8.  Delta-V time history curves obtained 
from EDR, video and accelerometers for 
longitudinal direction in offset frontal rigid 
barrier test. 
 
 
The delta-V time history obtained from the EDR 
reached a constant value and was approximately 
similar to the result obtained from the video after 100 
ms. However, the delta-Vs obtained from the 
instrumented accelerometers indicated a different 
tendency after 100 ms as compared with the data 
obtained from the EDR and video. The delta-VA-EDR 
differed significantly from the other data. The factors 
responsible for these differences in velocities were 
estimated to be the large deformation at the location 
of ACM. It can be noted that this deformation could 
cause the distortion against the ACM outer cover and 
the accelerometer case since the accelerometer was 
bonded on the ACM. The distortion of the outer case 
of the accelerometer could affect the internal strain 
gage sensor. 
 
Figure 9 compares the post-crash longitudinal delta-
V time history obtained by the EDR with that 
obtained from the accelerometer on the ACM (A-
EDR) for the three cars (A-1, A-2 and A-4) in car-to-
car 90-degree side impacts. In these cars, the delta-V 
time history obtained by the EDR was comparable 

with that obtained from the accelerometer on the 
ACM for the entire period of 200 ms. The difference 
between the maximum delta-VEDR and the maximum 
delta-VA-EDR was less than 1 m/s (0.3 m/s for A-1, 0.9 
m/s for A-2 and 0.4 m/s for A-4) in the three cars. 
 
Figure 10 compares the post-crash lateral delta-V 
time history obtained by the EDR with that obtained 
from the accelerometer on the ACM (A-EDR) in car-
to-car 90-degree side impact tests. For the time 
window from 0 to 50 ms, the lateral delta-V time 
history obtained by the EDR agreed well with the 
data obtained by the accelerometer (A-EDR) for the 
three cars (A-1, A-2 and A-4). After 50 ms, the 
difference between the curves started to increase. 
This tendency is very similar to the result obtained 
when comparing the EDR longitudinal delta-V curve 
with the corresponding accelerometer data in the 
analysis of the J-NCAP full lap barrier (FLB) tests. 
 
Figure 11 compares the longitudinal delta-V time 
histories obtained by the EDR with those obtained 
from the accelerometers and video in multiple rear-
end collision tests. The EDRs of R-1 and R-4 
recorded the longitudinal delta-V for 150 ms. This 
limitation may not affect the data analysis since the 
time duration of a car-to-car collision is 
approximately 150 ms in general. 
 
In the case 1 of the multiple rear-end collision test, 
the EDR delta-V time history of R-1 in the first crash 
phase agreed well with the results obtained by the 
accelerometers and video. In the third crash phase, 
according to the different definitions for the 
beginning of the crash event, the delta-V time 
histories of R-1 obtained from the accelerometers and 
video showed a phase delay from the EDR data. The 
phase delay can be adjusted by shifting the EDR time 
zero. The difference between the values of delta-Vs 
of R-1 in the third crash phase became minimal by 
shifting the EDR time zero. 
 
 

Longitudinal(O-1)

-25

-20

-15

-10

-5

0

0 50 100 150 200

Time(ms)

D
el

ta
-V

(m
/s

)

A-EDR A-C Ave. A-R and A-L Video EDR

MaxΔVA-EDR MaxΔVEDR

m/s m/s m/s %
A-1 front-left 8.9 7.8 -1.1 -12.4
A-2 front-right 9.1 7.2 -1.9 -20.9

2 A-4 front-right 2.0 1.8 -0.2 -9.7
Pole 3 P-3 s ide-right 15.7 11.4 -4.3 -27.2

-1.9 -17.5
2.4 18.9Root mean square

Difference

1

Average  

car to car
90 degree

side impact tes t

impact-
direction

Test type No. Model

Table 6. 
Comparison results of lateral maximum delta-V in accident reconstruction tests (0 to 80 ms)
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Figure 9.  Delta-V time history curves obtained 
from EDR and A-EDR for longitudinal direction 
in car-to-car 90-degree side impacts. 
 
In the first crash phase, the delta-V time histories of 
R-2 obtained from the EDR and video were 
comparable for the entire period of 200 ms. In the 
second crash phase, the delta-V time histories of R-2 
obtained from the EDR and accelerometers were 
comparable for 100 ms, however the data obtained 
from the center floor accelerometer (A-C) was not 
usable after 120 ms due to the measurement error. In 
the second crash phase, the delta-V time histories of 
R-2 obtained from the video was significantly 
different from the data obtained from the EDR and 
accelerometers. High speed video analysis indicated 
the independent motion between the outer body shell 
(on which the target marks for video analysis were 
attached) and the inner main body (in which the EDR 
and accelerometers were fixed).  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 10.  Delta-V time history curves obtained 
from EDR and A-EDR for lateral direction in car-
to-car 90-degree side impacts. 
 
The independent body motion could be possible since 
R-2 was sandwiched between R-1 and R-3 in the 
second crash phase. 
In the second crash phase, the delta-V time histories 
of R-3 obtained from the EDR, video and 
accelerometers were comparable for the entire period 
of 200 ms. 
 
In the case 2 of the multiple rear-end collision test, 
the EDR delta-V time history of R-4 in the first crash 
phase agreed well with the results from the video and 
accelerometers. In the third crash phase, the delta-V 
time histories of R-4 obtained from the 
accelerometers and video showed an apparent phase 
delay from the EDR data again according to the 
different definitions of time zero. 

Longitudinal(A-1)

-10

-8

-6

-4

-2

0

0 50 100 150 200

Time(ms)

D
el

ta
-V

(m
/s

)

A-EDR EDR

Longitudinal(A-2)

-10

-8

-6

-4

-2

0

0 50 100 150 200

Time(ms)

D
el

ta
-V

(m
/s

)

A-EDR EDR

Longitudinal(A-4)

-10

-8

-6

-4

-2

0

0 50 100 150 200

Time(ms)

D
el

ta
-V

(m
/s

)

A-EDR EDR

Lateral(A-1)

-2

0

2

4

6

8

10

0 20 40 60 80
Time(ms)

D
el

ta
-V

(m
/s

)

A-EDR EDR

Lateral(A-2)

-10

-8

-6

-4

-2

0

2

0 20 40 60 80
Time(ms)

D
el

ta
-V

(m
/s

)
A-EDR EDR

Lateral(A-4)

-10

-8

-6

-4

-2

0

2

0 10 20 30 40 50 60 70 80
Time(ms)

D
el

ta
-V

(m
/s

)

A-EDR EDR



Ishikawa 13 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Longitudinal(R-2 1st_crash)

-10

-8

-6

-4

-2

0

0 50 100 150 200

Time(ms)

D
el

ta
-V

(m
/s

)

A-EDR A-C Ave. A-R and A-L Video EDR

Longitudinal(R-2 2nd_crash)

-2

0

2

4

6

8

10

12

0 50 100 150 200

Time(ms)

D
el

ta
-V

(m
/s

)

A-EDR A-C Video EDR

Longitudinal(R-3 2nd_crash)

-20

-15

-10

-5

0

0 50 100 150 200

Time(ms)

D
el

ta
-V

(m
/s

)

A-EDR A-C Ave. A-R and A-L Video EDR

Longitudinal(R-5 1st_crash)

-10

-8

-6

-4

-2

0

0 50 100 150 200

Time(ms)

D
el

ta
-V

(m
/s

)

A-EDR Ave. A-R and A-L Video EDR

Longitudinal(R-6 2nd_crash)

-20

-15

-10

-5

0

0 50 100 150 200
Time(ms)

D
el

ta
-V

(m
/s

)

A-EDR Ave. A-R and A-L Video EDR

Longitudinal(R-1 1st_crash)

0

2

4

6

8

10

0 50 100 150 200

Time(ms)

D
el

ta
-V

(m
/s

)

A-EDR A-C Ave. A-R and A-L Video EDR

Longitudinal(R-4 1st_crash)

0

2

4

6

8

10

0 50 100 150 200

Time(ms)

D
el

ta
-V

(m
/s

)

A-EDR Ave. A-R and A-L Video EDR

Longitudinal(R-1 3rd_crash)

0

2

4

6

8

10

0 50 100 150 200

Time(ms)

D
el

ta
-V

(m
/s

)

A-EDR A-C Ave. A-R and A-L Video EDR

Longitudinal(R-4 3rd_crash)

0

2

4

6

8

10

0 50 100 150 200
Time(ms)

D
el

ta
-V

(m
/s

)

A-EDR Ave. A-R and A-L Video EDR

Longitudinal(R-5 2nd_crash)

0

2

4

6

8

10

0 50 100 150 200

Time(ms)

D
el

ta
-V

(m
/s

)

A-EDR A-C Video EDR

Figure 11.  Delta-V time history curves in multiple rear-end collision tests. 
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Accordingly, the difference between the values of 
delta-Vs of R-4 in the third crash phase became 
minimal by shifting the EDR time zero for about 50 
ms. 
In the first crash phase, the delta-V time histories of 
R-5 obtained from the EDR, video and 
accelerometers were comparable for the entire period 
of 200 ms. In the second crash phase, the delta-V 
time histories of R-5 obtained from the EDR and 
accelerometer (A-EDR) were almost comparable for 
200 ms. However, the data obtained from the video 
was different from those obtained by the EDR and 
accelerometers. One of the reasons causing this 
difference was previously mentioned for the R-2 
second crash.  
In the second crash phase, the delta-V time histories 
of R-6 obtained from the EDR, video and 
accelerometers were comparable for the entire period 
of 200 ms. 
 
Figure 12 compares the longitudinal delta-V time 
histories obtained by the EDR with those obtained by 
the accelerometers and video in the pole impacts. The 
EDR longitudinal delta-V time history of P-1 was 
significantly different from the data obtained from 
the video and accelerometers. One of the factors 
responsible for this difference was the delay 
detecting the crash event by the airbag sensors 
located in the front side members. The data obtained 
from the accelerometer attached on the ACM (A-
EDR) was not usable after 50 ms due to the 
measurement error. 
In the cases of P-2 and P-3, the EDR longitudinal 
delta-V time history was comparable with that 
obtained from the accelerometer attached on the 
ACM (A-EDR) 
 
Figure 13 compares the lateral delta-V time histories 
obtained by the EDR with those obtained by the 
accelerometer (A-EDR) and video in the side pole 
impact. The EDR delta-V time histories in lateral 
direction of P-3 were obtained for 80 ms at the 
positions of ACM, B-pillar and C-pillar where the 
airbag sensors were installed. Each of the EDR 
lateral delta-V time history was different according to 
the location of the measurement. The EDR lateral 
delta-V time history curve recorded in the ACM was 
comparable with that of the C-pillar. At about 70 ms, 
each of the EDR lateral delta-V became a similar 
value. The slope of the EDR lateral delta-V curves of 
the ACM and C-pillar was less steep as compared 
with the result obtained by the video and 
accelerometer.  
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 12.  Longitudinal delta-V time history 
curves in frontal and side pole impacts. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 13.  Lateral delta-V time history curves in 
side pole impact. 
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ABS-ECU and Engine-ECU Data in Accident 
Reconstruction 
 
Diagnosis data recorded in the ABS-ECU and 
engine-ECU were downloaded by using a scan tool 
(Denso DST-2) from the cars that were tested. Two 
cars (P-2 and P-3) were crashed with the engine 
idling and the remaining cars were tested with the 
engine stopped. In the cases of P-2 and P-3, onboard 
diagnosis (OBD) connectors were severely damaged 
and the ABS-ECU and engine-ECU were not 
diagnosed by the scan tool. In other cases, the 
diagnoses for the ECUs were conducted successfully 
by the scan tool; however, useful information, 
including pre-crash vehicle conditions, was not 
available from the ECUs except in one case (A-4). In 
the case of A-4, the diagnosis data, including the 
vehicle speed, were downloaded from the ABS-ECU 
successfully. 
 
A-4 was the target car in the car-to-car 90-degree 
side impact test and its right rear wheel was damaged 
during the collision. The diagnosis data included the 
vehicle speed and the rotational velocity of the four 
wheels as follows: 

Vehicle velocity: 15.6 m/s 
R. F. wheel: 14.4 m/s, L. F. wheel: 15.6 m/s 
R. R. wheel:  4.4 m/s, L. R. wheel: 16.1 m/s 

The vehicle velocity recorded in the ABS-ECU (15.6 
m/s) corresponded to the EDR impact velocity (15.6 
m/s). When one of the ABS sensors is damaged 
during collision, the ABS-ECU may record the 
vehicle speed and wheel velocities at the event of the 
ABS malfunction. 
 
CONCLUSIONS 

With respect to ABS-ECU, engine-ECU, and Event 
Data Recorder (EDR), two types of crash test data 
are analyzed in this study. The first type is the J-
NCAP crash tests. The analysis of the J-NCAP data 
is for understanding the EDR characteristics under 
standardized crash test conditions. The second type is 
the real-world accident reconstructions for evaluating 
the performance of those ECUs under highly 
complex and/or severe crash conditions. The 
conclusions are summarized as follows: 
・ The pre-crash velocities recorded by the EDR 

were highly accurate and reliable when cars 
proceeded without braking prior to the collision. 
The accuracy and reliability of the EDR impact 

velocity could be affected by the braking 
conditions and the EDR time zero information. 

・ The accuracy and reliability of the maximum 
delta-V recorded by the EDR decreased under 
highly complex or severe crash conditions, as 
compared to the results obtained from the 
standardized crash tests. The factors responsible 
for this result were attributable to the 
characteristics of the accelerometers used in 
EDR, the large deformation at the location of the 
airbag control module, vehicle body rotation in a 
collision, etc. 

・ When one of the ABS sensors installed in an 
impacted vehicle was damaged during collision, 
the ABS-ECU recorded the vehicle speed and 
the tire rotational velocity of the four wheels at 
the event of an ABS malfunction. 

・ The engine-ECU could record the vehicle speed 
information when the engine was damaged 
during collision. In order to obtain and 
understand the information of the engine-ECU, 
crash tests are recommended to be carried out 
with the engine running. 
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ABSTRACT 
 
This paper investigates the feasibility of using event 
data recorders (EDRs) to characterize the crash 
avoidance behavior of drivers involved in rear end 
collisions.  The study is based upon the records of 
112 crashes from NASS/CDS 2000-2007 with 
associated EDR pre-crash data and of sufficient 
severity to deploy the frontal air bag.  The study 
examined three factors affecting driver response to an 
impending rear collision: driver age, driver alcohol 
use, and road lighting condition.  Crash avoidance 
actions of the drivers were inferred from the pre-
crash EDR records of vehicle speed, throttle position, 
engine speed (RPM), and service brake status five 
seconds prior to impact.  Factors considered included 
time of brake application prior to impact, peak 
braking deceleration, and the time history of throttle 
position.  For these cases, this study combined EDR 
pre-crash records with NASS/CDS case records 
including scene diagrams and site photos to 
determine driver crash avoidance actions. 
 
INTRODUCTION 
 
Previous research on driver pre-crash behavior has 
relied heavily upon controlled driver testing or 
observation, e.g., as in a driving simulator (Lee et al, 
2002) or naturalistic driving studies (Neale et al, 
2005).  Even when detailed crash reconstructions of 
real world crashes are conducted, there is significant 
uncertainty concerning the crash avoidance actions of 
the driver prior to impact.  Event Data Recorders 
(EDRs) can provide a new tool to study this issue.  
Because current generation EDRs record up to five 
seconds of pre-crash vehicle data, these devices have 
the potential to provide important new insights into 
pre-crash driver behavior under real world crash 
conditions.   
 
The focus of this study is on rear-end collisions.  An 
accurate characterization of driver pre-crash actions 

in rear-end collisions is important in the design of 
collision-mitigation systems or radar braking 
systems.  Although the study which follows examines 
rear collisions only, the study of many different 
collision modes could benefit from the use of EDR 
pre-crash records.  Rear-end collisions have the 
advantage that this crash mode is readily defined.  In 
addition, the typical crash avoidance maneuvers are 
braking and throttle reduction – both of which are 
recorded by current generation EDRs.  Other crash 
modes, e.g. passing collisions or lane departure, 
could be examined in future studies as EDRs record 
other pre-crash parameters, e.g., steering inputs and 
yaw rates.    
 
OBJECTIVE 
 
The objective of this paper is to determine the 
feasibility of using EDRs to characterize the driver 
pre-crash behavior in rear-end collisions. 
 
APPROACH 
 
The study was based on cases extracted from the 
National Automotive Sampling System / 
Crashworthiness Data System (NASS/CDS) 2000-
2007 with associated EDR data.  The National 
Highway Traffic Safety Administration (NHTSA) 
now has the records of over 3,100 EDRs downloaded 
during NASS/CDS crash investigations.  All cases 
were downloaded by NASS investigators in the field 
using the Bosch Crash Data Retrieval (CDR) system.  
The EDRs in this dataset were exclusively from 
General Motors (GM) cars and light trucks of model 
year 2000-2006. 
 
The GM EDRs in our dataset recorded 5 seconds of 
pre-crash data in one-second intervals on vehicle 
speed, engine speed, engine throttle setting, and 
brake status.  Vehicle speed is in units of miles/hour.  
Engine speed is in units of revolutions per minute 
(RPM).  Engine throttle setting is reported in percent 
wide open throttle (% w.o.t).  Brake status is limited 
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to on or off, and does not record brake application 
force. 
 
Composition of Data Set 
 
This study included only EDR cases from GM 
vehicles in which the EDR recorded pre-crash data 
and the crash was of sufficient severity to deploy the 
frontal air bags.  In GM EDRs, deployment of the air 
bag locks in the EDR data so that it can not be 
overwritten by subsequent events.  The dataset was 
limited to rear-end collisions in which the subject 
vehicle was the striking vehicle.  The resulting 
dataset contained 112 cases.  Synopses of two of the 
cases in the dataset are presented below. 
 
Example Case 1 
 
Vehicle 1, a 2004 Buick LeSabre, was traveling south 
on a dry asphalt roadway during clear daylight 
conditions.  Vehicle 2, a 2001 Buick Century, was 
traveling south in the first lane of the same roadway 
as vehicle 1.  Vehicle 2 then changed lanes in front of 
vehicle 1 and attempted a left hand turn.  The front of 
vehicle 1 contacted the rear of vehicle 2 causing 
moderate damage to both vehicles.  Vehicle 1 was 
driven by an 18 year old with, according to the NASS 
case, no presence of alcohol.  The vehicle scene is 
shown in Figure 1.  The frontal damage to vehicle 1 
and the rear damage to vehicle 2 are shown in Figure 
2 and Figure 3. 
 

 
 

Figure 1.  NASS/CDS Case 2004-12-081 scene 

 
 

Figure 2.  NASS/CDS Case 2004-12-081 frontal 
damage to Vehicle 1 

 

 
 

Figure 3.  NASS/CDS Case 2004-12-081 the rear 
damage to Vehicle 2 

 
Both vehicles were towed from the scene of the crash 
due to damage. Both occupants were wearing their 
seat belts.  Vehicle 1’s EDR data are presented in 
Table 1.   
 

Table 1.  Striking Vehicle (V1) Pre-Crash EDR 
data (NASS/CDS Case 2004-12-081) 

 
Time 
(sec) 

Speed 
(mph) 

Brake 
Throttle 
(%wot) 

Engine 
RPM 

-5 55 OFF 6 1600 

-4 55 OFF 6 1472 

-3 55 OFF 0 1472 

-2 55 OFF 0 1408 

-1 55 OFF 0 1408 

 
Based on the EDR data, the driver of V1 did not 
brake at any time.  The engine RPM dropped slightly 
from 1600 RPM at 5 seconds before impact to 1408 
at 1 second before impact.  The vehicle speed was 
unchanged in the five samples of pre-crash data.  
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There was a possibility that the driver of V1 did not 
see V2 pull in front of their vehicle and stop.   
 
Example Case 2 
 
Vehicle 1, a 2000 Chevrolet Cavalier and Vehicle 2, 
a 1993 Plymouth Acclaim were traveling south on a 
four lane, undivided asphalt roadway in the passing 
lane with the Acclaim ahead of the Cavalier.  Vehicle 
2 was stopped waiting to make a left turn when the 
back of vehicle 2 was struck by the front of vehicle 1.  
The Cavalier was driven by a 44 year old male who 
attempted both steering and braking intervention 
prior to the impact.  The impact resulted in air bag 
deployment.  The crash scene is shown in Figure 4. 
 

 
 

Figure 4.  NASS/CDS Case 2004-08-162 scene 
 
The frontal damage to the Cavalier and the rear 
damage to the Acclaim are shown in Figure 5 and 
Figure 6. 
 

 
 

Figure 5.  NASS/CDS Case 2004-08-162 frontal 
damage to Vehicle 1 

 
 

Figure 6.  NASS/CDS Case 2004-08-162 the rear 
damage to Vehicle 2 

 
Both vehicles came to rest just a few feet south of the 
point of impact and both were towed from the scene 
due to damage.  The driver of Vehicle 1 was using 
his seat belt.  The EDR data is presented in Table 2 
and graphically in Figure 7. 
 

Table 2.  Striking Vehicle (V1) Pre-Crash EDR 
data (NASS/CDS Case 2004-08-162) 

 
Time 
(sec) 

Speed 
(mph) 

Brake Throttle 
(%wot) 

Engine 
RPM 

-5 48 OFF 4 1728 

-4 46 OFF 4 1664 

-3 47 OFF 38 2624 

-2 47 ON 4 1728 

-1 17 ON 4 1024 
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Figure 7.  Striking Vehicle (V1) Pre-Crash EDR 
data (NASS/CDS Case 2004-08-162) 
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Based on EDR data, the driver of V1 first undertook 
crash avoidance actions about 2 to 3 seconds prior to 
the crash.  Note that at 3 seconds before impact, the 
driver appeared to have stepped on the accelerator 
although this resulted in only a negligible increase in 
speed.  At about 2 seconds prior, the driver applied 
the vehicle service brake, which significantly slowed 
the vehicle.   
 
Factors expected to affect pre-crash driver 
behavior 
 
This study examines the crash avoidance actions of 
drivers just prior to a rear-end collision.  The specific 
parameters of interest are the time prior to collision at 
which the driver took one of two actions: braking or 
release of the throttle.  Other crash avoidance actions, 
e.g. lane changing or swerving, are also possible.  
However, these actions are not recorded by most 
current generation EDRs.   
 
We hypothesize that a number of driver or 
environmental factors could affect the time a driver 
requires to react to an impending rear-collision.  This 
paper examined driver age, driver alcohol 
involvement and road lighting.  Driver age was 
disaggregated into three groups: teens (13-19 years 
old), adults 20-64 years of age, and older drivers 65 
years or older.  A driver was designated as alcohol 
involved if (a) driver blood alcohol concentration was 
not zero or (b) if the police accident report indicated 
that the driver was drinking.  It is expected that this 
method will miss a small number of drivers who had 
been drinking.  But as our dataset was composed 
predominantly of non-drinkers (over 90%) this error 
is not expected to greatly affect our results.  Lighting 
condition of the highway was divided into two 
groups: daylight crashes and non-daylight crashes.  
Non-daylight crashes included crashes on dark, but 
lighted, highways, dark unlighted highways, and 
crashes at dark or dusk.   
 
Driver Pre-crash actions 
 
The EDRs in our dataset recorded five seconds of 
pre-crash data prior to impact in one second 
increments.  The EDRs did not record pre-crash data 
at or just prior to the time of impact.  Data for the 
following vehicle parameters was available: (1) status 
of the brake (on/off), (2) percent throttle, (3) engine 
speed (RPM), and (4) vehicle speed (mph).  These 
parameters were only available on GM vehicles for 
vehicles from approximately model year 2000 
onward.  Older EDRs did not record pre-crash data.   
As markers of when the driver began to attempt to 
avoid an impending crash, we computed the first time 

during this 5 second pre-crash interval that the brake 
was applied, and the time at which the driver 
removed his/her foot from the accelerator and in turn 
decreased the engine throttle.  This calculation 
includes both those drivers that took crash avoidance 
actions and those that did not as reported by the EDR. 
 
It should be noted that these markers are estimates of 
the time when a driver took crash avoidance action.  
Because EDR pre-crash data is captured at the 
relatively slow rate of one sample per second, driver 
actions taken between samples will not be measured 
until the pre-crash parameters are read one second 
later.  These pre-crash parameters are not measured 
synchronously (Chidester et al, 1999).  Also, their 
time of measurement may differ from the timing 
indicated in the Bosch CDR download (Wilkinson et 
al, 2006).  In this study, we assume that the average 
of many cases will approach a 1 second interval 
between measurements. 
 
The time of first brake application was defined to be 
that time when the brake transitioned from brake-off 
to brake-on.  EDR records of the time of first brake 
application could range from -5 to -1 seconds prior to 
collision.  If the EDR had no record of driver brake 
application, our analysis arbitrarily set the brake 
application time to 0 seconds. The time of throttle 
release was defined to be that time when the percent 
throttle equaled zero after being non-zero at the 
previous time step.  The EDR record of the time the 
throttle was released prior to collision could range 
from -5 to -1 seconds.  If the EDR had no record of 
throttle release, the time of throttle release was 
arbitrarily set to 0 seconds. In some cases, the throttle 
was zero throughout the entire 5 second pre-crash 
interval.  The throttle release time for these cases was 
arbitrarily set to -5 seconds.  The period of non-
throttle use may have been longer, but the EDR 
would not include a record earlier than -5 seconds.  
The average response time for braking or throttle 
released was computed for each group.  NASS/CDS 
weights were applied in the computation of all 
averages to provide a national estimate of driver 
response to rear collisions. 
 
GM EDRs only indicate whether the service brake 
has been applied rather than brake application force.  
For this study, brake application force was estimated 
from the pre-crash time history of vehicle speed.  
Maximum brake deceleration in G’s was computed 
using the maximum ΔV in one second.  The EDR 
records wheel speed not the actual vehicle speed.  
Cases in which the brakes appeared to lock-up, e.g. 
from braking on ice or gravel, were omitted from the 
analysis as vehicle speed is incorrectly recorded in 
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these cases.  In some cases, the brake and throttle 
were applied simultaneously.  Our method made no 
compensation for the engine throttle.   
 
RESULTS 
 
Table 3 shows the distribution of cases by driver age, 
driver alcohol involvement and lighting condition. 
 

Table 3.  Composition of the Data Set for Rear-
End Collisions with Pre-Crash EDR Data from 
GM MY 2000+ vehicles (NASS/CDS 2000-2007) 

 
Variable Raw Number 

of Cases 
Weighted 

Number of 
Cases 

All 112        50,762  
   
Driver Age   
 13-19 yrs 19         4,131  
 20-64 yrs 77       36,698  
 65+ yrs 14         9,645  
 Unknown 2            288  
    
Alcohol   
 Not Drinking 100       48,779  
 Drinking 12         1,983  
    
Lighting Condition   
 Daylight 72       36,641  
 Not Daylight 40       14,121  

 
Figure 8 and Figure 9 present the distribution of 
times for first brake application and throttle release.  
On average, the drivers in our dataset first applied the 
brakes on average 1.7 seconds prior to impact.  On 
average, drivers released the throttle 2.1 seconds 
prior to impact.  For over 20% of drivers, the EDR 
contained no record of brake application prior to 
impact.  For approximately 30% of drivers, the EDR 
record did not contain any evidence that the throttle 
was released prior to impact.  
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Figure 8.  Cumulative percent of drivers applying 
brakes as a function of time to collision 

(NASS/CDS 2000-2007, GM MY 2000+ vehicles) 
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Figure 9.  Cumulative percent of drivers releasing 
the throttle by time to collision (NASS/CDS 2000-

2007, GM MY 2000+ vehicles) 
 
Effect of Driver Age 
 
Figure 10 presents the influence of driver age upon 
the average time of brake application for drivers who 
struck another vehicle in a rear-end collision.   
Reaction time clearly declines with driver age.  Older 
drivers 65 years and older were the slowest drivers to 
respond to an impending rear-end collision.  Teen 
drivers, despite being the least experienced drivers, 
were the quickest to apply brakes.  On average, teens 
applied the brakes 2.2 seconds prior to impact 
whereas older drivers delayed until 1 second prior to 
impact to apply the brakes. 
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Figure 10.  Average time of brake application 

prior to rear-end collision as a function of driver 
age (NASS/CDS 2000-2007) 

 
By contrast, there was little difference in the time at 
which the throttle was released between the three age 
groups as shown in Figure 11.  On average, all three 
groups of drivers released the throttle approximately 
2 seconds prior to impact.   
 
The number of drivers who took no evasive action 
varied by age group.  16% of teen drivers never 
applied the brakes whereas nearly 30% of drivers 65 
years and older did not apply the brakes.  
Approximately 30% of drivers of all age groups 
either did not release the throttle or released the 
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throttle within 1 second of impact.   Note that these 
figures are based on a small number of cases (19 teen 
drivers, 77 adult drivers, and 14 older adult drivers), 
and should be revisited when larger data sets are 
available. 
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Figure 11.  Average time of throttle release prior 
to rear-end collision as a function of driver age 

(NASS/CDS 2000-2007) 
 
As shown in Figure 12, younger drivers applied the 
brakes with greater force than did older drivers.  
Average maximum vehicle deceleration for younger 
drivers was 0.61 G, but was only 0.16 G for drivers 
65 years and older.  For purposes of comparison, 
normal braking decelerations are typically 0.20-0.25 
Gs.  It is unknown if this age difference is due to a 
overreaction by younger drivers or a lack of strength 
by older drivers.   One limitation of this calculation is 
that the EDRs in our dataset did not have the ability 
to measure deceleration in the final second preceding 
impact.  Because older drivers did not apply brakes 
until approximately one second before impact on 
average, this limitation may have led to an 
underestimate of the braking level applied by this 
category of drivers. 
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Figure 12.  Average pre-crash vehicle deceleration 

prior to rear-end collision by driver age 
(NASS/CDS 2000-2007) 

 
Effect of Driver Alcohol Involvement 
 
Figure 13 and Figure 14 show the effect of alcohol-
involvement upon driver rear-end collision avoidance 

actions.  On average, alcohol-involved drivers 
reacted substantially slower to an impending crash 
than did drivers without alcohol involvement.  
Drivers without alcohol involvement applied their 
brakes an average of 1.7 seconds prior to impact 
while drivers with alcohol involvement delayed until 
0.7 seconds prior to impact.   
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Figure 13.  Average time of brake application 

prior to rear-end collision as a function of driver 
alcohol use (NASS/CDS 2000-2007) 

 
As shown in Figure 14, drivers with alcohol 
involvement were similarly slower to respond to an 
impending collision by releasing the throttle.  Drivers 
without alcohol involvement released the throttle, on 
average, 2.2 seconds prior to impact whereas drivers 
with alcohol involvement released the throttle only 
one second prior to the collision.  36% of drivers with 
alcohol involvement did not release the throttle or 
released the throttle within 1 second of impact.  For 
drivers with alcohol involvement, 31% of drivers did 
not apply the brakes prior to the rear-end collision.   
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Figure 14.  Average time of throttle release prior 

to rear-end collision as a function of driver alcohol 
use (NASS/CDS 2000-2007) 

 
Note that these figures are based on a small number 
of cases (110 drivers without alcohol involvement 
and 12 drivers with alcohol involvement), and should 
be revisited when larger data sets are available. 
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Effect of Roadway Lighting Condition 
 

Figure 15 and Figure 16 examine how driver crash 
avoidance actions are affected by highway lighting 
conditions.  Drivers in daylight were quicker to apply 
the brakes (1.9 seconds prior to impact) than drivers 
in non-daylight conditions brakes (1 second prior to 
impact).  By contrast, there was little difference in the 
time of throttle release.  On average throttle release 
occurred approximately 2 seconds prior to collision 
regardless of lighting condition.  
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Figure 15.  Average time of brake application 
prior to rear-end collision as a function of 

highway lighting condition (NASS/CDS 2000-
2007) 
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Figure 16.  Average time of throttle release prior 

to rear-end collision as a function of highway 
lighting condition (NASS/CDS 2000-2007) 

 
The fraction of drivers who took no evasive action by 
brake application or throttle release was a strong 
function of lighting condition.  In daylight, only 13% 
of drivers failed to apply the brakes prior to impact.  
In contrast, nearly half (46%) of drivers in non-
daylight conditions did not apply the brakes before 
impact.  Likewise, almost half (43%) of drivers 
operating at night did not release the throttle or 
released the throttle within 1 second of impact, as 
compared to 27% of drivers operating in daylight.   
 
 
 

LIMITATIONS 
 
This study has a number of limitations summarized 
below: 
 
• The study was based on a limited dataset.  The 

findings of this study should be revisited when a 
larger EDR dataset is available.  Our study 
provides numeric estimates of the delays in crash 
avoidance actions caused by these factors. 
Nevertheless, the results presented here should 
be viewed primarily as the trends that will be 
observed when this method is applied to a larger 
dataset.   

• The dataset was composed exclusively of GM 
cars and light trucks.  It is not known how the 
results generalize to drivers of other vehicles. 

• The GM precrash EDR data used in this study is 
sampled at the relatively slow rate of once per 
sample.  Hence, the recorded time of driver 
actions may be delayed by up to one second.  
This limitation will be improved upon 
implementation of NHTSA Rule 563 [NHTSA, 
2008] which requires that precrash data to be 
recorded at one sample per 0.5 second. 

• In addition, the GM precrash EDR data used in 
this study is not sampled precisely at 1 second 
intervals.  In this study, we assume that the 
average of many cases will approach a 1 second 
interval between measurements. 

• There may be cross-interactions between the 
factors which control rear-end collision 
avoidance actions.  For example, alcohol 
involved drivers may preferentially drive at 
night.  Because of the small dataset, the 
magnitude of these interactions could not be 
determined. 

• The analysis of driver actions which affect driver 
reaction time to an impending rear-end collision 
did not consider road conditions which may have 
obscured the struck vehicle.  A more complete 
analysis with a larger dataset should also 
consider the effect of road curvature, glare, 
hillcrests, and other conditions which could 
obscure the road and ahead. 

• Braking deceleration levels were computed 
based on vehicle pre-crash speed.  Because the 
last speed recorded by EDRs is at one second 
prior to impact, brake deceleration level could 
not be estimated during the one second prior to 
impact.  In some cases, the braking force applied 
in the final second may have exceeded the peak 
deceleration computed earlier in the event, and 
would cause peak deceleration to be 
underestimated. 
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CONCLUSIONS 
 
This paper has investigated the feasibility of using 
EDRs to characterize the driver pre-crash behavior in 
rear-end collisions.  The study has examined the 
influence of driver age, driver alcohol involvement 
and the lighting condition of the highway the time 
required by a driver to react to an impending rear-
collision.   
 
• Time of first brake application slows with driver 

age.  The older drivers in our sample were 
slower to apply brakes than all other drivers (1 
second prior to impact).  Teen drivers were the 
quickest to apply brakes (2.2 seconds prior to 
impact).  Teen drivers also applied the brakes 
with greater force than did older drivers (0.6 G 
vs. 0.1 G’s). Driver age had little influence on 
the time that the throttle was released. 

   
• Drivers who had used alcohol were substantially 

slower to take crash avoidance actions than non-
drinkers.  Alcohol usage delayed both brake 
application and throttle release. 

 
• Brake application was slower at night than 

during daylight presumably because the vehicle 
ahead was more difficult to see.  Lighting 
conditions did not however change the time of 
throttle release. 

 
This study has shown the potential of using EDR pre-
crash records to determine how the timing of crash 
avoidance actions is affected by both driver condition 
and the state of the environment.  Although the study 
focuses exclusively on rear-end collisions, the study 
of many different collision modes could benefit from 
the use of EDR pre-crash records.   
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ABSTRACT
Advanced technologies in environmental sensing, 
situational perception and new actuators that allow 
individual situational based interventions in braking, 
steering or controlling the chassis characteristics are 
giving new option for the enhancement of automotive 
safety. Especially primary and pre-crash safety 
systems profit from these new opportunities and their 
potentials. The vision of an “accident free driving” 
was born. In a first wave advanced systems for 
mitigating or avoiding longitudinal accidents were 
developed and were actually penetrating into the 
market. Therefore the question of the safety benefit 
that is achievable with these systems in real world 
accidents arises. The paper tries to find an answer for 
actual Mercedes-Benz primary and pre-crash safety 
systems.
Primary safety systems are designed to help to avoid 
accidents or, if that is not possible, to stabilize 
respectively reduce the dynamics of the vehicle to 
such an extent that the secondary safety measures are 
able to act best possible. The effectiveness is a 
measure for the efficiency, with which a safety system 
succeeds in achieving this target within its range of 
operation in interaction with driver and vehicle. Based 
on Daimler’s philosophy of the “Real Life Safety” the 
reflection of the real world accidents in the systems 
range of operation is both starting point as well as 
benchmark for its optimization.   
Development objective for primary safety measure is 
the avoidance of accidents. But avoided accidents are 
not contained in an accident data base. Thus the 
efficiency of a primary safety measure in contrast to a 
secondary safety measure can not be determined 
directly from accident data. Up to now, the 
effectiveness of a primary safety system has usually 
been determined in retrospect, through changes in the 
accident statistics, or prospectively by appropriate 
tests such as, for example, driving simulator tests with 
test persons or driving tests in the field e.g. naturalistic 
driving studies. All methods have advantages, but also 
disadvantages. Challenge is to extract components 
needed and reassembling them in a new method to be 
able to estimate the safety benefit of the advanced 
systems usually consisting of warning and reacting 
components. This paper discusses the future 
requirements on these components, their establishment 
and on the accident data and its collection.  

This paper deals with the methodology to perform 
assessments of statistical representative efficiency of 
primary safety measures. To be able to carry out an 
investigation concerning the efficiency of a primary 
safety measure in a transparent and comparable way 
basic definitions and systematic were introduced. 
Based on these definitions different systematic 
methods for estimating efficiency were discussed and 
related to each other. The paper is completed by 
estimating the safety benefit in real world accidents of 
purchasable Mercedes-Benz safety systems for 
assisting the driver in longitudinal accidents. 

INTRODUCTION 
In its white paper on the safety of road users the 
European Union set a 50% reduction in the number of 
fatalities among European road users by 2010 as its 
common goal. Japan has set a similar target and also 
the US is actively pursuing advances in road safety. 
The actual progress is illustrated in fig. 1. 

Mercedes-Benz contrasts these initiatives with its 
vision of Accident-Free Driving. For Mercedes-Benz, 
automotive safety is not just a question of fulfilling 
crash tests. Mercedes innovations in the area of 
vehicle safety have been based successfully on 
findings of accident researchers for 40 years. Reality 
still is and continues to be the benchmark for the 
development of effective primary and secondary 
safety measures made by Mercedes-Benz. The history 
of contribution to the increase of vehicle safety is 
long: defined crumble zone and stiff passenger cell, 
safety steering system, driver and front-passenger 
airbag, PRE-SAFE® – a system offering integrated 
safety by anticipating an impending accident based on 
data shared with primary safety measures and 

Fig. 1: Trend of fatalities in road accidents 2001-2007(08)
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activating protective measures in advance - to name 
just a few examples for secondary measures. But there 
were also very effective primary safety measures 
which were developed in close cooperation with 
Mercedes-Benz and hence had their first offer to the 
market in a Mercedes: ABS in 1978, ASR 1987, ESP 
in 1994, BAS in 1996, DISTRONIC PLUS and Brake 
Assist PLUS in 2004, PRE-SAFE® Brake in 2005 
(Stage 1) respectively 2009 (Stage 2). 
These primary safety measures address primarily 
longitudinal accidents. For all accidents with fatalities 
they are second to crossing accidents (fig2). We obtain 
14 percent for accidents with traffic moving ahead, 
waiting or starting and an amount of 7 percent for 
stationary vehicles manoeuvring or parking. The share 
of material damage only and fatalities is nearly 50%. 

The development of modern safety measures is a 
holistic process which is based on accident research, 
basic research on driver behaviour (situation based 
human or operating error) and the intensive 
investigation of driving scenarios that lead to a 
hazardous situation that might end in an accident. 
Building on that the development of new sensor, 
perception and actuator technologies as well as basic 
functionalities and their integration to a system takes 
place. A holistic approach and a close multi-
disciplinary collaboration of different specialists are 
needed. An accident researcher as well as an expert on 
assisting systems, simulation, ergonomics or vehicle 
dynamics working on their own will produce 
insufficient results. Therefore Mercedes-Benz 
establishes interdisciplinary teams of experts to 
manage this demand. During the development process 
ample simulation series [18], system tests at test areas 
[12] and driving simulator tests are used to design and 
optimize the assistance systems [8]. During the final 
step customer-orientated testing of the system is 
organized. However, after the system is introduced it 
takes several additional years for it to penetrate the 
market. Only then it is possible to gain information on 
its efficiency based on real world accident statistics. 
Many of these systems take more than a decade of 
years to achieve a sufficient penetration rate.  
Primary safety measures are designed to help to avoid 
accidents or, if this is not possible, to stabilize 
respectively reduce the dynamics of the vehicle to 
such an extent that the secondary safety measures are 
able to act as good as possible. Based on Daimler’s 

philosophy of the “Real Life Safety” the reflection of 
the real world accidents in the systems range of 
operation is both starting point as well as benchmark 
for its optimization. This evidence based design 
approach is predicated on the work of Béla Barényi. 
Hence the efficiency of ABS and ESP is already 
demonstrated [6], [11], [13] we will concentrate on 
Brake Assist, DISTRONIC PLUS, Brake Assist PLUS 
and PRE-SAFE® Brake (Stage 1). 

DIFFERENT STAGES OF SYSTEMS THAT 
SUPPORTS THE DRIVER BY AVOIDING OR 
MITIGATIONG LOGITUDANAL ACCIDENTS 
Braking rapidly and firmly is the best way of avoiding 
an accident in many cases. As a matter of course it is 
assumed that braking especial maximal braking is 
possible stabile, track-adherent while keeping straight 
on as well as performing an evasive maneuver 
controllable for any driver, at any speed, at any load 
condition of the vehicle, at any road surface, property 
and at any weather condition (dry, wet snowy or icy). 
Hence a modern passenger car – especially a model 
out of the premium segment- is rather a complex 
system consisting of few subsystems intertwining 
Stage 0  Basic parts of the vehicle that set the stage 

for a powerful braking (toughen up car) 
Brake system and parts of it like e.g. booster, 
tires e.g. low-section or wide-base tire, 
chassis-technologies (suspension, damper, 
active and semi-active controlled devices), 

Stage 1  Systems that are able to optimize 
respectively stabilize the movement of the 
car while braking using sensors to measure 
the movement of the vehicle (feeling car)  
ABS (Antilock System), EBD (Electronic 
Brake force Distribution), ESP (Electronic 
Stability Program)... 

Stage 2  Systems that assist the driver by an 
optimal (adaptive) braking through 
recognizing his intention (adaptive car) 
BAS (Brake Assist), ADAPTIVE BRAKE... 

Stage 3  Systems that assist the driver by 
monitoring the area in front of the car and 
deduce warnings, assist by target braking 
or intervene automatically (seeing car) 
DISTRONIC PLUS, BAS PLUS,  
PRE-SAFE® BRAKE, COLLISION 
WARNING...

Stage 4  Systems that assist the driver by interpret 
complex critical situations and deduce 
warnings, assist by target braking or 
intervene automatically (the  thinking car)                             
Reacting on: Pedestrian, crossing vehicles, 
oncoming traffic, crossings, cocooning...  

In table 1 the system “vehicle” was portrait as a 
human being respectively in corresponding education 
development levels. Remaining in this image, the 
roman idiom “mens sana in corpore sano” is the one 
who calls the shot here as well. The primary safety 
system of the stages 1 to 4 define requirements at the 
brakes as a result form their performance 

Accidents with injured persons (AIP) in 2006,         Accidents with fatalities in 2006
Source: Federal Statistical Office, German accident statistics 2006
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Fig. 2: Configuration of accident typs in Germany (accidents 2006) 
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characteristics. On the other hand technical 
innovations are the enablers for the development of 
the systems defined in stage 1 to 4. It is the classical 
chicken or the egg dilemma.  Who is driving and who 
is the one being driven?   
As a result the average (usable on concrete) 
deceleration of a passenger car increases from 8.5m/s² 
in the early 90´s [10] to more than 9.5m/s² in the 
beginning of 2000. The 40m-barrier, a former limit for 
the braking distance out of a velocity of 100km/h, 
were gone below by many new launched cars.  The 
penetration of ESP in the market provides braking 
systems that could be triggered additionally by a 
system – independently from the driver’s brake 
initiation. ESP by itself requires an increased dynamic 
of the brake system. 
The requirements pertain all parts of the brake system 
as well as their environment and design parameters, 
implemented respectively controllable functionalities, 
their ability to build up or reduce pressure and last but 
not least their communicational interface. Demands 
from a functional point of view are for example a 
close following of the build-up respectively decrease 
of the brake pressure and the brake pedal movement. 
In the case of a braking that is initiated and controlled 
by a system there has to be reproducible fast pressure 
build-up respectively reduction as well as slow and 
comfortable pressure build-up and decrease. The first 
is needed to realize BAS or autonomous pre-crash 
braking functionalities the second one to realize 
Advanced Cruise Control and Stop-and-Go functions. 
The brake pedal should not be moved or loaded by 
pulsations by the brake system in the case of an 
autonomous triggered or controlled braking (ABS ...). 
There should be a measurement for effort and travel of 
the brake pedal, an adaptive variable ration of the 
amplification of brake pressure and pedal effort is 
desirable. The requirements on the dynamics of a 
system triggered or controlled build-up or decrease of 
brake pressure is growing. Driven by pre-crash safety 
systems and primary safety systems for lateral control 
gradients of over 400 bar/s in the range of  5 to 100 
bar for building-up pressure and of more that 1000 
bar/s for decrease pressure in the whole range are 
realistic. The accuracy should be less 0.5 bar in the 
range up to 50 bar. There should be an open 
communication interface. Fig. 3 shows the interaction 

of the brake and the primary safety measures of stage 
1 to 4. Area of action of the systems of stage 2 and 
above is the reduction of the stopping distance while 
the brake system reduces the brake distance and gives 
the basic parameters for the systems to build upon.  
Each new car model has to meet the demand of the 
state-of-the-art in his segment at least during its 
manufacturing cycle of about 8 years. So there are 
growing requirements at each component of a new 
model especially at the braking system.  
Enhanced safety when braking results from a powerful 
brake in combination with a configuration of primary 
safety measures of stage 1 to stage 3. Mercedes-Benz 
has very efficient systems on all these stages. This 
should be demonstrated in the next sections of this 
paper were systems of all stages are analyzed 
regarding their efficiency in Real Life Safety. 

USEFUL DEFINITIONS ABOUT EFFICIENCY 
For analyzing the effect of primary safety measures it 
is useful to define terms that describe abstract 
characteristics of an accident or concrete accidents of 
a given characteristic e.g. in an existing data base. A 
characteristic could be e.g. a parameter that produces 
an accident like the conflict, an environmental 
parameter like ice or a property like skidding. Another 
useful distinguishing feature is that between the 
relative and the absolute effect. To be able to do so the 
definitions from [24, 25] were adopted.  
The area of conflict [AoC] of a primary safety 
measure is defined as the pooling of abstract 
standardized conflict situations, in which the primary 
safety measure should be operating, avoiding or 
reducing accident severity due to its specifications. 
Use-cases which can be categorized as accidents are 
an example that makes up an “area of conflict”. A 
(representative) accident data base is the origin for the 
following explanations. It contains all kinds of 
accidents. Often it is useful to restrict the analysis to 
accidents which confirm to certain requirements – e.g. 
accidents with a certain severity.  
The area of reference [AoR] is the set of cases that 
form the basis for the analysis. Depending on the type 
of question that has to be answered, a different set of 
accidents for the area of reference is selected, for 
example only fatal accidents or accidents with 
severely injured casualties.  The area of action [AoA]
is defined as the mapping of the area of conflict in 
representative real life accident data contained in the 
data base respectively the AoR. It is the totality of 
accidents contained in AoR which correspond to the 
conflict situations in the area of conflict.  
The area of efficiency [AoE] is defined as the subset 
of the area of action, in which the primary safety 
measure is able to avoid or mitigate the severity of 
accidents. For this subset of AoA the design 
specifications satisfy the physical parameters of the 
accidents. The degree of efficiency [DoE] is defined 
as the quotient of the number of accidents in the area 
of efficiency and in the area of action. The adjunct 
“representative” is used to clarify that the allocation 

Fig. 3: Presentation of the sequence driver reaction and brake 
reaction in the case of an emergancy brake reaction 
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accident data base was representative. The efficiency 
is defined as the quotient of the number of accidents in 
the area of efficiency and the number of accidents in 
the area of reference. The absolute efficiency is given 
by the efficiency when AoR and AoA are equal to the 

accident data base. These definitions were introduced 
to reduce confusion resulting from ambiguous usage 
of the concept of “efficiency” for nearly everything in 
parallel. They should help to strengthen the way of 
looking at the thinks behind in a common way. By 
definition AoR is a subset of the (representative) 
accident data base, AoE is a subset of AoA and AoA
itself is a subset of AoR. An illustration of the terms is 
shown in Fig. 4. Figuratively speaking, AoC of a 
safety system Y corresponds to those use-cases of Y 
that could be represented by conflict situations and if 
the worst comes to the worst result in an accident. 
The Brake Assist System (BAS) was designed to 
assist the driver in is Here the AoC for example can 
consist of the accident types “collision with traffic 
moving ahead, waiting or starting”, “collision with a 
pedestrian crossing the street”. For illustration we 
choose GIDAS for the accident data base in this 
example. For exemplification AoR is chosen to be the 
set of all accidents (and their documentation) in 
GIDAS with injury MAIS 3+ (seriously injured). AoA
then is a subset of all accidents contained in GIDAS 
with injury MAIS 3+ which were of the kind collision 
with traffic moving ahead, waiting or starting or 
collision with a pedestrian crossing the street. AoE is 
the subset of these cases where the (BAS) had / would 
have had an effect on the severity of this particular 
accident. The degree of efficiency is the proportion of 
elements of AoE and AoA.  
So far efficiency quantifies the number of accidents 
which are likely to be influenced by the analyzed 
primary safety measure. So the efficiency is a 
proportion respectively a number. For the design or 
the assessment of a primary safety measure it is more 
important to get the two summands producing 
efficiency than the value for efficiency itself: 
efficiency =  proportion of avoided accidents + 

            proportion of accidents with mitigated severity 
The aim of primary safety measures is to prevent 
accidents. Thus the “proportion of avoided accidents” 
or the “efficiency in avoiding accidents” is the most 
important characteristic of a primary safety measure. 

The “proportion of accidents with mitigated severity” 
or the “efficiency in mitigating accidents” is hardly 
interdependent by classification measure that 
describes the performance of the mitigated severity 
over AoE.

DATABASES FOR ANALYZING EFFICIENCY 
For the studies contained in this paper, three different 
databases were used: 
[a] The 50 percent random sample selected out of two 

years from the accident statistics of the German 
National Statistics Office, were all Mercedes-Benz 
vehicles involved in one of the contained accidents 
are visible for evaluations carried out by 
Mercedes-Benz. 

[b] The GIDAS-database. 
[c] The central spare-parts logistics database of 

Mercedes-Benz. It describes in detail all delivered 
spare-parts (for the analyzed model) in Germany. 

The choice of the accident data base used for an 
efficiency analysis of a primary safety measure 
determines whether the results can be applied to 
official accident statistics or not. The reflection of 
these figures by real world accident statistics is an 
essential benchmark for judging the system’s 
efficiency. Representativity of an accident data base 
means that its composition and characteristics 
resemble (of a defined severity) with the composition 
and characteristics of the allocation base – here the 
entirety of all accidents e.g. in Germany. In other 
words a smaller sample set (accident data base) is a 
consistent image of the big allocation base. It is a 
popular fallacy that representativeness of an accident 
data base correlates respectively growths with its size. 
This is only true for a data base that consists of an 
undistorted sample of accidents. Here a minimum 
number of samples that could be analyzed are needed 
to become statistical significant. For a distorted 
respectively focused selection increasing samples size 
tightened its missing representativeness.  
Representativity of an accident data base is the basis 
to be able to educe universally valid evidences for the 
entirety of all accidents from analyzing a smaller (but 
representative) image established in the accident data 
base. The GIDAS data base is proved to be 
representative for accidents with injuries and fatalities 
in Germany. This is why GIDAS is used in this paper. 
Some results were supported by findings from driving 
simulator studies. The results for experiments at a 
driving simulator have the unique advantage that they 
demonstrate the variance of human driver behaviour in 
a fixed accident situation remaining the same for all 
different drivers. This investigation method provides 
conclusions about the thinks that can lead to hazardous 
situations. In [14] the use of a driving simulator in the 
development process of assisting systems is described. 
To cover the wide spread of conflicts that lead to a 
rear-end accident the efficiency is calculated as a 
mean of several typical rear-end accidents [1, 8, 26]. A 
lot of sensitivity and experience is needed to gain 
reliable figures that describe the real life efficiency. 

Figure 2: Illustration of definitions about efficiency
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GIDAS DATABASE - A STATISTICAL 
REPRESENTATIVE SAMPLE OF ACCIDENTS 

Some analysis in this paper are based on accident data 
provided by the GIDAS project. GIDAS is an 
abbreviation for “German In-Depth Accident Study”. 
GIDAS is a cooperative project between the German 
Association for Automotive Technology Research 
(Forschungsvereinigung Automobiltechnik e.V., FAT) 
and the German Federal Highway Research Institute 
(Bundesanstalt für Straßenwesen, BASt). In its current 
form it was founded in 1999 see [17], [30] for more 
details. Since this time the data for in-depth 
documentations of more than 2000 accidents per year 
is collected in two research areas – the metropolitan 
areas around Hanover and Dresden (fig. 5).  

The criterions for choice and collection are: (1) road 
accident, (2) accident in one of the research areas, (3) 
accident occurs when a team is on duty in a defined 
timeframe, and (4) at least one person in the accident 
is injured, regardless of severity. For each accident a 
digital folder is delivered according to carefully 
defined guidelines and coded in a database. Depending 
on the type of accident, each case is described by a 
total of 500 to 3,000 variables, containing e.g. accident 
type and environmental conditions (the type of road, 
number of lanes, width, surface, weather conditions, 
time of the day,…) surroundings of the accident scene, 
vehicle-type, vehicle specifications (mass, power, 
tires, …) and configurations (primary and secondary 
safety measures), documentation of damage of the 
vehicles and injury data for all persons involved and 
their medical care. Investigation of all cases is “on the 
spot” to ensure best visibility of traces for a best 
possible reconstruction. Each accident is reconstructed 
in detail including the pre-collision-phase. Available 
information includes initial vehicle and collision 
impact speed, deceleration as well as the speed 
sequence of the collision.  
Half the battle of the pro of this database is that: (1) 
for standard AoA´s (needed for the assessment of 
actual safety measures) the number of cases is high 
enough to provide statistically significant results, and 
(2) each accident is documented in great detail, 
including in-depth-analyses and reconstructions of the 
course of the accidents including the pre-crash phase, 
and (3) most of all this database is proven to be 
representative to German National Accident Statistics.

PROVED EFFICIENCY OF BRAKE ASSIST – 
THE GRANDFATHER OF ALL COLLISION 
MITIGATION SYSTEMS 

Brake Assist (BAS) was derived from the observation 
that drivers apply the brakes in emergency situations 
fast but normally did not reach maximum capability of 
the brake system. Brake Assist (BAS) identifies 
emergency braking situations by a continuous 
comparing of the speed at which the brake pedal is 
activated. If this speed exceeds a specific limit which 
also depends on the current velocity of the car and an 
actuation travel of the brake pedal, the Brake Assist                            
(only true for design version of Mercedes-Benz other 
brand or supplier use different strategies for driver 
assistance) automatically builds up the highest 
possible brake pressure. The actual deceleration of the 
vehicle increases instantly to the maximum possible 
value. This implementation strategy reduces the 
braking distance substantially. Comparable with ABS, 
BAS is actually integrated into the architecture of the 
Electronic Stability Program (ESP) in Mercedes 
passenger cars. This guaranties a vehicle moving 
straight ahead or a vehicle performing a maximal 
evasive maneuver during the emergency braking true 
to the requirements of the driver and against the 
environmental conditions.
It was due to the decision of Mercedes-Benz to install 
BAS 1997/98 as standard equipment in all passenger 
cars that the efficiency of the system was measurable 
in the national German accident statistics of 
1999/2000. On the basis of a representative sampling 
of the accident figures complied by the Federal 
Statistical Office in Germany, Mercedes-Benz has 
determined the accident rate of rear-end collisions per 

10.000 newly registered passenger cars. The results 
show that the involvement of Mercedes-Benz cars 
dropped by eight percent following the installation of 
Brake Assist as standard equipment. By contrast, the 
rate for passenger cars of other brands remained 
relatively unchanged during this period (see figure 6).  
Accidents with crossing pedestrians are among the 
most severe types of traffic accidents in Germany. In 
Germany nearly 13 percent of fatalities and 8 percent 
of injuries in traffic accidents result from this accident 
type in Germany in 2006 [16]. As well as the effective 
support in the case of a rear end collision BAS 

Fig. 6: Efficiency of BAS in rear-end collisions: number of 
accidents down by 8 percent thanks to BAS 
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Figure 5: GIDAS-the research areas around Hanover and Dresden
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supports the driver in these accident situations. The 
evaluation of German accident statistics before and 
after the introduction of Brake Assist as standard 
equipment in all Mercedes-Benz automobiles showed 
that severe collisions between cars and crossing 
pedestrian dropped by 13 percent. For the passenger 
cars of other manufactures the share of pedestrian-
related accidents resulting in fatalities or severe 
injuries decreased by one percent during the observed 
time period (figure 7). 

 Mercedes-Benz has extensively tested the function 
and operation of Brake Assist. Each test confirms the 
positive effect of BAS in increasing the braking power 
in emergency situations – an earlier initiation of the 
braking force and an operation at the maximum usable 
braking force. Both lead to shorter average stopping 
distances in sum. One result was a reduction of the 
stopping distance on a dry road for a velocity of 
100km/h of 45 percent. A group of 100 drivers was 
therefore observed. Thanks to the usage of the Brake 
Assist they gained a reduction of their average 
stopping distance. In the investigated unforeseeable 
critical situation a reduction from 73 meters to an 
average stopping distance of 40 meters was achieved.

Another finding was based on an experiment in the 
driving simulator in Berlin [7]. In this study, 55 test-
persons were driving on an urban road at a velocity of 
approximately 50km/h. While driving through a town 
suddenly a pedestrian (a child) crosses the road from 
the left to the right. In order to avoid the collision the 
test person had to perform a panic braking. In 45 
percent for all situations a collision with the pedestrian 
occurred. The result was that drivers with vehicles 

equipped with BAS had an accident rate of 32 percent, 
where as drivers in the reference group using the same 
vehicles without am equipment of BAS had an 
accident rate of 58 percent. Fig. 8 shows this 
significant difference depending on whether the 
vehicle was equipped with Brake Assist or not. A 
closer look at the drivers of vehicle equipped with 
BAS reveals that all drivers who managed to activate 
Brake Assist could avoid the collision, accidents only 
occurred when BAS was not activated by the driver’s 
actuation of the brake pedal. Brake Assist showed a 
benefit of reducing the accident rate by 26 percent in 
total or 55 percent relatively. 
Supporting conclusions are drawn by LAB [23]. Here 
the system is called EBA (emergency brake assist) to 
specify the implemented strategy for assistance which 
is equivalent to the Brake Assist discussed here. Based 
on the French national injury accident census samples 
of BAS-relevant accident situations were identified. 
Via a logistic regression a risk for an involvement of 
an equipped and unequipped car was calculated. The 
evaluations result in a good effectiveness of Brake 
Assist: -7.5 percent of car occupant fatalities, -10 
percent of pedestrian fatalities estimated by the used 
methodology versus in the national French census 
observed reduction of -11 percent overall injuries. 
In a recent study carried out by the BASt [15] the 
safety impact of improved vehicle safety on the 
development of accidents of passenger cars on rural 
road were analyzed. Based on an evaluation of the 
German National Accident Statistics of the years 2000 
to the year 2005 on rural roads, BASt estimated a 
disproportionate decrease of accident figures for 
newer vehicles in BAS-relevant situations compared 
to all situations. The equipment rate of cars with all 
kind of realization strategies and implementations of a 
Brake Assist System grows from 6 percent in 2000 to 
20 percent in 2005. The involvement of cars younger 
than 2 year in BAS-relevant accident deceases by 41 
percent, of older cars (in between 5 to 14 years old) 
decreases by 31 percent while the involvement in the 
comparable non-BAS-relevant accidents decreases by 
20 percent only. 

PRIMARY SAFETY MEASURES BASED ON 
ENHANCEMENTS IN ADVANCED CRUISE 
CONTROL TECHNOLOGY 

FROM DISTRONIC TO DISTRONIC PLUS 

Mercedes-Benz calls his advanced cruise control (acc) 
DISTRONIC (DTR). It was presented in 1998. The 
system combines the cruise control function with a 77 
Gigahertz long-range radar sensor. For an intrinsic 
speed in the range between 30 to 180 km/h DTR can 
set a value for vehicle speed and another value for a 
time based distance maintaining to a vehicle in front. 
Below an intrinsic speed of 30 km/h DISTRONIC 
automatically switches off. Its maximum dynamic to 
decelerate is 2m/sec². The assisting System 
DISTRONIC tries to keep the vehicle at the desired 

Fig. 8: Results from experimental tests concerning the 
function and operation of Brake Assist in the closed loop 
with the driver.

Fig. 7: Efficiency of BAS in avoiding serious accidents with 
crossing pedestrians: down by 13 percent thanks to BAS 
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speed until it detects a slower vehicle in front. In this 
case DTR reduces the intrinsic speed so that the 
planned distance to the car in front is kept. If DTR 
reaches its system limits the control task is handed 
over to the driver. DISTRONIC also contains optical 
and audible collision warning. 
Selective further developments of DISTRONIC lead 
to DISTRONIC PLUS [1, 8] in 2005. The 77 GHz 
long range radar was combined with two 24 GHz short 
range radar sensors. The algorithms for situation 
perception and assessment were enhanced. This 
improvement enlarged the operating range from 0 
km/h to 200 km/h. Furthermore the extend of the 
operating area of the proximity control widened, 
covering now a range between 0.2 m and 150 m. Last 
but not least an advanced dynamic range for 
deceleration was achieved, too (fig. 9). As such, 
automatic braking is now provided up to 4m/s² 
depending on the intrinsic speed.  

Where are the differences between DISTRONIC and 
DISTRONIC PLUS that are relevant for their ability 
to mitigate or if physically possible avoid rear-end 
accidents? 
While the conventional DISTRONIC can not …  

automatically brake to a standstill, 
DISTRONIC PLUS can.  
“sense” a car standing still after braking to 
standstill DISTRONIC PLUS can.  
decelerate with more than 2 m/sec² 
DISTRONIC PLUS can decelerate 
automatically with 4m/sec² up to an intrinsic 
velocity equal 50 km/h, between an intrinsic 
velocity of 50-150 km/h with a deceleration 
in the range from 4 m/sec² to 2 m/sec², and 
above 150 km/h with 2 m/sec². 
control speed and distance in the range from 
0-30 km/h for intrinsic velocity and in 
proximity up to 0.2 meters, DISTRONIC 
PLUS can. 

Like all other advanced cruise control system 
DISTRONIC is an assisting system that increases the 
comfort of distance and speed control for the driver. 
The driver has to switch on this system to get this kind 
of assistance. It remains the same with DISTRONIC 
PLUS; it has to be switched on by the driver to get its 
functionality. 
The advanced situation perception and assessment 
based on the use of 24-GHz radar, the extended 
dynamic and enlarged system limits cover the 
dynamic of more than 50% of rear-end accidents. In 

sum these additional features give DISTRONIC PLUS 
the opportunity to mitigate respectively avoid rear-end 
collisions. 

FROM BRAKE ASSIST TO BRAKE ASSIST PLUS 

Brake Assist, which was first introduced by Mercedes-
Benz in 1996, has proven to be an effective primary 
safety measure. It provides assistance to the driver in 
avoiding accidents or mitigating their severity as we 
saw in a preceding section. But the triggering of the 
assistance - the power boost with all available brake 
pressure – stands or falls with two variables. On the 
one hand the identicalness of the individual speed has 
to be taken into account. On the other hand the pedal 
force applied by the driver is a decisive feature. Both 
variables employed during the pre-crash phase 
preceding an actual accident with its thresholds is 
taken as the basis for activation. The driver is “the 
sensor of the Brake Assist System for detecting 
emergency situations and triggering its assistance”. 
The driver can cancel the maximum brake support by 
releasing the brake pedal. The activation of the 
pressure boost is depending on the under lying 
characteristic diagram that has to warrant that an 
emergency braking is triggered in (objective) 
emergency situations only. The design of this diagram 
is on the horns of a (design) dilemma - faced with a 
choice between two evils. To decrease the thresholds 
to much might result in unintended assistances 
although it would trigger the assistance in more 
emergency situations. The way out of the dilemma 
was to increase the reliability of the interpretation of 
the brake reaction preformed by the driver for those 
situations whenever there is a vehicle in front.  This 
new strategy has the ability to raise the rates of 
activation reported in [7, 26] for the case of rear-end 
collisions precisely. By this, it is able to prevent 
additional rear-end crashes in relation to the 
“classical” Brake Assist without environmental 
perception.  
The results of an evaluation of over 800 representative 
brake reactions of driver in a pre-crash phase leading 
to a rear-end collision shows that these additional 
efforts pays off. More than 43 percent show a brake 
reaction in average (see fig. 10). The amount of 25 
percent of driver that actually show no reaction is 
demanding for collision warning to initiate a reaction.  

Figure 9: Short- and long range radar – filed of view (S-Class)

Figure 10: Reaction of the driver of the car that hits the car in 
front in the case of a rear-end collision (representative GIDAS 
evaluation of 839 accidents, 12-2006)
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BRAKE ASSIT PLUS – A SENSOR BASED 
EXTENSION OF MERCEDES BRAKE ASSIST 
TO COLLISION WITH A VEHICLE IN FRONT 

A stringent further development of BAS [8, 1] based 
on intensive work of the accident researchers was 
adding of “environmental sensing” i.e. the integration 
of (two) radar sensors systems to monitor and evaluate 
the traffic situation in front of the car. Design 
objective was to detect vehicles using the same lane in 
the same direction moving, starting or braking down 
to stand still.  
The 77-GHz and two 24-GHz radar systems 
complement each other. The 77-GHz long-range radar 
is able to scan three lanes over a distance up to 150 
meters with an angel of nine degrees. Two 24-GHz 
radar sensors monitor the immediate area in front of 
the vehicle from 0.2 up to 30 meter with an angle of 
80 degree for each sensor (Fig. 9). With this radar-
based environmental perception the situation 
evaluation algorithm of BAS PLUS can detect 
imminent rear-end collisions to identified obstacles. If 
there is currently one detected BAS PLUS does in 
parallel:  

(1) BAS PLUS calculates continuously the 
actual braking assistance required to avoid a 
collision with a vehicle ahead by target 
braking (not necessarily a full braking). The 
calculated braking pressure is available as 
soon as the driver applies the brake.  
While the conventional Brake Assist requires 
a (specific) reflex activation of the brake 
pedal, BAS PLUS only requires a pressure on 
the pedal that shows the clear intention for 
braking. (But it does not perform without a 
driver stepping on the brake – its remains a 
brake ASSIST.) This measure increases the 
number of activations considerably compared 
to BAS [14]. While the conventional BAS 
only can provide full braking pressure, BAS 
PLUS provides a situational depending 
braking pressure needed for a target braking. 
(2) BAS PLUS warns the driver with an 
audible signal, prompting him to take action. 
This warning sub function is an additional 
difference between conventional BAS and 
BAS PLUS. Thereby BAS PLUS is able to 
support drivers that misjudge criticality, 
react inert or got distracted. This warning 
increases the number of driver braking in 
these conflicts.

The BAS PLUS system is an additional option 
working efficient especially in the case of rear-end 
collisions; naturally the (classical) BAS remains 
always available. Of course it continues to provide its 
efficient assistance in all accident situations. It proved 
itself especially helpful in those cases, in which the 
radar sensors failed to detect the objects or where an 
alert driver sticks to be a more efficient sensor than 
radar.  As an extension of Brake Assist BAS PLUS is 
an “always-on” system like ABS or ESP. BAS PLUS 

is a component part of the DISTRONIC PLUS 
package not available as a stand-alone system. For this 
reason and since these systems are not standard 
equipments respectively their penetration rate is far 
below 100 percent it is not possible to determine their 
efficiency from a retrospect evaluation of the National 
Accident Statistics as it was done for BAS. A new 
method had to be utilized. 

INCREASED EFFICIENCY OF INTER-
CONNECTING SYSTEMS CAUSED BY 
IMPROVED ENVIORNMENTAL PERCEPTION 

A representative study was carried out to answer one 
question in particular: how many real-life rear-end 
collisions could be prevented if all passenger cars 
were equipped with this radar-based interconnecting 
assisting systems? 
This kind of evaluation is demanding for highly-
developed simulation techniques. Each component 
like the primary and secondary safety measures, 
vehicle, driver and environment has to be modeled in 
detail taking their dynamic interactions into account. 
Especially the behavior of the mechatronical parts and 
control systems is challenging.  
For a precise investigation of these components 
accident data were selected from GIDAS (database 
12-2006). This category contains all rear end 
collisions with injuries, in which a passenger car 
collides with another vehicle in front, constituting a 
representative sample of rear-end collisions with 
injured persons in Germany. The resulting AoA 
consists of 839 in-depth evaluated accidents, 
especially containing reconstruction data. This data 
represent a picture of the conflicts. Fig. 10 and 11 
were results of analysis them. Fig. 11 displays the 
distribution of the driver behavior in the pre-crash 
phase on motorways. Remarkable is the opposite 
behavior of the brake reaction in the existence of a 
traffic jam. 

The assumptions on which the following efficiency 
analysis is based are very important; they are chosen 
to be very conservative:  
DISTRONIC PLUS and BAS PLUS as well as 
DISTRONIC and BAS were emulated in detail as they 
were implemented in the cars on the road and tested 
virtually in assuming: 
• the equipment rate of both systems is 100%, 
• BAS PLUS is activated permanently, 

Figure 11: Driver reaction in rear-end collisions on freeways, 
motorways. (Basis: representative GIDAS evaluation, 12-06)
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• DISTRONIC PLUS as well as DISTRONIC is 
activated for 100% in extra urban driving on 
freeways and highways,  

• Conservative assumptions with respect to the 
behavior of the driver during the accident: 

Driver behavior remains unchanged,  
A possible reaction of the driver to all kinds of 
collision warnings is not modeled. 
A driver model for activating BAS is used.   

With this conservatively defined scenario a lower limit 
for the efficiency of the combination of DISTRONIC 
PLUS and Break Assist PLUS in the case of rear-end 
collisions in Germany is gained. The results were 
taken from [24].  
The safety potential of the interaction of DISTRONIC 
PLUS and BAS PLUS becomes especially evident 
extra urban on highways and freeways or motorways. 
Here the interacting system combination prevent over 
37 percent of rear-end crashes in average. In another 
31 percent of these collisions, the systems can help to 
greatly reduce accident severity. This is due to the 
large share of accidents in which drivers do not react. 
In much over 80% of these crashes were driver did not 
react a switched-on DISTRONIC PLUS is able to 
avoid the collision due to its implemented dynamic 
operating range. If not, the collision speed is reducing 
dramatically. Since the effect of an implied warning 
was ignored, this is all the more amazing. The 
importance of this is referred to the fact, that on 
German motorway about 57 percent of all fatalities 
and 62 percent of all serious injuries happened on this 
road category in 2006 [16]. 
In those accidents in which the driver brakes so far, 
DISTRONIC PLUS reduces energy in his car until the 
point in time when the driver applies the brake thus 
far. After this point BAS PLUS optimizes braking 
reaction of the driver to a target brake. This avoids 
many accidents or at least reduces their severity 
especially in the situations with traffic jam.  

In the case of the interconnecting systems BAS and 
DISTRONIC the analysis shows that the number of 
rear-end crashes drops about 9 percent. A reduced 
severity is obtained additionally in another 16 percent.  
In the case of the interconnecting systems BAS PLUS 
and DISTRONIC PLUS the share of avoided rear-end 
collisions is above 20 percent. The proportion of 

accidents with significantly reduced severity adds to it 
with 25 percent. The results were illustrated in fig. 12. 
The results show that DISTRONIC PLUS and Brake 
Assist PLUS complement one another in a perfect 
way, provided that DISTRONIC PLUS is switched on. 

SIMPLIFIED ANALYSIS OF THE INFLUENCE OF 
THE DRIVER – INITIATING AND PREPONING 
THE BRAKE REACTION 

The following assumptions about the driver were 
made in the previous efficiency analysis:  
• Driver behavior remains unchanged.  
• A possible reaction of the driver on all kinds of 

collision warnings is not modeled.
What’s that suppose to mean against the background 
of efficiency? A warning can effect 2 basic reactions: 
(1) If the driver does not react in the original accident 
without a warning, it is to be assumed that he would 
do so – with a certain probability. 
(2) If the driver reacts in the original accident, two 
different cases had to distinguish: 

(a) The reaction was before he could be aware of 
the warning, then it is to be assumed that the 
warning would have had no influence on the point 
in time of his reaction. 
(b) The reaction was after the warning, and then it 
is to be assumed that the warning would have had 
influence on the point in time of his reaction. With 
a certain probability the collision warning will lead 
to a Preponing of the reaction – close(r) to the 
warning. In none of these cases the (observed) 
reaction point in time would have been regarded 
stable or preponed by the warning.  

So the assumptions made are very conservative, but 
the consideration of a driver reaction on the warning 
would (only) improve but in no case impair the 
efficiencies.  
Figure 13 shows simplified the efficiency resulting 
from a preponing of brake reaction in time for all 
drivers who already showed a break reaction in the 
reconstructed accidents taken from GIDAS. An 
average preponing period of 0.2 sec to 0.3 sec. for the 
brake reaction initialized by a warning seems to be 

Figure 13:  Prepone the driver’s brake reaction in time - 
parameter study showing proportion of avoided rear-end crashes 
(Basis: Subset of those accidents in which driver actually braks) 

Figure 12: Effectiveness of the sytem combination 
DISTRONC and BAS respectively DISTRONIC PLUS and 
BAS PLUS in avoiding real life rear-end colisions or 
mitigating their severity
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realistic. Such a preponing would reduce the 
probability of a collision by 20-30 percent in the case 
of rear-end collisions. From a technical point of view 
Brake Assist is a situational adaptive boost initiated by 
the driver. This boost is able to decrease the build-up 
time of the break pressure to its maximum by 200 – 
250 milliseconds. The difference to the observed 8 
percent is what could be reached by intelligent 
triggering.  
Adaptive Brake is the name of the Mercedes hydraulic 
braking system that is electronically controlled. It 
allows priming of the braking system. If the driver’s 
foot removes rapid from the accelerator pedal as in an 
emergency situation the braking system is able to 
increase the pressure in the brake lines and therefore 

brings the brake linings into light contact with the 
brake discs. This saves time for building up the brake 
pressure in the range from 20 to 100 milliseconds. Its 
effect could be estimated from fig. 13. Adaptive Brake 
is part of the standard equipment of the W221. 
Beside preponing the brake reaction the idea of 
performing a full braking before an unavoidable crash 

is oblivious. The efficiency of both is given in figure 
14. Here the proportion of brake and no brake reaction 
of the approaching driver is hold constant to the ratio 
that is contained in the GIADAS data. Fixing the 
parameter of the time the full braking is triggered 
before an inevitable crash we can determine  the mean 
reduction of collision speed of the car colliding with 
the vehicle in front as well as its distribution (fig 15). 
The effect of an electronic crumble zone becomes 
apparent. 25 percent of all rear-ender profit on that. 

PROVED EFFICIENY OF THE DISTRONIC 
PLUS SYSTEM PACKAGE - BASED ON 
DATAMINING OF SPARE- PARTS LOGISTICS 

In this section we will present the results of the 
evaluation measuring the real-life safety efficiency of 
the so-called DISTRONIC PLUS assistance package, 
a special equipment option for the S-Class model 
W221. The assisting system DISTRONIC PLUS could 
only be ordered in form of this package. The 
DISTRONIC PLUS package as analyzed later on 
consists of: 

DISTRONIC PLUS 
Brake Assist PLUS (BAS standard equipment) 
PRE-SAFE® Brake (stage 1) 

as well as 
Park Assist with Park Guidance 

PRE-SAFE® Brake (stage 1) is an extension of 
Brake Assist PLUS that triggers an automatic partial 
braking and decelerates the vehicle at a rate up to 
4m/s² if the driver has not respond to the warnings of 
Brake Assist PLUS resulting from an impending rear-
end collision. In addition to the visual and acoustic 
warnings of Brake Assist PLUS its triggered partial 
braking provides the driver with a clear signal for 
acting. If the driver applies the brakes immediately, 
the maximum braking force is available thanks to 
Brake Assist PLUS. Depending on the driving 
situation the accident can be avoided at the last 
minute. If the accident is unavoidable, the PRE-
SAFE® Brake reduces the severity of the impact and 
in turn, the risk of injury to the vehicle occupants. The 
strategy based on the interconnecting with Brake 
Assist PLUS and its warning is highlighted in fig. 16. 

Figure 14:  Parameterstudy preponing the driver’s brake reaction 
in time versus triggering a full braking a certain period befor an 
unavoidable crash (keepin a fixed proportion reaction/no reaction) 

Figure 16:  PRE-SAFE® Brake stage 1
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DISTRONIC PLUS and its extended functionalities 
base on the enhanced technology of Adaptive Brake 
which is the name for hydraulic braking system that is 
electronically controlled and hence allowing  
advanced (comfort and) safety subfunctionallities like: 
brake drying and priming. Adaptive Brake is standard 
equipment in the W221. 
This evaluation is based on the data of the spare parts 
for the S-Class model W221 delivered to all 
workshops or body shops in Germany in the period 
from launching the W221 model until the 31.10.2008. 
In this period about 40.000 cars were sold and 
registered in Germany. About 40 percent were 
equipped with the DISTRONIC PLUS package. The 
other 60 percent were equipped with parking 
assistance. The data base contains orders of nearly 
2700 front and 3500 rear bumper.  
The basic idea (fig. 17) is to follow the flow of the 
impact energy on its wave of destruction through the 
crash structure elements in the front respectively rear-
end. 

The body of a Mercedes-Benz passenger car provides 
impact protection in three stages. These stages are 
triggered progressively in the severity of the impact.  

At an impact speed up to approximately 4 km/h the 
plastic bumpers and their associated foam plastic 
components absorb the impact energy and then 
resume their original shape. 
In an impact up to 15 km/h, the energy is absorbed 
by the front cross member and the crash boxes in 
the front end module. Thus the structural members 
situated further aft (longitudinal members for 
example) are protected. 
At speed exceeding 15km/h, sturdy front end side 
members also share in the task of absorbing impact 
energy. The forces are transmitted in four 
directions: firstly along the cross members in the 
front end module, secondly along the longitudinal 
members behind the crash boxes; thirdly along the 
upper side members above the wheel arches and 
fourthly transferring via the front wheel into the 
side structures. 

This crashworthiness is equal for front and rear crash 
structures. Therefore a first approximation of the 
collision speed as an indicator for the severity of the 
impact could be deduced by the passed threshold of 

these characteristic trigger points for plastic bumper, 
cross member, crash box and structural members 
behind the crash box. It is illustrated by figure 18. The 
collision speed helps to relate the order to a damage 
caused (probably) by a parking or a frontal accident. 

Coming back to the evaluation of the data, the first 
task is to identify those orders that belong to a repair 
that was caused by a frontal (or rear) crash. Simplified 
the task is to identify closed chains like:  

plastic bumper  
plastic bumper and cross member 
plastic bumper and cross member and side member 
and so on. 

The second task is to match the chains to the ordered 
extras “DISTRONIC PLUS package”, “Park Assist”, 
“no extra”. A more principle task is to differentiate 
ordering resulting in repairs and in no-repairs (tuning 
reconstructions for example).  
The results gained for the front-end side were 
contained in figure 19. The figures demonstrate that 
the rate of repairs for those cars which were equipped 
with the DISTRONIC PLUS package was reduced for 
all three ranges of energy equivalent collision speeds. 
The rate of repairs containing a front-end bumper were 
reduced by 5 percent, a front-end bumper in 
combination with a cross member dropped by 15 
percent and repairs involving front-end bumper, cross 
and longitudinal member dropped by 25 percent. 

The basis of this analysis is spare-parts used for 
repairs. In doing so, the damage of the front and rear 
of a S-Class is categorized in terms of the needed parts 
for the repair, not in categories of the collision leading 
to this damage. Below, we try to reduce this limitation 
by using representative accident data gained by 
analyzing GIDAS. Starting points for doing so, are the 
ranges of energy equivalent speeds (EES) 
corresponding to impacts that damage these spare-
parts. The first step is to estimate the amount of total 
losses. This number could not obtained by a spare-part 

Figure 18:  Different velocity ranges due to parking and front-
end damages.

Figure 17:  Direction and flow of impact energy through the 
front-end crash structurs 

Figure 19:  Reduction of front-end spare parts used for 
repairs due to the equipment with the DISTRONIC PLUS 
package in model W221 in Germany from lunch to 10-2008
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analysis; there is no repair of such cars. The collisions 
that correlate to such high energy impacts are 
generally accidents with injured persons. Especially a 
limit for an energy equivalent speed for a total loss is 
hard to determine. (Keep in mind that the impact 
energy is only one factor, a more determinant one is 
the age of the vehicle and its current value.) Figure 20 
demonstrates the cumulative frequency of frontal 
damages of passenger cars in terms of their EES 
values (energy equivalent speeds). Following up 
collisions of one passenger car were considered by 
summing up energies. Fig. 20 shows that the damages 
corresponding to the EES range from 15 km/h to 45 
km/h are 12 times higher than those corresponding to 
EES values greater than 45km/h. By this, a lower limit 
for total losses not contained in the data is 10% 
percent of the amount of the EES range from 15 to 45 
km/h. Beyond that, figure 20 gives estimation for the 
proportion of the number of frontal collision with 
injuries and their severity corresponding to the defined 
and considered ranges for EES.  

The next task is to assign the observed efficiency of 
the DISTRONIC PLUS package in avoiding repairs to 
that kind of accident were it results from. We have to 
bear in mind that an avoided repair in one of the EES 
ranges does not mean that the corresponding collision 
is avoided. In general the damage is mitigated 
respectively shifted in another EES range. The radar 
sensors can detect only vehicles that were moving 
ahead in the same direction, waiting or starting. When 
manoeuvring or parking vehicles satisfy the above 
limitations, they might be detected as well. So we 
have to identify the fraction of rear-end collisions for 
each EES interval. The result is contained in figure 21. 

The efficiency of avoiding or mitigating rear-end 
collision results from the reduced spare-parts in 
proportion of rear-end collisions summed up over all 
intervals. By doing so, we get an efficiency of the 
DISTRONIC PLUS package in avoiding 52 percent of 
all rear-end collisions with injuries. The efficiency that 
we obtained by this method is close to the efficiency 
of 45 percent we obtained by an alternative method 
presented in a former section for a sub package 
without PRE-SAFE® Brake stage 1. A most 
gratifying development is that the DISTRONIC PLUS 
package especially avoids accidents in the ranges of 
high EES values were the probability of an serious 
injury is substantial or, if that is not possible, reduces 
the dynamics of the vehicle to such an extent that the 
secondary safety measures are able to act best 
possible. 
Now we will discus the results gained for the rear-end 
side. The figures for the reduction of spare-parts 
needed for repairs in the former discussed intervals for 
EES are contained in figure 22. The figures 
demonstrate that the rate of repairs for those cars 
which were equipped with the DISTRONIC PLUS 
package is reduced for all three ranges of damages. 
The rate of repairs containing a rear-end bumper is 
reduced by 3 percent, the need for a rear-end bumper 
in combination with a cross member dropped by 9 
percent and repairs involving rear-end bumper, cross 

and longitudinal member dropped by 38 percent. 
Again we analyzed GIDAS data to generate the 
cumulative frequency of rear-end damages in terms of 
their EES values. The graph is shown in fig. 23. For 
the rear-end damages we get a factor of 15 between 
the fraction of the EES interval from 15 km/h to 40 
km/h and the range of EES values above 40km/h. By 
this, we can approximate the total losses not contained 
in the data by 10 percent of the fraction of the EES 
interval from 15 to 40 km/h. Again fig. 23 gives 
estimation for the proportion of the number of frontal 
collision with injuries and their severity corresponding 
to the defined ranges for their severity labelled by 
EES.  
Interesting is the reduction of 38 percent thanks to the 
DISTRONIC PLUS package in the ordering of 
longitudinal members. The damage of these parts 
needs collision speeds above 15 km/h, which are not 
in the usual range of parking damages. Keeping in 

Figure 22:  Reduction of rear-end spare parts used for repairs 
due to the equipment with the DISTRONIC PLUS package in 
model W221 in Germany from lunch to 10-2008

Figure 21: Fraction of rear-end collisions with injuries and front 
damages in different EES intervals (GIDAS evaluation, 12-06) and 
avoided repairs for cars equiped with DISTRONIC PLUS package.

Figure 20:  Cumulatative frequency of  representative frontal 
demages described in terms of  EES (energy equivalent speed). 
Databasis: passenger car with deamged hood, involved in a frontal 
collision with injured persons (GIDAS 12-2006; n=9520/6008) 
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mind that both groups differ only by equipment with 
or without the DISTRONIC PLUS package, the 
reduced rate of spare parts can result only from an 
influence of it. Therefore a longitudinal member in the 
rear-end crash structure that is not broken can result 
only from an avoided collision with a car following 
behind. This proves that a system, which is originally 
designed to avoid or mitigate collisions with cars 
driving in front, can protect the driver from a crash 
with the succeeding car. The explanation for this 
phenomenon is that the components of the 
DISTRONIC PLUS package like collision warning, 
the target braking characteristic of the Brake Assist 
PLUS etc. are able to defang critical car following 
situations that might lead to a rear-end collision for the 
car equipped with this package as well as the car 
following behind. In general this will transfer a (panic) 
reaction that is fast-paced (late and hard reaction) to a 
preponed moderate one (effective by target-braking). 
Since the usually observable vehicle following 
distances require prompt and adequate reactions this 
damping behavior of the DISTRONIC PLUS package 
reduced the needed capability of the driver 
respectively the performance of the (closed) system 
driver and his vehicle. This increases the range of 
combination of response / reaction times and chosen 
intensities to avoid the collision. So, the probability 
that the driver behind reacts with a combination that 
can avoid the collision increases. Those critical 
situations appear especially in follow up collision 
situations. Fig. 24 shows that nearly each third rear-
end collision is followed by another rear-end collision. 

In this case the vehicle that was the succeeding car in 
the first collision is now the preceding car with which 
a following vehicle collides. Therefore the 
DISTRONIC PLUS package is able to avoid or 
mitigate the collision with the following vehicle as 
well. We have to identify the fraction of rear-end 
collisions for each EES interval. The result is 

contained in figure 25. We observed a fraction of 24 
percent in which rear-end collisions could be avoided 
or mitigated for the car in front thanks for its being 
equipped with the DISTRONIC PLUS package. 

Reviewing the results, we can give a positive 
summary: the predicted efficiency in avoiding or 
mitigating rear-end collisions of the DISTRONIC 
PLUS package could be demonstrated in the event of 
real life accidents for a representative large-scale 
sample size. The proofed evidence of the DISTRONIC 
PLUS package in avoiding respectively mitigating 
rear-end collisions with the vehicle following in 
behind is the significant new result.

THE KEY SAFETY PROBLEM – 
PENETRATION OF THE MARKET  

So far this paper deals with promising results: 
A normal driver is able to avoid a collision with a 
vehicle in front in 8 percent of all cases thanks to 
Brake Assist (classic). 
A normal driver is able to avoid a collision with a 
vehicle in front in 20 percent of all cases and to 
reduce the severity in an additional 25 percent 
thanks to DISTRONIC PLUS and BAS PLUS. 
A normal driver is able to avoid or mitigate each 
second collision with a vehicle in front 
respectively each fourth with a vehicle behind 
thanks to the DRISTONIC PLUS package. 

The results demonstrate that an individual customer 

can reduce considerably his risk of being involved in a 
rear-end collision for example by ordering a passenger 
car that includes this measures as standard or ordering 
it as an optional extra. They could be seen as 
milestones on the realization of an “individual” 
accident-free driving. In order to determine the 
contribution for the improvement in vehicle safety in 

Figure 24: Amount of rear-end collisions with a following up or 
subsequent rear-end collision  (Basis: GIDAS evaluation, 12-06)

Figure 25: Fraction of rear-end collisions with injuries and rear-
end damages in different EES intervals (GIDAS, 12-2006) and 
avoided repairs for cars equiped with DISTRONIC PLUS.

Primary 
safety 
system 

first 
offered  
S-
Class 

standard 
equipment  
Mercedes- 
Benz  
passenger 
car since 

penetration in 
Mercedes-Benz 
passenger cars 
registered in 
Germany in 2007 

penetration 
in passenger 
cars 
registered 
in Germany 
in 2007 

ABS 1978 1992 96% 83% 
BAS 1996 1997 75% 28%* 
ESP 1994 1999 62% 43% 
DISTRONIC 
PLUS 
package 

2005 -   1% - 

* not  comparable to BAS functionality of Mercedes-Benz in all other cars 
Table 1: Market penetration of primary safety systems 

Figure 23: Cumulatative frequencies of representative rear-end 
demages described in terms of EES (energy equivalent speed). 
Databasis: passenger car with deamged rear, involved in a rear 
collision with injured persons (GIDAS 12-2006; n=2820/2015) 



___________________________________________________________________________________________                            
                                                                                                                                                  Dr. Schittenhelm 14 

Germany or the EU it is important to consider the 
penetration rate of such a primary safety measure. 
Tab. 1 contains the rates for selected systems equipped 
in Mercedes-Benz passenger cars registered in 
Germany in 2008. The share of the market of 
Mercedes-Benz was 9.1 percent in 2008. Due to the 
decision of Mercedes-Benz to take ABS, BAS, ESP as 
standard equipment of their passenger cars in the last 
years, the equipment rates of theses systems in 
Mercedes cars is much higher than in the actual 
vehicle population. 
Looking at the registration figures of passenger cars in 
Germany since 1991, it demonstrates that in nearly 7 
years 50 percent of all passenger cars were renewed in 
average. Assuming a mandatory introduction of a 
safety measure, how long would it take for a 
penetration of the vehicle population to reach a rate of 
65 percent? A general response to this question is 
contained in fig. 3. Keeping in mind that there will be 
extra time for standardization (3 years), legislation (3 
years) and preparation for the OEM’s (2 years) an 
extra of 8 years had to be added to the 9 years needed 

for market penetration for before a mandatory 
introduction.  

CONCLUSION 

The vision of Accident-Free Driving started as a 
research project in the DaimlerChrysler Research and 
became shortly after the vision of Mercedes-Benz. 
Both were rooted in the PROMETHEUS project 
(Program for European Traffic with Highest 
Efficiency and Unprecedented Safety) which was 
launched in 1986 by the then Daimler-Benz AG and 
was carried on as a cooperative venture of several 
European motor manufacturers, electronics producers 
and suppliers, universities and institutes for eight 
years. This cooperation resulted in numerous 
technologies with great benefits, which Mercedes-
Benz translated into concrete technical products, 
among them the autonomous intelligent cruise control 
system DISTRONIC PLUS and the automatic PRE-
SAFE® brakes – purchasable 20 years after the launch 
of PROMETHEUS. These and other technologies like 

Brake Assist and it enhancement with sensors and 
environment perception technologies play an 
important role in the vision of Accident-Free Driving.
In this paper we demonstrate the evidence of these 
systems in avoiding and mitigating the severity of 
longitudinal accidents in the event of real world 
accidents. Brake Assist, DISTRONIC PLUS and its 
sub functionalities collision warning, Brake Assist 
PLUS, PRE-SAFE® brake made a contribution to a 
significant reduction in the event of real life accidents.  
If an accident is not avoidable these systems are 
interconnected so that they can made a contribution to 
stabilize respectively reduce the dynamics of the 
vehicle to such an extent that the secondary safety 
measures are able to act best possible. PRE-SAFE® is 
the interface to secondary safety measures. It is 
offering integrated safety by anticipating an 
impending accident based on data shared with primary 
safety measures and activating protective measures in 
advance [5, 29]. Networking (in the pre-crash phase) 
between primary and secondary safety measure with 
the objective of integrating the actual dynamics of 
vehicle and passengers into account for the behaviour 
of primary systems as well as preventive occupant 
protection and individualization of secondary 
measures to increase the integral protective effect [2]. 
Mercedes-Benz is now working on the next 
generations of assistance systems that will provide 
drivers with assistance in other types of critical 
situations. Expanded environmental assessment will 
afford new possibilities in the future for 
comprehensive enhancing vehicle safety. Next 
objectives are crossing pedestrian or vehicles, 
oncoming traffic and intersection assistance [3, 21]. 
Based on Daimler’s philosophy of Real Life Safety, an 
over 40 years tradition in integration accident research 
results and in configuring systems on the basis of real 
life accidents, the work to realize the vision of 
Accident-Free Driving is continued in numerous 
research and engineering projects [22, 28].    
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