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ABSTRACT 

 

The euroFOT project is the first large-scale Field 

Operational Test (FOT) of multiple Advanced 

Driver Assistance Systems (ADAS) in Europe. It 

will evaluate the impact of ADAS on safety, traffic 

efficiency, environment, driver behaviour and user-

acceptance in real life situations with normal driv-

ers by means of collected data from instrumented 

vehicles. By offering valuable information for the 

short- and long-term impact of ADAS the euroFOT 

project aims to encourage the deployment of 

ADAS. Altogether, about 1000 vehicles equipped 

with different ADAS technologies will take part in 

the field operational test. The FOT is coordinated 

by five Vehicle Management Centers (VMC) and 

carried out at various operation sites across six 

European countries (France, Germany, Italy, Neth-

erlands, Sweden and United Kingdom). Within this 

paper the approach and the requirements for im-

plementing a reliable and automated incident detec-

tion process by means of CAN-data for assessing 

the impact of ADAS at the German1-VMC are 

presented. 

 

INTRODUCTION 

 

Today road transport in Europe faces enormous 

challenges caused by economical and social 

changes in the last years. These lead to new de-

mands for each individual as well as for the entire 

economy. The individual demand for personal mo-

bility and flexibility is increasing in Europe as it 

has already been over the last ten years. Studies 

show that the number of vehicles has grown from 

around 400 vehicles per 1000 inhabitants in 1995 to 

480 in 2005 within the EU25, which caused a 

higher traffic density [1]. 

This growing number of vehicles is accompanied 

by an increased driver workload, due to increased 

traffic complexity and driving tasks. This develop-

ment results in a higher accident risk. In order to 

support drivers and to make driving safer as well as 

more comfortable and efficient with respect to 

environment and traffic flow advanced driver assis-

tance systems have been developed. Their potential 

to provide a positive impact on traffic safety and 

efficiency is well recognized [2].  

Over the past years Anti-lock Braking Systems 

(ABS) or the Electronic Stability Program (ESP) as 

well as passive safety systems, e.g. safety belt or 

airbag, caused a significant reduction of accidents 

with injuries and especially of traffic fatalities. 

However there are still 35000 fatalities on European 

roads every year. Hence the European Commission 

(EC) has announced in the 2001 White Paper on 

transport the objective of halving the number of 

fatalities on European roads until 2010 [3].  

Started within the seventh framework programme 

of the EC, the euroFOT project establishes a com-

prehensive, technical and socio/economic assess-

ment programme for evaluating the impact of 

ADAS on safety, traffic efficiency, environment 

and user-acceptance in real life situations. By 

means of instrumented vehicles data is collected 

and evaluated within the field operational test, in 

order to answer the pre-defined research questions.  

 

German1-VMC 

 

The fleet of the euroFOT project is coordinated by 

five vehicle management centers (French, Ger-

man1, German2, Italian and Swedish) across sev-

eral European countries. The following map pre-

sents the geographical location of the VMCs in the 

euroFOT project.  

French-VMC
• RENAULT 

Italian-VMC
• FIAT

Swedish-VMC
• VOLVO

• VOLVO Cars

German1-VMC
• FORD

• MAN

• VW/Audi

German2-VMC
• DAIMLER AG

• BMW Group

 

Figure 1. Vehicle management centers in the 

euroFOT project 

This paper focuses on the approach defined for the 

German1-VMC. At the German1-VMC a fleet of 

200 vehicles is managed, which consists of 60 
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trucks from MAN, 100 passenger cars from Ford 

and 40 passenger cars from VW. The data acquisi-

tion and processing as well as data storage proc-

esses for collected data from these 200 instru-

mented FOT vehicles are defined and implemented 

by the Institut für Kraftfahrzeuge of the RWTH 

Aachen University (ika). The field operational test 

is conducted for a period of 12 months. The tested 
ADAS functions cover Adaptive Cruise Control 

(ACC), Lane Departure Warning (LDW), Forward 

Collision Warning (FCW) and Curve Speed Warn-

ing (CSW). The following figure provides an over-

view of the German1-VMC. 

 
Figure 2. Tested ADAS functions and fleet com-

position at the German1-VMC 

All 200 vehicles are equipped with Data Acquisi-

tion Systems (DAS), which allow recording and 

temporary storage of all relevant measured values 

as well as the transfer of previously recorded data to 

a central storage server. The estimated amount of 

data at the German1-VMC adds up to approxi-

mately 6 TB, considering a duration of one year for 

the field test. 

As a result of this huge amount of data a detailed 

analysis of the complete data within the planned 

period of time is not feasible. Hence a limitation of 

the evaluation to relevant driving events is neces-

sary, in which the particular tested functions have 

an influence (e.g. car following, lane change ma-

noeuvres, critical distance situations etc.). These 

events are extracted from the collected data by an 

automated process which has been developed at ika. 

The event recognition algorithm automatically 

detects certain patterns (combinations of different 

measures) in the CAN- and GPS-data. Although 

this approach demands high computational per-

formance, it enables saving considerable amounts 

of time compared to manual processing of the large 

amount of data. In the following the methodology, 

the data processing chain as well as the automated 

event recognition processes are presented. 

 

METHODOLOGY 

 

The relevant data to be collected within the field 

test has been derived from the research questions of 

the project. Based on these research questions (as-

sessment of the impact of ADAS on traffic safety, 

traffic efficiency, environment as well as driver 

behaviour and acceptance) hypotheses to be tested 

(e.g. „ACC decreases the number of incidents“) 

have been defined. By means of the hypotheses the 

required signals and data sources have been identi-

fied. The definition process applied for the euro-

FOT project is presented in Figure 3.  

 
Figure 3. Definition process of required signals 

Depending on the vehicles used, the available sig-

nals can vary between the different vehicle types 

and the VMCs. 

Moreover the vehicle types and instrumentations 

are not the same at all VMCs. Some of the VMCs 

collect only CAN-data, while others additionally 

collect video data, eye glance information etc.  

For each operation site an adapted experimental 

design has been defined, in order to consider the 

specific basic conditions. In general the experimen-

tal design consists of a baseline (system-off period) 

as well as a treatment period (system-on period). At 

the German1-VMC the first three months of the 

field operational test will serve as a baseline period 

during which the ADAS functions will be deacti-

vated, while data on driving performance (e.g. ve-

hicle speed, acceleration etc.) is collected. During 

the following treatment period, the functions to be 

tested will be activated and the recording of the 

same driving data will be continued. Comparisons 

between recorded driving behaviour and perform-

ance data for the same participant in the treatment 

and baseline periods will be made, in order to as-

sess the impact of the functions. As an example the 

figure below presents the experimental design for 

60 trucks at the German1-VMC.  

 
Figure 4. Experimental design for the fleet of 60 

trucks at MAN 

The trucks are equipped with ACC and LDW and 

are divided into two fleets. After the three month 

baseline period (A1) the functions will be tested 

separately at first. 30 trucks will have only ACC 
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available while for the other 30 trucks only LDW is 

available. In the second treatment period (B2) both 

functions will be activated and available for the 

drivers. By means of comparisons between relevant 

data sets for the same participants in the first treat-

ment (B1) and second period (B2) the impact of the 

combination of functions (ACC and LDW) will be 

assessed. Both tested functions will be deactivated 

within the second baseline period (A2), in order to 

assess potential learning effects by comparison with 

baseline period (A1), due to seven month treatment 

period [4]. 

During the whole experimental phase data is col-

lected from the instrumented vehicles. For the 

German1-VMC it has been decided to continuously 

record the required signals with defined sampling 

rates instead of collecting data only after detection 

of a relevant situation. Thereby some remarkable 

disadvantages can be avoided. One of the main 

disadvantages of a discontinuous recording of the 

data is a loss of possibly relevant data because of 

not well-suited event recognition (e.g. wrong thres-

holds). The detection cannot be adapted at a later 

stage, if relevant raw data has not been collected. At 

the German1-VMC the signals are recorded perma-

nently and event recognition is applied “offline” 

within a server-side process. The availability of the 

complete raw data allows reprocessing of informa-

tion after implementing any desired adaptations. 

However, the high amount of data that is generated 

compared to the situation-based approach results in 

higher demands on the data management. 

 

DATA MANAGEMENT 

 

For data collection in the field, the German1-VMC 

has equipped in total 200 vehicles with data acqui-

sition systems (DAS). These DAS will collect data 

from up to four CAN-busses of the vehicles and 

additionally GPS-information. Other signal sources 

on vehicles side are not used at the German1-VMC, 

in order to ease the integration of the DAS into the 

vehicles compared to other scenarios such as inte-

gration of additional sensor equipment (e.g. video 

sensors).  

The data measured on the connected CAN-channels 

will be stored in a first stage on a FLASH storage 

device installed on the DAS. The DAS at the Ger-

man1-VMC offers the possibility to communicate 

with the device during operational time of the field 

test using an integrated GPRS module. This allows 

wireless uploading of recorded information to a 

centralized server system, while the DAS is collect-

ing data simultaneously. Therefore the data is com-

pressed and encrypted. By means of a GPRS con-

nection the DAS status and operation on board of 

the vehicle can also be checked and monitored 

during the entire operation time. Figure 5 presents 

an overview of the process stages of the German1-

VMC approach.  
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Figure 5. Data acquisition and processing at the 

German1-VMC 

These stages are data acquisition, pre- and post-

processing of data, storage and analysis of data. 

After the data has been uploaded to the server, 

further processing steps are conducted. Within these 

the data will be enriched with additional attributes 

from a digital map (e.g. road type, speed limit), 

which are derived by means of GPS-information. 

Afterwards all necessary signals for the detection of 

relevant events and situational variables are avail-

able. Finally the processed data as well as the ini-

tially recorded data is stored on a server. Here the 

raw data is stored in files on a per-trip basis as a 

backup for the case that a re-processing of certain 

data sets will be necessary. The processed data is 

filled in tables of an SQL-server. Data on the SQL-

server will serve as basis for the evaluation.  

The upload procedures are designed and imple-

mented to work fully autonomously. Autonomous 

operation means that no user interaction – neither 

on the driver side nor on the operator side – is re-

quired. Hence the drivers are totally kept out of the 

data retrieval loop. No training of the drivers par-

ticipating in the field test is needed and the loss of 

data due to maloperation is excluded. Besides the 

event recognition and data retrieval steps the entire 

process chain for data management has been auto-

mated. Figure 6 presents the structure of the soft-

ware architecture that has been developed at ika for 

this purpose.  

 
Figure 6. Software architecture of data man-

agement process at the German1-VMC 
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The architecture for data management on the server 

side consists of several different software compo-

nents. The coordination of the interaction between 

the software components is performed by the Cen-

tral Management System (CMS). After data has 

been successfully uploaded on the server, the CMS 

is responsible for passing the data to the Data Man-

ager, which subsequently manages the data process-

ing. Data is passed between these software elements 

each time one process step is accomplished. The 

processing contains the conversion of the data to a 

standardized file format, the quality check and 

plausibility analysis as well as the enrichment and 

classification processes. The processed data is 

stored on an SQL based server at the end, in order 

to make the data available for the analysis. For 

configuration management and diagnostic purposes 

as well as operator access, additional software 

components (e.g. diagnostic processor etc.) com-

plete the infrastructure for the automation of the 

whole process chain. 

 

Data processing 

 

All data files collected by the DAS are on a per trip 

basis. This means that the recording is started as 

soon as the vehicle’s engine is started and is com-

pleted at the latest one hour after the vehicle’s en-

gine has been switched off. The follow-up time is 

applied, in order to provide additional time for data 

upload, which might have been not possible during 

the trip. If all collected data has been uploaded to 

the server during the trip, the DAS will be deacti-

vated directly after the engine has been switched 

off.  

The data files are directly passed to the processing 

chain by the CMS as soon as an entire recording 

file is available on the server side. The pre-

processing is designed to work on a per-trip basis, 

while the post-processing (on SQL-database) will 

build a more complete overview. 

The pre-processing of data can be subdivided into 

two main process steps:  

 Generation of processed and derived data 

(needed for hypotheses testing).  

 Quality analysis, in order to ensure reli-

ance of the analysis.  

These two processing steps are split into two soft-

ware components with a similar processing struc-

ture. 

The Plausibility and Check Manager is responsible 

for analyzing the usability of signals. Thereby the 

main functionality is realized by several extensions, 

each responsible for a specific aspect of data quality 

analysis. Checks for missing data and check for 

signal ranges are considered together with wrong 

dynamic behaviour and incoherent behaviour of 

signals. The data quality checks are performed 

directly after the upload and after each modification 

of the data. 

In the next processing step the available signals are 

used to detect relevant events as well as situational 

variables, in order to classify the data for focusing 

the analysis on relevant data sets. Furthermore the 

performance indicators (PI) needed for testing of 

the hypotheses (e.g. time headway, time to collision 

etc.) are calculated. For the whole process addi-

tional information is needed, which is derived from 

the existing signals (GPS and vehicle dynamics) by 

using attributes from digital maps (e.g. road type, 

number of lanes etc.). These processes are con-

ducted by the Event, Enrichment and PI Manager. 

Each function (event recognition, PI calculation 

etc.) is realised as a separate extension of this soft-

ware element. 

 

Process planning 

 

Process planning is related to the execution order 

and scheduling of the pre-processing functions. The 

increasing amount of data and the high complexity 

of the pre-processing chain (including the depend-

encies between the algorithms) become highly 

complicated. Thus strategies like proper automated 

planning of execution order and parallelization of 

independent execution trees are essential. This is 

especially of importance, if the used algorithms for 

the analysis evolve during the FOT. In this case the 

consistency of all processed data still needs to be 

guaranteed. This requires that already processed 

data can be re-processed with maintainable efforts. 

An entire re-calculation of an amount of 6 TB of 

data and an expected amount of more than 100.000 

trips each time one algorithm evolves is not a rea-

sonable approach. Therefore it is necessary to focus 

on only the relevant respectively affected data sets. 

This approach is realized by combining a petri-net 

graph with versioning information for algorithms 

and processed data. 

The figure below gives an overview on how process 

planning is performed using the software frame-

work developed at ika. The realized concept 

achieves a decoupling of algorithm implementation 

and execution. All algorithms are encapsulated with 

additional meta information. This meta information 

covers the required input signals for the calculation 

as well as the generated output signals, versioning 

information for detection of evolution, author, 

comments and annotation of the functionality, 

which can be used by the process supervisors. The 

algorithm together with these meta data is commit-

ted to the CMS software framework and embedded 

as extension in the algorithm pool of the frame-

work. 



 

Benmimoun 5 

 

Execution Plan
-using versioning and dependency analysis

performed by Petri-Nets-

Start

End

Algorithm 
Definition and Encapsulation

-using meta information-

PI/algorithm/classification
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Distributed 
Execution

-computation cluster-

automated analysis of 
dependency and versioning

algorithm evolution
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parallel algorithms
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by algorithm evolution
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 generated outputs
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server system

Vx.y
date: yyyy/mm/dd

V1.0

V1.0

V1.0

V1.0

 

Figure 7. Process scheduling using petri-nets and 

versioning information  

For starting the execution chain – as soon as new 

data is available – the CMS performs a dependency 

analysis based on the meta information from the 

algorithm pool by building a petri-net of the proc-

esses using the signal information. Thereby unre-

solved dependencies (e.g. missing input signals) 

can be identified and the order of execution deter-

mined. The execution of the processing will be 

performed by distributing the functions together 

with the required FOT data to a computation clus-

ter.  

A process for management of modifications (e.g. 

integration of additional or evolution of already 

existing algorithms) is autonomously practicable by 

means of the petri-net approach. As soon as new 

processes are registered or modified, the CMS 

automatically performs re-processing of all affected 

functions, in order to keep the data consistent. With 

the presented approach a fully automated data up-

load and processing is achieved. 

In the following the automated event recognition 

process is presented. 

 

EVENT RECOGNITION 

 

The data analysis (hypothesis testing, impact as-

sessment) will be conducted on an SQL-database. 

However, due to the large amount of information, 

the data processing on this database is not reason-

able with regard to the computational efforts. Thus 

the data processing steps are performed before the 

data is stored in the database. A substantial part of 

the data processing is the automatic event recogni-

tion process, which detects relevant driving situa-

tions for the analysis. Besides the events recogni-

tion situational variables are detected, which pro-

vide additional information with respect to envi-

ronment and the vehicle state (e.g. weather condi-

tions, road type etc.). 

Depending on the manufacturer and the available 

signals up to 18 different events and 22 situational 

variables can be detected. 

For analysis purposes pre-defined scenarios are 

used to assess the impact of the tested functions. 

These scenarios are mainly detected by combining 

events with different situational variables. This step 

is performed within data processing. An example 

for detection of relevant scenarios is presented in 

Figure 8. The combination of the car following 

event (relevant event for ACC) with different situ-

ational variables provides the scenario of a car 

following event under the relevant weather, traffic, 

lighting and road type conditions, e.g. car following 

on a motorway, in day light and high traffic density.  

 

Scenario

car following in day light and high
traffic density on a motorway…

event
(e. g. car following)

Event

traffic
(e. g. high density)

Situational variables

lighting
(e. g. day light) weather

(e. g. rain)

road type
(e. g. motorway)

 
Figure 8. Procedural steps to cluster data for 

analysis purposes 

For the implementation of the event recognition 

process three major requirements have been defined 

at the German1-VMC. The first requirement derives 

from the high amount of data that has to be proc-

essed. The processing needs to be performed in a 

reasonable time period, in order to have the proc-

essed data available for analysis. Thus the algo-

rithms of the event recognition have been optimized 

with regard to processing time (realization of short 

processing time).  

The second important requirement is the need for a 

manufacturer-independent recognition, in order to 

ensure the comparability of the results in the end. 

Since CAN signals of three different manufacturers 

are collected at the German1-VMC, the available 

signals differ between the manufacturers. Moreover 

the type of signal output can vary between the 

manufacturers. An example is the signal of the turn 

indicator, for which two different outputs can oc-

cur: 

 One signal, which includes information on 

the state of both turn indicators as well as 

the hazard warning lights. 

 Two signals, which include information on 

each turn indicator state. 

Hence a harmonisation of the signals is essential 

before the event recognition can be initiated. These 

have to be implemented individually for each 

manufacturer. In a further step, required signals for 

the recognition process that are not available are 

identified and the possibility of using alternative 

signals is checked. 

For example for two manufacturers the information 

on the selected gear is not or only partly available 
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for vehicles with manual transmission. In this case 

information is obtained from the ratio of engine 

speed to wheel speed. Because the participating 

vehicles do not only differ in the manufacturer but 

also in their engine types, it is necessary to identify 

the transmission ratios according to the engine 

types. For this purpose the ratios occurring during a 

trip are registered in a histogram and afterwards 

classified into the different gears, considering cer-

tain given thresholds. Thus an engine independent 

identification of the selected gear can be achieved. 

However there are some signals, which cannot be 

derived from others. In these cases the particular 

event will not be considered for vehicles of the 

corresponding manufacturer. 

The third important requirement is the quality of the 

automated event recognition. Relevant situations 

have to be identified with high precision and reli-

ability. Especially for the German1-VMC this is 

important, because there is no video data available, 

which would enable a later verification of the de-

tected events.  

Previously conducted evaluation on pilot data (col-

lected within the piloting phase of the project) re-

vealed a high number of false detections due to 

improper thresholds. The thresholds have been 

mainly defined based on a literature review of dif-

ferent previously performed FOTs, in which gener-

ally video data has been deployed. In these FOTs 

potential events, which have been detected by the 

algorithms, were finally assessed on the basis of the 

video data. Hence for the Geman1 VMC the deci-

sion has been taken to equip pilot vehicles with 

additional video cameras, in order to collect video 

data for verification purposes. Altogether approxi-

mately 40 hours of video and CAN-data have been 

evaluated in the piloting phase. The results were 

incorporated into the optimization of the automated 

event recognition.  

The newly derived thresholds helped to signifi-

cantly improve the reliability of the event recogni-

tion. However, some situations cannot be identified 

reliably by means of available signals and thresh-

olds. An example is the detection of a lane change 

manoeuvre. For vehicles which are equipped with 

lane departure warning systems (LDW) the addi-

tional lane information given by the installed digital 

camera enables to reliably detect lane changes (pro-

vided that lane markings are available). For those 

vehicles which are not equipped with LDW systems 

two alternative solutions have been investigated. 

The first option is to analyze the yaw rate in combi-

nation with the state of the turn indicators. Above a 

vehicle speed of 80 km/h, it is checked whether the 

yaw rate exceeds the threshold of 0.5 °/s in a time 

interval of 1 second before and 5 seconds after the 

turn indicator has been activated. In this case a lane 

change is detected. This approach has two essential 

disadvantages. The detection depends on the usage 

of the turn indicator, which cannot be assumed to 

be used by all drivers when performing a lane 

change manoeuvre. Moreover the recognition can 

only be applied for higher speed values. However, 

if both conditions are fulfilled the detection is reli-

able.  

The second approach is based on the lane change 

algorithm developed by [6], which mainly consid-

ers the course of the yaw rate. It is assumed that the 

course is similar to a sine-wave. Thus the trips are 

searched for sinusoidal sections of the yaw rate. 

This is done by searching for local maxima within 

the absolute signal sequence. By means of the com-

bination of two local maxima with different signs 

potential lane change manoeuvres are determined. 

In a subsequent step additional criteria are used to 

verify the determined lane change manoeuvres. 

This approach has been adapted to the specific 

conditions at the German1-VMC. The thresholds 

have been adjusted and a further test criterion has 

been included. The criterion checks the correlation 

between the course of the lateral acceleration as 

well as the yaw rate and a sine-wave of the same 

amplitude and frequency. The main steps of the 

lane change manoeuvre detection are presented in 

Figure 9.  
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tend lane change

i = tstart lane change  
Figure 9. Approach for recognition of lane 

change manoeuvres 

However a driver dependency is observed for this 

approach as well. 

False detections are observed for manoeuvres 

which are similar to lane change manoeuvres, such 

as driving around a traffic island or change onto the 

opposite lane within a construction site on a mo-

torway. These manoeuvres are usually recognized 

as lane changes. 

In the following the recognition patterns and classi-

fication method of incident events are discussed. 

 

INCIDENT RECOGNITION AND CLASSIFI-

CATION 

 

Several tested functions are safety related. A major 

challenge for the evaluation of the functions is the 

provision of relevant safety impact indicators. 
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These safety indicators are changes in the number 

of crashes, fatalities and injuries. But these indica-

tors cannot be directly provided by FOT data, since 

the expected number of accidents during the FOT is 

not sufficient to enable statistically valid evalua-

tion.  

Therefore surrogate measures (e.g. critical TTC, 

hard braking events) are needed, in order to esti-

mate the changes of the relevant safety indicators. 

An approach to determine these indicators can be 

realized by using critical driving situations (inci-

dents). A relation between these incidents and acci-

dents is established by means of an in-depth acci-

dent database. 

Incidents are detected at the German1-VMC by 

means of a set of indicators composed of time 

headway, time to collision, relative speed, forward 

collision warnings, lateral and longitudinal accel-

eration as well as intervention of the safety systems 

Anti-lock Braking System (ABS) and Electronic 

Stability Program (ESP). Moreover the driver inten-

tion (derivation from turn indicator, brake pedal 

usage etc.) is taken into account in order to classify 

the severity of the incident. 

Depending on relevant indicator thresholds differ-

ent levels of incidents can be detected (level 1 to 3): 

 An incident level 1 characterizes a driving 

situation in which the critical threshold of 

the defined relevant indicator has been 

reached.  

 Level 2 is characterized by an increased 

accident risk (e.g. loss of control, critical 

time headway etc.).  

 Level 3 is detected in situations with im-

minent danger of an accident.  

Incidents are basically divided into two categories. 

1. Incidents due to vehicle dynamics 

2. Incidents due to distance behaviour 

Incidents due to vehicle dynamics are detected by 

means of longitudinal and lateral acceleration, yaw 

rate as well as the state of the ABS and the ESP. 

The evaluation of the CAN and video data collected 

within the pilot phase revealed a high number of 

false detections for the threshold defined based on 

literature review. For further optimization of the 

incident recognition test drives with 20 subjects on 

a pre-defined test track have been conducted and 

analyzed.  

Based on these test drives the distribution of rele-

vant indicator thresholds in regular driving situa-

tions has been determined for different speed val-

ues. The classification of the incident level is partly 

derived from these test drives. The highest values 

detected within the test drives have been used as the 

incident thresholds (level 1 threshold). Figure 10 

presents the determined longitudinal acceleration 

(along) thresholds of the incident levels 1 (low 

threshold) and 2 (high threshold) for passenger cars 

and commercial vehicles as a function of the vehi-

cle speed (v). For speed values below 50 km/h an 

incident level 1 (passenger cars) is detected for 

decelerations higher than 6 m/s². This threshold 

linearly decreases to a deceleration of 4 m/s² within 

the speed range from 50 km/h to 150 km/h. For 

speed values higher than 150 km/h the threshold 

remains constantly at an acceleration of -4 m/s². 

This course is the same for passenger cars as well 

as trucks.  

Furthermore several situations were reproduced on 

a test track and documented by means of video data 

in order to have a better understanding of the occur-

rence characteristics of these incident events. Based 

on this analysis the thresholds for an incident level 

2 have been defined. 

The incident level 2 is detected at higher accelera-

tion values. An incident level 2 for trucks is not 

speed dependent and is detected as soon as the 

deceleration value exceeds 7 m/s². An incident 

level 2 for passenger cars is detected for decelera-

tion values higher than 8 m/s² and is not speed 

dependent, see Figure 10.  
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Figure 10. Thresholds of longitudinal accelera-

tion 

The longitudinal acceleration thresholds for pas-

senger cars and trucks are summarized in the fol-

lowing. 

Passenger cars: 

• along low = -6 m/s²                       [< 50 km/h] 

• along low = (-4 – -6) m/s² * ((v – 50 km/h) / 

               100 km/h) + -6 m/s²  

                                 [50 km/h to150 km/h] 

• along low = -4                             [> 150 km/h] 

• along high = -8 m/s² 

Trucks: 

• along low = along low (passenger cars) 

• along high = -7 m/s² 

 

The same approach is applied to determine the 

thresholds based on the lateral acceleration signal, 

which is also used to determine incidents. These 

thresholds are derived from the conducted test 

drives and applied for detection of incidents level 1 

and level 2. The thresholds are defined for passen-

ger cars and trucks as presented in Figure 11. 
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Figure 11. Thresholds of lateral acceleration 

The following incident thresholds for lateral accel-

eration (alateral) have been defined. 

Passenger cars: 

• |alateral low| = (7 – 2.5)m/s² * (v / 40 km/h) + 

                   2,5 m/s²                  [< 40 km/h] 

• |alateral low| = 7 m/s²      [40 km/h to 50 km/h] 

• |alateral low| = (4 – 7)m/s² * ((v – 50 km/h) / 

                   50 km/h) + 7 m/s²     

                                 [60 km/h to 100 km/h] 

• |alateral low| = 4 m/s²                   [> 100 km/h] 

• |alateral high| = 9 m/s²                    [< 50 km/h] 

• |alateral high| = 8 m/s²                    [> 50 km/h] 

 

Trucks: 

• |alateral low| = 2.5 m/s² 

• |alateral high| = 4 m/s² 

 

Furthermore the yaw rate ( ) signal is used addi-

tionally for detection of incidents. The yaw rate 

signal is applied only for the detection of level 2 

incidents, because these defined yaw rate thresholds 

imply already a too high rotation rate of the vehicle 

for the current vehicle speed (e.g. loss of vehicle 

control). The thresholds for trucks as well as pas-

senger cars are the same and presented in Figure 12. 

These thresholds are derived from the conducted 

test drives and only used for detection of incidents 

level 2.  
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Figure 12. Thresholds of yaw rate 

The thresholds are the same for passenger cars and 

trucks. The following incident thresholds based on 

the yaw rate signal have been defined: 

| |low(passenger cars) = | |low(trucks) 

• | |low = 50 °/s                     [< 40 km/h] 

• | |low = (25 – 50) °/s * ((v – 40 km/h) / 

            10 km/h) + 50 °/s       

                                  [40 km/h to 50 km/h] 

• | |low = (15 – 25) °/s * ((v – 50 km/h) / 

            35 km/h) + 25 °/s  

                                  [50 km/h to 85 km/h] 

• | |low = 15 °/s                           [> 85 km/h] 

 

As an example Figure 13 presents the course of the 

longitudinal acceleration (m/s
2
), the turn indicator 

status and the vehicle speed (km/h) during a test 

drive for testing the algorithm. During this test 

drive the algorithm detected an incident level 2 due 

to the exceedance of the longitudinal acceleration 

high threshold of -8 m/s
2
 at a vehicle speed of ap-

proximately 100 km/h. Furthermore the emergency 

braking signal (activation of hazard warning light 

for a short time period) has been activated due to 

the high acceleration values.  
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Figure 13. Example of incident detection (level 2) 

based on exceedance of longitudinal acceleration 

threshold 

These detected incidents have been validated in a 

further evaluation step by using the corresponding 

video data. 
The second category of incidents is identified by 

means of the vehicle speed, time-headway (THW), 

time-to-collision (TTC), relative speed and the state 

of the brake light. Since the FOT vehicles are 

equipped with series production sensor systems, 

only the situation in front of the vehicle can be 

detected.  

For this category a validation by means of the video 

data from the pilot phase has been conducted as 

well. The video data has been collected from differ-

ent vehicle types (trucks, passenger cars) and 

brands. These pilot vehicles have been driven by 

different drivers for a period of more than three 

months. The results revealed a high number of false 

detections for the first defined thresholds. These 

thresholds were based on literature review and have 

been used in other FOTs [7].  

As already mentioned most of the previous FOTs 

used additionally video data to verify the detected 

situations. Due to the lack of video data at the Ger-

man-1 VMC the thresholds need to be adapted in 
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advance (pilot phase) as no further validation is 

possible for the collected data during the field test. 

In order to avoid these false detections two different 

approaches have been used to optimize the detec-

tion algorithms.  

1. Adaptation of the threshold for incident 

type due to distance behaviour.  

2. Consideration of driver reaction, in order 

to assess the criticality of the detected in-

cidents.  

The approach for assessing the criticality of the 

incidents is presented in the following. 

 

Driver reaction  

 

The idea for considering the driver reaction has 

been developed after the collected video data of the 

pilot phase was analyzed in detail. The evaluation 

of the video data showed that a high number of the 

detected incidents were not critical, because the 

driver has been totally aware of the situation. Thus 

an additional step has become necessary to check 

whether the detected incident is correct or not by 

means of the available CAN-information. Various 

situations during overtaking manoeuvres have been 

detected as incidents, in which the host vehicle 

approaches closely to the front vehicle. Within the 

approaching phase the THW respectively the TTC 

drops under the incident threshold for a short time 

period, which is however intended by the driver, in 

order to perform a quick overtaking manoeuvre.  

While performing these manoeuvres the driver 

usually observes also the situation in front of the 

predecessor, in order to assess whether the prede-

cessor is going to initiate any actions. The probabil-

ity that the predecessor will perform a hard braking 

manoeuvre while no vehicle is in front is very low. 

This information for example is used by the driver 

to estimate whether a close approaching can be 

performed for a quick overtaking manoeuvre. Un-

fortunately this information is not available on the 

CAN-Bus, because only information on the relevant 

target (vehicle in front of the host vehicle) is avail-

able. Hence the driver is able to consider more 

information during the driving process. Therefore it 

is possible that the driver and the algorithms judge 

a driving situation differently.  

In order to reduce this lack of information the driver 

reaction is additionally considered for the incident 

recognition. The basic idea of this second step is 

that the driver intention can be derived by means of 

the driver reaction. If the situation is in fact critical 

a driver reaction (e.g. steering or braking manoeu-

vre) has to be initiated, in order to avoid a collision. 

If no driver reaction has been detected and no colli-

sion occurred, the criticality of these situations is 

downgraded. In this situation an intention of the 

driver to perform the manoeuvre (close distance to 

vehicle in front) and the corresponding driver 

awareness is assumed.  

Before the evaluation of the driver reaction is con-

ducted the criticality of the situation is at first de-

termined by means of the THW and relative speed 

(Dv) as well as the TTC. Therefore the situation is 

classified into three different levels. This is the 

same approach as it is used for the incidents de-

tected by the dynamic behaviour of the vehicle. The 

thresholds for the three incident levels are shown in 

Figure 14 as a surface over the host vehicle and 

front vehicle speed. An incident is always detected, 

if the distance to the front vehicle drops below the 

threshold, which is determined based on the host 

vehicle speed and the speed of the front vehicle. 

 

Figure 14. Thresholds for an incident level 1 and 

level 2 recognition based on TTC as well as 

THW 

The thresholds for the detection of level 3 incidents 

are similar to the level 2 thresholds. The difference 

between both levels is that a level 2 incident is 

detected, if the driver is already braking. In contrast 

a level 3 incident is only detected, if the driver is 

not braking. 

The following thresholds for the different incident 

levels have been defined for the current version of 

the incident detection algorithm: 

 

Level 1: 

• THW < 0.35 s with a slow approach to the 

front vehicle (10 km/h < Dv < 20 km/h)  

• THW < 0.5 s with a fast approach to the 

front vehicle (Dv > 20 km/h)  

• TTC < 1.75 s  
Level 2: 

• TTC  < 1 s with braking (brake light 

switch on) 

• THW < 0.35 s with a fast approach to the 

front vehicle (Dv > 20 km/h) 

Level 3:  

• TTC < 1 s without braking (brake light 

switch off) 

 

After the incident has been detected and classified 

to an incident level the analysis of the driver reac-

tion is applied. For this purpose the longitudinal 

and lateral acceleration as well as the state of the 
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turn indicators and the brake light is analyzed for a 

time period of 5 seconds before and 1 second after 

the incident has been detected. For each measure 

different categories have been defined, into which 

the driver reaction is classified. Based on the differ-

ent categories the classification of the incident level 

due to the distance behaviour (TTC, THW and 

relative speed) is adapted according to the flowchart 

in Figure 15. 

Brake light

Longitudinal acceleration

Incident

Turn indicator Turn indicator

Level += 1
Level = Detected

Level Level -= 1 Level = 0

Lateral acceleration

[on] [off]

[on][on][off] [off]

[high]

[high]

[medium]

[medium]

[low]

[low]

 
Figure 15. Classification of incident level by 

means of the driver reaction 

After the incident has been detected four validation 

steps will be applied within the criticality assess-

ment of the detected incident by means of the driver 

reaction analysis. In the first step the brake light 

switch will be analysed, in order to check whether 

the driver performed a deceleration or not. If the 

brake light switch (indicator for a braking action) 

has been activated, the longitudinal acceleration is 

analysed. If the driver has performed a high decel-

eration the incident level is upgraded by “1” (situa-

tion is critical due to reaction of driver). If the lon-

gitudinal acceleration was medium, low or the 

brake light switch off, the lateral acceleration will 

be checked. In case of high lateral acceleration the 

incident level is upgraded by “1” (situation is criti-

cal due to reaction of driver). For medium and low 

lateral accelerations the state of the turn indicator is 

considered in a further validation step. If the turn 

indicator is not activated and a medium lateral ac-

celeration detected, the incident level will be not 

changed, because of the diver reaction and espe-

cially the fact that the turn indicator has not been 

used. However, it cannot be clearly identified, 

whether the driver reaction is intended and a normal 

driving behaviour or an evasive manoeuvre (not 

intended).  

The incident level will be downgraded by “1” in 

situations with medium lateral acceleration and 

activated turn indicator as well as situations with 

low lateral accelerations and activated turn indica-

tor. An incident level is downgraded directly to 

zero in situations with low lateral acceleration and 

not activated turn indicator. In these situations the 

driver did not react at all and no collision is de-

tected afterwards. Thus it will be classified as non-

critical. 

Figure 16 presents the course of vehicle speed, 

longitudinal acceleration and time headway during 

a trip collected within the pilot phase, in which an 

incident is detected. The incident occurs at a rela-

tive speed of 30 km/h (fast approaching to leading 

vehicle). In the beginning the incident severity is 

classified as level 1, because of the relative speed 

and critical time headway less than 0.4 s. After-

wards the driver initiates a hard deceleration of a 

maximum value of 6.9 m/s
2
. In combination with a 

hard deceleration the incident level has been up-

graded to level 2, because a strong driver reaction is 

necessary to resolve the situation. 
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Figure 16. Recognition of an incident by means 

of THW and longitudinal acceleration 

The second objective of considering the driver 

reaction is to avoid false incident detections due to 

incorrect sensor information (e.g. “phantom” object 

detection). In case of a false object detection the 

driver will not react to the detected “phantom” 

object, because the driver is obviously not aware of 

this object. If the driver does not react to the situa-

tion (no braking, steering action etc.), the incident 

level is downgraded to zero, which means that the 

situation is classified as non-critical as presented in 

Figure 15. 

By means of considering the driver reaction as well 

as the adjustment of the thresholds for the incident 

detection the number of detected incidents as well 

as the number of false detections within the pilot 

phase has been significantly reduced from 75% to 

3%. The results of the comparison between the first 

version of the algorithm and the current version 

(adapted version) are presented in the following 

table.  
By means of this second step a significant higher 

reliability rate for incident detection at the Ger-

man1-VMC has been achieved. 
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Table 1.  

Number of incident detections during pilot phase 

Number of

incidents

Current version First version

Total detections 31 145

False detections 1 109

 
By means of the criticality assessment a significant 

higher reliability rate for incident detection at the 

German1-VMC has been achieved. 

 

SUMMARY & CONCLUSIONS 

 

In this paper the approach for incident detection at 

the German1-VMC within the field operational test 

euroFOT project has been presented. Especially the 

methodology as well as the developed data man-

agement processes for data upload, processing and 

storage have been introduced. Furthermore the 

challenges faced during the implementation phase 

for data processing (e.g. event recognition, har-

monization of different signal outputs etc.) are 

exemplified. The approach and the particular condi-

tions at the German1-VMC for detection of inci-

dents are presented in detail.  

The detection of incidents has been revised after the 

evaluation of video data from the pilot phase. This 

data revealed a high number of false detections. The 

current version of the incident detection divides the 

incidents into two categories (incidents due to vehi-

cle dynamics and distance behaviour). Moreover 

the driver reaction has been integrated as an addi-

tional step for verification purposes. By means of 

the driver reaction the level of detected incidents 

due to distance behaviour (THW, TTC and relative 

speed) are verified. By means of video data modifi-

cations of the incident detection algorithm have 

been made (including verification by means of the 

driver reaction step and adjustment of thresholds), 

which result in a significant reduction of the num-

ber of false detections from 75% to 3%. The 

evaluation of the current version showed a reliable 

detection for different conditions, vehicle types and 

drivers within the pilot phase.  

However, the collected video data within the pilot 

phase might not be sufficient to validate the detec-

tion effectiveness of the developed incident algo-

rithm in all driving conditions. Thus a validation by 

means of video data is preferable, which is col-

lected for a longer time period. 

Moreover it has to be taken into account that the 

defined thresholds are very “conservative”, in order 

to ensure a reliable recognition by means of the 

available CAN-data. But they might lead to non-

detections of actual incidents (e.g. distracted driver, 

driving under influence of alcohol, drowsiness etc.). 

Further video analysis of these specific events can 

be used to optimize the algorithm by considering 

the characteristic of these events. For this a high 

number of the described events need to be collected 

and analysed. This requires a data collection phase 

of video as well as CAN-data for a time period of 

several months (e.g. one year). 
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ABSTRACT 

The method we present here - retrospective review 
and rating of Field Operational Test (FOT) data - is 
designed to capture both the rigor of the laboratory 
and the ecological validity of the field. It is tailored 
for studies of driver acceptance of active safety 
systems. The method makes it possible to leverage 
expensive FOT data within the confines of the 
laboratory.  

INTRODUCTION 

The safety benefits of any active safety system can 
materialize if and only if the system will be used. 
Promoting system acceptance must therefore be an 
overriding goal. System acceptance is linked to driver 
acceptance of the issued alerts. Designers of active 
safety systems therefore need a method that can help 
them determine the factors that influence driver 
acceptance of alerts. Measuring driver acceptance 
using FOT data is a reasonable approach, but is faced 
with the scarcity and expense of FOT data. A second 
obstacle is that all FOT data are to some extent 
unique as their collection is not subject to 
experimental control. The behavioral research 
community has long acknowledged the need for 
methods that capture both the rigor of the laboratory 
and the ecological validity of the field (Brehmer & 
Dörner, 1993). We therefore need a method to 
leverage FOT data by analyzing it under 
experimental control. The method we present here – 
retrospective review and rating of FOT data - is 
designed to bridge the laboratory and the field. It is 
tailored for studies of driver acceptance of active 
safety systems.  

A large body of research on active safety systems has 
been conducted in driving simulators (e.g., Caird, 
Chisholm, Edwards & Creaser, 2007; Hancock & 
deRidder, 2003; Smith & Källhammer, 2010). 
Driving simulators have often been a main tool in this 
research for four important reasons. First, the 
simulator allows measurement of realistic driver 

responses to accurately controlled situations. Driving 
simulators can reproduce the studied situations quite 
well and do so under full experimental control. They 
allow precise response metrics to be collected with 
high fidelity (e.g., Liang, Reyes, & Lee, 2007). 
Second, traffic context can be generated with high 
detail. Driver behavior has been found to be 
sufficiently natural and to conform to that in 
naturalistic situations (e.g., Lee, McGehee, Brown, & 
Reyes, 2002). Third, simulator studies allow 
evaluation of active safety systems in collision-likely 
situations that are too dangerous to be reproduced on 
the road (Lees & Lee, 2007). Finally, the actual 
system does not need to be implemented before a 
study can be undertaken.  

Another body of research has focused on field or 
naturalistic studies. Naturalistic driving can be 
defined as normal driving occurring in its everyday 
context which is, by definition, not under 
experimental control. Field studies capture the full 
range of contextual information and in an 
environment where mistakes may have serious 
consequences. The “100-Car Naturalistic Driving 
Study” (Transportation Research Board of the 
National Academies [TRB], 2005) and the several 
FOT studies sponsored by NHTSA, the European 
Union, and others have triggered a lot of interest in 
naturalistic and FOT studies. Such studies are seen as 
a means for obtaining data with high ecological 
validity. 

The increase in ecological validity associate with 
FOT studies (compared to simulator studies) comes 
at the cost of experimental control. A major challenge 
to naturalistic studies is that most of the observed 
events are unique in various ways. The everyday 
context makes it difficult to exert the control needed 
to repeat trials accurately and to identify sequences of 
observed events that truly replicate (Walker, Stanton 
& Young, 2008). Collecting a large set of similar 
naturalistic events (e.g., a single pedestrian crossing 
the road from left to right) is time consuming. The 
variability within each set is likely to reflect a 
number of factors that may differentially effect the 
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drivers’ reactions. Assessing the sources and 
importance of those differences is difficult.  

Even with a large set of naturalistic data, the base rate 
of a collision is so low that the likelihood of being 
able to capture an actual collision or even a close call 
is very low. The low base rate limits the utility of 
field studies at evaluating collision-likely situations. 
Even if it were technically possible to stage such 
situations, the studies would likely not be ethically 
acceptable (Kiefer, Flannagan, & Jerome, 2006). 

Assessing active safety system performance from 
driving data is not straightforward. It can be difficult 
to establish whether the issued alert was timely or 
whether an initiated or pending driver action would 
have eliminated the potential collision (McLaughlin, 
Hankey & Dingus, 2008). The issue of what actually 
constitutes a signal (here correct alert) rarely arises in 
a laboratory setting, but in a naturalistic setting the 
definition of a signal often depends on contextual 
factors (Parasuraman, Masalonis & Hancock, 2000). 
Understanding the range of signal types and levels 
are essential to understand the driver’s perception of 
a given signal, which is a challenge to capture in a 
simulator and to extract from naturalistic data. 

Driving simulators represent the rigor of the 
laboratory while naturalistic and FOT studies 
represent the ecological validity of the field. Some 
limitations are in fact shared by both driving 
simulator and field studies. For example, participants 
are known to develop expectations for staged events 
or alerts not only during the course of a simulator 
study but also when they are exposed to those events 
in the field (Vogel, Kircher, Alm, & Nilsson, 2003). 
Therefore, neither driving simulator nor field studies 
have been found to be fully satisfactory for all 
important aspects of automotive research. Both have 
advantages and disadvantages and should be viewed 
as complementing each other, rather than competing.  

The appropriate tools and their requirements have to 
be assessed by considering the aim and constraints on 
the study. A balanced approach would use elements 
from both approaches and combine naturalistic and 
simulator research. Taking the best of both worlds 
and combining them would therefore be a rational 
approach. The approach we advocate is to leverage 
FOT data in the laboratory. Naturalistic driving with 
its high ecological validity generates the stimuli used 
to elicit drivers’ assessments and responses in a 
controlled setting like that provided by a driving 
simulator. Subsequent FOT studies may then provide 
verification for the issues being studied in the 
simulator (Walker et al., 2008). This method retains a 
high level of ecological validity by collecting actual 
incidents on the road, which are expensive and time-

consuming to collect. We then make efficient use of 
the recorded rare field incidents using within-subjects 
designs, categorical independent variables, and 
replicable, quantitative dependent measures.   

METHOD 

The approach is inspired by the hazard perception 
test used in U.K. driving tests (Jackson, Chapman, & 
Crundell, 2009). The method presents to observers a 
set of video recordings of events captured during a 
FOT. We have evaluated the method using a 
prototype Night Vision system with pedestrian 
detection that flags events (e.g., a pedestrian standing 
in the road) in the field. The system records a 
continuous ‘video’ to display to the driver and 
superimposes an alert icon when pedestrians may be 
at risk.  

FOT data collection 

The Night Vision system consists of a Long Wave, or 
Far Infrared (FIR) night vision camera mounted in 
the grille of the vehicle and a video display mounted 
on the upper part of the center console. The system 
contains integrated pedestrian recognition software. 
The display screen is updated at 30Hz with a black 
and white FIR image. The image is augmented by a 
flashing yellow alert symbol and by red rectangle(s) 
that highlight the pedestrian(s) whom the system has 
detected. A snapshot of a pedestrian alert is shown in 
Figure 1.  

 

Figure 1.  A typical alert issued by the system.  

The system was installed in ten recent model year 
Volvo S80, Volvo V70, and SAAB 9-5 vehicles. A 
PC mounted in the trunk of the car recorded the video 
clips in a time window before and after an alert. Each 
car was used for everyday driving by its owner.  
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The ten Night Vision systems flagged a total of 88 
video clips with pedestrian encounters. Back in the 
laboratory, we selected clips of flagged events for 
review, excluding clips with possible ambiguity 
regarding which pedestrian(s) triggered the alert. 
Groups of pedestrians were allowed if and only if 
they were walking together or defined a common 
context. Clips with pedestrians visible at different 
locations within each clip were excluded. Bicyclists 
were also excluded as their patterns of motion and 
levels of perceived risk are likely to be different than 
those of pedestrians. The final set contained 57 clips 
of pedestrian events. Each clip shows approximately 
30 s of images, roughly 20 s before and 10 s after the 
recorded alert. The 57 video clips were the stimuli 
used in the subsequent laboratory experiment.  

Laboratory experiment 

The experimental procedure consists of viewing and 
rating: The participants watch the replay of an event 
and then individually rate the level with which they 
would accept an alert from an active safety system to 
that event. Randomizing the order of presentation 
adds experimental rigor to the review. The laboratory 
setup consists of a PC laptop connected to a video 
projector that presents the set of video clips on the 
wall at a distance of approximately 3 m and a 
horizontal field of view of approximately 40 degrees.  

Two groups of participants took part in the 
experiment. The first was the group of 10 drivers 
from the field study. The second was a group of 25 
other volunteers whom we refer to as non-drivers 
even though they all were experienced, licensed 
drivers. None of the non-drivers had experience with 
the pedestrian alert system in their personal vehicles. 
Both the group of drivers and the non-drivers had 
considerable driving experience (drivers M 30.9 yr, 
range 22 to 41, non-drivers M 24.2 yr, range 10 to 
46). Subject participation conformed to the ethical 
guidelines established by Vetenskapsrådet, the 
Swedish Research Council (2002). 

Response measure 

There does not appear to be a standard method for 
assessing driver acceptance of new automotive 
technology. The most widely used method may be 
that described by van der Laan, Heino, and De Waard 
(1997). It has been used to compare driver responses 
to a variety of systems. The method measures 
driver’s acceptance by asking participants to rate the 
system output using a differential scale with opposing 
adjectives to anchor the scale with a neutral reference 
point.  

Instead of the response time collected in the hazard 
perception test, our approach quantifies the relative 
level with which drivers are likely to accept an alert. 
We condensed the two components usefulness and 
satisfying used by van der Laan et al. (1997) into a 
single acceptance score using a scale from completely 
reject to completely accept. By using a single 
measure, we seek to avoid any confound posed by 
drivers’ potentially varying interpretation of the 
different components of the van der Laan metric. The 
values can be entered either on paper or, preferably, 
directly on the computer using a slider bar, Figure 2.  

Immediately following the presentation of each clip, 
the projector screen showed the frozen last frame of 
the video clip and the PC presented the response 
screen shown in Figure 2. The response screen 
contained a scale bar and two buttons labeled Replay 
and Next.  

 

Figure 2.  Response screen used in the experiment 
to elicit ratings of the level of acceptance of an 
alert.  

The experiment was self-paced. The alternation 
between stimuli projected on the wall and the 
response screen reinforced the sequential but linked 
nature of the viewing and the rating. The participant 
could replay a clip by selecting the Replay button. 
Each of the 35 participants rated all 57 clips.  

RESULTS 

We have analyzed the collected ratings to assess their 
concordance across three groups of raters. The three 
groups are (1) the drivers who experienced an event 
in the field, (2) the other nine drivers who 
participated in the FOT, and (3) the non-drivers who 
did not drive in the FOT. The obtained ratings are 
ranked to control for individual differences in scale 
use. 

The consistency between the drivers who experienc-
ed the events and the other two groups of raters is 
shown in Figure 3. The cross-plots compare the ranks 
of the ratings assigned by the driver who experienced 
the event and the average ranks assigned by the other 
raters. In Figure 3a, the other raters are the other nine 
drivers, while in Figure 3b; the other raters are the 25 
non-drivers. The graphs in Figure 3 also show the 
best-fit least-squares regression equations for the 
rating data.  The agreement between the ratings by 
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the driver and the nine other drivers as well as 
between the driver and the non-drivers is linear and 
quite good, r2 = 0.59, F(1,55) = 78, p < .001 for the 
nine other drivers and r2 = 0.52, F(1,55) = 59, p < 
.001 for the non-drivers. The slope of the regression 
line is less than 1.0, reflecting a regression to the 
mean; the ratings from the observers in the laboratory 
are less extreme than those of the drivers who 
experienced the events.  
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Figure 3.  Cross-plots of the ranks of the driver’s 
ratings and the average ranks of (a) the other nine 
drivers and (b) the 25 raters who did not 
participate in the FOT (non-drivers). 

Inspection of the correlation analysis shown in Table 
1 finds that, for nine of the ten drivers, the validity 
coefficients comparing responses from the original 
FOT driver and the responses of drivers who had not 
seen the event are significant at p < 0.001. 

Table 1. 

Drivers’ rating consistency 

Driver ra 
1 0.87** 
2 0.79** 
3 0.72** 
4 0.78** 
5 0.76** 
6 0.81** 
7 0.88** 
8 0.41* 
9 0.82** 

10 0.58** 
Note.  ra Correlation the driver’s rankings of the 
57 events with the means of the other nine drivers’ 
rankings. *p<.01. **p<.001. 

We tested the internal consistency of the ratings 
provided by the 35 laboratory raters by applying the 
Kendall coefficient of concordance to the ranks of 
their ratings. This non-parametric test of inter-judge 
reliability assesses the degree of agreement in the 
rank ordering of a set of items (e.g., the 57 video 
clips) by N judges (Siegel & Castellan, 1988). It 
imposes no categorical dimensions of similarity on 
rated items. After correcting for the numerous ties in 
the intra-judge ranks, we found them highly 
consistent; W = 0.55, χ2(56) = 1247, p < 0.0001. This 
result encourages us to conclude that the laboratory 
results are highly consistent. On average, the raters, 
whether they had driving experience with the system 
or not, differentiated among the events in a similar 
way. This finding supports the contention that the 
laboratory method of review and rating of events 
recorded during an FOT study produces data that 
align with the drivers who experienced the events in 
the field. The high level of concordance implies that 
the ranks may be aggregated in subsequent analyses 
of the influence of various parameters on the 
acceptance of alerts.  

DISCUSSION 

The experimental setup enables presentation of 
representative situations and should have good 
predictive validity of the environmental cues. The 
good quality of the FOT recordings retains much of 
the ecological validity of actual traffic events. The 
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ratings provide the rigor of the laboratory. Use of the 
recorded incidents in a laboratory environment 
provides experimental control of the stimuli while 
retaining much of the original ecological validity. 
Fully situated contextualization is, of course, 
achieved only in the moment.  

The method produces reliable and reproducible data 
that align with the experience of drivers in the field. 
By eliciting responses from a large number of 
observers, we leverage the high cost of the FOT and 
generate sample sizes that are amenable to statistical 
tests of significance.  

We are using this bridging of the field and the 
laboratory to inform our design of active safety 
systems. The level of acceptance for various 
situations rated can be used to define decision criteria 
for the active safety systems that should result in 
higher user acceptance of the safety system. 
Although the method was developed to address the 
analysis of field data, the method is applicable to 
simulator studies as well. Smith & Källhammer 
(2010) used it in a simulator study to assess the risk 
posed by intersection encroachments and how that 
level varies across situations.  

CONCLUSIONS 

Our retrospective review and rating method produces 
reliable and reproducible data that align with the 
view of the drivers who experienced the situations in 
the field. By eliciting responses from a large number 
of observers, we leverage the high cost of the FOT 
data and generate sample sizes that are amenable to 
statistical tests of significance.  

We offer our retrospective review and rating method 
as a cost-effective approach to bridging the 
laboratory and the field. Its findings are informing 
our system design and development. 

Limitation 

A major limitation of the method is the performance 
of the system used to record events in the field. False 
alarms can make the selection of video clips time 
consuming. Driver state measures such as driver 
fatigue are also difficult to assess using this method. 
Both the drivers in the FOT and the other raters in 
our study had considerable driving experience. All 
were Swedes. Additional studies with participants 
with less experience and other demographic 
backgrounds are needed to verify that the method is 
applicable to the global population of drivers. Further 
research may test whether the method can be 

extended to other traffic situations and other types of 
active safety systems. 
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ABSTRACT 
 
A NHTSA paper published in 2009, “Fatalities in 
Frontal Crashes Despite Seat Belts and Air Bags” [1] 
found that around 40% of crashes in a study of 
National Automotive Sampling System-
Crashworthiness Data System (NASS-CDS) frontal 
fatal crashes with a belted occupant and frontal air 
bag were exceedingly severe.  The paper concluded 
that once an occupant of a light vehicle is involved in 
a crash of this magnitude, chances for survival based 
on current crashworthiness practices are slim.  
Therefore, the most effective way to prevent fatalities 
of this type from occurring would be through 
avoiding or mitigating the severity of the crash. 
 
To expand upon that analysis, the intent of this study 
is to identify and prioritize the factors involved in 
fatal crashes and assess the potential effectiveness of 
emerging or existing technologies that may have 
prevented or lessened the severity of the crash.   The 
study was conducted by a multidisciplinary team of 
NHTSA crash investigators, engineers and a 
statistician who analyzed real-world fatal crashes 
found in the National Motor Vehicle Crash Causation 
Survey (NMVCCS). 
 
NMVCCS was a nationally representative survey 
conducted by NHTSA from 2005-2007. Trained 
researchers conducted on-scene investigations on 
nearly 7,000 crashes during the project, focusing on 
the precrash phase of the crash.  The ability to 
investigate the selected crashes on-scene, in most 
cases within minutes, allowed the researchers to 
make better assessments of the events that led up to 
the crash. The survey collected up to 300 data 
elements on the driver, vehicle, and environment.  
Important components of NMVCCS were based on a 
methodology originally outlined by Kenneth 
Perchonok [2], including coding of the critical event, 
critical reason, and the associated factors that were 
present at the time of the crash. 

During this study the NHTSA team conducted in-
depth clinical analysis of each of the fatal crashes 
collected in NMVCCS, assigning the critical and 
secondary factors that led to the crash.  The team also 
identified potential crash prevention measures at the 
driver, vehicle, and environmental levels. The results 
indicate that crash avoidance technologies including 
lane departure warning/lane keeping, ESC, alcohol 
detection, and auto/assisted braking could have been 
beneficial in preventing many of the fatalities. 
 
INTRODUCTION 
 
There have been considerable crashworthiness 
improvements in the light vehicle fleet over the past 
decade as evidenced by the 2009 fatality rates 
dropping to the lowest levels since 1950 [3].  With a 
high percentage of vehicles performing very well in 
NHTSA’s New Car Assessment Program (NCAP) 
and the Insurance Institute for Highway Safety 
consumer information crash test programs along with 
seat belt usage estimates at 84% [4] a logical next 
step in addressing fatalities on the nation’s roads 
appears to be in the area of crash avoidance.  
Technologies such as lane departure warning, 
auto/assisted braking (e.g., forward collision 
warning), and electronic stability control (ESC), are 
making their way into the current fleet, and being 
encouraged through NHTSA’s 2011 NCAP.  
Assessing crashes that might be candidates for these 
technologies are important in their evaluation.   
 
After examining the available data sources for a 
study focusing on causal factors in fatal crashes, the 
team selected NMVCCS as the best source for an in-
depth clinical analysis.  NMVCCS used trained 
researchers at 24 nationally-representative locations 
across the country and initiated cases based on a 
series of notification criteria, with the key 
components including at least one towed light 
vehicle, EMS dispatch, and the ability of the 
researcher to perform an on-scene investigation.
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NMVCCS was based on a methodology similar to the 
Large Truck Crash Causation Study (LTCCS) which 
was conducted by the Federal Motor Carrier Safety 
Administration (FMCSA) and NHTSA from 2001-
2003.  An evaluation of crash avoidance 
countermeasures for medium/heavy trucks using 
LTCCS was conducted in 2009 [5] and yielded 
findings comparable to those found in this study. 
 
In NMVCCS, due to the researcher’s unique on-
scene perspective, the precrash variables including 
pre-event movement, critical event, avoidance 
maneuver, and crash type were able to be coded with 
a high degree of accuracy. Additionally, NMVCCS 
collected a multitude of information on the associated 
factors in the crash including the driver’s condition, 
recognition, decision, performance, and emotional 
factors.  Factors associated with the vehicle, 
highway, and environment were collected as well. 
 
The critical precrash event is the action or event that 
placed the vehicle on a course such that the collision 
was unavoidable.  In other words, the critical event 
makes the crash inevitable. NMVCCS coding of the 
critical reason, which is the immediate reason and the 
failure that led to the critical event [6], also proved to 
be a valuable tool in this analysis.  Although the 
critical event and critical reason are important parts 
of the description of the crash, they do not imply the 
cause of the crash or assignment of fault. The 
primary purpose of the variables is to enhance the 
description of events and allow analysts to better 
analyze similar events [7].  The critical reason for the 
critical event, which is typically assigned to one party 
in a crash, was attributed to driver related factors in 
94% of the crashes in the case study as shown in 
Figure 1. 
 
Table 1 shows the critical event for vehicles in the 
fatal study that were assigned the critical reason by 
the NMVCCS researcher; many appear to be prime 
candidates for crash avoidance technologies. 
 

 
Figure 1 

Critical Reason Coded in NMVCCS  
(Percentages rounded) 

Table 1 
Critical Event for Vehicles Assigned the 

Critical Reason in NMVCCS 
(Percentages rounded) 

 
Critical Event 

Category 
Critical Event % 

This Vehicle 
Traveling 

Off the edge of the 
road on the right side 

20% 

This Vehicle 
Traveling 

Off the edge of the 
road on the left side 

18% 

This Vehicle 
Traveling 

Over the lane line on 
left side of travel lane 

17% 

This Vehicle 
Traveling 

Turning left at 
intersection 

9% 

This Vehicle 
Control Loss Due to 

Traveling too fast for 
conditions 

8% 

This Vehicle 
Traveling 

Crossing over (passing 
through) intersection 

7% 

Other Vehicle in 
Lane 

Traveling in same 
direction with lower 
steady speed 

3% 

This Vehicle 
Control Loss Due to 

Unknown cause of 
control loss 

3% 

Pedestrian, 
Pedacyclist 

Pedestrian in roadway 3% 

This Vehicle 
Control Loss Due to 

Blow out/flat tire, 
(specify) : 

2% 

This Vehicle 
Traveling 

End departure 2% 

Other Vehicle 
Encroachment 

From crossing street, 
across path 

2% 

This Vehicle 
Control Loss Due to 

Poor road conditions 
(puddle, pot hole, ice, 
etc.) 

2% 

Other Vehicle 
Encroachment 

From adjacent lane 
(same direction) - over 
left lane line 

1% 

Other Vehicle 
Encroachment 

From adjacent lane 
(same direction) - over 
right lane line 

1% 

This Vehicle 
Control Loss Due to 

Non-disabling vehicle 
problem (e.g., hood 
flew up) 

1% 

Other Vehicle in 
Lane 

Traveling in opposite 
direction 

1% 

This Vehicle 
Traveling 

Turning right at 
intersection 

1% 

Other Vehicle in 
Lane 

Traveling in same 
direction while 
decelerating 

1% 

Other Other (specify) : 1% 
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METHOD 
 
This study analyzed the 119 fatal crashes collected by 
NMVCCS during its three-year duration and was not 
limited to crash type.  The cases were examined by a 
team consisting of engineers (crashworthiness, crash 
avoidance, human factors), crash investigators, and a 
statistician.  The majority of the team members also 
participated in a previous clinical study of real-world 
crashes published in 2009.  The previous study 
reviewed the factors affecting fatalities of air bag and 
restrained occupants in frontal crashes [8], and the 
group elected to use a similar case analysis strategy 
that was effective in that study.  Since the objective 
of the study required more detailed information than 
could be extracted from the coded NMVCCS 
variables alone, the team developed a case review 
template to capture important information found in 
the scene diagram, scene and vehicle photographs, 
coded data, and narrative crash summary.  The team 
also cross-referenced the NMVCCS data with 
alcohol/drug testing results, and driver license/history 
information from the corresponding case in the Fatal 
Analysis Reporting System (FARS).  Each team 
member individually reviewed a subset of the cases 
and prepared a summary, using the review template 
as a guide.  The team then met and reviewed each 
case in-depth, reaching a consensus on the critical 
and secondary factors that led to the crash.  In 
addition, the group identified crash prevention 
measures that may have been applicable to the 
vehicle, driver, and environment.  
 
Factors related to the fatal crashes were deemed 
critical or secondary, depending on the nature of their 
causative effects.  Only one critical factor was 
assigned to each case, but in most cases there were 
multiple secondary factors cited.  A factor was 
assessed to be critical if the absence of the factor 
would have prevented the fatal event.  The ability to 
relegate a factor to secondary status allowed the team 
to capture the essentials of the case without diluting 
the importance of the factor considered most 
significant to the initiation of the fatal crash. 
However, in some cases determining which of the 
factors present would be assigned the critical factor 
proved difficult.  For example, several cases involved 
drivers with very high Blood Alcohol Concentrations 
(BAC’s) that were also speeding at the time of the 
crash.  The team considered these on a case-by-case 
basis, but in most situations the team selected alcohol 
as the critical factor and speeding a secondary factor.  
 
Although typically not considered when assessing 
crash avoidance, the team elected to include not 
wearing a seat belt/not using a child restraint, and no 

valid drivers license as secondary factors in the 
crashes.  The team’s crashworthiness background 
crept into the study when reviewing the cases, 
theorizing that some of the cases would not have 
been fatal, thus not qualifying for the study, had the 
fatal occupant been restrained.  Similarly, drivers 
without a valid license should in theory not be on the 
road in the first place. 
 
Crash prevention measures were assigned for each 
case using the basic mindset of, “How could this 
crash have been avoided?”  Technological features on 
the vehicle, driver’s behavior or actions, and 
environmental modifications were all considered, and 
in most crashes multiple prevention measures were 
chosen.  A conservative approach was applied when 
assigning crash avoidance features limiting them to 
technologies that are already available, or slated to 
deploy in the near-term.  
 
Results 
 
During the reviews, it became apparent that a small 
number of the cases did not fit the study criteria and 
were thus excluded from the study.  Examples 
include crashes that involved law enforcement 
intervention and drivers that were fatal due to heart 
attacks immediately prior to a minor crash.  Eight 
cases were deleted from the original set leaving 111 
for analysis.  In the 111 fatal cases analyzed in the 
study there were 125 total persons killed, 112 light 
vehicle occupants, 9 motorcycle occupants, and 4 
nonmotorists.  A histogram of the age of the driver or 
nonmotorist assigned the critical reason by the 
NMVCCS researcher is shown in Figure 2. 
 
 

 
Figure 2 

Distribution of Driver or Nonmotorist Age 
NMVCCS Assigned Critical Reason 
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Figure 3 shows the rounded percentage distribution 
of the critical factor assigned to each of the 111 
crashes by the review team.
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3 
Assigned Critical Factor 

 
A total of 168 secondary factors were also listed in 
the crashes.  Multiple secondary factors were coded 
in some cases.  Table 3 displays the frequency of all 
279 factors selected by the team. 
 
Findings from the NMVCCS analysis show that in 
80% of the crashes, countermeasures on the vehicle 
may have helped prevent the crash. The five most 
common vehicle crash prevention technologies and 
the percentage of cases they could have been 
effective in are listed in Table 2.  Multiple 
technologies were beneficial in many crashes. 
 

Table 2 
Common Vehicle Crash Prevention Technologies 

Percentage of cases  
 

Vehicle Crash Prevention Technology % 
Electronic Stability Control 32% 
Lane Departure Warning/Lane Keeping 32% 
Alcohol Detection 27% 
Auto/Assisted Braking 23% 
Distracted/Drowsy Driver Technology 7% 

Table 3 
All Factors 

Speed/Control loss 46 
Alcohol/Drugs 45 
No Seat belt/Child restraint usage 32 
No valid license 29 
Unknown/Unexplained driver error  19 
Vehicle factor 17 
Illegal maneuver/Aggressive 14 
Critical non-performance/Physical 
factors/Medical conditions 

13 

Environmental factor 11 
Distraction 9 
Driver performance/Overcompensation 9 
Inadequate surveillance 7 
Feel Asleep/Fatigue 7 
Non contact vehicle encroachment 6 
Misjudgment of Gap or speed 4 
Decision error/Poor judgement 3 
Poor judgement-nonmotorist 3 
Inexperience 2 
No helmet use 1 
Occupant not in seat 1 
Unfamiliar roadway 1 

Total factors 279 
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Discussion 
 
Critical Factors 
Alcohol/Drugs (32%) was by far the most common 
critical factor cited by the team during the case 
review process (See Figure 3).  Alcohol accounted 
for 22 critical factors, drugs 4, and a combination of 
alcohol and drugs in 9 of the cases.  It is important to 
note that the team did not arbitrarily assign 
alcohol/drugs as the critical factor merely due to its 
presence in the crash.  In addition to the 35 cases 
where alcohol/drugs were assigned the critical factor, 
there were 10 cases where it was a secondary factor, 
making alcohol/drugs a factor in 41% of the cases.  In 
the cases with alcohol/drugs as the critical factor and 
the BAC was known, the average BAC was 0.20.  
Almost three-quarters  (72%) of the drivers were 
more than double the .08 legal-limit.   
 
Another critical factor listed which has received 
significant attention in recent years is distraction.  
Distraction was deemed the critical factor in 8% of 
the reviewed fatal NMVCCS cases.  While this figure 
seems comparatively low to the 16% distraction-
reported fatality numbers in recent statistics released 
by NHTSA [9] it should be noted that the team 
selected unknown/unexplained driver error as the 
critical factor in an additional 15% of the cases.  
Many of these cases showed characteristics of 
distraction crashes, however, it could not be 
determined definitively based on the available 
information, therefore the team decided to err on the 
conservative side.  Determining distraction, 
particularly when a driver is deceased, is difficult to 
assess even by trained investigators on-scene. 
 
An example of a distraction critical factor case was 
2006-48-040 1 involving a 1994 Nissan Maxima and 
a 1994 Peterbilt tractor trailer combination.  
Conditions at the time of the crash were dry and 
daylight on a weekday afternoon with a posted speed 
limit of 70 mph.  The Maxima was traveling 
westbound on the divided interstate and crossed the 
center median striking the tractor trailer head-on.  
The crash resulted in the deaths of two female 
occupants.  Figure 4 shows the vehicle at final rest. 
 

                                                 
1 References to specific cases are in the form 200x-
YY-ZZZ, where 200x represents the NMVCCS case 
year, YY the primary sampling unit (PSU), and ZZZ 
the case number.  Cases can be viewed using the on-
line NMVCCS case viewer accessible via the 
NHTSA web site at http://www-
nass.nhtsa.dot.gov/nmvccs_pub/SearchForm.aspx 

 
Figure 4 

Vehicle Final Rest   
NMVVCS case 2006-48-040 

 
A witness reported that the driver was talking on a 
cell phone and the front right passenger was reclined 
with her feet on the instrument panel.  The witness 
stated it looked as if the driver dropped something 
and was trying to retrieve the object from the floor 
when the vehicle moved left into the median.  The 
driver steered right, back into the travel lanes, and 
then abruptly left as she overcompensated.  The 
vehicle entered the median and crossed into the 
oncoming lanes where it collided with the tractor 
trailer before catching on fire. 
 
The driver’s father indicated his daughter was on her 
way home across two states after finishing college 
semester finals and had only slept about three hours 
the night before.  She drove the vehicle on a daily 
basis but only rarely on this roadway. Figure 5 is an 
overview of the impact area while rescue efforts were 
still ongoing. 
 

 
Figure 5 

Impact area NMVVCS Case 2006-48-040 
Critical Factor – Distraction 
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The team selected distraction as the critical factor in 
the crash.  Secondary factors were overcompensation 
and fatigue.  Vehicle-related crash prevention 
measures that may have been beneficial were ESC, 
lane departure warning/lane keeping, and distracted 
driver technology.  Figure 6 is a scaled diagram of 
the scene. 
 

                
 

Figure 6 
Scene Diagram 

NMVCCS Case 2006-48-040 

Secondary Factors 
In addition to a critical factor for each case, the team 
added secondary factors where applicable, totaling 
168 secondary factors in the 111 cases.  As 
mentioned previously, some secondary factors 
included are non-causal.  The most common 
secondary factors in the crashes were no seat belt or 
child restraint used (29%), speed/control loss (28%), 
and no valid drivers license (26%).  Excessive speed 
and/or control loss was considered on a case by case 
basis using the available data and the group’s 
expertise.  As discussed earlier in the Method section 
of this paper, this factor often occurred in conjunction 
with alcohol/drugs and was more commonly assigned 
a secondary factor (31) than as the critical factor (15), 
making it a factor in 41% of all the fatal cases 
reviewed.    
 
The team noted that in the alcohol/drug critical factor 
cases, multiple secondary factors were typically 
present.  While reviewing the detailed information 
available in the crash narrative summaries and coded 
data a distinct pattern was apparent in these cases, 
pointing towards what many would consider general 
societal issues.  The offending driver would not only 
have a high BAC, but be speeding, not wearing a seat 
belt, not have a valid drivers license, etc.  Most of 
these drivers also had a lengthy list of prior citations 
and suspensions in the FARS database.   
 
An example of such a case is 2006-43-073 which 
resulted in the fatality of a 35-year old male driving a 
2004 Ford F-150.  The crash occurred on a two lane 
road with a posted speed of 45 mph.  The pickup 
truck departed the right side of the roadway, striking 
a mailbox, before reentering the roadway and 
departing the left side.  The vehicle then returned to 
the roadway again, crossing the double yellow line, 
before departing the right side of the roadway for a 
second time.   After this third roadway departure the 
pickup began a counterclockwise yaw.  The vehicle 
contacted a speed limit sign while rolling eight-
quarter turns, coming to rest on its wheels with the 
ejected driver underneath the vehicle.  Figure 7 
shows an image of the crash scene. 
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Figure 7 

Rollover area 
NMVCCS Case 2006-43-073 

Critical Factor- Alcohol/Drugs 
 
The NMVCCS summary provided a multitude of 
background on the driver and the crash.  The driver 
reportedly had a rare day off and was consuming 
alcohol while visiting relatives at a local lake.  The 
parents stated that 17 years ago the driver was 
involved in a severe jet ski accident and suffered a 
head injury which required brain surgery and since 
then he had difficulty differentiating appropriate 
behavior.   Eight months prior to the crash his parents 
reported he was arrested for exceeding 100 mph on a 
motorcycle.  They claimed he “lived on the edge” 
and would often race cars at a local track.  He’d also 
been recently treated for a stress-related ulcer and 
often times suffered from fatigue.  NMVCCS data 
showed a suspended license, and FARS information 
indicated three prior suspensions and two previous 
speeding convictions.   The police reported travel 
speed at the time of the crash was 65 mph in the 45 
mph zone.  During the vehicle inspection in clear 
view were several over-the-counter medications, 
including stimulants, stress tablets, mood stabilizers, 
and heartburn medications, along with several empty 
beer cans.  Post mortem BAC was 0.25.  Figure 8 is 
an image of the vehicle at final rest. 
 
The team categorized the critical factor in this crash 
as alcohol/drugs.  Secondary factors cited were 
speed/control loss, overcompensation, no valid 
license, and seat belt usage.  Vehicle crash prevention 
measures listed were alcohol detection and ESC.  The 
next section of this paper describes why lane 
departure warning/lane keeping was not selected as a 
crash prevention measure in this particular case. 
 
 
 

 
Figure 8 

Vehicle Final Rest 
NMVCCS Case 2006-43-073 

 
 
Crash Prevention Measures 
Crash preventions measures were identified at the 
vehicle, environment, and driver levels, with the team 
focusing on technological vehicle improvements 
available in the near future. 
 
As seen in Table 2, the most common vehicle 
prevention technologies selected by the team were 
ESC, lane departure warning/lane keeping, alcohol 
detection, and auto/assisted braking.   The 
implementation of ESC in the vehicle fleet as 
mandated in Federal Motor Vehicle Safety Standard 
(FMVSS) No. 126, “Electronic stability control 
systems,”  is currently being phased-in, and some of 
the other technologies identified are encouraged 
through the new NCAP program.  Findings from the 
NMVCCS analysis show that in 80% of the crashes, 
countermeasures that could be installed on the 
vehicle may have helped prevent the crash or reduced 
the severity.  
 
The team deduced that lane departure warning and 
lane keeping technology could have been useful in 
32% of the cases.  In many cases it was determined 
that lane departure warning would not be effective 
unless some form of lane keeping technology was 
also present, thus the two technologies were grouped 
together.  The number of cases deemed candidates for 
these avoidance features by the team is significantly 
lower than the 55% of crashes in the study where the 
vehicle assigned the critical reason in NMVCCS had 
a critical event of ‘this vehicle traveling off the edge 
of the road’ or ‘over the lane line’ (see Table 1).  
Though these crashes appeared to be candidates for 
lane departure warning/lane keeping when viewed 
purely from a statistical standpoint, after clinically 
reviewing the cases, the team felt that the technology 
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would not be sufficient to prevent the crash.  The 
case example used earlier, 2006-43-073, is a good 
example of why studies relying solely on police 
reported information cannot be reliably used for 
countermeasure evaluation and benefits estimates.  
Some cases involving very high BAC were excluded, 
because an ensuing crash of another configuration 
seemed highly likely.  ESC was another vehicle 
prevention countermeasure that would have preceded 
the need for lane departure warning/lane keeping 
technology in certain instances.  Furthermore, in 
many cases the lack of the shoulder on the roadway 
would have prevented a lane departure warning/lane 
keeping system from being effective.    
 
Alcohol detection technology was listed as a potential 
countermeasure in 27% of the cases.  The percentage 
closely resembles the 32% of the total alcohol-
impaired traffic fatalities reported by NHTSA for 
2009 [10].  In-vehicle technologies such as those 
being investigated in the Driver Alcohol Detection 
System for Safety (DADSS) program would be 
invaluable in addressing the alcohol-impaired driving 
problem that this study confirms.   DADSS is a 
cooperative research agreement between The 
Automotive Coalition for Traffic Safety (ACTS), 
whose members represent a majority of the 
automotive companies, and NHTSA.  Additional 
information on the project can be found at 
http://www.dadss.org. 
 
For 23% of the cases auto/assisted braking was listed 
as a potential countermeasure to prevent or lessen the 
severity of the crash.  For these crashes there 
appeared to be sufficient time for forward looking 
sensor to recognize an impending threat and reduce 
the speed of the subject vehicle.  These cases 
included front-to-front, front-to-side and front-to-rear 
crash configurations.  Although most forward looking 
crash avoidance systems available today are only 
currently designed for front-to-rear end crash 
mitigations, the team believed these systems will 
eventually mature to include other crash types.  
 
Environmental crash prevention measures, such as 
the addition of guardrails, were identified in 15% of 
the cases, but generally not seen as a feasible 
solution.  It seems impractical to install guardrails or 
barriers on every mile of roadway throughout the 
country to prevent road departure including median 
crossover crashes.  Other environmental factors such 
as glare or poor road conditions were rarely seen in 
the study.   
 
Crash prevention measures that could be geared 
toward drivers largely centered on long-standing 

behavioral issues such as speeding, drinking and 
driving, operating without a valid license and 
disregard of traffic controls.  However, there were 
some driver issues that are relatively new problems 
including, cell phone/texting, and medical/physical 
issues primarily pertaining to the aging population.  
NHTSA continues to work closely with stakeholders 
at the local, state, and national levels to target these 
areas through enforcement and education. 
 
Conclusions 
 
Detailed clinical reviews of the fatal cases in the 
National Motor Vehicle Crash Causation Survey 
yielded valuable information on the critical and 
secondary factors that contributed to the crash and 
possible crash prevention measures.  Alcohol/drug-
impaired driving was selected as the critical factor in 
32% of the crashes, by far the most frequent in the 
study.   The most common secondary factor in the 
crashes was no seat belt or child restraint used (29%).  
Many of these crashes were not exceedingly severe 
crashes, or involved ejection and the occupant would 
have likely survived if properly restrained.  Although 
seat belt usage did not initiate the crash, it certainly 
relates directly to the source and severity of the fatal 
injuries.  The four most common crash avoidance 
technologies; ESC, lane departure warning/lane 
keeping, alcohol detection, and auto/assisted braking, 
account for 82% of the vehicle crash prevention 
measures identified by the team in the cases.   
 
 
The factors identified in the study are issues which 
need to be addressed in future years to continue the 
reduction of fatalities.  The findings suggest that 
implementation of crash avoidance technologies 
could be very effective in continuing the reduction of 
fatalities.  In addition, the study highlights the need 
for additional detailed data on the precrash phase of 
the crash to refine target populations for benefits 
estimates.  
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ABSTRACT 

 

New vehicle types are extensively tested to check 
almost all factors that influence ride and handling. 
With reference to the Association of German Car 
Tuners’ (VDAT e.V.) valuations, approximately 10% 
of all cars in Germany are being modified by their 
owners. 28 % of those modifications’ sales are 
divergent wheel-tire combinations, 13 % are tuning 
measures on the chassis suspension or wheel spacers. 
In almost all cases the singular modifications present 
a general permission for specific vehicles they have 
been tested in. Combined tuning measures, however, 
are often checked by just one inspector, following a 
procedure of mostly subjective assessment criteria. 
Today, critical attributes are only being observed, in 
case a vehicle is involved in an accident and the 
modifications are identified as crash causal factors or 
as a cofactor on the development of a crash. For the 
first time, a field study allows a survey of safety 
affecting chassis modifications. 
The test layout has to comply with some basic 
conditions. Different vehicle concepts with a wide 
margin of modifications are required to get a high 
transferability of the results. A total amount of more 
than 150 tested vehicles serves the same purpose. The 
tests are limited concerning the installation time of 
measurement techniques and the requirement that no 
damage, defilement or immoderate wear of the 
vehicles are accepted by their owners. Due to such 
factors as well as the driver´s acceptance, the vehicles 
are controlled by its owners instead of robots or test 
drivers. For keeping down the driver´s influence, the 
lane has narrow boundaries and the driver has to drive 
in strictly adherence to the given instructions. 

After gathering all modifications, as well as static and 
kinematic parameters like the toe and camber angle, 
dynamic testing of predominantly lateral dynamics is 
conducted. Besides standardized tests like the ISO 
3888-2 (Obstacle Avoidance) or the ISO 14512 
(Braking on Surfaces with Split Coefficient of 
Friction), to test the influence of modified kingpin 
offsets caused by wheel spacers, some deviant tests 
are conducted. Those are required due to the demand 
of objective test results for road tests with vertical 
induced stimulation of the chassis suspension. Hence, 
new tests on corner braking with and without vertical 
stimulation have been developed. 
The interpretation of data includes thresholds, e.g. the 
maximum entrance velocity without hitting cones, on 
the one hand, and the analysis of characteristics of 
data concerning time and frequency range, “1-second 
values” and peak response times on the other hand. 
Besides the thresholds as indicators for the achievable 
velocities, which are mainly affected by friction 
coefficients, the vehicle reaction in the course of time 
characterizes the vehicle reaction in the threshold 
range and consequently the operational demands on 
the driver. 
The field study has started and promises the first 
long-range analysis of chassis modifications. The 
results offer a basis for hypothesis and resultant 
further test layouts for oncoming studies of the 
identified critical tuning measures. 



 
INTRODUCTION 

The Institute of Automotive Engineering at 
Technische Universität Darmstadt and the Federal 
Highway Research Institute research on the safety of 
vehicles with modified chassis suspension. The 
research project includes an analysis of tuning 
measures, a field study on crash causal factors, and a 
detailed examination of the identified critical states by 
the use of vehicle simulation and an experimental 
vehicle. This paper concentrates on the results of the 
field study. The results of the systematical 
investigation are expected at the end of the year.  

 

STATE OF THE ART 

Today, the process of development includes 
comprehensive tests of prototype vehicles, both in 
dynamic testing and in simulation. Thereby, the main 
safety-regarding aim is to ensure the functional 
safety. All-embracing examination about the factor of 
vehicle modification is not covered by the analysis of 
functional safety. In addition to simulation, subjective 
and objective methods are used to assess both, safety 
and comfort of chassis suspension. The mentioned 
project analyzes just the safety-regarding aspects for 
the reason that costumers of tuning measures do not 
expect benefits in comfort. 

 
Subjective Safety Criteria  
 
The controllability of a vehicle gets specified by 
desired characteristics (cf. Heißing [1]): 

• predictable vehicle reactions to the drivers 
input, 

• high damping ratio of the yaw rate, 
• well-defined approach to the limit of 

cornering grip, 
• soft transfer behavior, and 
• consistent driving with different loads as 

well as on surfaces with different friction 
coefficients.  

The assessment of various criteria happens by the use 
of various assessment schemes. The subjective 
vehicle safety can be assessed by test drivers as well 
as by test persons. 

 
 
Objective Safety Criteria  
 
Objective safety criteria distinguish between 
thresholds and the view on characteristics in time or 
frequency range. Characteristics to describe the 
vehicle behavior as well as the conceptual design of 
the maneuvers are the topic of diverse scientific 
publications (e.g. Baumann [2], Richerzhagen [3])  

 

CONSIDERATION OF THEORY 

The consideration of theory includes a vehicle tuning 
analysis, the derivation of crash causal factors, and 
the definition of the test layout.  

 
Vehicle Tuning Analysis 
 
Vehicle tuning includes several measures on: 

• wheel, 
• aerodynamic, 
• chassis suspension,  
• engine, 
• exhaust system, 
• interior, 
• audio system, 
• steering wheel, and 
• seat. 

According to a study by VDAT [4] from 2005, the 
sales of German tuning manufacturers reach a yearly 
amount of 4.6 bn Euro. Thereby, young drivers have a 
higher purchase intention for such parts but a smaller 
budget. For that reason more and more parts of very 
inferior quality get sold to costumers with scarce 
technical knowledge (cf. DVR [5]). Within the study, 
modifications on chassis suspension get analyzed.  

Tuning measures on chassis suspension Chassis 
modifications can be realized by the replacement, the 
adjustment, or by the installation of additional 
components. The parameters (cf. Causemann [6]) of 
the chassis suspension thereby interact with each 
other (See Figure 1). 

 



 

Figure 1: Scheme of the parameters of chassis 
suspension 

Typical chassis modifications are: 

• change of wheels/ tires, 
• track extensions, and 
• change of the chassis suspension. 

The change of wheels and tires includes wide-base or 
low-section tires as well as changes of the rim contour 
and the tire filling with nitrogen. Beside a loss of 
comfort, influences on the steering behavior and on 
the sensitivity to ruts can occur. 

Track extensions typically extend the track width 
about two to four percent. This extension gets realized 
by wheel spacers or by a lower rim offset. A modified 
track width changes the scrub radius. Thus, the 
directional stability changes particularly with regard 
to braking on a track with partially low friction (cf. 
Betzler, Reimpell [7]).   

Changes of the chassis suspension include shorter and 
stiffer springs, stiffer sway bars, and dampers with a 
stiffer characteristic. 

Life-cycle Several partners are involved in the 
tuning market. The participants in the life-cycle of 
modifications are separated in four closely connected 
groups with different interests (See Figure 2). 

 

 

 

Figure 2: Scheme of the partners in the life-cycle 
of tuning 

Regulations The motor vehicle licensing in 
Germany requires a type approval. Single tuning 
measures with a type approval do not need an 
acceptance test. Combined tuning measures or large-
scale changes require a test to keep their operating 
license (cf. Konitzer, Wehrmeister [8]). 

 

Crash Causal Factors 
 
According to the three-level-model of Donges [9], the 
task of driving includes navigation, tracking and 
stabilization. Concerning safety-matters, the effects 
on the stabilization-level of the vehicle are being 
analyzed. Parameters to describe the risk of accidents 
are defined as: 

• vehicle-caused malfunction, 
• sensitivity to malfunction, and 
• feasibility to correct an impact on the 

controllability. 
 

Vehicle-caused malfunction Within the study, 
vehicle-caused failures are not considered. The 
exclusion of this parameter is based on the 
consumption that the participating vehicles, as well as 
the modified parts, had passed the technical 
inspection or approval by a technical inspection 
authority (e.g.: TÜV [10], Dekra [11]). 

Vehicle-caused malfunction also includes effects that 
may occur currently, or more often with modified 



vehicles. An exemplary malfunction is hitting the 
damper stop. Vehicle-caused malfunction has not 
been identified within the field study. 

Sensitivity to malfunction The sensitivity to 
malfunction is represented by open-loop maneuvers. 
On the one hand, reactions to transient stimulations 
and on the other hand response functions are 
instrumental in assessing the safety relevant 
parameters. 

Feasibility to correct an impact on the 
controllability The driver and the vehicle represent a 
closed loop control. The feasibility to correct an 
impact on the controllability is characterized by the 
vehicles’ response time as well as the transfer 
function. 

This criterion includes: 

• the time delay of the vehicle reaction after 
the drivers input, and 

• the transfer function between the drivers 
input (steering angle, the position of throttle 
and brake pedal) and the vehicle motion. 

The extract of a closed loop control circuit (See 
Figure 3), based on Mitschke and Heißing [12], [13] 
illustrates the time delay between the driver input and 
the vehicles reaction. 

 

 

Figure 3: Scheme of the closed loop control of 
vehicle stabilization 

 
 
 
 
 

Test Layout 
 
Dynamic parameters regarding to safety, affect the 
lateral dynamics. Concerning this matter, the focus 
concentrates on the: 

• lateral dynamics, 
• combined longitudinal and lateral dynamics, 

and 
• combined vertical and lateral dynamics. 

With reference to this test design, an applicable test 
layout has to be defined. An established method 
therefore is the derivation of basic maneuvers and the 
superposition of these maneuvers (cf. Janßen [14]).  

Hereby, the maneuver is defined by the initial state of 
the vehicle, the basic maneuver and the combination 
of basic maneuvers (See Table 1). 

 

Table 1. 

Derivation of longitudinal and lateral maneuvers 

Maneuver 

initial state

initial state of track - straight 
- curve 

initial state of 
movement  

- speed 
- lat. acceleration
- sideslip angle 

basic 
maneuver 

load cycle changes 
braking 
acceleration 

steering 
- jump 
- ramp 
- sinus 

combined 
maneuver 

superposition of  
basic maneuvers 
sequence of basic 
maneuvers 

- periodical 
- extensive 

 

Lateral and vertical stimulation offer a supplementary 
variation of the basic maneuvers. Beside the 
stimulation by wind, transient, periodic, and aperiodic 
stimulation by road affect the vehicle dynamics (See 
Table 2). 

 

 

 



 

Table 2. 

Derivation of stimulation types 

Stimulation 

track 

transient - one-sided 
- two-sided 

periodic 

aperiodic - deterministic 
- random 

other wind 
 

The test conditions offer an additional parameter next 
to the definition of the maneuver. Within the study, 
the track conditions are particularly important with 
regard to the vehicle safety, necessary to ensure the 
assignability of the test results. The derivation of test 
conditions includes the weather as well as the track 
conditions (See Table 3).  

Table 3. 

Derivation of test conditions 

Test conditions 

weather 

rainfall 

- fog 
- rain 
- snow 
- hail 

ambient temperature 

light - glare 
- twilight 

track 

surface temperature 

friction coefficient 

- dry 
- wet 
- humid 
- ice 
- snow 
- μ-split 
- μ-jump 

 

The final test layout represents the relevant 
standardized tests and deviant test layouts to address 
the expected crash causal factors of vehicle 
modifications. 

 

 

 

 

 

FIELD STUDY 

 

The main objectives of the field study are: 

• the analysis of safety-affecting single tuning 
measures, 

• the research into the effects of multiple 
modifications, and 

•  the identification of capable test layouts. 

The results of the study offer an overview about the 
trend of dynamic effects, as a function of the tuning 
measures’ extend. 

Within the field study, the vehicle owners drive their 
own cars. By this approach to the vehicle guidance, 
the real-case scenario is represented as good as 
possible. In addition to that reason, the vehicle 
owners’ acceptance to the test raises. 

  

Testing Requirements 
 
In face of the involvement of conventional vehicles 
and their owners in dynamic testing maneuvers, 
exceptional requirements have to be fulfilled. 

Safety The safety needs to be ensured for: 

• occupants, 
• the test vehicle, and 
• the testing infrastructure. 

An adequate reaction in case of critical maneuvers 
cannot be expected within a study with ordinary 
drivers. The implementation of safety zones as well as 
crash-permissive targets and cones into the test layout 
attend this requirement. 

Instrumentation The installation of the 
instrumentation takes place in different vehicle types. 
A central unit needs to be fixed and calibrated in the 
rear trunk; an adapter gets mounted on the steering 
wheel, and the speed sensor gets attached to the 
towing lug. The assembly needs to happen fast and 
easily. The measuring setup works self-sustaining and 
needs to be removed without leaving any damage at 
the vehicles. 



Configuration of vehicles Different vehicles with 
a wide range of modifications offer an adequate 
survey. Vehicles without ABS or ESC systems and 
non-modified vehicles get tested for the same reason. 

Registration of vehicle parameters The 
characterization of the vehicles occurs by the 
registration of additional vehicle parameters beside 
the measurement data. The following data are 
necessary to calculate parameters and to classify the 
vehicle: 

• position of the gravity center, 
• wheel base, 
• position of the sensors, 
• present tuning measures, 
• tire data, and 
• track conditions. 

 

Test Environment 
 
The field study takes place on the proving ground of 
the TUD. The area offers a track-width of 20 m, two 
dynamic pads with a diameter of 40 m and a straight 
braking track with a watered low friction surface (See 
Figure 4).  

 

Figure 4: Braking maneuver on a low friction 
surface 

 

Test Design 
 
The test design covers critical states of maneuvers as 
well as tests to assess the feasibility and the 
sensitivity. Therefore four categories of testing 
compose the layout. 

Calibration The test vehicle passes a basic layout 
to calibrate the sensors and to identify the sensor 
offsets, including: 

• 5 s offset-adjustment, 
• 100 m straight to adjust the sideslip angle, 
• 360° quasi-static cornering, and 
• 10 m straight to calibrate the speed sensor. 

A light barrier is mounted to trigger the signals. 

Lateral dynamics The lateral dynamics are 
represented by: 

• lateral transfer function, 
• steady-state cornering, and 
• obstacle avoidance. 

Thereby, the lateral transfer function is tested in a 
slalom maneuver with 15 m distance between the 
cones. The several runs get passed with 40 km/h, 50 
km/h and with the maximum speed. This test refers to 
ISO 7401 [15]. The steady-state cornering (cf. ISO 
4138 [16]) starting with 10 km/h and raising about 10 
km/h each run until reaching the maximum possible 
maneuver-speed takes place on a skid pad with 50 m 
radius. Within this test, the understeer gradients as 
well as the maximum lateral acceleration get tested. 
The ISO 3888-2 [17] obstacle avoidance test requires 
a high controllability and a predictable vehicle 
behavior. 

Combined lateral and longitudinal dynamics 
The combined lateral and longitudinal dynamics are 
represented by: 

• braking in a turn, 
• braking on surfaces with split coefficient of 

friction, and 
• brake-/ evade test maneuver. 

Braking in a turn (cf. ISO 7975 [18]) and the non-
standardized brake-/ evade test maneuver distinguish 
between the initial state of track. Braking on a track 
with split coefficient of friction represents an open-
loop test and it is comparable to ISO 14512 [19]. 

Combined lateral and vertical dynamics For 
reaching a high acceptance rate of the participants, 
regarding the maneuver, a single vertical stimulation 
is the highest imposition for the vehicle. For that 
reason, an open loop test with a transient two-sided 
vertical stimulation is implanted into the test layout. 

 



Signals and Data Quality 
 
To achieve the testing requirements of objective 
results, a package of sensors gets adapted to each 
vehicle of the field study.  

 

Figure 5: Scheme of sensor configuration 

The sensor package includes a high-precision optical 
2-axis speed sensor, a light barrier for trigger, a 
sensor to measure the steering angle, and a box with a 
3-axis acceleration, and 3-axis angular motion 
measurement (See Figure 5). To cover as many 
vehicles as possible, the sensor package is a stand-
alone system. The data recording frequency of 250 Hz 
was selected for a 10-time oversampling of the safety-
relevant chassis motion and the eigenfrequency of the 
wheel, which are lower than 25 Hz (cf., Mitschke, 
Wallentowitz [20]). The real-time data checking and 
logging takes place with the measurement-notebook 
onboard by the test instructor. 

 

Table 4: 
Signals, resolution and accuracy of the mounted 

sensors 

Signal Resolution Accuracy 
long. speed v 0.04 km/h 0.1% 
lat. speed vq 0.04 km/h 0.1% 
long. acceleration a_x 0,0025 m/s² 2% 
lat. acceleration a_y 0,0025 m/s² 2% 
vert. acceleration a_z 0,0025 m/s² 2% 
yaw rate ψ' 0.2 °/s 1% 
pitch rate θ' 0.2 °/s 1% 
roll rate φ' 0.2 °/s 1% 
steering angle δ_H 0.1° 1% 
light barrier   Trigger Trigger 
 

The signals (See Table 4) get offset-adjusted and 
calibrated during the test runs. 

 

TEST RESULTS 

 

Results of selected tests are specified in the following. 

 

Transient Vertical Stimulation 
 
The first test-layout represents an open-loop 
maneuver including lateral and vertical dynamics. 
The initial state is a steady-state cornering maneuver 
with a radius of R=20 m and an initial speed of v=40 
km/h. The initial lateral acceleration and the basic 
yaw rate can be calculated (Equation 1, 2). 
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To analyze the sensitivity to failures, the course of the 
yaw-rate offers the relevant criteria to specify the 
stability. The two-sided transient vertical stimulation 
is designed as a linear ramp with an angle of 2.5°. 
The target gets overtraveled with a steady steer angle 
and constant speed to ensure the open-loop properties. 

The maneuver starts at t1 with the first touch of the 
ramp by the front tires (See Figure 6). At t2 the front 
tires jump off the ramp, at t3 the rear tires hit the 
ramp, and at t4 the rear axle jumps off the ramp. The 
following absorption of the yaw rate represents the 
criteria for the sensitivity to malfunction.  

 

Figure 6: Exemplary course of the yaw-rate 



To assess the self-contained damping of the yaw rate, 
the reduction of the yaw rate has to be independent 
from the understeer gradient.  Therefore, the relative 
change of the yaw rate gets calculated (Equation 3). 
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To analyze the influence of chassis modifications, on 
the one hand, serial cars are getting tested, and on the 
other hand, sports cars are examined (See Figure 7). 

 

Figure 7: Overshoot ratio of the yaw rate after a 
transient vertical stimulation in course of steady-
state cornering. 

The results of the tests are displayed in the boxplot-
view. The upper and lower limits tag the 90% and 
10% limits. The boxes tag the 25 and 75 percentile. 
The median is tagged by the bold line in the box. 

In the course of the tests no vehicle reached critical 
excited states of the yaw rate. Over the test time the 
serial vehicles achieved the best overshoot ratio with 
a mean ratio of 0.45. Lowered vehicles reached a 
mean ratio of 0.54; sports cars reached a mean ratio of 
0.64 in contrast to that. As a result of that 
investigation, lower vehicles achieve a significant 
worse overshoot ratio than non-modified vehicles. 
Thus the overshoot ratio of the yaw rate is not 
associated with the measure of lowering (See figure 
8), the overshoot ratio basically changes with the 
damper ratio.  

 

 

 

 

Figure 8: Overshoot ratio of the yaw rate 
dependent on lowering 

This assumption gets verified in outstanding tests by 
the use of a test vehicle with various damper settings. 

 

Severe Lane-Change Maneuver - Obstacle 
Avoidance 
 
Within the study, the delay time of the lateral 
acceleration after a drivers steering input is addressed 
by the ISO 3888-2 “Test track for a severe lane-
change maneuver, Part 2 Obstacle avoidance” [17]. 
Beside the delay time, the maximum yaw rate as a 
measure for the sensitivity to a drivers input gets 
analyzed (See Figure 9).  

 

Figure 9: Yaw rate, steering angle and lateral 
acceleration at ISO 3888-2 

 

 

 



The delay time (DT) is defined as the mean phase 
shift between the steering angle and the lateral 
acceleration. Therefore a correlation analysis between 
the steering angle function (fδ(t)) and the function of 
the lateral acceleration (fa_y(t)) gets operated 
(Equation 4). 
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τ rises stepwise until 0.5 seconds. The delay time gets 
identified by (Equation 5): 

DT= max(ρ(τi))    (5). 
 

The spreading of the different wheel types and road 
conditions is nearly uniformly distributed between the 
lower vehicles and the serial vehicles. 

 

 

Figure 10: Delay time at ISO 3888-2 for different 
vehicle types 

 

The delay time between steering angle and lateral 
acceleration mainly depends on road conditions and 
the cornering stiffness of the tire (See Figure 11). 
Thus, no significant differences between lower and 
not modified vehicles occur (See Figure 10). Within 
the field study, the tested sport cars drove with slick 
or semi-slick tires with a very high cornering 
stiffness. In addition with the short wheel base, the 
delay time is highly significant shorter. 

 

Figure 11: Delay time at ISO 3888-2 for different 
tires and road conditions 

Beside the delay time, the maximum yaw rate 
describes the controllability of the vehicle by its 
owner. 

  

 

Figure 12: Maximum yaw rate at ISO 3888-2 for 
different vehicle types. 

Thereby, lower cars show a wider range of maximum 
yaw rates, but the mean value is nearly equal to the 
median of the maximum yaw rate of serial vehicles 
(See Figure 12). The highly significant different 
maximum yaw rate of sport cars is mainly affected by 
the tires and their driver’s experience. 



The relation of the maximum yaw rate and the delay 
time is a matter of particular interest beside the 
significant differences of various tire and road 
conditions. 

 

Figure 13: Relation between the maximum yaw 
rate and delay time at ISO 3888-2 

The correlation of the maximum yaw rate and the 
delay time (See Figure 13) supports the assumption, 
that a high delay time negatively affects the 
controllability and consequently the safety of the 
vehicle. 

 

Combined Brake-/ and Evade Test 
 
With the combined brake and evade test, the vehicle 
reaction during a simultaneous brake and evade 
maneuver gets analyzed.  

Therefore, the vehicle drives into the start lane with a 
constant speed of 70 km/h. After passing the start 
lane, the driver starts a full braking and evading 
maneuver (See Figure 14). 

 

 

 Figure 14: Combined brake-/ and evade test 

 

 

Basing on the maximum combined lateral and 
longitudinal acceleration, the safety assessment takes 
place. Therefore, the maximum combined 
acceleration of the filtered signal gets calculated 
(Equation 6). 

i i

2 2
Combined x ya max( a +a )=   (6). 

Thereby the traction is mainly affected by the tire and 
road conditions, as well as by the traction control 
systems. Thus, vehicles without ABS brake system 
(See Figure 15, (triangle) have lower traction during 
the braking maneuver. Lower vehicles (quadrate) and 
serial vehicles (rhomb) do not differ significantly. 
The maximum combined mean acceleration of both 
types is nearby 10 m/s². 

 

 

Figure 15: Maximum combined longitudinal and 
lateral acceleration at the brake-/ evade test with 
an entrance speed of 70 km/h. 

 
μ-split Brake Test 
 
The brake test on surfaces with split coefficient of 
friction (μ-split) was originally destined as an open 
loop maneuver. Within the study, only few drivers 
hold the steering wheel in position. Through this, the 
mean deceleration in a one-second interval is the 
relevant assessment criteria regarding the vehicle 
safety. The mean deceleration mainly depends on the 
tires and on the quality of the ABS-controller (See 
Figure 16). 



 

 

Figure 16: Equation of mean acceleration at 
braking on a straight μ-split track with an 
entrance speed of 70 km/h 

 

The modifications of the track width affect the scrub 
radius. Thus, the braking behavior on μ-split surfaces 
changes. This behavior is represented by higher 
steering forces and it is an integral part of outstanding 
tests. 

Within the tests, modified vehicles had a significant 
lower mean deceleration (See Figure 17). 

 

Figure 17: Equation of mean acceleration at 
braking on a straight μ-split track with an 
entrance speed of 70 km/h 

The changed parameters of the chassis suspension 
system can possibly influence the effectiveness of the 
ABS and ESC system at this. 

 

CONCLUSION 

The test layout of the field study with modified 
vehicles is proved to be applicable to identify safety 
relevant states of driving. Particularly with regard to 
vertical stimulation, differences in the controllability 
are identified. 

The driver’s influence hindered the verification of 
assumptions in some tests. The results of the fields 
study offer a useful basis for hypothesis and resultant 
further test layouts for oncoming studies with 
reference vehicles and by using simulation programs. 
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ABSTRACT 

In this paper we deal with different ways of statistical 
modeling of real world accident data in order to 
quantify the effectiveness of a safety function or a 
safety configuration (i.e. a specific combination of 
safety functions) in vehicles. It is shown that the 
effectiveness can be estimated along the so-called 
relative risk, even if the effectiveness does depend on a 
confounding variable, which may be categorical or 
continuous. In a second step the quite usual and from a 
statistical point of view classical logistic regression 
modeling is investigated. Main emphasis is laid on the 
understanding of the model and the interpretation of the 
occurring parameters. It is shown that the effectiveness 
of the safety function also can be detected via such a 
logistic approach and that relevant confounding 
variables can and should be taken into account. The 
interpretation of the parameters related to the 
confounder and the quantification of the influence of the 
confounder is shown to be rather problematic. All 
theoretical results are illuminated by numerical data 
examples. 

INTRODUCTION 

It is a relevant topic in accident research to quantify the 
possible effectiveness of a safety function or a safety 
configuration in passenger vehicles on the accident 
behavior. When dealing with a primary safety function, 
it is most relevant to determine the ability of this 
function to avoid accidents. In classical statistical theory 
one would assume that two different groups of vehicles 
can be observed over a certain period (e.g. one year) 
driving on the roads (experimental group and control 
group). The two groups are supposed to only differ 
according to whether the respective vehicles are 
equipped or not equipped with the safety function or 
safety configuration. Having observed the accident 
behavior, one could compare the two relative 
frequencies of having a specific type of accident in the 
two groups. To be a little bit more specific, we compare 
along the just described lines the two probabilities of 
having a (specific) accident given that the safety 
function is active or not. If we assume that for the 
random variable Z the event {Z=1} indicates that the 

accident of interest occurs, where S indicates whether 
the safety configuration is active (S=1) or not (S=0) and 
X denotes a further random variable (confounder) which 
may have some influence on the accident behavior 
and/or the safety equipment, we compare the following 
conditional probabilities. 

 ( ) { }1| , , 0,1 ,P Z S r X x r x= = = ∈ ∈X  (1) 

Here X denotes the set of all possible outcomes of X. In 
applications X may be the gender of the driver, the age 
of the driver or of the vehicle, the mass of the vehicle or 
a selection (or even all) of these values as an example. 
So much for the pure statistical theory, in the real world 
one cannot carry out such an investigation by obvious 
reasons. The possible effectiveness of a safety function 
has to be quantified on the basis of accident data, only. 
This immediately implies that one cannot estimate the 
probability given in (1). If we extend the definition of 
the accident indicator Z as follows 
 

0, accident neutral to the safety function of interest
1, accident sensitive to the safety function of interest
2, no accident or accident not reported to database

Z
⎧
⎪= ⎨
⎪
⎩

 (2) 

then it is reasonable to assume that we can estimate the 
conditional probability 

 { }( ) { }1 | , , 0,1 , 0,1 ,P Z S r X x Z r x= = = ∈ ∈ ∈X  (3) 

only. The expression in (3) is a conditional probability 
which is indicated by ''|'' and quantifies the probability 
of the event Z=1 given that S=r (safety function active 
(r=1) or not (r=0)), given that we are in the subgroup 
described by the confounder X=x and given that an 
accident has occurred which has been reported to the 
underlying accident database and that this accident is 
neutral or sensitive to the safety function or safety 
configuration of interest (Z ∈ {0,1}). 



 Kreiss 2  

However, in order to quantify a possible effectiveness 
of the safety function, we still are interested in the 
following ratio for x ∈ X 

 
( )
( )

1| 1,
( ) :  ,  

1| 0,
P Z S X x

RR x x
P Z S X x

= = =
= ∈

= = =
X  (4) 

which quantifies the performance of the safety function 
and is called relative risk in the following. The quantity 

 1 ( ) : ( ) ,  RR x Eff x x− = ∈X  (5) 

is a measure of the effectiveness of the safety function 
for the group X=x, and describes the rate of accidents of 
interest within the group X=x which can be avoided by 
the safety function. It is shown in this paper that the 
relative risk as well as the effectiveness of a safety 
function or safety configuration reasonably can be 
estimated on the basis of accident data only. There is no 
conceptual difference between the cases where the 
confounder X is categorically or continuously 
distributed, as will be shown. 

Of course many papers in the literature use a similar 
approach for quantifying the effectiveness of a safety 
function (cf. Tingvall et al. (2003), Martin et al. (2003), 
Dang (2004), Farmer (2004), Otto (2004), Page and 
Cuny (2004), Grömping et al. (2005) and Kreiss et al. 
(2005)). For a methodological overview concerning 
statistical methods applied to real-world accident data 
we refer to Hautzinger (2003), Grömping et al. (2007) 
and Hautzinger et al. (2008), while a complete statistical 
description of the logistic regression method can be 
found in Agresti (1996). 

Many of the approaches rely on a logistic regression 
modeling of accident data, which not really is necessary 
for estimating RR(x), cf. (4). The present paper 
discusses estimates for the relative risk RR(x) and sheds 
some light on the interpretation of the parameters of a 
logistic regression when applied to accident counts. In 
principle there are at least two possibilities to introduce 
a logistic modeling to the situation of interest. From a 
classical statistical point of view one would be tempted 
to model the conditional probability of suffering an 
accident of interest, i.e. 

 
( )

( )
( ) { }0 1 2

0 1 2

1 | ,

exp
, 0,1 ,

1 exp

P Z S r X x

r x
r x

r x
α α α
α α α

= = =

+ ⋅ + ⋅
= ∈ ∈

+ + ⋅ + ⋅
X

 (6) 

Here we assume for the sake of simple notation that X is 
univariate. Since we do not observe absolute numbers of 
traffic participants and following the discussion from 

above it may be more appropriate to use the logistic 
modeling in a different context as follows 

 
{ }( )

( )
( )

0 1 2

0 1 2

1| , , 0,1

exp
1 exp

P Z S r X x Z

r x
r x

β β β
β β β

= = = ∈

+ ⋅ + ⋅
=

+ + ⋅ + ⋅

 (7) 

i.e. modeling the conditional probability that an accident 
of interest occurs given that the safety function is on or 
off (S=1 or 0), that the confounder X takes the value x 
(e.g. a specific age of the vehicle) and given that an 
accident, which is neutral or sensitive to the safety 
function or safety configuration of interest has 
happened. Using the model (7) the typically wanted 
assertion 

 
{ }( )

( )0 1 2

1 | , , 0,1

1
1 exp

P Z S r X x Z

r xβ β β

= = = ∈

=
+ + ⋅ + ⋅

 (8) 

holds, which definitely is not the case for the modeling 
in (6) because the event Z=1 is not the complement of 
the event Z=0. To see this recall that the complement to 
the event that an accident of interest (i.e. sensitive to the 
safety function) has happened ({Z=1}) means a neutral 
accident ({Z=0}) or another accident or (and this by far 
is largest group) no accident (or a not reported accident) 
at all has happened ({Z=2}). 

As it is argued above we need to get some information 
on the conditional probability P{Z=1| S=r, X=x} or more 
realistic about the ratio 

 
( )
( )

1| 1,
1 | 0,

P Z S X x
P Z S X x

= = =
= = =

 (9) 

Later we will see what the implications of model (8) for 
(9) concerning this question are. Moreover it is of great 
interest what the interpretations of the parameters β1 and 
β2 (cf. model (7)) as well as α1 and α2 (cf. model (6)) are 
and how they relate to each other. So the main focus of 
the paper is to shed some light on the correct 
interpretation of results of (standard) logistic regression 
in accident analysis. 

The paper is organized as follows. We start in the next 
section with an example from real-world accident data 
and continue in a further section with simulated accident 
data in order to be able to observe what the two 
different modelings ((6) and (7)) really measure. In 
simulated data we have the advantage that we really and 
exactly know what the underlying situation is. We 
continue in describing in detail the already mentioned 
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two different logistic regression modelings as well as 
their assumptions, consequences and interpretations. 
Finally we come back to our simulated accident data 
from the next but one section and apply the developed 
methodology to this data. There we will see whether and 
if yes to what extend we can estimate parameters of the 
two models. 

REAL – WORLD ACCIDENT DATA EXAMPLE 

Consider the following results obtained from real-world 
accident data collected within the German In Depth 
Accident Study (GIDAS). We focus on the 
quantification of the effectiveness of the electronic 
stability control (ESC) for passenger vehicles in 
Germany. From 12,833 recorded passenger vehicles 
involved in accidents, for which we know about the 
ESC-equipment and about the gender of the driver, a 
logistic regression can be carried through for the 
dependent variable 

 
0, accident neutral to ESC
1, skidding accident

Z ⎧
= ⎨
⎩

 (10) 

We have chosen the accident category parking accident 
as neutral to ESC, as we assume that ESC has no 
influence on the risk of suffering a parking accident. 
The observed data are condensed in the 2 × 2 
contingency tables displayed in the Tables 1 and 2, 
separately for female and male drivers. 

 ESC equipped 

Accident type No Yes 

Parking accident 90 9 

Skidding accident 387 9 

Table 1: Real-world accident data for passenger cars 
with female driver 

 ESC equipped 

Accident type No Yes 

Parking accident 191 31 

Skidding accident 782 38 

Table 2: Real-world accident data for passenger cars 
with male driver  

From Tables 1 and 2 one easily can compare the rates of 
ESC-equipment for the group of ESC-sensitive skidding 
accidents with the ESC-rates for the neutral accidents 
for the two gender categories. Doing so we obtain for 
male drivers a computed (crude) effectiveness of ESC 
of  

 , ,
38 1911 1 0.701 70.1%
782 31crude male crude maleEff OR ⋅= − = − = =

⋅
 (11) 

and for female drivers of Effcrude, female= 76.7%. We refer 
to the value ORmale, crude = (38·191)/(782·31) = 0.299 as 
the crude Odds ratio for accidental situations with male 
drives and accordingly for female drivers (ORfemale, crude 
= 0.233). Adding all accidents in the four categories for 
male and female drivers we obtain a (crude) overall 
effectiveness of ESC of Effcrude= 71.8%. For the 
calculation of standard odds-ratios we refer to Evans 
(1998) or Agresti (1996). 

At this place we even do not want to stick to the 
absolute values of the effectiveness of ESC but to the 
fact that we obtain a 9.5% higher effectiveness of ESC 
in accidental situations in which the vehicle was driven 
by a woman. Rather we interpret the obtained result as 
an indication that we should include gender of driver as 
an explaining variable (confounder) into the logistic 
regression analysis. We expect of course a positive 
efficiency for both ESC-equipment and female drivers 
(compared to male drivers). Interestingly the results are 
not as expected. Standard software leads to the 
astonishing result that the coefficient for the variable 
ESC (1=ESC on board) is -1.260 (leading to an 
effectiveness of 71.6% but that the coefficient for the 
variable Gender of Driver (1=female driver) mounts to 
+0.032, leading to a negative effectiveness of -3.3% for 
female drivers. This is in contrast to the above results 
obtained when the accidents are considered separately 
for male and female drivers. 

We refer to Kreiss et al. (2005), where a rather similar 
result of higher effectiveness of ESC for vehicles with 
female drivers has been described. There it is argued 
that the higher effectiveness of ESC in accidents with 
female drivers most likely is a pseudo-effect, which can 
be explained by a high correlation of gender of driver 
and size of vehicle. But this question is not a major 
point within this example and also within this paper. 

In order to get an impression what is going on and what 
might go wrong we continue in the next section with 
simulated accident data from a quite simple model, 
which we will discuss later in detail in the section on 
logistic regression modeling Type II. It is necessary to 
consider simulated accident data because only in such a 
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case we are able to see what may happen and to 
thoroughly decide whether a suggested procedure works 
well or not. 

SIMULATED DATA EXAMPLE 

Let us assume that we have n=1,000,000 vehicles on the 
road. Further assume that 30 % of the vehicles are 
equipped with ESC. We think of gender of driver as a 
confounder X (X=1 refers to female and X=0 to male) 
and observe skidding accidents (i.e. Z=1) as accidents 
sensitive to ESC (accidents of interest) and some kind 
of neutral accidents (e.g. parking accidents) which refer 
to Z=0. Assume that the probability of suffering a loss 
of control accident for a passenger car is modeled 
according to the following logistic-type probability 

 
( )

( )
( )

0 1 2

0 1 2

1 | ,

exp
1 exp

P Z S r X x

r x
r x

β β β
β β β

= = =

+ ⋅ + ⋅
=

+ + ⋅ + ⋅

 (12) 

for all r,x ∈ {0,1} and as parameters we choose 

 0 1 25.0 0.35 0.50β β β= − = − = +  (13) 

This means that we assume a rather high positive 
effectiveness of ESC as well as a positive effectiveness 
of gender equal to male on the risk of suffering a 
skidding accident. From the above settings we obtain 
Table 3, showing the probabilities for suffering a 
skidding accident when driving a certain period, e.g. 
one year, on the roads. Of course these probabilities 
have to be rather small, since accidents are rare events.  

 Gender 

ESC equipped male (''0'') female (''1'') 

No (''0'') 6.93 10-3 1.11 10-2 

Yes (''1'') 4.73 10-3 7.77 10-3 

Table 3: Probabilities for a skidding accident 

The assumption (12) not really coincides with the 
typical binary logistic regression modeling for accident 
data. There typically the conditional probability 

( )1| , ,a reported accident has happenedP Z S r X x= = =
 (14) 

is modeled by the expression given on the right hand 
side of (12). This really makes a difference and we will 
discuss this point later in detail. 

We further assume that 80% of the vehicles are driven 
by male drivers. The exact distribution of male and 
female drivers within ESC-equipped and non-equipped 
vehicles is as follows. 

 Gender  

ESC 
equipped 0 1 sum 

0 600,000 100,000 700,000 

1 200,000 100,000 300,000 

sum 800,000 200,000 1,000,000 

Table 4: Driver distribution in ESC-equipped and 
non-equipped vehicles 

Table 4 reflects that 30% of the vehicles are equipped 
with ESC and shows that 50% of the females drive an 
ESC-equipped vehicle and only 25% of the males drive 
an ESC-equipped vehicle. All these values refer to 
exposure data (vehicles on the road) and not accidents. 

According to our assumption we obtain by Monte Carlo 
simulation from the probabilities of Table 3 the accident 
counts displayed in Table 5. 

 Gender  

ESC 
equipped 0 1 sum 

0 4,009 1,097 5,106 

1 951 779 1,730 

sum 4,960 1,876 6,836 

Table 5: Simulated numbers of skidding accidents       
''Z=1'' 

Concerning the neutral accidents we consider the two 
scenarios shown in Tables 6 and 7. 

Scenario I (cf. Table 6) rather accurately resembles the 
underlying exposure distribution (cf. Table 4) according 
to equipment with ESC and gender of the driver. 
Scenario II (cf. Table 7) accurately resembles the ESC-
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equipment distribution within the two gender groups 
(compare the distribution within the columns of Tables 
4 and 7) but the probability of suffering a neutral 
accident varies with the gender of the driver.  

 Gender  

ESC 
equipped 0 1 sum 

0 5,760 960 6,720 

1 1,920 960 2,880 

sum 7,680 1,920 9,600 

Table 6: Neutral accidents ''Z=0'' (scenario I) 

and  

 Gender  

ESC 
equipped 0 1 sum 

0 4,050 2,100 6,150 

1 1,350 2,100 3,450 

sum 5,400 4,200 9,600 

Table 7: Neutral accidents ''Z=0'' (scenario II) 

Using the SPSS-routine logistic regression the 
following estimates for scenario I (i.e. skidding 
accidents according to Table 5 and neutral accidents 
according to Table 6) are obtained: 

 0 1 2
ˆ ˆ ˆ0.362 0.341 0.495I I Iβ β β= − = − = +  (15) 

The estimated coefficient 1̂
Iβ  and 2

ˆ Iβ  perfectly match 
the underlying situation, cf. (13). However the estimator 

0
ˆ Iβ  is not consistent. This is not surprising because this 

value mainly controls the absolute value of the 
corresponding probability in (12) and this is not 
comparable with the relative frequencies within the 
group of accidents only. 

The results for scenario II, i.e. skidding accidents 
according to Table 5 and neutral accidents according to 
Table 7, read as follows 

 0 1 2
ˆ ˆ ˆ0.010 0.341 0.640II II IIβ β β= − = − = −  (16) 

It can be seen that 1̂
IIβ  still works rather well, but 2

ˆ IIβ  
does not. Why this is the case will be discussed in a 
later section of this paper. 

Finally let us see what happens within our two data 
scenarios I and II when we apply the logistic regression 
routine without taking the gender of the driver as a 
confounding variable into account. Then we come up 
with simple 2 × 2 contingency tables (cf. Tables 8 and 
9) 

 Accident 

ESC equipped neutral (''0'') skidding (''1'') 

0 6,720 5,106 

1 2,880 1,730 

Table 8: Simulated accident data according to 
scenario I 

 Accident 

ESC equipped neutral (''0'') skidding (''1'') 

0 6,150 5,106 

1 3,450 1,730 

Table 8: Simulated accident data according to 
scenario II 

The estimators for the effectiveness of ESC in the 
merged situation and without any confounding variable 
are rather easily computed, cf. Evans (1998) or Agresti 
(1996), and read as follows 

 1 0.791 and 1 0.604I IIEff Eff− = − =  (17) 

It can be seen that both values substantially differ from 
the underlying effectiveness of  

 1 0.705ModelEff− =  (18) 

This demonstrates that it is essential to include a 
confounding variable when there is one with a non-
negligible influence. 
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LOGISTIC MODELING TYPE I 

In this section we deal with the following logistic 
regression modeling for the probability of suffering an 
accident of interest given the states of the safety 
function, the value of the confounder and the fact that 
an accident of interest or a neutral accident has 
happened. To be precise we assume 

 
{ }( )

( )
( )

0 1 2

0 1 2

1| , , 0,1

exp
1 exp

P Z S r X x Z

r x
r x

β β β
β β β

= = = ∈

+ ⋅ + ⋅
=

+ + ⋅ + ⋅

 (19) 

for r ∈ {0,1}, x ∈ X. β0, β1 and β2 denote the parameters 
of the model. 

We emphasize that the conditional probability in (19) 
varies not only in r and x (the status of the safety 
function and the confounder) but also with the random 
event Z ∈ {0,1}. This means for example that if the 
probability of suffering an accident of neutral type 
changes, then the modeled conditional probabilities will 
vary as well. This already explains that the 
interpretation of the coefficients β1 and β2 really is 
delicate.  

(19) is equivalent to assume 

 
{ }( )
{ }( )

0 1 2

1| , , 0,1
ln

1 1| , , 0,1
P Z S r X x Z

P Z S r X x Z

r xβ β β

⎛ ⎞= = = ∈
⎜ ⎟⎜ ⎟− = = = ∈⎝ ⎠

= + ⋅ + ⋅

 (20) 

i.e. a linear relationship of the logit (the left hand side of 
(20)) on the values r and x of S and X, respectively. For 
later reference we state here that (21) holds true. 

 
{ }( )

( ) { }
1 1| , , 0,1

0 | ,  , 0,1

P Z S r X x Z

P Z S r X x x r

− = = = ∈

= = = = ∀ ∈ ∈X
 (21) 

Standard statistical software now easily allows to 
compute estimators 0β̂ , 1̂β  and 2β̂  from observations 
(Zk,Sk,Xk), k=1, ... , n. Such observations typically are 
provided from accident databases. 

The main question now is, how one can interpret the 
parameters β0, β1 and β2. To receive some results in this 
direction observe 

 

( )
{ }( )

{ }( )
( )

1| ,

1| , , 0,1

, , 0,1
,

P Z S r X x

P Z S r X x Z

P S r X x Z
P S r X x

= = =

= = = = ∈

= = ∈
⋅

= =

 (22) 

Since 

 

{ }( )
( )

( )
( )

( )
( )

( ) ( )

, , 0,1
,

, , 1 , , 0
, ,

1 | , 0 | ,

P S r X x Z
P S r X x

P S r X x Z P S r X x Z
P S r X x P S r X x

P Z S r X x P Z S r X x

= = ∈
= =

= = = = = =
= +

= = = =

= = = = + = = =

(23) 

one obtains from (23) and (19) 

 
( ) { }( )
( ) ( )( )

( )
{ }( )( )

{ }( )
( )

1| , 1 | , , 0,1

1| , 0 | ,

1 | ,

1 1| , , 0,1

1| , , 0,1

0 | ,

P Z S r X x P Z S r X x Z

P Z S r X x P Z S r X x

P Z S r X x

P Z S r X x Z

P Z S r X x Z

P Z S r X x

= = = = = = = ∈

⋅ = = = + = = =

⇔
= = =

⋅ − = = = ∈

= = = = ∈

⋅ = = =
 (24) 

and therefore 

 
( )

( ) ( )0 1 2

1 | ,

exp 0 | ,

P Z S r X x

r x P Z S r X xβ β β
= = =

= + ⋅ + ⋅ ⋅ = = =
(25) 

(25) looks rather similar to a logistic regression model 
for the conditional probability P(Z=1|S=r,X=x), but it is 
not! To see this observe that 
P(Z=0|S=r,X=x) ≠ 1-P(Z=1|S=r,X=x) because Z also can 
take the value 2, which stands for the event '''no 
accident or accident not reported to data base'''. The just 
stated inequality does not even hold approximately, 
since both probabilities - in contrast to P(Z=2|S=r,X=x) - 
typically are extremely small. But the following 
essential equality is true 

 
( )
( )

( )
( )

1
1 | 1, 0 | 1,
1| 0, 0 | 0,

P Z S X x P Z S X x
e

P Z S X x P Z S X x
β= = = = = =

= ⋅
= = = = = =

(26) 

for all x ∈ X.  
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For further calculations we need the following essential 
assumption 

Assumption A1: Assume that the events ''S=r'', r ∈ 
{0,1}, and ''Z=0'' are independent (given that X=x 
holds).  

(A1) implies that P(S=r|Z=0,X=x)=P(S=r|X=x) for 
x∈{0,1} and x ∈ X. (26) leads under assumption (A1) 
and because of 

 

( )
( )

( )
( )

( )
( )

( )
( )

0 | ,

0, ,
,

0, |
|

0 | ,  by A1 for 1, 2

P Z S r X x

P Z S r X x P X x
P X x P S r X x

P Z S r X x
P S r X x

P Z X x r

= = =

= = = =
= ⋅

= = =

= = =
=

= =

= = = =

 (27) 

immediately to 

 
( )
( )

1
1| 1,

1 ( )
1| 0,

P Z S X x
Eff x e

P Z S X x
β= = =

− = =
= = =

 (28) 

Thus it has been shown that a logistic regression 
modeling (19) on the accident level leads under the 
reasonable assumption (A1) to a constant relative risk or 
effectiveness of the safety function in dependence of the 
confounder value x. The logistic regression approach 
(19) does not allow for a relative risk or effectiveness of 
a safety function which varies with the value x of the 
confounding variable X. For a method which allows for 
relative risk and effectiveness of the safety function 
which may vary with the value x of the confounding 
variable X we refer to Kreiss and Zangmeister (2011). 

A remaining question still is how one shall interpret 
0β  

and 
2β . Since there is no hope of interpreting 

0β , the 

question is whether 
2β  describes the influence of the 

confounding variable X not only for the conditional 
probability P(Z=1 | S=r,X=x,Z ∈ {0,1}) on the accident 
level but also for the conditional probability 
P(Z=1 | S=r,X=x) of interest. One might be tempted to 
assume that this indeed is true. We will investigate this 
question in the following. To do so we assume within 
the model (19) that the confounding variable X is 
categorical and takes the values 0 and 1, only. 

From the key equation (25) one obtains for r ∈ {0,1} 

 
( )
( )

( )
( )

2
1| , 1 0 | , 1
1| , 0 0 | , 0

P Z S r X P Z S r X
e

P Z S r X P Z S r X
β= = = = = =

= ⋅
= = = = = =

(29) 

Now for r, x ∈ {0,1} and if assuming (A1) 

 

( )
( )

( )
( )

( )
( )

( )
( )

0 | ,

0, ,
,

0, |
|

0 |

P Z S r X x

P Z S r X x P X x
P X x P S r X x

P Z S r X x
P S r X x

P Z X x

= = =

= = = =
= ⋅

= = =

= = =
=

= =

= = =

 (30) 

Thus one obtains for r ∈ {0,1} 

 
( )
( )

( )
( )

2
1| , 1 0 | 1
1| , 0 0 | 0

P Z S r X P Z X
e

P Z S r X P Z X
β= = = = =

= ⋅
= = = = =

 (31) 

which immediately leads to the following formula 

 

( 1 1 1)
( 1 1 0)
( 1 0 1)
( 1 0 0)

1

P Z S X
P Z S X
P Z S X
P Z S X

= | = , =
= | = , =
= | = , =
= | = , =

=  (32) 

(32) means that the ratio of probabilities of having an 
accident of type of interest given X=1 or X=0, when 
driving on the roads, does not vary with having the 
safety function on board or not. Still the confounder 
very well may have some influence on the risk of 
suffering an accident of interest. 

β2 describes the difference of the relative risk of having 
a neutral accident and the relative risk of having an 
accident of interest with or without the safety function 
active for the two groups X=0 and X=1. For example 
β2=0 means that there is no difference in the relative 
risks for neutral or relevant accidents. Even so there still 
may be a significant influence of the confounding 
variable on the probabilities of suffering a neutral or a 
relevant accident themselves. 

Let us state another assumption: 

Assumption A2: Assume that the conditional 
probability of suffering an accident of interest for any 
specific given value X=x is independent of the value x, 
i.e. 
 ( 0 | ) is independent of P Z X x x= = ∈X  (33) 

With this assumption one obtains from (31) that 
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( )
( )

2
1 | , 1
1| , 0

P Z S r X
e

P Z S r X
β= = =

=
= = =

 (34) 

which may be regarded as the typically interpretation 
for β2, cf. formula (28). 

It is common in literature to interpret β2 according to 
(34) as the influencing 'effect' of the confounding 
variable X without further thoughts on the plausibility of 
assumption (A2), like described in the introductory 
example. 

The question is whether or not assumption (A2) is 
reasonable. At first it can be seen that assumption (A2) 
is equivalent to 

Assumption A3: Assume that the events ''Z=0'' and 
''X=x''  are for all x ∈ X independent which may be 
expressed with 
 ( 0, ) ( 0) ( )P Z X x P Z P X x= = = = ⋅ =  (35) 

This means that the category of neutral accidents is not 
only neutral concerning the safety function but also 
neutral according to the confounding variable. In other 
words assumption (A2) or equivalently assumption (A3) 
assumes that the probability of suffering a neutral 
accident is the same for all subgroups X=x, x ∈ X, 
described by the confounder. This seems to be hardly 
justifiable and therefore the above interpretation of β2 is 
more than doubtful. Thus, one has to stay with (31) and 
interpret β2 according to (31). 

Hence, there is really a difference in interpreting the 
parameters β1 (cf. (28)) and β2, cf. (31). 

LOGISTIC MODELING TYPE II 

A different and also possible modeling is to deal with 
conditional probabilities like 

 ( ) { }1| , , 0,1 ,P Z S r X x r x= = = ∈ ∈X  (36) 

directly and not additionally to condition on the event Z 
∈ {0,1} that an accident of neutral or relevant type has 
occurred. E.g. to assume a logistic regression model of 
the following form 

 ( ) ( )
( )

0 1 2

0 1 2

exp
1| ,

1 exp
r x

P Z S r X x
r x

α α α
α α α
+ ⋅ + ⋅

= = = =
+ + ⋅ + ⋅

(37) 

for r ∈ {0,1} and x ∈ X. 

The conditional probability in (37) in contrast to the 
conditional probability (19) does not vary with the 
random event Z ∈ {0,1} and therefore does not vary 
with changing probabilities of suffering an accident of 
neutral type. This indicates that the interpretation of the 
coefficients α1 and α2 might be easier compared to the 
coefficients β1 and β2 in model (19). 

Of course in this situation (and this again is in contrast 
to model (19)) we do have 

 ( ) ( )0 | , 1 | , 1P Z S r X x P Z S r X x= = = + = = = ≠ (38) 

This implies that 

 ( ) ( )0 1 2

10 | ,
1 exp

P Z S r X x
r xα α α

= = = ≠
+ + ⋅ + ⋅

(39) 

Note that both probabilities in (37) and (39) typically 
are extremely small and not even approximately add up 
to one! 

Assume for example that the probability of having an 
accident of relevant type, i.e. Z=1 within a certain 
period (e.g. one year), is about 10-3 or lower then we 
have 

 
( ) ( )

( )
( )

0 1 2

0 1 2

0 1 2

exp
1 | ,

1 exp

exp

r x
P Z S r X x

r x

r x

α α α
α α α

α α α

+ ⋅ + ⋅
= = = =

+ + ⋅ + ⋅

≈ + ⋅ + ⋅

(40) 

where the approximation is the better the lower the 
probability on the left hand side of (40) is. 

A big advantage of model (37) is the interpretability of 
the parameters α1 and α2. Using the approximation in 
(40) one easily obtains 

 
( )
( )

1
1 | 1,

e
1| 0,

P Z S X x
P Z S X x

α= = =
≈

= = =
 (41) 

which of course is much in line with the result (28) 
which has been obtained from model (19) only under 
the additional assumption (A1). However this does not 
seem crucial since we need (A1) at least for an estimate 
of the right hand side of (41) on the basis of accident 
data. Moreover we similarly obtain for any x0, x1 ∈ X 

 
( )
( )

21

0

1| ,
e

1| ,
P Z S r X x
P Z S r X x

α= = =
≈

= = =
 (42) 
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But again, if we intend to estimate the left hand side of 
(42), which equals 

 

01

0 1

01

0 1

0 01

1 0 1

1

0

( )( 1 )
( 1 ) ( )

( )( 1 )
( 1 ) ( )

( 0 ) ( )( 0 )
( 0 ) ( 0 ) ( )

( 1 )
( 1 )

P S r X xP Z S r X x
P Z S r X x P S r X x
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= , == , = , =
⋅
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= , = , = = | =

= | = == | =
⋅ ⋅ ⋅

= | = = | = =
= , = , =
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0

1

1

0

( 0 )
( 0 )

( 0 )
by A1

( 0 )

P Z S r X x
P Z S r X x

P Z X x
P Z X x

= , = , =
= , = , =

= | =
⋅ ,

= | =

(43) 

and therewith 

 

2 1

0

0 1

1 0

( 1 )
( 1 )

( 0 ) ( 0 )
( 0 ) ( 0 )

P Z S r X xe
P Z S r X x

P Z S r X x P Z X x
P Z S r X x P Z X x

α = , = , =
≈

= , = , =
= , = , = = | =

⋅ ⋅
= , = , = = | =

 (44) 

We need a kind of assumption (A2) in order to have that 
the last factor in the equation above is know (e.g. equal 
to one). Note that the first two ratios easily can be 
estimated from accident data. Since it has been argued 
that assumption (A2) hardly is justifiable, we run into 
exactly the same problem following both ways of 
modeling. Here within the estimation of 2α , the term 
P(Z=0|X=x1)/P(Z=0|X=x0) occurs which causes 
problems and in the modeling following assumption 
(19) exactly the same term causes difficulties in the 
interpretation of the parameter β2, cf. (31). 

Summarizing one can say that there are no big 
differences between the two modelings (19) and (37). 
The difficulties demanding for some further 
assumptions are nearly the same. Only the estimation 
procedures within the preceding section seem to be 
more standard since it is a modeling of the actual data 
and therefore usual statistical software packages likes 
SPSS, SAS or R can be used to compute parameter 
estimates. This is the reason why the modeling and 
results of the preceding section are recommended to be 
used. 

SIMULATED DATA EXAMPLE – DISCUSSION 

In the simulated data example section we introduced an 
example with simulated data, where the a priori known 
effectiveness of ESC was tried to be computed with a 

logistic regression. Two different scenarios were 
considered. 

Scenario I (cf. Table 6) rather accurately resembled the 
underlying exposure distribution (cf. Table 4) according 
to equipment with ESC and gender of the driver. 
Scenario II (cf. Table 7) accurately resembled the ESC-
equipment distribution within the two gender groups 
(compare the distribution within the columns of Tables 
4 and 7) but the probability of suffering a neutral 
accident varies with the gender of the driver. 
Summarizing one can say that the data according to 
scenario I fulfilled the requirements given in 
assumptions (A1) and (A2) and the data according to 
scenario II only fulfilled (A1) but not (A2). Both 
scenarios I and II do not fulfill (A3).The results of the 
logistic regression were: 

 0 1 2

0 1 2

ˆ ˆ ˆ0.362 0.341 0.495
ˆ ˆ ˆ0.010 0.341 0.640

I I I

II II II

β β β

β β β

= − = − = +

= − = − = −
 (45) 

compared to the a priori given model parameters 

 0 1 25 0.35 0.5I I Iβ β β= − = − = +  (46) 

The estimated coefficients 1̂
Iβ  and 2

ˆ Iβ  perfectly match 
the underlying situation, cf. (46). However the estimator 

0
ˆ Iβ  is not consistent, which was already discussed in the 

section containing the real-world accident data example. 

The estimated coefficient 1̂
IIβ  still works rather well, 

but 2
ˆ IIβ  does not.  

Here one has to recall that the sufficient condition for 
the reliability of the estimator 2

ˆ IIβ  is that P(Z=0|X=x) is 
independent of x (cf. assumption (A2)). This is 
obviously the case in scenario I but not in scenario II as 
can be seen when looking for the two scenarios at the 
ratio P(Z=0|X=1)/P(Z=0|X=0): 

 ( 0 | 1) 1
( 0 | 0)

I

I

P Z X
P Z X

= = =
= =

 (47) 

and 

 ( 0 | 1) 3.1
( 0 | 0)

II

II

P Z X
P Z X

= = ≈
= =

 (48) 

The two different scenarios demonstrate that the 
effectiveness of the safety function reliably can be 
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estimated from accident data but that one has to be 
cautious with the estimators of the coefficients of the 
confounding variables. 

Summarizing one can say that the effectiveness of a 
safety function reliably can be estimated in praxis, but 
that the influence of a confounder can hardly be 
quantified in general. Nevertheless it is rather essential 
to include relevant confounders in the investigation in 
order to quantify the (pure) effectiveness of a safety 
function correctly. 

CONCLUSIONS 

We have studied two different approaches of logistic 
regression modeling for accident data. It has been 
shown that in both cases and especially for the much 
easier to interpret model (6) standard logistic regression 
software leads not to absolutely exact but to rather 
reasonable estimators for the effectiveness of a safety 
function or safety configuration in vehicles under mild 
assumptions. Thus it has been shown that the 
effectiveness of a safety function or configuration 
reliably can be estimated in praxis. Concerning the 
possible influence of one or more confounders it is 
obtained that the corresponding effects hardly can be 
quantified in general. This is only possible under 
assumptions, which typically are not met in praxis. But 
it is extremely essential to include relevant confounders 
in the logistic regression investigation in order to 
quantify the effectiveness of a safety function correctly. 
This means that the effects of the confounders on the 
accident outcomes (which itself typically cannot be 
quantified!) does not lead to a bias in the quantification 
of the pure effectiveness of the safety function or 
configuration.  

Concerning the presented real world accident data this 
means that we cannot rely on the estimated 
effectiveness of the confounder gender of driver on the 
risk of suffering a skidding accident (recall that we 
obtained from the logistic regression with that 
confounder a surprising negative effectiveness for 
female drivers) but we can rely on the calculated 
effectiveness of 71.6% for the ESC in this situation. 
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ABSTRACT

The objective was to identify system weaknesses 
and components (road user, vehicles, and road) 
where improvements would yield the highest 
potential for further reductions in car occupant 
injuries. The study also aimed to evaluate whether 
it is a difference in type of improvements due to 
injury severity (fatally injured, Maximum 
Abbreviated Injury Scale 2+ injury outcomes and 
injury leading to permanent medical impairment).
Three different data sets of real-life car crashes 
were used; In-depth fatal crash data of the Swedish 
Transport Administration (n=248), in-depth crash 
injury data collected by the UK On The Spot (OTS) 
accident investigation project (n=120) and the 
Swedish database STRADA including police 
reported and hospital-registered injuries (n=451). 
All crashes were classified according to the 
vehicle’s safety rating by Euro NCAP (European 
New Car Assessment Programme) and whether the 
vehicle was fitted with ESC (Electronic Stability 
Control) and had some kind of defined whiplash 
protection systems. For each crash, the road was 
also classified according to EuroRAP (European 
Road Assessment Programme) criteria, and human 
behavior in terms of speeding, seat belt use, and 
driving under the influence of alcohol/drugs.
Most of the crashes occurred when two or all three 
components interacted (in 40% of the total number 
of cases). In total, the noncompliance with the 
vehicle safety criteria was judged to influence the 
injury outcome more often in car crashes with 
serious injury outcomes or where the occupants 
sustained injuries leading to permanent medical 
impairment than in crashes including fatally injured 
only. The road standard was the one of the three 
components that was most often linked to a fatal 
outcome. Injury outcomes, irrespective of severity, 
were mostly related to an interaction between the 
three components: the road, the vehicle, and the 
road user. However, the significance of the 
components differs depending on crash severity. 
The vehicle’s safety is the most important 
component to reduce serious injury outcomes and 
injuries leading to permanent medical impairment. 
In fatal crashes improvements to the road would 

yield the highest potential for further reductions of 
car occupant injuries.

INTRODUCTION

Despite improvements in vehicle safety and the 
vehicle occupants’ awareness about benefits 
associated with safety devices, traffic injuries 
continue to occur. Road crashes are the leading 
cause of death among people aged 10–25 
(McMahon and Ward, 2006). In total more than 
42,000 road users are killed and around 3.5 million 
are injured each year in the EU (Hobbs et al., 2001 
). Traffic crashes are one of the leading causes of 
disability and reduction of productive years in the 
population (Peden et al., 2004). The Swedish 
Transport Administration (STA) has therefore 
broadened the definition of serious injuries and 
since 2008 the definition also includes injuries 
leading to permanent medical impairment. 

To identify the most important road safety 
problems, the STA has introduced a model for a 
safe road transport system that links the properties 
of an inherently safe road transport system through 
some safety performance indicators (SPIs) 
(Linnskog, 2007, OECD, 2008, Peden et al., 2004, 
Stigson, 2009, Tingvall et al., 2010). The chosen 
SPIs have been proven to have a potential for 
reduction in injury risk. All the SPIs have been 
linked to each other and criteria have been defined. 
The STA model describes how the 3 components 
(road, vehicle, and road user) should interact to 
achieve safe road traffic. In this way, deviation 
from the fulfillment of these criteria could be seen 
as noncompliance. The definition of a safe road 
transport system in the STA model, based on 
biomechanical limits that human beings can tolerate 
without sustaining serious injuries, is that the driver 
uses a seat belt, not exceeding the speed limits and 
is sober; the vehicle has a 5-star rating by Euro 
NCAP (European New Car Assessment 
Programme) and is fitted with ESC (electronic 
stability control) and have some kind of defined 
whiplash protection systems; and the road has a 4-
star rating by EuroRAP (European Road 
Assessment Programme); see Figure 1. Based on 
the Vision Zero philosophy, no one should be 
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fatally or seriously injured in a car crash under such 
circumstances (Tingvall, 1995).
A safe road should be designed to control the crash 
severity when foreseeable crash scenarios arise, by, 
for example, removing trees and other objects close 
to the road or installing a protective barrier between 
the vehicle and roadside object, to fulfill the criteria 
of safe road according to EuroRAP and thereby the 
STA model (Johansson, 2008). Furthermore, two-
way single carriageways with traffic traveling in 
opposite directions could be allowed with a speed 
limit of up to 70 km/h, based on vehicle safety 
system limits (Johansson, 2008, Linnskog, 2007, 
WHO, 2008). To prevent interaction of vehicles 
with other vehicles and objects at higher speeds, the 
road should have physical barriers to prevent 
crossing over and guardrails to protect loss of 
control into objects in the roadside area (trees, 
poles, rocks, or rollover tripping mechanisms). The 
vehicle safety level is an important key factor if the 
road user is fatally or seriously injured in a crash. 
The main definition of a safe vehicle in the STA 
model is that the vehicle should have been awarded 
a 5-star rating in a Euro NCAP crash test 
(EuroNCAP 2008) and should be fitted with ESC. 
The reason for this is that ESC has been shown to 
effectively reduce the risk of crash involvement 
(Farmer, 2006) as well as crashes with personal 
injuries, especially serious and fatal injuries (Erke, 
2008, Ferguson, 2007, Krafft et al., 2009, Lie et al., 
2006). Investigators have established that the 
standardized consumer crash tests such as Euro 
NCAP have led to significant improvements in 
vehicle crashworthiness (Farmer and Lund, 2006, 
Kullgren et al., 2010, Kullgren et al., 2002, Lie and 
Tingvall, 2002). Studies have shown that existing 
whiplash prevention systems in average reduce the
risk of permanent medical impairment with

approximately 50 %, see latest published results in 
Kullgren and Krafft (2010). In the STA model it is 
assumed that the road user is complying with the 
road rules. A safe road user is defined in the STA 
model by the following criteria: wearing a seat belt, 
complying with the speed limit, and not driving 
under the influence of alcohol/drugs. These three
aspects of driver behavior have been identified as 
key factors for fatality and injury risk (Farmer and 
Lund, 2006, Hermans et al., 2009, OECD, 2008, 
WHO, 2008). However, there are other factors that 
increase driver fatality risk, but the effects of these 
3 factors on injury risk are huge and well 
documented, as further described below. Seat belt 
use has been shown to dramatically reduce the fatal 
outcome (Kullgren et al., 2005). Drivers with a
blood alcohol concentration (BAC) somewhat 
below 0.1% have been shown to expose both 
themselves and other road users to a very high risk 
(Zador et al., 2000). Speed has been identified as a 
key risk factor that has a powerful impact on the 
risk of sustaining a serious injury (Elvik, 2007, 
Farmer and Lund, 2006, WHO, 2008).

No study has been evaluating differences in safety 
improvements with regards to injury severity 
especially injuries leading to permanent medical 
impairment. The objective was therefore to identify 
system weaknesses and components (road user, 
vehicles, and road) where improvements would 
yield the highest potential for further reductions in 
car occupant injuries. The study aimed to evaluate 
whether it is a difference in type of improvements 
due to injury severity (fatally injured, Maximum 
Abbreviated Injury Scale 2+ injury outcomes and 
injury leading to permanent medical impairment).

Figure 1. The Swedish Transport Administration model for a safe road transport system.
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METHODS

Three different data sets of real-life car crashes 
were used; In-depth fatal crash data of the Swedish 
Transport Administration (n=248), in-depth crash 
injury data collected by the UK On The Spot (OTS) 
accident investigation project (n=120) and the 
Swedish database STRADA including police 
reported and hospital-registered injuries (n=480). 

In-depth Fatal Crash Data of the Swedish 
Transport Administration

The Swedish Transport Administration (STA) 
database of in-depth investigations of fatal traffic 
accidents was used to extract field data for fatal car 
crashes. All fatal crashes where a car occupant was 
killed that occurred on public roads in Sweden 
during 2004 were included: 215 crashes in all, with 
248 fatalities. The age distribution ranged from 1 
month old to 96 years, and the average age was 45 
years. A quarter of the car occupants were over 65 
years of age. Seventy-three percent of the occupants 
were male. The data is further described in an 
earlier paper by Stigson et al. (2008).

The UK on the Spot (OTS) Data Set

The passenger car crashes in the UK On The Spot 
(OTS) data set were selected on the basis of 
occupants with serious injury – in this study serious 
casualties were defined as car occupants sustaining 
a Maximum Abbreviated Injury Scale rated greater 
than or equal to 2 (MAIS 2+) (AAAM, 2005). All 
crashes in the OTS database occurring between 
2000 and 2005 with a car occupant with injury 
rated MAIS2+ were included, for a total of 101 
crashes with 120 occupants. From these crashes, 
only occupants with MAIS2+ injuries were 
included. The age distribution ranged from 3 to 93 
years, and the average age was 35 years. Only 9 of 
120 car occupants were over 65 years of age. Sixty-
five percent of the occupants were male. The data is 
further described in an earlier paper by Stigson and 
Hill (2009).

The Swedish Database STRADA 

The Swedish database STRADA including police 
reported and hospital-registered injuries (n=451) 
was used to study car crashes with injury leading to 
permanent medical impairment.  A random number 
of crashes, involving passenger cars, reported by 
both the police and by hospitals from year 2008 
were selected. The hospitals classification of the 
injuries (classified according to AIS-2005) was 
used to evaluate the risk of an injury leading to 
permanent medical impairment. The risk of 

permanent medical impairment (RPMI) was 
estimated using risk matrices, based on AIS injury 
level and body region, developed by Malm et al 
(2008), Table 1. This was performed for the level of 
1% permanent medical impairment. The scale of 
permanent medical impairment is based on 
judgments made by physicians following a 
nationally applied Swedish model 
(SverigesFöräkringsförbund, 2004). To be included 
in the study the combined risk (RPMI) for a car 
occupant’ injuries had to be at least 8 %. The 
combined RPMI was calculated based on a product 
of the risks of not being injured, described by 
Gustavsson et al. (1990), Eq. 1.

The combined RPMI = 1 - (1-pi)(1-pi+1)(1-pi+2)… (1).

The age distribution ranged from 2 to 91 years, and 
the average age was 35 years. Only 6% of the car 
occupants were over 65 years of age. Fifty-four 
percent of the occupants were male.

Table 1. Risk of Permanent Medical 
Impairment (RPMI) on 1%+ level (i.e. 1-99%). 

Numbers in percent.

AIS1 AIS2 AIS3 AIS4 AIS5
Head 8.0 15 50 80 100
Cervical Spine 16.7 61 80 100 100
Face 5.8 28 80 80 n.a.
Upper Extremity 17.4 35 85 100 n.a.
Lower Extremity
and Pelvis

17.6 50 60 60 100

Thorax 2.6 4.0 4 30 30
Thoracic Spine 4.9 45 90 100 100
Abdomen 0.0 2.4 10 20 20
Lumbar Spine 5.7 55 70 100 100
External (Skin)
and Thermal Injuries

1.7 20 50 50 100

All three databases contain detailed information on 
the road design where the crash occurred, such as 
road type, speed limits, visibility and roadside area. 
It also contains information on the involved 
vehicles (make, model year, status of restraint 
systems and residual intrusion), occupant 
information (age, gender, blood alcohol level 
(BAC), medical and autopsy reports) and police 
reports from the crashes. 

Classification of Each Crash

For the current study, analyses began at the stage 
where a crash had occurred and focused on finding 
the reason for the injury outcome, not the reason 
why the crash occurred. This could be due to one 
component or a combination of all three 
components of the system: the road, the vehicle, 
and/or the road user. To identify weaknesses in the 
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transport system, real-life crashes with different 
injury severity outcomes were classified and 
adapted to the STA model criteria (Figure 1). All 
crashes were classified according to the vehicle’s 
safety rating by Euro NCAP (European New Car 
Assessment Programme) and whether the vehicle 
was fitted with ESC (Electronic Stability Control) 
and proved to have some kind of defined whiplash 
protection systems. The road was classified 
according to EuroRAP (European Road Assessment 
Programme) criteria. Since the EuroRAP 
classification does not address rear-end crashes the 
classification was extended, Appendix. For each 
crash human behavior in terms of speeding, seat 
belt use, and driving under the influence of 
alcohol/drugs were classified.

The classification was made in two steps, based on 
the following questions:

1. Did the crash involve noncompliance with the 
road criteria, vehicle criteria, and/or road user 
criteria?

2. For crashes where more than one of the three
components does not comply with the safety 
criteria, are all of the components correlated to the 
injury outcome? This is achieved through a detailed 
case-by-case review.

The classification based on the criteria of the STA 
model provides a picture of the safety standard of 
the three components in crashes. Step 2 is a further 
analysis of the crashes to ascertain which of the 
failed criteria correlates to the injury outcome. The 
method is further described in earlier papers by 
Stigson et. al (2008) and Stigson and Hill (2009).

RESULTS

Most of the crashes occurred when two or all three 
components interacted (in 40% of the total number 
of cases, in 36% crashes with RPMI, in 68% 
crashes with serious injured and 37% in crashes 
with fatally injured car occupants). In total, the 
noncompliance with the vehicle safety criteria was 
judged to influence the injury outcome more often 
in car crashes with serious injury outcomes (51%) 
or where the occupants sustained injuries leading to 
permanent medical impairment (69%) than in 
crashes including fatally injured only (43%). The 
road was the one of the three components that was 
most often linked to a fatal outcome (63%). The 
corresponding data crashes with injuries with a 
RPMI and crashes with serious injured was 53%. 

Road

The number of roads that met the criteria of a safe 
road differs depending on injury severity. A lower 

safety standard on the road will lead to higher crash 
severity. Fifty-five percent of the crashes with 
injuries with a RPMI occurred on roads that 
complied with the safety criteria. The 
corresponding data for crashes with serious or fatal 
injuries was 41% and 24% respectively. Forty-one 
percent of the crashes with injuries with a RPMI 
occurred on roads with a speed limit of 50 km/h. 
The corresponding data for crashes with serious or 
fatal injuries was 37% and 9% respectively.

Car

Only a small number of passenger cars in the three 
different data sets met the criteria for a five-star 
rating by Euro NCAP. (In 7% of crashes with 
injuries with a RPMI. In all crashes with AIS2+ 
injuries the safety standard of the vehicle did not 
comply with the criteria of being 5-star rated by 
Euro NCAP or fitted with ESC. One percent of the 
cars in fatal crashes comply with the criteria of safe 
vehicle.) The potential of ESC could be high, since 
large number of crashes started with loss of control. 
ESC might have had an effect in 30% of the fatal 
crashes, 40% of crashes with serious injuries and 
23% of crashes with injuries with a RPMI. Rear-
end crashes account for a one third of all the 
crashes with RPMI. In total cars were judged to 
have the potential to be the main contributor for 
injury reduction in 36% of all rear-end crashes if 
they were fitted with whiplash preventive systems. 
In the remaining 64% of the crashes the car and 
road together were judged to contribute to whiplash 
injury reduction. These crashes occurred on roads 
with high speed limit (70-110 km/h) on which the 
effect of whiplash protection systems was judged to 
be lower.

Road Users 

The road user met the criteria more often in a crash 
with RPMI than in crashes with serious or fatal 
injuries. Number of road users that met the criteria 
was 84% in crash with RPMI than, 44% in crashes 
with serious injuries and 41% in fatal crashes. 
Almost 90% of the road-users in crashes with 
injuries with a RPMI were wearing seat belt. The 
corresponding number for car occupants in crashes 
with serious or fatal injuries was 73% respectively 
60%. More than a quarter of the total fatally injured 
occupants included cases with drivers under the 
influence of alcohol/drugs, with a passenger riding 
with a drunk driver, or cases where the opposite 
vehicle was driven by a drunk driver. The 
frequency of alcohol/drugs was much lower in 
crashes with serious injuries or crashes with injuries 
with a RPMI (12% respectively 4%). In 25-35% it 
was judged that the driver exceeded the speed limit.
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Crash Type Distribution

The crash type distribution differs depending on 
injury severity, table 2. Single-vehicle crashes 
account for the main part of all casualties regardless 
of injury severity. Head-on crashes account for 
almost a third of all crashes resulting in fatal or 
serious injuries. However, in crashes with injuries 
with RPMI, this crash type account for less than 
one tenth of all crashes. Both crashes at 
intersections and rear-end crashes account for 
significant higher proportion of these crashes 
leading to injuries with a risk of permanent medical 
impairment.

Table 2. Crash type distribution for different 
injury outcomes.

Crash Type 
Distribution

RPMI 
(%)

MAIS 2+ 
injuries

(%)

Fatalities
(%)

Single-vehicle 
crashes 

35 38 46.5

Head-on 
crashes 

7 31 32

Crashes at 
intersection

26 20 13.5

Rear-end 23 2 0.5
Other 9 9 7.5

A slightly higher proportion of noncompliance of 
the vehicle and the road user safety criteria was 
judged to be linked to the MAIS2+ injury outcome 
compared with fatally injured car occupants. The 
differences between these two are clearer if the 
crashes are divided into crash types. A higher 
proportion of the single-vehicle crashes was judged 
to be related to noncompliance with the road user 
safety criteria in crashes with MAIS2+ injury 
outcome (48 compared with 28%). Both these data 
sets show that noncompliance with the road and the 
vehicle safety criteria were most often linked to the 
injury outcome in head-on crashes. Injury outcomes 
in head-on crashes were mostly related to an 
interaction between the road and the vehicle rather 
than the components separately. In total, the 
noncompliance with the vehicle safety criteria was 
judged to influence the injury outcome more often 
in crashes with MAIS2+ injury outcome than in 
crashes including fatally injured only.

The circumstances in crashes leading to injuries 
with a RPMI differ from crashes with MAIS2+ 
injuries and fatal crashes. In very few cases 
noncompliance of the road user was judged to be 
linked to the injury outcome except from single-
vehicle crashes (there 18% was judged to be linked 
to the injury outcome). In all crashes irrespective of 
crash type the vehicle safety criteria was most often
linked to the injury outcome. However, injury 
outcomes in crashes were most often related to an 

interaction between two or all three components 
rather than each component separately. The highest 
interaction between the components was in single-
vehicle crashes followed by intersection and rear-
end crashes. In head-on crashes the vehicle safety 
criteria was doubtless the most important 
component. 

DISCUSSION

In this study, crashes have been analyzed, based on 
the STA model, to study the interaction between the 
components (road, vehicle and road-user) and 
thereby identify criteria and actions that are needed 
to achieve a safe system in which severe injuries 
can be avoided. It has been shown that depending 
on injury severity, different weaknesses in the 
system were identified. This will lead to different 
actions for injury reduction. Improvements of the 
safety level of the three components will have 
different possibilities in crashes with different crash 
severity. Furthermore, the study shows that it is 
important to study how the components interact and 
make actions that favor all the three components. 
The reason for this is that most crashes are caused 
by more than just one factor. Weaknesses in the
road transport system could be identified 
successfully by a multifunction analysis such as the 
one presented in this study. The classification based 
on the criteria of the STA model provides a picture 
of the safety standard of the three components in 
car crashes. To prevent fatal car crashes it is 
primarily the road safety standard that has to be 
improved. For crashes with seriously injured and 
crashes with injuries with a RPMI it is manly the 
vehicle’s safety standard that has to be improved.  

The study shows that the crash type distribution 
differs between the three data sets. Single-vehicle 
crashes, head-on crashes and crashes at 
intersections account for more than 90% of all the 
crashes with serious and fatally injured car 
occupants. In crashes with injuries with a RPMI 
these crash types only account for 67%. Rear-end 
crashes account for 23%. The complexity with rear-
end crashes is that this crash type often cause 
whiplash injuries and whiplash injuries account for 
a major part of injuries leading to permanent 
medical impairment (Malm et al., 2008). There are 
two reasons for the fact that rear-end crashes do not 
account for a high proportion in the two other data 
set; the crash type occur in general in road 
environment such as intersections or at zebra 
crossings and that whiplash injuries mostly occur in 
low impact crashes. Another factor that differs 
between the three data sets is the posted speed limit 
at the roads where the crashes occurred. In the data 
set with only fatally injured occupants, the crashes 
more often occurred at roads with a higher posted 
speed limit than in the two other data set.
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This study shows that an improvement of the car 
safety standard will be crucial for the reduction of 
road casualties in the future. Only a small part of 
the included cars fulfilled the criteria of a safe 
vehicle. In more than two thirds of the cases a safer 
car would have reduced the injury outcome. The car 
safety standard was judged to have the highest 
potential in crashes with injuries with a RPMI. 
However, the potential of ESC would be highest in 
fatal and severe crashes, since a higher number of 
crashes started with loss of control in these data 
sets. Furthermore, in crashes with RPMI it was 
judged that cars with whiplash protection systems 
would have a positive effect in 10% of the total 
crashes. It is likely to believe that the car safety 
standard will have an even greater potential to 
prevent injuries in the future. Systems like 
automatic emergency braking and lane departure 
warning will make cars even more important for the 
reduction of road casualties. In future cars will 
solve many of the problems around crashes that in 
this study were linked to the road safety standard or 
road-user.

The use of seat belts is fundamental in creating a 
safe road transport system. All other vehicle-related 
systems, speed limits, road design, etc., are based 
on a restrained occupant. Not using seat belts is 
therefore a behavior that takes the occupant outside 
the encompassing design of the road transport 
system.  Approximately 10% of the occupants in 
crashes with RPMI, 27% of the occupants in 
crashes with MAIS2+ injury and 40% of the fatally 
injured car occupants were not wearing seat belts. 
The proportion of belted car occupants would 
probably have been much higher if they had been 
sitting in a 5-star-rated car because these are fitted 
with a seat belt reminder. Lie et al. (2008) showed 
that seat belt reminders increased the seat belt use 
rate from 85.8 to 97.5% based on measurements in 
eleven European large cities. In the future, the 
inherent vehicle safety systems should also 
encourage the road user to follow the speed limit 
and prevent the driver from driving under influence 
of alcohol to minimize the injury outcome in road 
crashes.

Limitations

It is known from previous studies conducted on 
wider datasets that both age and gender influence 
the risk of being injured in a car crash. In particular, 
age and fatality risk are strongly correlated with 
each other. This has not been taken into 
consideration in the present study. Only car 
occupants were included in this study. It is also 
necessary to include other road users such as 
motorcyclists, cyclists, and pedestrians to identify 
system weaknesses.

In the current study, excessive speeding was 
considered from the available police investigation 
data. Only crashes with an import speed of 
approximately 15 km/h above the speed limit were 
classified as speeding. It should also be noted that it 
is a standard and accepted procedure for crash 
investigators to take a somewhat conservative 
appraisal of speeds during crash reconstruction. 
This factor may lead to an overestimation of the 
potential of a safe vehicle and a safe road.

CONCLUSION

Injury outcomes, irrespective of severity, were 
mostly related to an interaction between the three 
components: the road, the vehicle, and the road 
user. However, the significance of the components 
differs depending on crash severity. The vehicle’s 
safety standard is the most important component to 
reduce serious injury outcomes and injuries leading 
to permanent medical impairment. In fatal crashes 
improvements to the road would yield the highest 
potential for further reductions of car occupant 
injuries.
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APPENDIX

Table I Basic criteria for a safe journey in the SRA model.

Criteria for a safe journey - four-star rated road, five star rated vehicle and a road user that fulfilling the criteria
Head-on crashes ≤ 70 km./h a safe vehicle is expected to protect a road user 

> 70 km./h a safe vehicle and separated lanes are required
Run-off-the-road crashes ≤ 50 km./h a safe vehicle is expected to protect a road user

≤ 70 km./h a safe vehicle and guardrail/safety zone > 4 m are required
> 70 km./h a safe vehicle and guardrail/safety zone >10 m are required

Crashes at intersections ≤ 50 km./h a safe vehicle is expected to protect a road user
> 50 km./h a safe vehicle and grade separated/ roundabout required

Rear-end crashes ≤ 50 km./h a safe vehicle is expected to protect a road user
≤ 70 km./h a safe vehicle and T-junction; with right/left turn lanes are required
> 70 km./h Manly a safe road, but also a safe vehicle are expected to protect a 

road user
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ABSTRACT 

Several researchers have raised anecdotal 
concerns that NASS/CDS may overestimate ΔV in 
side crashes. NASS/CDS investigators use the 
WinSmash code, a successor to CRASH3, to perform 
the estimations The objective of this study was to 
determine the accuracy of WinSmash reconstruction 
of ΔV in side crash tests.   The actual ΔV and 
absorbed crash energy were computed for a suite of 
73 NHTSA side crash tests using crash test 
instrumentation.  Multiple accelerometers on both the 
striking and struck vehicle were used to calculate full 
planar motion histories, vehicle rotation, and center-
of-gravity ΔV at maximum crush and at vehicle 
separation. The same crash tests were then 
reconstructed using WinSmash and post-test crush 
measurements. This paper compares the WinSmash 
ΔV with the actual ΔV at maximum crush and ΔV at 
separation. The paper concludes that WinSmash 
over-predicts ΔV at separation in side crash tests by 
11% on average. 

INTRODUCTION 

In 2008, a total of 23,888 individuals lost their 
lives in passenger vehicles involved in accidents in 
the United States (FARS 2008). Of these, 5,265, or 
just over 22%, died in vehicles which were struck in 
the side. Research aimed at understanding side 
impact crashes and mitigating their toll on society 
relies heavily on data provided by the National 
Automotive Sampling System / Crashworthiness 
Data System (NASS/CDS), an in-depth crash 
investigation program sponsored by the U.S. National 
Highway Traffic Safety Administration (NHTSA). 

One of the most important data elements 
recorded in the NASS/CDS is the vehicle change in 
velocity, or ΔV. ΔV is the vector change in velocity 
experienced by a vehicle during a collision, and is 
widely used as a measure of collision severity in 
crash safety research (Bahouth et al.2004; Gabauer 
and Gabler, 2008). The ΔV information in 
NASS/CDS is used by NHTSA to determine research 
needs, regulatory priorities, design crash test 
procedures (e.g., test speed), and to determine 
countermeasure effectiveness. 

The WinSmash crash reconstruction code is used 
to compute the ΔV estimates in the NASS/CDS. 
However, the reconstruction accuracy of the current 
WinSmash version has not previously been examined 
for side impacts. Given the importance of side impact 
crash modes and the widespread use of NASS/CDS 
data, an assessment of the program’s reconstruction 
accuracy is warranted. 

OBJECTIVE 

The objective of this study was to determine the 
accuracy of WinSmash reconstructions of side crash 
tests.  

APPROACH 

Crash tests provide a wealth of controlled crash 
response data against which to evaluate WinSmash. 
Knowing the WinSmash accuracy in reconstructing 
crash tests, we can infer WinSmash accuracy in 
reconstructing  real-world side crashes. For this 
study, WinSmash was compared to NHTSA side 
impact crash tests conducted for both FMVSS No. 
214 and the NHTSA New Car Assessment Program. 
The actual ΔV for the struck vehicle was determined 
from test instrumentation for each test, and this ΔV 
was compared to the WinSmash-reconstructed ΔV of 
the same test. 

NHTSA Side Crash Tests 

Figure 1 shows the crash configuration used in 
the Side NCAP and FMVSS 214D side crash tests 
run by the NHTSA. In this test, a stationary test 
vehicle has a Moving Deformable Barrier (MDB) 
towed into it at either 33.5 mph (FMVSS 214D) or 
38.5 mph (Side NCAP) in a crabbed configuration. 
This means that the MDB wheels are all angled at 27 
degrees with respect to the MDB body; this gives the 
MDB face a lateral velocity with respect to the struck 
vehicle at impact and simulates a collision where 
both vehicles are moving. 
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Figure 1. Crash configuration used in NHTSA 
side tests. Reproduced from NHTSA (2006). 

WinSmash Reconstructions 

All WinSmash reconstructions performed in this 
study were of the “standard” type.  For a standard 
reconstruction, WinSmash requires measurements of 
the damage to both involved vehicle. These “damage 
profiles” take the form of 6 equally spaced 
measurements of crush depth (relative to the original 
vehicle outline) all taken at the same height above 
ground. For real-world crashes, both the length of the 
damaged region, i.e., the damage length, and the 
height at which measurements are determined using 
investigator judgment. For NHTSA side crash tests 
such as those examined here, 6-point damage profiles 
are generated for the struck vehicle and recorded in 
the test documentation. Detailed crush measurements 
are also made for the MDB face, but a 6-point 
damage profile is not recorded. For the 
reconstructions in this study, a 6-point damage 
profile was generated for the Moving Deformable 
Barrier (MDB) damage profile by linearly 
interpolated from the MDB crush measurements 
recorded at mid-bumper height. 

Most vehicle specifications and contact 
configuration parameters used in WinSmash 
reconstructions were obtained from the crash test 
records and/or testing protocols.  The vehicle radius 
of gyration is specified by the NHTSA testing 
protocols for the MDB, however this parameter is 
seldom known for actual vehicles, in crash tests or in 
real-world crashes. All reconstructions in this study 
used the WinSmash default method of estimation 
(Sharma et al.  2007) shown in equation 1 to estimate 
the struck vehicle radius of gyration. 

 =  0.3 (1). 

Vehicle Center of Gravity (CG) location was not 
recorded directly in the test reports, but was 
calculated from the recorded wheelbase and front/rear 
tire weight distribution and assumed to lie on the 
vehicle centerline. 

When reconstructing a crash, WinSmash requires 
that the investigator estimate Principal Direction of 
Force (PDOF) and damage offset. PDOF is the 
direction of the crash impulse relative to the vehicle. 
Damage offset describes the location of the point of 
application of the crash impulse relative to the 
vehicle center of gravity (CG). Errors in estimations 
of these parameters, which are largely unavoidable, 
will introduce some amount of error into all 
WinSmash reconstructions. In order to eliminate this 
confounding effect from the analysis, the PDOF and 
damage offset used here were both calculated from 
the crash test data itself. PDOF was simply calculated 
as the direction of the vehicle’s ΔV at maximum 
crush. 

Damage offset was determined by calculating the 
crash impulse moment arm required to generate the 
observed vehicle yaw rate at maximum crush, 
assuming the estimated value of radius of gyration 
(resultant crash impulse being calculated from 
observed ΔV). Using the calculated PDOF, the 
longitudinal position of the point of impulse 
application was then calculated, assuming some 
lateral depth for the application point. In this 
analysis, the lateral depth of the damage profile 
centroid was chosen for this purpose, based on the 
work of Ishikawa (1994). 

WinSmash assumes that restitution in all crashes 
is negligible. In effect, WinSmash therefore only 
calculates ΔV up to the point of common interface 
velocity or maximum crush. The difference between 
maximum crush ΔV and total ΔV at separation of the 
vehicles is dependent upon the amount of restitution 
that actually occurs in the test. In order to separate 
the effect of the restitution assumption from other 
effects, WinSmash ΔV was compared to the crash 
test ΔV recorded at both the time of common velocity 
and the time of separation. 

Because the MDB face in side crash tests 
absorbs some energy, its deformation must be 
accounted for in WinSmash reconstructions of crash 
tests. This analysis used a stiffness value computed 
by Struble et al.  (2001) from frontal barrier tests of 
the NHTSA MDB face (Table 1). Struble originally 
presented this stiffness in a format used by CRASH3, 
the predecessor to WinSmash.  The second value in 
Table 1 was converted using the relationships =  and =  developed by Prasad 
(1990) and presented by Sharma et al. (2007). 
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Table 1. 
MDB face stiffness reported by Struble et al. 
(2001), used in WinSmash reconstructions. 

CRASH3 Format 
(original) 

WinSmash Format 
(used here)  ⁄   ⁄   √   √ ⁄  

502.8 127.4 44.555 11.285 

Stiffness parameters for the struck vehicle were 
selected by WinSmash automatically, based on the 
year, make, model, bodystyle and damaged side 
(front/side/rear). WinSmash first attempts to find a 
vehicle-specific stiffness coefficient in its integrated 
library for the exact vehicle specified.  If an exact 
match cannot be found, WinSmash applies a 
categorical stiffness coefficient instead. 

Processing of Crash Test Data 

NHTSA side crash tests, being crabbed, can 
involve substantial rotation. To capture both 
rotational and translational motion, NHTSA tests 
record bi-axial acceleration for both vehicles (MDB 
and test vehicle) at multiple locations. Using a 
technique presented by Marine and Werner (1998), 
the full planar motion history of both the MDB and 
the struck vehicle was first calculated. By 
determining the time at which the MDB protruded 
the farthest into the struck vehicle, the time of 
maximum crush could be determined and the 
maximum crush ΔV at that time recorded. Separation 
ΔV was then simply taken at the time when the struck 
vehicle achieved its maximum velocity. Total 
absorbed energy was calculated by subtracting the 
rotational and linear kinetic energy for each vehicle 
at maximum crush from the kinetic energy of the 
MDB at the start of the test (the vehicle is initially 
stationary) (equation 2). 

 =      
 = _  
   =      
 

 
  =   

   (2). 

In the tests examined in this study, rotation 
accounted for 6.3% of the total kinetic energy of the 
struck vehicle at maximum crush non average, and 
8.6% of the MDB kinetic energy at the same time on 
average. 

All tests were checked for problems using 
multiple techniques. Any tests with problems that 
could not be corrected were discarded from the 
analysis.  Data quality checks included the following: 

 
• Visual Inspection of Data Visual inspection of 

plots of the data for each case eliminated obvious 
problems such as corrupted accelerometer 
channels, or typographical errors in crush 
measurements. 

 
• Momentum Conservation From momentum 

conservation, the ratio of the resultant ΔV for the 
MDB and vehicle to the inverse ratio of their 
masses should be nearly equal (equation 3): 

 =  (3). 

Marine and Werner (1998) used two biaxial 
accelerometers to compute a motion history.  
The MDBs in NHTSA tests have exactly this 
number, but the struck vehicles often have more 
biaxial accelerometers.  There is no guarantee 
however that all of these accelerometers 
recorded useful data. Thus, the vehicle ΔV was 
computed using each possible pairing of 
accelerometers. The results for the accelerometer 
pairing which most closely obeyed momentum 
conservation at common velocity were retained. 
If the best ratio of the resultant ΔVs differed 
from the inverse ratio of the masses by more than 
5%, the case was excluded from further analysis. 
 

• Sequence of Events Any cases in which the time 
of vehicle separation occurred before the 
calculated time of maximum crush were 
discarded. 
 

• PDOF Colinearity The calculated PDOFs for 
the vehicle and MDB were checked for 
colinearity. In theory, the test vehicle and MDB 
should both change velocity along the same line, 
but in opposite directions. Knowing the velocity 
change of each vehicle, and its orientation at 
maximum crush, the agreement with theory was 
tested. Maximum crush was chosen since, being 
earlier in the collision than separation, it is less 
affected by cumulative errors in the velocity 
integration. WinSmash itself allows for 10 
degrees difference between vehicle PDOFs.  Any 
tests in which the observed MDB PDOF and 
vehicle PDOF differed by more than this amount 
were excluded from the analysis. For purposes of 
the WinSmash reconstruction, the MDB PDOF 
was set to be precisely collinear with the 
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measured struck vehicle PDOF, rather than use 
the measured MDB PDOF. The magnitude of the 
difference between the measured MDB PDOF 
and the value used in WinSmash was 4.13 
degrees on average, with a minimum of 0.08 
degrees and a maximum of 9.82 degrees. 

Statistics 

All comparisons between WinSmash – predicted 
values and measured values were visualized using a 
cross plot displaying the data points and a linear 
regression line fit to the data using a fixed intercept 
of zero. This has the virtue of concisely describing 
both systemic error and random error about the mean. 
Rigorous tests on the statistical significance of all 
comparisons were carried out in SAS 9.2 using 
Student’s Paired T-test (‘PROC TTEST’ using the 
‘PAIRED’ keyword) or the Wilcoxon Signed Rank 
Sum test (part of the output of ‘PROC 
UNIVARIATE’), which is the non-parametric 
equivalent of the Paired T-test. Whenever a 
significance level is stated, the test used to determine 
it is given as well. The test used, Student’s or 
Wilcoxon, is indicative of whether or not PROC 
UNIVARIATE found the difference to be normally 
distributed. 

RESULTS 

Table 2 summarizes the data set used in this 
study. Test included both FMVSS 214-D compliance 
tests (33.5 mph nominal impact speed) and Side 
NCAP tests (38.5 mph nominal impact speed) from 
1994 to 2006. 

Table 2. Summary of dataset composition. 

Dataset Composition 
Total Tests: 73 
Vehicle Type: 

Cars 66 
LTVs 7 

Nominal Impact Speed: 
33.5 mph (FMVSS) 31 
38.5 mph (NCAP) 42 

Stiffness Type: 
Vehicle Specific 69 

Categorical 4 

Figure 2 shows a plot of WinSmash-estimated 
resultant vehicle ΔV versus the value measured from 
tests at separation. WinSmash was observed to over-
predict resultant ΔV by 11% systemically (see 
regression equation), with a great deal of case-to-case 
variability. The observed difference between the 

WinSmash ΔV and the measured ΔV was found to be 
significant at 95% confidence (p-value < 0.0001) 
using Student’s Paired T-test. 

 

Figure 2. Resultant vehicle ΔV at separation, 
WinSmash predictions versus measured values. 
Regression equation: y = 1.114x 

Figure 3 compares ΔV measured at separation to 
ΔV measured at maximum crush, and demonstrates 
the effect of restitution on the measured ΔV. NHTSA 
side tests appear to exhibit about 8% restitution on 
average. The observed difference in ΔV was found to 
be significant at 95% confidence (p-value <0.0001) 
using the Wilcoxon Signed Rank Sum test. 

 

Figure 3. ΔV measured at separation versus ΔV 
measured at maximum crush. Regression 
equation: y = 1.081x 

Figure 4 compares WinSmash ΔV to the ΔV 
measured at maximum crush. This comparison is not 
affected by WinSmash’s assumption of zero 
restitution as is Figure 2.  Notice that the difference 
between WinSmash ΔV and the measured ΔV has 
increased to 21%. The observed difference was found 
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to be significant at the 95% confidence level (p-value 
< 0.0001) using Student’s Paired T-test. 

 

Figure 4. Resultant vehicle ΔV at maximum crush, 
WinSmash predictions versus measured values. 
Regression equation: y = 1.207x 

Figure 5 compares WinSmash’s estimate of the 
total amount of energy absorbed in the collision (the 
sum of energy absorbed by both vehicles) to the 
actual value calculated from the test data at 
maximum crush. This is a key comparison, as the 
WinSmash stiffness model predicts energy absorbed 
specifically at maximum crush and not at separation. 
The observed difference is consistent with over-
prediction of ΔV, and was found to be significant at 
95% confidence (p-value < 0.0001) using Student’s 
Paired T-test. 

 

Figure 5. Total energy absorbed in test, 
WinSmash estimation versus measured value at 
maximum crush.  Regression equation: y = 1.43x 

Figure 6 compares the ΔV measured at 
maximum crush and the ΔV estimated by WinSmash 
when WinSmash is forced to use precisely the energy 

calculated from the test data at maximum crush. This 
comparison is not affected by either error due to 
restitution or inaccurate energy estimations. While 
the two ΔVs were still found to be significantly 
different at 95% confidence (p-value < 0.0001) using 
the Wilcoxon Signed Rank Sum test, the mean 
difference was only 0.45 km/h, or about 2% on 
average as shown in the regression equation. Note 
also the drastic reduction in case-to-case variability. 

 

Figure 6. Resultant vehicle ΔV at maximum crush, 
WinSmash predictions using measured energy 
versus measured ΔV values. Regression equation: y = 1.018x 

DISCUSSION 

Figure 2 indicates that WinSmash over-predicts 
struck vehicle ΔV in NHTSA side crash tests by 
11%. The accuracy of the WinSmash reconstruction 
model is strongly affected by investigator estimates 
of PDOF (Brach and Brach, 2005), but PDOF (and 
damage offset) error has been controlled for in this 
analysis. Vehicle specifications are all known with a 
high degree of certainty from the test documentation, 
except for radius of gyration. However, the damage 
offset parameter used in the WinSmash 
reconstructions was calculated using the estimated 
radius of gyration, so this is controlled for as well. 
This leaves WinSmash’s restitution assumptions and 
estimations of absorbed energy as the most probable 
sources of error. 

Figure 3 indicates that there is about 8% 
restitution on average in NTHSA side crash tests (the 
precise mean difference between maximum crush and 
separation is 1.9 km/h). If WinSmash were 
reconstructing the crash tests otherwise perfectly, an 
under-prediction of about 8% average would be 
expected due to ignoring restitution (ΔV always 
being higher at separation than at maximum crush). 
Figure 2 clearly demonstrates that the opposite is 
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happening, which implies some other effect is present 
in these reconstructions.  Figure 4 bears this out 
further. By comparing the WinSmash – reconstructed 
ΔV to the ΔV measured at maximum crush, 
restitution no longer factors into the comparison. The 
observed over-prediction of crash test ΔV then 
increases from 11% to 21%.  The WinSmash 
assumption of zero restitution appears to partly mask 
the error due to some other influence. 

This other influence is the accuracy of 
WinSmash’s estimation of the amount of energy 
absorbed in collisions. Estimation of absorbed energy 
is central to the WinSmash crash reconstruction 
algorithm (Campbell, 1974; Sharma et al.,  2007). 
WinSmash estimates the energy absorbed in a 
collision, at the time of maximum crush, based on the 
residual vehicle crush and a vehicle “stiffness”. 
WinSmash then calculates ΔV from this energy 
estimate using momentum conservation principles 
(NHTSA, 1986; Prasad, 1990; Sharma et al., 2007). 
For side crashes, this stiffness is derived from 
NHTSA side crash tests using two important 
assumptions.  Both assumptions affect the accuracy 
of WinSmash. First, WinSmash side stiffnesses are 
computed using an absorbed energy value calculated 
by applying 1-D momentum conservation. Second, 
the computation of WinSmsah side stiffness assumes 
that MDB damage accounts for only 5% of the total 
energy absorption. 

1-D momentum conservation is the theoretical 
upper limit on absorbed energy in a collision between 
two bodies. This is because it constrains the crash 
impulse to act through both vehicle CGs, which 
results in the maximum potential ΔV for any given 
impact speed (Brach and Brach, 2005). For a fixed 
impact speed, collisions between two bodies where 
the crash impulse is not collinear with one or more 
CGs will result in a smaller ΔV, and thus a smaller 
change in kinetic energy. The vehicle CGs in 
NHTSA crash tests – and in many real-world crashes 
–  are not in general collinear with the crash impulse, 
so the absorbed energy in such tests will invariably 
be less than what is predicted by 1-D momentum 
conservation. Figure 7, which compares the energy 
absorption predicted by 1-D momentum conservation 
to the value actually measured from the test data at 
maximum crush, confirms this for the tests used in 
this study. 

 

Figure 7 Total absorbed energy, 1-D momentum 
conservation versus measured at maximum crush. 
Regression equation: y = 1.173x 

Additionally, WinSmash side stiffness 
computation assumes that the MDB accounts for 5% 
of the total absorbed energy. Prasad (1991) made this 
assumption out of necessity, as at the time little was 
known about the dynamic crush-energy relationship 
of the NHTSA MDB face. Since the Prasad (1991) 
paper, the NHTSA has conducted several frontal-
barrier tests of the NHTSA MDB. Struble et al.  
(2001) used these tests to compute the MDB stiffness 
values used in this study. WinSmash continues to use 
side stiffness values computed assuming 5% energy 
absorption in the MDB. This may not be the case for 
the NHTSA side crash tests examined here. On 
average, WinSmash computes that the MDB absorbs 
13.8% of the total absorbed energy, with a minimum 
of 2.49% and a maximum of 49.1%. Even compared 
with the WinSmash prediction of total absorbed 
energy which are likely high, the fraction of the 
energy absorbed by the MDB (using the MDB 
stiffness reported by Struble) is still almost three 
times the 5% assumed when calculating WinSmash 
side stiffnesses.  These results suggest that, in the 
computation of WinSmash side stiffness values, both 
the total amount of energy absorbed in the crash, and 
the fraction absorbed by the struck vehicle are over-
estimated. 

Because WinSmash uses vehicle stiffnesses 
which likely correlate an artificially high amount of 
energy to a given amount of crush, WinSmash is 
likely over-estimating the amount of energy absorbed 
in the studied crash tests. Figure 5 confirms that this 
is occurring.  For the tests examined, WinSmash 
over-predicts the amount of energy absorbed in the 
collision by 43% on average.  

The vehicle crush measurements used in 
reconstructions also affect WinSmash’s absorbed 
energy estimations, but it is far less likely that they 
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would cause the observed systemic error. Errors in 
crush measurement would have to be systemically 
high.  Any errors in post-test crush measurements 
would be more likely to randomly distributed given 
that they are recorded at different times and by 
different test houses. More convincingly, many of the 
crush profiles for the crash tests in this study were 
used to calculate the very stiffnesses which 
WinSmash used to reconstruct these selfsame tests, in 
which case it would be highly unlikely for these 
measurements to be systemically high. 

Whichever the cause, Figure 6 shows that much 
of the observed error in the WinSmash-reconstructed 
ΔV is eliminated when the correct value for absorbed 
energy is used to reconstruct the test. The WinSmash 
ΔVs in Figure 6 were generated using a specially 
modified version of WinSmash which bypasses the 
crush/stiffness model and accepts a value for 
absorbed energy directly. Using this version of 
WinSmash, the tests were reconstructed with the 
amount of absorbed energy calculated from the crash 
test data at maximum crush. Not only does this 
eliminate almost all of the systemic over-prediction 
of ΔV, but the case-to-case variation is drastically 
reduced as well. Taken together, the results of Figure 
2, Figure 3, Figure 4, Figure 5 and Figure 6 indicate 
that, excluding other confounding factors such as 
PDOF, damage offset and restitution, WinSmash’s 
ability to accurately reconstruct ΔV in NHTSA side 
crash tests is highly dependent on its ability to 
accurately estimate the amount of energy absorbed in 
the collision. 

Limitations 

One limitation of this study is the assumption 
that MDB absorbed energy is well described by the 
Struble et al. (2001) stiffness. Struble’s calculations 
used the only source of crash test data available for 
the NHTSA MDB – rigid barrier tests. The MDB 
ΔVs in these tests were 44.9 km/h and 59.1 km/h 
(separation) and the average crush depths (across the 
entire MDB face at bumper level) were 24.3 cm and 
32.2 cm respectively. These crush and ΔV values are 
substantially more severe than the values in the 
NHTSA side crash tests examined in this study.  
Mean MDB ΔV at separation was 31.4 km/h 
(minimum 24.4 km/h, maximum 41.2 km/h), and 
mean average crush depth was 8.12 cm (min 1.67 cm, 
maximum 17.8 cm). The crush patterns themselves 
are also radically different – the rigid barrier tests 
have essentially uniform crush across the entire 
height and depth of the barrier face, while the side 
crash tests produce damage almost exclusively at 
bumper level. There is also evidence that the MDB 
face may have actually crushed completely and 

bottomed out in the rigid barrier tests. Thus, the 
Struble et al  (2001) MDB stiffness may not 
characterize energy absorption by the MDB face well 
at the lower crush values seen in NHTSA side crash 
tests. Our absorbed energy estimates could be 
improved if lower-severity MDB tests were available. 

Another limitation of this study is that all 
comparisons were made at only two closing speeds, 
both of which represent the extreme of severity in 
real-world crashes. Whether the findings of this study 
are also true at lower, more representative impact 
speeds could not be evaluated. 

Finally, there are the assumptions and 
approximations made to facilitate WinSmash 
reconstructions of the crash tests. PDOF can be a 
substantial source of error in the WinSmash 
reconstructions of real-world crashes (Brach and 
Brach, 2005; Smith and Noga, 1982). With crash 
tests however, PDOF can be readily computed and 
had no effect on our estimates of WinSmash error. 
However, reliance on an approximated radius of 
gyration for the struck vehicles could potentially have 
some effect on the fidelity of reconstructions, both 
directly and via its use in calculating damage offset. 
Our reconstructions are also dependent on the crush 
measurements recorded in the crash test reports. In 
particular, the overall length of the damaged region 
spanned by the 6-point crush profile is difficult to 
define consistently at times. 

CONCLUSIONS 

This study investigated the accuracy of 
WinSmash ΔV estimates in the reconstructions of 73 
NHTSA side crash tests. WinSmash was found to 
over-predict struck vehicle resultant ΔV by 11% at 
time of separation, even when PDOF error and 
damage offset error are controlled for, with a great 
deal of case-to-case variability. This difference 
appears to be primarily due to WinSmash’s 
overestimation of the energy absorbed by damage to 
the struck vehicle.  The result was that WinSmash 
over-predicted ΔV by 21% at time of common 
velocity.  When NHTSA side crash tests are 
reconstructed in WinSmash using the correct amount 
of absorbed energy, and PDOF and damage offset 
error are controlled for, there is no appreciable 
systemic error and random scatter in the data is 
greatly reduced as well. These results indicate that, 
given accurate input parameters, WinSmash is 
capable of accurately reconstructing side crash tests. 
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ABSTRACT 
 
The e-POST, an automatic crash notification system 
for the emergent rescue at auto accident has been 
launched as a national research program of Korea in 
2010. The main research objectives of the e-POST 
are: 1. Development of algorithm that quantifies 
crash severity and the prediction of occupant injury 
risk based on the recorded data in EDR (Event Data 
Recorder). Utilization of video images of inside 
and/or outside of the vehicle during (or right after) 
the event are under consideration. We hope this 
supplemental visual data can provide additional 
information for an in-depth analysis of the accident 
situation. For the injury risk prediction of occupants, 
virtual simulation using digital human body models 
will be employed. 2. Selection of communication 
protocol for the data transmits. Secure data transmit 
to the rescue center is an important part of the system 
and it becomes even more challenging issue because 
the additional video data could be a large size. 
 
INTRODUCTION 
 
The overall process of injury risk assessment for the 
field triage at the accident site is shown as the flow 
chart in Figure 1. Representing a general vehicle 
involved in a crash accident, a sled model based on 
finite element was built with digital human body 
model and vehicle occupant compartment including a 
restraints system. Numerous kinds of digital human 
body models are employed to represent various 
occupants in anthropometries, age, and genders. 
Crashworthiness characteristics of numerical sled 
model will be validated by comparing with the crash 
tests results of the KNCAP. Three crash modes in the 
KNCAP tests, i.e., full overlap frontal, offset frontal 
and side impacts will be quantitatively utilized to 
validate the vehicle compliance and occupant 
kinematics of the sled model. In order to quantify the 
effect of parameters of crash accident (PDOF, ΔV, ..), 
vehicle structure including restraining condition 
(vehicle type, belt, airbag, ..) and the occupant 
(position, size, gender, age, ..) on injury risk, various 
scenarios of sled simulations are going to be made to 
build up a simulated injury risk database. It is 

expected that this simulated injury risk data base can 
effectively provide most of necessary information to 
predict and quantify the injury risk from the collected 
data at EDR device. Using the real accident data 
including the detailed information of vehicle damage 
and occupant injury outcomes, the effectiveness of 
the simulate injury risk database to determine the 
crash injury severity will be verified. 
 
Unfortunately, there have been very few efforts on 
in-depth study of real car crash accident in Korea. 
The advanced in-depth studies of real car crash 
accident such as NASS/CDS[1] and CIREN[2] in US, 
ITARDA[3] of Japan, and GIDAS[4] of Germany 
have been used for the investigation of injury 
mechanisms to identify potential improvements in 
vehicle design. As a part of e-POST research 
program, we started to collect our own domestic real 
crash accident data. It is expected to collect about 
150 cases of real crash accident cases with serious 
injuries during 8-month period (2011 January-
August). This investigation is being operated mainly 
by a medical team without having any other 
administrative support such as police. Thus the 
collecting data is lack of some critical elements i.e., 
detailed accident information and speed change (ΔV). 
Four university hospital emergency rooms located 
respectively in medium size cities in Korea are 
actively participating to collect the data. The 
inclusion criterion is crash accident case with serious 
injured occupant victims (ISS 15+). They take a 
record of vital signs and AIS codes of the victims. 
The SAE J224 Collision Deformation Classification 
(CDC) code for the corresponding accident vehicle is 
also included. However, we have limited accident 
information to take an accident reconstruction and 
therefore the speed change is not included in the 
database. As an alternative practicable approach to 
estimate the speed change of the accident vehicle, the 
computer generated Delta V of the case in the 
NASS/CDS database which involves same vehicle 
model (Korean brands exported in US) and similar 
CDC code is going to be identified and adopted. The 
analysis of real accident data can provide useful data 
to verify our injury risk prediction algorithm and also 
going to be used to evaluate the significance of the 



relationship between vehicle damage and injury 
outcomes. 
 

 
 

 
Figure 1. Flow chart of injury risk prediction in ACNS 

 
The video image of occupants inside the vehicle is 
analyzed to help the estimation of crash severity in e-
POST, with the bio-inspired robust visual recognition. 
The research of visual signal processing aims to 
identify the position and posture of occupants with 
environmental status of air-bag activation, at the 
instant of accident.  The current development stage 
is the recognition of occupants either in the front seat 
or in the rear seat, while the vehicle is in motion. The 
detection of seated occupant’s fall is also monitored 
based on the video image of simulated action of 
occupant. 
  
The analysis methodology is developed by 
mimicking the principle of visual cortex of brain with 
similar robust characteristics, while there is practical 
feasibility of VLSI implementation for low cost 
device. The successful detection of occupants 
demonstrates the feasibility of adopting the video-
based estimation of severity of injury, with video 
taken from standard commercial car black box as 
database in the experiment. The challenge of abrupt 
illumination change is managed by mixed processing 
of neuromorphic and frame difference. The video 
sequence, with resolution of 640x480 and 15 frames 
per second, of two seconds is successfully evaluated 
for detecting the positions of occupants and the 
location of its head. During the sequence, the car 
drives both open space and between buildings on a 
bright sunny day. The video analysis of occupants 
targets to develop the reference model for visual 

recognition and summary of accident status with 
precise data and low communication overhead, 
helping to dispatch the rescue action efficiently and 
timely.  
 
Primary mobile communication protocols available 
now and in future (e.g. in-car internet) will be 
evaluated with the test beds if necessary. The smart 
mobile devices which are becoming rapidly popular 
these days, are equipped with some basic technical 
functions (i.e., communication, G-sensor, camera(s), 
CPU, etc.) of many existing EDR gadget. One of the 
plans of this study is to implement the outcome of 
our development (e.g., occupant injury risk 
prediction algorithm based on the video image 
analysis) into a smart mobile ACN application which 
might easily propagate into the fleet 
 
ACCINDET AND INJURY DATABASE 
 
Korean car involved cases in NASS/CDS data 
 
In the NASS/CDS 2004-2009 data. 1,491 accident 
cases (4.9% of total number of light vehicle 
accidents) involved two major Korean brand cars. 
Just for a reference, their US market share average 
for those six years (2004-2009) was similarly 5.0%  
(±1.1) as shown in Figure 2. Since the average of 
domestic market share of these two manufactures for 
last 10 years is over 70% (±3.8) in passenger cars, it 
would not be such an unreasonable approximation of 



the overall trend of automotive crashworthiness 
performance in the Korean fleet by the investigation 
of the accident cases involving their cars. 
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Figure 2. Domestic and US market share trend of 
major Korean brand cars [5] 
 
The number of accident accompanied the serious 
injury (ISS 15+) were 102 cases out of 1,491 
accidents that involved Korean brand cars in 
NASS/CDS 2004-2009 data.  Excluding those cases 
with old vehicle model (<2000) or just with 
incomplete CDC/AIS information, it further reduced 
to 76 cases. The distributions of accident, vehicle 
damage, and occupant variables are shown in Figures 
3-7. 

 
Figure 3. Occupant roles and injury severity of 
Korean brand cars in NASS/CDS 2004-2009 data   
 
There were 116 occupants in the 76 accident cases 
and the driver showed relatively higher injury risk 
than the passenger. The detailed distributions such as 
age, gender, restraint condition, MAIS, and ISS for 
79 occupants who had serious injury levels are 
shown in Figure 4. 

 
Figure 4. Distribution of seriously injured (ISS 
15+) occupant variables 
 
The AIS code distribution is shown in Figure 5. The 
most fatal injury (AIS6) occurs at head (6 cases) 

followed by spine (2 cases) and thorax (1 case). 

 
Figure 5. Distribution of AIS codes for seriously 
injured occupants  
 
The distributions of accident vehicle variables of 76 
cases are shown in the Figure 6.  

 
Figure 6. Distribution of accident vehicle 

variables 
 
All 76 cases had multiple crashes, i.e., 44 cases had 
event number 2 and 17 cases with event number 3. 
Front crash resulted in the most rank 1 vehicle 
damage followed by side impact as shown in Figure 
7. 

 
Figure 7. Distribution of crash type and severity 

 
Collection of domestic crash accident case 
 
Four university hospital emergency rooms as in 
Figure 8 are participating in e-POST project to 
collect domestic real crash accident cases. During the 
first eight months (2011 January-August), which is a 
preliminary trial period, it is expected to collect 
about 150 cases of crash accident with serious 
occupant injury. Our occupant data includes vital 
signs, position, demographics, anthropometry, and a 
description of injuries and their sources. The damage 
of vehicle exterior is quantified by a CDC code. We 
also take photos of the occupant compartment to 
identify the contact information. However, we do not 
take a precise measurement of vehicle exterior and 
interior deformations. There is no estimation of speed 
change due to the lack of accident event data. The 
distribution of occupant and vehicle variables of 10 
accident cases collected from 2011 January to 
February at Konkuk University hospital is shown in 
the Figure 9. 



 

 

 
 
 
 
 

University hospital city Size* 

A Soonchunhyang Bucheon 1000 

B Yunsei Wonju 836 

C Dankook Cheonan 802 

D Konkuk Chungju 501 

*Size of hospital is based on number of beds 
Figure 8. Four university hospitals collecting the 

domestic real crash accident data

 
Figure 9. Distribution of occupant and vehicle variables collected at Konkuk University hospital 

 
VIDEO IMAGE RECORDING AND ANALYSIS 
 
Bio-inspired occupant detection 
 
The state of the occupant needs to be estimated to 
determine the crash severity for e-POST. But before 
attempting to determine the state of the occupant, it is 
necessary to determine the position and posture of 
the occupant. To determine the position and location 
of the occupant bio-inspired robust visual recognition 
is implemented in this paper with the final goal of 
creating a system that can monitor all passengers 
whilst the vehicle is in motion. Much of computer 
vision algorithms are effective in their specific usage, 
however they lack the robustness of human vision 
and for most times will underperform in varied 
conditions. [6] 
 

Although there is not a definite model of visual 
cortex, Hubel and Wiesel’s research on cat’s striate 
cortex confirmed the idea on the functioning of 
simple cell [7]. It is from this discovery which 
motivated various theories of object recognition from 
characters to complex natural images [8]. These 
researches on neurophysiology introduced the 
principles of biologically plausible electronic 
implementation. One of the electronic 
implementation is the Hodgkin and Huxley’s model 
of neuron which is utilized in this paper to show 
feasibility of implementation of proposed bio-
inspired visual processing electronically. The 
motivation for it was found from the result of the 
well-known experimentation of simple cell by Hubel 
and Wiesel as shown in Figure 10. By mimicking the 
simple cell, similar robustness of visual cortex can be 
achieved.  



 
Figure 10.  Response of the cat’s cortex when a 
rectangular slit of light of different orientations is 
shown. [1] 

 
     Neuromorphic circuit mimicking the 
primary function of visual cortex The Hodgkin-
Huxley (H-H) is a widely adopted idea of neuron’s 
biophysical characterization as shown in Figure 11. 
H-H formalism is not used as much in neural 
networks as it does not give any major advantages 
however the asynchronous spikes are considered as 
principle element of high level or large scale neural 
computing system. 

 
Figure 11. An electrical equivalent circuit of 
neuron, H-H formalism where the asynchronous 
spike of a neuron as shown on the right can be 
reproduced. [9] 
 
The empirical mathematical formulae of conductance 
element in the formalism is expressed as (1) where b 
is the sigmoid function of membrane potential. And 
Vm is a membrane potential and the overall dynamic 
modeled by an Action potential and related ionic 
conduction.  

 
Gion = Gionmax .x 

dx/dt=α(b- x) 

iion = Gion(Vm-Eion)           (1) 
 

From these relationships dynamic behavior of 
biological neuron can be implemented electronically 
by the ion-based conductance controlled by 
membrane potential as shown in Figure 12.  
 

 
Figure 12. Voltage-controlled linear conductance 
by a pair of MOSFETs in the triode region, b. the 
tunable linear transconductance circuit, c. the 
chip photograph of CMOS transconductor. 

The implemented system was simulated with 
different orientation inputs as it is believed that the 
tuning properties of orientation selectivity plays key 
role for perception in visual cortex as it was shown in 
Figure 10. For the simulation, a tuned feature map of 
5 x 5 synaptic weights, shown in Figure 13, is based 
on the reference stimulus to match, with the minor 
adjustment depending on the output was prepared to 
mimic the orientation selectivity property of the 
simple cell. The synaptic weights are in the ratio of 
1:-0.6:0.1 for black: grey: white respectively. The 
stimulus were six 50 x 50 pixel sized rectangles at 
different angles as to give same effect as the inputs 
give to the cat in Hubel and Wiesel’s experiment. The 
result of stimulation shown in Figure 14 showed 
consistent outcome as the outcome of Hubel and 
Wiesel’s experiment shown in Figure 10. 

 
Figure 13. The artificial primary visual cortex 
model with orientation selective synaptic weights 
to mimic the simple cell.  



 
Figure 14. The simulated spike burst of VLSI 
visual cortex to stimulus in various orientations. 

 
Passenger detection The orientation selective 

characteristic of visual cortex is implemented for the 
human face detection to detect the position of the 
passengers. Human face can be seen as complex 
shape with many different orientations joined 
together. The basic outline of the idea can be seen in 
Figure 15. 
 

 
Figure 15. The outline of the proposed system. 
The head-torso shape shown on the right is used 
in neural network detector. 

This system was initially tested on still images taken 
inside a car to prove its robustness. Challenging 
aspect of passenger detection is that the passenger 
will not be always directly facing the camera, in this 
case a commercially available car black box with 
resolution of 640 x 480 and 15 fps. So it is unwise to 
use the facial feature of human to detect the position 
of passengers. In addition, the background will be 
constantly changing since the vehicle will be at most 
time in motion. The robustness was tested on 
detection of a same passenger on two occasions: 
facing the camera directly in Figure 16 and facing 
away from the camera in Figure 17. 
 

 

 
Figure 16. (from top left in clockwise direction) 
input image, orientation feature image, neural net 
detector output image, action level of detection 
neuron and the detected human head: case of 
facing forward 

 
Figure 17. (from left) input image, neural net 
detector output image and the detected human 
head: case of facing away 

The successful detection of the passenger at two 
different angle showed that the proposed idea is 
indeed robust. The proposed idea was tested on a 
detection of multiple passengers from a video stream 
when the car is in motion. Since using video stream, 
difference of orientation features from current and its 
previous frame is used to minimize the background 
noise. Background has much more high frequency 
features when the image is taken from a car in 
motion. Figure 18 shows the result of doing a 
difference of orientation feature images.  
 

 
Figure 18. Detection of multiple passengers from a 
vehicle in motion. (from top left in clockwise) 
Input image, orientation feature image, difference 
of orientation feature from current and previous 



image, neural net detection image and the resulted 
detection.:  

The detection was not always successful but this was 
somewhat improved when an idea inspired from 
animal vision was applied. It is believed that animals 
do not see all the color rather it only sees specific 
color component, mostly red. An example of this 
case can be observed in Figure 19. The neural net 
detection showed that the head of the passenger that 
was not detected (left side case in Fig. 19) at first had 
higher frequency when only red component was used 
to successfully detect the passenger (right side case 
in Fig. 19). 
 

 

 
Figure 19. Improving accuracy of the system. Left 
hand side images show the misclassified image 
and its neural net detection and the right hand 
side images show the successful detection and its 
neural net detection. 

 
     Passenger posture change detection Posture 
of passenger is important element to determine when 
dealing with e-POST cases since in severe crashes 
the passenger will be most likely in abrupt motion.  
Video stream was obtained from the same 
environment using the same camera as before. 
Typical sequence used can be seen in Figure 20. 
 

 
Figure 20. Simulated motion from the video 
stream used for pose detection experimentation. 

Same process as passenger detection is used to detect 
the head of the passengers which is that the 
orientation feature is extracted which is then used to 
difference with previous frame’s orientation feature 
followed by neural net detection. Once the head is 
detected, base line of the torso is initialized after few 
frames which is made possible by making an fair 
assumption that the torso is directly below the head 
i.e. passenger is seating upright. Then the position of 

head relative to the baseline of the torso can 
determine the pose the passenger is in. Pose detection 
for images shown in Figure 20 were successful as 
shown in Figure 21. 
 

 
Figure21. Successful pose detection for the images 
shown in figure 11. 

The experiments have shown that the proposed idea 
performed robustly in different situations but since e-
POST should function in evening as well as the day, 
an image was taken at night using an IR camera of 
same resolution, 640 x 480. As shown in Figure 22, 
the proposed idea performed robustly and thus the 
detection of the passenger was successful.  
 

 
Figure 22. Successful detection of the passenger at 
night time. (from left) neural net detection, action 
level of detection neuron and the result. 

CONCLUSION 
 
The bio-inspired visual processing showed the 
robustness and flexibility required in constantly 
changing condition that is of moving vehicle. The 
robustness was shown in different application using 
same fundamental idea and by testing in wide range 
of conditions. Implementation of the idea 
electronically is also very much feasible into 7mm x 
7mm of chip size in 0.18um CMOS technology.  
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ABSTRACT 
 

Recommendations were made in 2008 regarding 
advanced automatic collision notification or AACN 
and the data that should be used in attempting to 
predict the need for trauma center care (CDC, 2008).  
Some have considered those recommendations and 
begun to produce injury predicting algorithms that 
can be used in part to communicate the severity of 
crashes to emergency medical services (EMS) and 
trauma personnel (Kononen et al., 2010).  One 
possible shortcoming of many of the data sets being 
used and the resulting algorithms is their reliance on 
investigator estimated change in velocity (delta V).   
 
Prior work has investigated the predictive ability of 
various occupant and crash variables as they related 
to occupant outcomes (Craig et al, 2009).  The 
National Highway Traffic Safety Administration’s 
(NHTSA) Crash Injury Research and Engineering 
Network (CIREN) database provided the detailed 
crash and injury data as well as hospital care-based 
outcomes to enable that study.  The current study has 
continued that work, but with an emphasis on 
studying the significance of the association between 
individual event data recorder (EDR) or telematics 
variables and patient outcomes that most justify the 
need for the highest level of care.    
 
The primary aim of this study was to document the 
association between potential EDR or telematics 
variables and occupant outcomes using three frontal 
crash data sets.  Analysis was limited to data that could 
be collected via telematics or voice communication and 
involved logistic regression analysis to document 
variables that were significant associated with the 
occupant outcomes studied.  Two CIREN (non-EDR 
and EDR) and one National Automotive Sampling 
System – Crashworthiness Data System (NASS-CDS) 
(EDR) data sets were analyzed.  The CIREN data sets 
were used to study the association between predictors 
and hospital care-based outcomes.  The NASS-CDS 
EDR data set was used to evaluate the association 
between the same predictors used in CIREN data 
analysis and injury severity-based outcomes.  Both EDR 
data sets were also analyzed to evaluate differences in 
the predictive ability of delta V obtained from an EDR 

versus delta V calculated as part of the crash 
reconstruction (using WinSMASH, e.g.).   
 
The results of this study show that many of the 
recommended predictors (CDC, 2008) were 
significantly associated with the outcomes of interest.  
The study also found that EDR delta V can be a better 
predictor of outcomes than WinSMASH delta V.  This 
finding may have implications for the development and 
application of injury predicting algorithms that could be 
used as part of an AACN system.   
 
INTRODUCTION 
 

Triage of occupants involved in motor vehicle crashes is 
currently assessed at the scene of the crash using the 
American College of Surgeons (ACS) field triage 
decision scheme that was published in 2006 (ACS, 
2006) and later supported with detailed rationale (Sasser 
et al., 2009).  The field triage decision scheme consists 
of four sections or steps: 1. vital signs and level of 
consciousness, 2. anatomy of injury, 3. mechanism of 
injury and evidence of high-energy impact, and 4. 
special patient or system considerations.  
 
Step 3 of the 2006 Field Triage Decision Scheme 
includes a placeholder for “vehicle telemetry data 
consistent with high risk of injury.” Related to this, an 
expert panel was formed by the Centers for Disease 
Control (CDC) to developed recommendations for 
Advanced Automatic Collision Notification (AACN) 
systems (CDC, 2008).  Recommendations by the panel 
included the use of a 20% probability of an injury 
severity score (ISS) greater than 15 (ISS 16+) to indicate 
the need for Level I trauma center care.    The expert 
panel also recommended a set of vehicle data elements 
that should be transmitted via telemetry to AACN 
providers that could be used to estimate the probability 
of an ISS of 16+.  The recommended elements included 
change in velocity (delta V), principal direction of force 
(PDOF), seat belt usage, multiple impacts (i.e., multiple 
crashes or impact events), and vehicle type.  They also 
recommended elements that could be collected by the 
AACN provider or PSAP (public-safety answering 
point, 9-1-1) through voice communication with the 
vehicle occupant.  Those items included age (> 55 
years), injuries to vehicle occupants, number of patients, 
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and the number of vehicles in the crash.  Collection of 
this information through voice could be used to augment 
the calculation of the probability of a vehicle occupant 
meeting the ISS 16 threshold.   
 
Earlier work initiated at NHTSA documented the 
development of predictive models using vehicle and 
occupant data in an attempt to predict the probability 
of a maximum Abbreviated Injury Scale (MAIS) 
(AAAM, 1998) of 3+ for a case occupant in a given 
crash scenario.  The URGENCY Algorithm is one 
such model (Malliaris et al., 1997; Augenstein et al., 
2001).  More recent work using NHTSA’s National 
Automotive Sampling System – Crashworthiness 
Data System (NASS-CDS) database has involved the 
development of algorithms that are currently being 
employed by some auto manufactures and their 
affiliated telematics providers to estimate the 
probability of severe injury in the spirit of Step 3 of 
the 2006 ACS Field Triage Decision Scheme.  
Kononen et al. (2010) followed the recommendations 
of the CDC AACN expert panel and developed a 
predictive model using NASS-CDS data and the 
previously mentioned list of the CDC expert panel’s 
recommended predictors to estimate the probability 
of ISS 16+.  As with prior studies that have attempted 
to predict injury severity resulting from car crashes, 
delta V was found to be the most significant predictor.  
Of the CDC expert panel’s recommend predictors, 
only vehicle type was not found to be a significant 
predictor (p> 0.10 for model inclusion in that study).    
 
Craig et al. (2009) developed models to predict the 
probability of occupant outcomes in motor vehicle 
crashes.   However, that study, instead of focusing on 
the use of NASS-CDS data and the estimation of ISS or 
MAIS probabilities used NHTSA’s Crash Injury 
Research and Engineering Network (CIREN) database 
to study the relationships between vehicle, crash and 
occupant characteristics and hospital care-based 
outcomes such as time spent in the intensive care unit 
(ICU), invasive procedures within 12 or 24 hours of the 
time of the crash (operating room or OR < 12, OR < 24) 
and fatality.  While NASS-CDS and CIREN are similar 
with regards to the collection of vehicle, occupant and 
crash data, only CIREN documents hospital care-based 
outcomes such as admission to the ICU and need for 
invasive surgeries.  In an earlier study, Lerner et al. 
(2006) suggested the use of a composite of hospital 
care-based outcomes as a better indicant of a patient’s 
need for trauma center resources.  Different than an ISS 
based threshold, Lerner et al. recommended the use of a 
combination of ICU time > 24 hours, in-hospital fatality 
or non-orthopedic emergency surgery within 24 hours 
of admission as a better outcome to be used to represent 
need for high-level trauma center care.   

The primary aim of this study was to document the 
association between potential EDR or telematics 
variables and occupant outcomes using three frontal 
crash data sets.  Compared to the prior study by Craig et 
al. (2009), this study takes an alternative approach to 
look at the CDC expert panel’s recommended predictors 
of the probability of ISS 16+ and investigates the use of 
alternative hospital care outcomes, in particular the 
combination suggested by Lerner et al. (2006).  Simple 
logistic regression analysis was completed to study the 
association between individual variables or predictors 
and hospital care-based outcomes of interest for CIREN 
cases with EDR data and for all CIREN frontal crash 
cases.  The hospital care-based outcomes included time 
spent in the ICU, need for invasive surgery, in-hospital 
fatality and composites of those outcomes. Similar 
analyses were completed using NASS-CDS EDR cases 
with MAIS 3+ and ISS 16+ as the dependent outcomes 
studied.  Analysis in all cases was limited to data that 
could be collected via telematics or voice 
communication.   
 
As part of the analysis of EDR cases, the predictive 
ability of WinSMASH calculated delta V (Sharma et al., 
2007) was compared to EDR measured delta V.  Prior 
studies have shown relatively low correlation (R2 ~ 0.5) 
between WinSMASH and EDR delta V and have 
shown that WinSMASH delta Vs are lower on average 
than EDR delta Vs by 10-15% (Gabler et al., 2004; 
Niehoff and Gabler, 2006).  This difference may 
influence the predictive ability of algorithms that were 
developed using WinSMASH and not EDR delta V data.  
To that end, the predictive ability of EDR delta V data 
collected in NASS-CDS cases is compared to that of 
WinSMASH delta V in the current study.   
 
METHODS 
 

CIREN Case Analysis 
The current study uses CIREN frontal crash data given 
the following inclusion criteria: 
• Most severe event and damage from frontal collision 

(GAD1 = frontal) 
• 1998+ vehicle model year (2001+ for EDR data set) 
• Known EDR delta V (EDR data set) 
• Known WinSMASH delta V (non-EDR data set) 
• Frontal airbag deployed 
• Known hospital outcomes (ICU, OR, etc.) 

 
Two CIREN frontal crash data sets were produced.  The 
first included all CIREN cases meeting the criteria 
above for non-EDR cases.  The second included those 
where the case vehicle was equipped with an EDR.  
EDR cases did not require the existence of WinSMASH 
delta V, but did require a complete velocity-time history 
data set as obtained from the EDR for the crash event of 
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interest.  Niehoff et al. (2005) noted that older models of 
General Motors (GM) vehicles collected between 100-
150 ms of longitudinal delta V data for airbag 
deployment cases and in more recent model years 300 
ms of longitudinal and lateral delta v data is recorded.  
Given the very limited number of cases with lateral 
delta V data, this study chose to focus on analyzing only 
the longitudinal delta V data in frontal crashes.      
 
The primary aim of this study was to document the 
relationship between potential predictors and the 
following hospital care-based outcomes:  

1) time spent in the ICU, 
2) any invasive procedure within 12 hours (OR < 12 

hrs) of the crash, 
3) any invasive procedure within 24 hours (OR < 24 

hrs) of the crash,  
4) non-orthopedic emergency surgery within 24 

hours of a crash,  
5) fatality (all) 
6) fatality (in-hospital), 
7) ICU, fatality or OR < 12 hrs, 
8) ICU, fatality or OR < 24 hrs, and  
9) ICU, fatality or non-orthopedic emergency OR < 

24 hrs.   
 

Associations between the independent variables and 
dependent outcomes were analyzed individually through 
simple binary logistic regression using SAS 9.1 (SAS 
Institute Inc.).  Independent variables were determined 
to be significant predictors if the p value associated with 
Wald χ2 values was less than 0.05.  For discussion 
purposes, predictors were considered to be “marginally” 
significant for 0.05 < p < 0.10.  In the prior study by 
Craig et al. (2009), p < 0.10 was the threshold used for 
retaining predictors for us in multivariable predictive 
model development.  Minus two times the Log 
Likelihood (-2 Log L) was recorded for use in 
comparing the model fit for the respective predictors 
and outcomes.  A lower value of -2 Log L indicates 
better model fit for a given predictor versus other 
predictors of the same outcome.   
 
The independent variables or predictors evaluated in the 
current study are summarized in Table 1.  The predictors 
included those proposed by the CDC expert panel (CDC, 
2008).  The spirit of the expert panel’s recommendation 
regarding principal direction of force (PDOF) was to 
distinguish between front, right, left, and rear impacts.  
Since all crashes were frontals in the current study, 
PDOF was separated into five categories; ten, eleven, 
twelve, one, and two o’clock.  Vehicle type was 
separated into passenger cars, sport utility vehicles, 
pick-up trucks and vans.  The CDC expert panel’s 
proposed voice-collected data of injuries to vehicle 
occupants, number of patients and number of vehicles 

involved was not evaluated in the current study.  Since 
the current analysis focused on the outcomes of 
individual CIREN case occupants, it was not possible to 
evaluate those additional recommended elements. 
 
Other items considered to be possible elements to be 
communicated via telematics or voice that were 
evaluated include pre-impact braking, pre-impact 
vehicle speed, peak 50 ms slope of the EDR delta V 
time-history data, occupant height (50 ms peak 
acceleration), weight and the Glasgow Coma Scale or 
GCS.  The change in velocity-time history data was 
used to calculate a peak slope over any 50 ms window.  
Given that weight and seat position (a surrogate for 
predicting occupant height) sensors exist in vehicles 
today, those predictors and body mass index (BMI) 
were also included as possible predictors.  Regarding 
the GCS value, which evaluates motor, eye opening and 
vocal response, it is possible that GCS could be 
estimated via AACN provider or PSAP operator 
interaction with the crash occupant.    For the purposes 
of the current study, GCS data was limited to 
“legitimate” GCS scores where the occupants were not 
sedated or intubated. 
 
Table 1. Vehicle and occupant variables  

Vehicle/Crash Predictors Occupant Predictors
WinSMASH - Longitudinal Delta V Belt Use

EDR - Longitudinal Delta V Age, Age > 55, Age > 65 
EDR - 50 ms Peak Acceleration Gender
EDR - Pre-impact Vehicle Speed BMI, BMI > 35

EDR - Pre-impact Braking Height
PDOF Weight

Multiple Impacts GCS, GCS < 14
Vehicle Curb Weight

Vehicle Type  
 
NASS-CDS EDR Case Analysis 
The NASS-CDS EDR data set was used to study the 
association between the variables listed in Table 1 and 
ISS 16+ and MAIS 3+.  ISS 16+ was chosen given the 
CDC expert panel’s recommendation (CDC, 2008).  
MAIS 3+ was chosen given its use as the dependent 
outcome in earlier development of predictive algorithms 
such as the URGENCY algorithm (Malliaris et al., 
1997; Augenstein et al., 2001).  As with the analysis of 
the CIREN data sets, this analysis involved measuring 
the association between individual predictors and 
outcomes (ISS 16+ and MAIS 3+) using simple logistic 
regression analysis to investigate and establish which 
predictors should be considered when developing 
multivariable models for predicting occupant outcomes 
or injury severity using telematics data.  The study did 
not look at multiple variable regression model 
development or the potential interactions that may exist 
between predictors. 
 
The NASS-CDS EDR data set was limited to NASS-
CDS case years 2000 through 2009.  As with the 
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CIREN EDR cases, vehicle model years of 2001+ were 
included in the analysis and cases were limited to frontal 
impacts with airbag deployments.  Regression analysis 
was done using both unweighted and weighted case data 
from the EDR data set.  The case weights were trimmed 
at three levels (ratwgt < 5000, < 2500 and < 500) to 
study the influence on regression results.   
 
RESULTS 
 

Three data sets were created; two from CIREN and one 
from NASS-CDS.  The first data set was the CIREN 
non-EDR data set (n=925).  The second data set 
produced was the CIREN EDR data set (n=80).  The 
third data set was the NASS-CDS EDR data set (n=811, 
unweighted).  Of the 80 cases in CIREN EDR data set, 
59 had available WinSMASH delta V.   For the NASS-
CDS EDR data set, 624 of 811 cases had known 
WinSMASH delta V.  Unless otherwise noted, the 
results presented for the NASS-CDS EDR data set are 
for the unweighted data set.  The usable set of cases in 
the NASS-CDS EDR data set is small.  Thus, analyses 
would be subject to a large relative increase in variance 
with the inclusion of case weight.  Also, since analyses 
were only concerned with studying the absolute 
relationships between variables and not the counts, case 
weights were not necessary. 
 
The distribution of class variables for the three data sets 
can be seen in Figures 1 – 3.   The distributions are 
similar between the CIREN data sets with few 
exceptions.  For instance, there is a difference in 
multiple impacts that is likely due to the differences in 
definition between EDR and non-EDR cases.  Multiple 
impacts in EDR cases is when the EDR recorded 
multiple events.  Multiple impacts in non-EDR cases 
was defined when there was at least one additional 
frontal event with a delta V greater than 25 kph.  In 
comparing the NASS-CDS and CIREN data sets, it can 
be seen that the NASS-CDS data set tends to have more 
male occupants and younger occupants than the CIREN 
data sets. 
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Figure 1. Distribution of class variables – CIREN non-
EDR data set (n=925) 
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Figure 2. Distribution of class variables – CIREN EDR 
data set (n=80) 
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Figure 3. Distribution of class variables – NASS-CDS 
EDR data set (n=811) 
 
Table A1 (Appendix) shows the mean and standard 
deviation values for the occupant-based continuous 
measures that were evaluated in the current study, 
grouped by all cases and by individual outcomes.  Table 
A1 also includes information on outcomes such as 
MAIS, ISS and total hospital charges for reference.  
Table A2 (Appendix) shows data for the crash and 
vehicle-based variables that were studied for the CIREN 
data sets.  Table A3 (Appendix) shows similar vehicle 
and occupant data for the NASS-CDS EDR data set.  
WinSMASH delta V can be compared across the three 
data sets.  For the two CIREN data sets there is not a 
significant difference between WinSMASH delta V 
averages (p > 0.05).  However, it is notable that the 
average delta V and associated average ISS and MAIS 
values for the NASS-CDS EDR data set is significantly 
lower than the CIREN data sets.  For example, for the 
full CIREN data set the average WinSMASH delta V is 
45.0±19.5 kph versus 25.2±13.3 kph in the NASS-CDS 
EDR data set.  Similarly, average ISS is 19.2±12.4 in 
the CIREN frontal data set versus 3.7±8.3 in the NASS-
CDS data set.  This difference is expected based on the 
differences in inclusion criteria between CIREN 
(admission to Level I trauma center) and NASS-CDS 
(tow-away crash, in this case with airbag deployment 
required as part of the current study’s inclusion criteria).   
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Assessing Independent Variable Significance  
Tables 2 - 4 show the Wald χ2 values for significant (p < 
0.05) and marginally significant (0.05 < p < 0.10, 
shaded in tables) predictors and the associated model fit 
(-2 Log Likelihood) values for CIREN non-EDR frontal 
cases, CIREN EDR frontal cases and NASS-CDS EDR 

cases, respectively.  Empty cells in the tables signify 
variables with p > 0.10.  The exception is for cells in 
Table 3 comparing the significance of the association of 
EDR and WinSMASH delta V, respectively, with the 
outcomes studied.   

 
Table 2. Single variable logistic regression results for the CIREN non-EDR data set  

χ2 p Fit2 χ2 p Fit2 χ2 p Fit2 χ2 p Fit2 χ2 p Fit2 χ2 p Fit2 χ2 p Fit2 χ2 p Fit2 χ2 p Fit2

WinSMASH Delta V MY 98+ 17.1 < .001 1080.0 13.5 < .001 399.1 4.5 0.034 225.8 4.6 0.032 1086.3 7.4 0.007 1122.2 10.6 0.001 626.4 12.0 < .001 1175.4 15.0 < .001 1007.8 22.6 < .001 1167.6
PDOF MY 98+ - - - - - - - - - - - - - - - - - - - - - - - - -

Multiple Impacts MY 98+ - - - 3.0 0.084 409.1 6.8 < .001 224.8 - - - - - - - - - - - - - - - -
Veh Curb Weight MY 98+ - - - 2.7 0.097 408.6 - - - 3.9 0.048 1086.9 - - - - - - 2.9 0.091 1185.1 - - - -

Vehicle Type MY 98+ - - - - - - - - - - - - - - - - - - - - - - - - -
Belted MY 98+ - - - 22.5 < .001 387.1 15.2 < .001 212.0 - - - - - - - - - - - - - - - -

Age MY 98+ 10.8 0.001 1086.5 8.1 0.044 403.5 - - - 12.1 < .001 1078.5 15.6 < .001 1114.0 - - - - - - 5.9 0.016 1018.1 7.7 0.006 1183.2
Age > 55 MY 98+ 9.4 0.002 1088.1 10.3 < .001 401.6 - - - 7.7 0.006 1083.1 7.5 0.006 1122.4 - - - - - - - - - 7.3 0.007 1183.7
Age > 65 MY 98+ 13.7 < .001 1083.9 13.5 < .001 399.6 6.5 0.011 224.1 9.0 0.003 1081.5 15.5 < .001 1114.3 - - - - - - - - - 10.0 0.002 1180.9
Gender MY 98+ - - - - - - 3.7 0.053 225.9 - - - - - - - - - - - - - - - - -

BMI MY 98+ - - - - - - - - - - - - - - - 10.5 0.001 622.8 - - - - - - - -
BMI > 35 MY 98+ - - - - - - - - - - - - 3.6 0.056 1116.5 7.9 0.005 624.4 - - - 3.9 0.049 1007.4 - -
Height MY 98+ - - - - - - - - - - - - - - - - - - - - - - - - - -
Weight MY 98+ - - - - - - - - - - - - - - - 10.5 0.001 623.2 - - - - - - - -

GCS MY 98+ 25.9 < .001 929.8 66.6 < .001 161.8 37.5 < .001 146.3 - - - - - - 14.7 < .001 538.8 12.5 < .001 1084.2 5.6 0.018 960.1 26.0 < .001 1012.7
GCS < 14 MY 98+ 40.0 < .001 928.3 53.2 < .001 175.9 28.9 < .001 149.7 - - - - - - 9.8 0.002 543.5 17.7 < .001 1082.5 6.8 0.009 960.0 39.3 < .001 1016.7

2.  -2 Log Likelihood

N=925
25 Cases

N=925
520 Cases

N=925
348 Cases

ICU, Fatal or 
OR LT12

ICU, Fatal or 
OR LT24OR LT241 OR LT121

1.  Fatal cases not included in ICU and OR analysis

Predictor

Outcome

Data 
Set

ICU1

N=925
291 Cases

Fatal - All
N=925

54 Cases

In-hospital Fatal
ICU, Fatal, Non-
Ortho OR LT24

N=925
359 Cases

N=925
645 Cases

N=925
104 Cases

N=925
526 Cases

Non-Ortho OR 

LT241

 
 
Table 3. Single variable logistic regression results for CIREN EDR data set  

χ2 p Fit3 χ2 p Fit3 χ2 p Fit3 χ2 p Fit3 χ2 p Fit3 χ2 p Fit3 χ2 p Fit3

WinSMASH Delta V MY 2001+1 0.01 0.907 NA 2.26 0.132 NA 3.65 0.056 69.0 0.00 0.957 NA 0.23 0.635 NA 0.38 0.539 NA 0.06 0.813 NA

EDR Delta V MY 2001+1 4.90 0.027 76.2 4.79 0.029 71.7 3.51 0.061 69.1 2.40 0.122 NA 5.54 0.019 67.2 3.71 0.054 57.8 4.16 0.041 76.3
EDR Delta V MY 2001+ 2.85 0.092 107.9 8.84 0.003 93.7 7.58 0.006 95.0 3.60 0.058 56.4 4.47 0.035 96.0 3.85 0.050 81.0 - - -

50 ms Peak Accel MY 2001+ - - - 6.17 0.013 97.1 5.86 0.016 97.3 - - - 3.10 0.078 97.6 3.53 0.060 81.4 - - -
Pre-impact Speed MY 2001+ 2.79 0.095 96.6 - - - - - - - - - - - - - - - 2.86 0.091 96.5

Pre-impact Braking MY 2001+ - - - - - - - - - - - - - - - - - - - - -
PDOF MY 2001+ - - - - - - - - - 4.48 0.034 55.3 - - - - - - - - -

Multiple Impacts MY 2001+ 3.19 0.074 107.6 - - - - - - - - - 3.08 0.080 97.7 - - - - - -
Veh Curb Weight MY 2001+ - - - - - - - - - - - - - - - - - - - - -

Vehicle Type MY 2001+ - - - - - - - - - - - - - - - - - - - - -
Belted MY 2001+ - - - 4.87 0.027 80.1 4.02 0.045 75.6 - - - - - - - - - - - -

Age MY 2001+ - - - - - - 4.77 0.029 98.7 - - - - - - - - - - - -
Age > 55 MY 2001+ - - - - - - 4.78 0.029 98.9 - - - - - - - - - - - -
Age > 65 MY 2001+ - - - - - - 6.81 0.009 96.7 - - - - - - 4.21 0.040 81.1 - - -
Gender MY 2001+ - - - - - - - - - - - - - - - - - - - - -

BMI MY 2001+ 3.82 0.051 104.0 - - - - - - - - - - - - 7.57 0.006 69.6 3.27 0.071 103.7
BMI > 35 MY 2001+ 4.07 0.044 103.4 - - - - - - - - - - - - - - - 2.78 0.095 104.1
Height MY 2001+ - - - - - - - - - - - - - - - - - - - - -
Weight MY 2001+ - - - - - - - - - - - - - - - 4.85 0.028 78.8 - - -

GCS MY 2001+ - - - - - - - - - - - - - - - - - - - - -
GCS < 14 MY 2001+ - - - - - - - - - - - - - - - - - - - - -

1.  This data set and comparison between EDR and WinSMASH delta V is limited to 59 of 80 cases with known WinSMASH delta V
2.  Value in parenthesis represents number of cases in n=59 (known WinSMASH) data set
3. -2 Log Likelihood

ICU, Fatal, Non-
Ortho OR LT24

ICU, Fatal or 
OR LT12

Predictor Data Set

Outcome

N=80

40 (29)2 cases

N=80

29 (22)2 cases

N=80

46 (36)2 cases

N=80

10 (9)2 cases

N=80

54 (40)2 cases

N=80

62 (46)2 cases

N=80

40 (33)2 cases

ICU OR LT12 OR LT24 Non-Ortho OR LT24
ICU, Fatal or 

OR LT24

 
 
There were a number of independent variables found to 
be significantly associated with the outcomes evaluated 
in analyses of the CIREN non-EDR data set (Table 2).  
First, WinSMASH delta V, is a significant predictor 
(p<0.05) of all outcomes studied.  Looking at the other 
telematics variables recommended by the CDC expert 
panel, multiple impacts and belt use were only 
significant for fatalities.  Vehicle type and PDOF, which 

again was limited to clock directions between ten and 
two o’clock, were not significant predictors of any 
outcome.  Information that could be collected by PSAP 
or telematics provider such as age and GCS < 14 were 
significant predictors for a number of the individual 
outcomes such as ICU, fatality and composite outcomes.  
With the exception of OR < 12 hours and OR < 24 
hours, GCS as a continuous or class variable predictor 
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was one of the strongest predictors as evidenced by 
higher χ2 and lower -2 Log L values.  Weight and/or 
BMI were at least marginally significant predictors of 
non-orthopedic emergency OR < 24 hours, OR < 24 
hours and ICU, Fatal or OR < 24 hours.  Gender was not 
a significant predictor for any outcome studied in the 
non-EDR CIREN data set.  Age > 65 years was a better 
predictor than age > 55 as evidenced by higher χ2 and 
lower -2 Log L values. 
 
Table 4. Single variable logistic regression results for 
NASS-CDS EDR data set 

χ2 p Fit3 χ2 p Fit3

WinSMASH Delta V MY 2001+1 39.44 < .0001 159.1 55.88 < .0001 393.1

EDR Delta V MY 2001+1 44.63 < .0001 154.0 51.88 < .0001 408.7
EDR Delta V MY 2001+ 68.37 < .0001 261.2 84.38 < .0001 576.3

50 ms Peak Accel MY 2001+ 67.67 < .0001 262.2 85.05 < .0001 575.1
Pre-impact Speed MY 2001+ 37.48 < .0001 263.3 32.53 < .0001 569.4

Pre-impact Braking MY 2001+ 3.92 0.0477 332.3 3.81 0.0508 672.6
PDOF MY 2001+ 3.20 0.07 324.5 5.69 0.0171 659.7

Multiple Impacts MY 2001+ - - - - - -
Veh Curb Weight MY 2001+ 3.15 0.0761 333.3 - - -

Vehicle Type MY 2001+ 6.93 0.0742 329.9 11.99 0.0074 665.2
Belted MY 2001+ 14.73 0.0001 321.2 25.49 < .0001 647.1

Age MY 2001+ - - - 3.63 0.0567 672.8
Age > 55 MY 2001+ - - - 2.74 0.0978 673.8
Age > 65 MY 2001+ - - - - - -
Gender MY 2001+ - - - - - -

BMI MY 2001+ 3.76 0.0525 289.9 12.15 < .0001 569.7
BMI > 35 MY 2001+ 3.95 0.0469 290.0 9.85 0.0017 572.5
Height MY 2001+ - - - - - -
Weight MY 2001+ 5.65 0.0174 300.2 9.50 0.0021 580.7

3. -2 Log Likelihood

1.  This data set and comparison between EDR and WinSMASH delta V is limited to the 
624 of 811 cases with known WinSMASH delta V
2.  Value in parenthesis represents number of cases in n=624 data set

MAIS 3+
N=811 

119 (77)2 Cases

N=811

43 (24)2 Cases

Predictor

Outcome

Data Set

ISS 16+

 
 
Analysis of the CIREN EDR data set found that fewer 
variables were significantly associated with the 
outcomes studied (Table 3), which was likely due to the 
limited sample size (n=80).  However, for non-EDR 
variables, significance was established for items such as 
age, belt use and GCS in analyses of the non-EDR 
CIREN data set.  Assessing just the EDR-related data, in 
most cases EDR delta V was a significant predictor of 
the individual and composite outcomes that were 
studied.  Multiple impacts as indicated by multiple 
events recorded by the EDR, was marginally significant 
for ICU and ICU, fatal or OR < 12 hrs (p < 0.1).  
Similarly, pre-impact vehicle speed was marginally 
significant (p < 0.1) in predicting ICU and the 
composite of ICU, fatal or non-orthopedic OR < 24 hrs.  
Pre-impact braking was not a significant predictor for 
any outcome studied (p=0.207).  Craig et al. (2009) had 
found that pre-impact braking was a marginally 
significant predictor of ICU (p=0.063).  Additionally, 
since there were only three fatalities in the CIREN EDR 
data set, no analyses were performed to document the 
association between predictors and fatality.   
 

Finally, it can be seen in Table 3 that when analyzing 
the subset of CIREN EDR cases with known 
WinSMASH delta V (n=59), EDR delta V was a better 
predictor of outcomes than WinSMASH delta V.  For 
that data set, EDR delta V was a significant predictor (p 
< 0.05) of four out of seven outcomes studied and was 
marginally significant in two others (p=0.061 for OR < 
24 hrs and p=0.054 for ICU, fatal or OR < 24 hrs), while 
WinSMASH delta V was not a significant predictor for 
any outcomes (p > 0.05) and was marginally significant 
(p=0.056 for OR < 24 hrs) for only one case.  Figure 4 
shows the correlation between EDR and WinSMASH 
delta V for these 59 cases.  The correlation (Pearson 
correlation coefficient, r = 0.72) between EDR and 
WinSMASH delta V may in part explain why it would 
be reasonable to expect different χ2 values between the 
two estimates for delta V.  Additionally, Figure 4 shows 
the delta V values for ICU and non-ICU cases.  It can be 
observed that ICU cases tend to have higher EDR delta 
V than non-ICU cases (54.7±18 kph vs. 48.6±13 kph 
per Table A2) while the same is not true for 
WinSMASH delta V where average delta V was 
actually higher (difference not significant, p>0.05) for 
non-ICU cases at 48.0±19.1 kph versus 47.4±20.1 kph 
for ICU cases (Table A2). 
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Figure 4. EDR vs. WinSMASH delta V for MY 2001+ 
CIREN EDR cases (n=59) 
 
Table 4 shows the regression results for the unweighted 
NASS-CDS EDR data set.  Though the dependent 
outcomes that the independent variables were evaluated 
against are limited to ISS 16+ and MAIS 3+, it is 
reasonable to believe that these injury severity-based 
outcomes would correlate well with the outcomes 
studied in the CIREN data sets.  For example, simple 
logistic regression analysis of the CIREN non-EDR data 
set found that ISS was a significant predictor of ICU (p 
< 0.0001).  Regression results for the NASS-CDS EDR 
data set shows that EDR delta V, 50 ms peak 
acceleration derived from EDR delta V, pre-impact 
vehicle speed, pre-impact braking, vehicle type, belt use, 
BMI and weight were all at least marginally significant 
predictors (p < 0.10) for both ISS 16+ and MAIS 3+.  
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While age was significantly associated with many of the 
hospital care-based outcomes studied in the CIREN 
non-EDR data set, it was only a marginally significant 
predictor for MAIS 3+ in the NASS-CDS EDR data set.  
The existence of multiple impacts, gender and occupant 
height were not significant predictors for either outcome. 
 
Table A4 (Appendix) compares the single variable 
logistic regression results of the weighted NASS-CDS 
EDR data sets versus the unweighted data set.  It can be 
seen that some variables that were at least marginally 
significant (p<0.1) predictors of the dependent outcomes 
with the unweighted data set were no longer significant 
(p < 0.05) or marginally significant (p < 0.1) predictors 
in many cases with the weighted data sets.  These 
included pre-impact braking, BMI, weight, and age. 
 
Different than the CIREN EDR data set, WinSMASH 
delta V was generally equivalent to EDR delta V with 
respect to the significance of its association (as 
evidenced by similar χ2 values) with ISS 16+ and MAIS 
3+ in analyses of the NASS-CDS EDR data set.  Model 
fit (-2 Log L) was also comparable for EDR and 
WinSMASH delta V.  However, as previously 
documented (Gabler et al., 2004; Niehoff and Gabler, 
2006), WinSMASH delta V tends to underestimate 
actual delta V based on EDR data.  Similar to Figure 4, 
Figure 5 plots EDR vs. WinSMASH delta V for the 
NASS-CDS 2001+ model year unweighted data.  The 
correlation was similar to that seen with the CIREN 
EDR cases (r=0.73).  Additionally, it was found that the 
average WinSMASH delta V was 12.1% lower than 
EDR delta V (Table 5) and that the difference was 
significant (p < 0.001).  In addition to comparing means 
and evaluating the correlation of EDR and WinSMASH 
delta V, the maximum likelihood estimates for the 
WinSMASH delta V and EDR delta V from logistic 
regression analysis of the unweighted sample were used 
to plot the predicted risk of MAIS 3+ against delta V 
(Figure 6).  It can be seen that the logistic curve for 
WinSMASH delta V predicts a higher probability of 
MAIS 3+ for a given delta V value as compared to EDR 
delta V.   
 
Table 5 compares the rates of ISS 16+ and MAIS 3+ 
and the associated differences in delta V when looking 
at NASS-CDS EDR cases where WinSMASH delta V 
was available versus cases where it was missing.  The 
shaded boxes are for comparisons in which the 
difference in means (ISS, MAIS, delta V) was 
significant (p < 0.05).  It can be seen that the average 
ISS and MAIS values were significantly higher for 
cases with missing WinSMASH delta V versus cases 
with known WinSMASH delta V.    
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Figure 5. EDR vs. WinSMASH delta V for MY 2001+ 
NASS-CDS EDR cases 
 
Table 5. Comparison of MAIS and ISS for cases 
with known vs. missing WinSMASH delta V  

Data  Se t1 N 2 Count
% of 
T ot Avg Count

% of 
T ot Avg

MY 2001+ 811 43 5.3% 3.7 119 14.7% 1.4 29.0 25.2

Known 
WinSMASH DV

MY 2001+
624 24 3.8% 3.2 77 12.3% 1.3 28.5 25.2

Missing 
WinSMASH DV

MY 2001+
187 19 10.2% 5.4 42 22.5% 1.6 30.8 NA

2. Number of cases represents number of occupant cases; same inclusion criteria as CIREN case 
study

ISS 16+ MAIS 3+ Avg EDR 
De lta  V 

(kph)

Avg 
WinSMASH 

De lta  V 
(kph)

1. GAD1 frontals with known injury data, good EDR delta V, and NASS case years of 2000-08
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DISCUSSION 
 

As has been previously shown (Craig et al., 2009), 
telematics/EDR variables can be significant predictors 
of hospital care-based outcomes.  This study has looked 
again at CIREN case data to reassess the current 
significance of those EDR variables and has expanded 
to include alternative dependent outcomes for evaluation 
including a composite outcome recommended by Lerner, 
2006.  In the case of delta V, which was a significant 
predictor for all outcomes in the CIREN non-EDR data 
set (MY 1998+, n=925, Table 2), the significance of the 
association between delta V and outcome (based on χ2 
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values) was strongest for the composite outcome 
recommended by Lerner, which was ICU within 24 
hours, non-orthopedic emergency procedure within 24 
hours or in-hospital fatality.  
 
Many studies have discussed the need to combine 
telematics data with crash reconstruction-based 
algorithms such as the URGENCY Algorithm for the 
purpose of improving emergency response for seriously 
injured motor vehicle crash victims (Augenstein et al., 
2001; Augenstein et al., 2003; Augenstein et al., 2005; 
Augenstein et al., 2006; Augenstein et al., 2007; 
Champion et al., 2003; Champion et al., 2005).   More 
recent work (Bahouth et al., 2008; Kononen et al., 2010) 
has followed those recommendations and the 
recommendations from the CDC expert panel (CDC, 
2008) in developing algorithms for use in production 
AACN systems.   
 
The study by Craig et al. (2009) took advantage of the 
strengths of both CIREN and NASS-CDS to develop 
combined outcome models.  The current study took an 
alternative approach to look at the predictors and 
outcomes that should be considered in the development 
of future predictive models that could be used as part of 
an AACN system and has highlighted a few deficiencies 
in the current data sets.  Analyses included the addition 
of alternative composite outcomes and the evaluation of 
association between the predictors studied (Table 1) and 
ISS 16+ and MAIS 3+ using the NASS-CDS EDR data 
set.  As noted, ISS was found to be a strong predictor of 
ICU (p < 0.0001).  So, it is reasonable to believe that 
potential telematics or voice communicated variables 
that were significant predictors of ISS 16+ in the NASS-
CDS EDR data set, such as pre-impact braking, could 
also be significant predictors of hospital care-based 
outcomes, such as ICU, in an expanded data set of 
CIREN EDR cases. 
 
In completing logistic regression analysis of 
independent variables and dependent outcomes, the 
current study re-affirms that many typical factors 
generally thought to be positively associated with 
severity of injury such as delta V and occupant age were 
found to be significant predictors of many of the 
outcomes studied for the CIREN non-EDR data set.  
GCS, which is currently a measure used in Step 1 of the 
2006 ACS Field Triage Decision Scheme was also a 
strong predictor of outcomes in the non-EDR CIREN 
data set.  In the case of both NASS–CDS and CIREN 
EDR data sets, EDR delta V was the independent 
variable most frequently found to be significantly 
associated with the outcomes studied and in most cases 
had the highest χ2 values and the lowest -2 Log L values.  
In the case of the CIREN EDR data set, EDR delta V 
was a better predictor of outcomes than WinSMASH 

delta V.  To further study the predictive abilities of delta 
V and other EDR/telematics variables, especially in the 
case of the hospital care-based outcomes found in 
CIREN, a much larger data set of EDR cases may be 
needed. 
 
As noted, there were other variables that were found to 
be at least marginally significant predictors for many of 
the outcomes studied.  These included items 
recommended by the CDC expert panel such as age > 
55 years old, vehicle type, seat belt use, and multiple 
impacts.  Though, vehicle type, and for the most part, 
seat belt use were not found to be significantly 
associated with the outcomes studied in the CIREN data 
sets, they were significant predictors of ISS 16+ and 
MAIS 3+ in the NASS-CDS EDR data set.  Conversely, 
while the independent variable multiple impacts was a 
significant predictor for a few of the hospital care-based 
outcomes, at least at the p < 0.1 level, it was not a 
significant predictor of ISS 16+ or MAIS 3+ in analysis 
of the NASS-CDS EDR data set.   
 
There are additional items beyond those recommended 
by the CDC expert panel that were shown to be 
significantly associated with the hospital care-based 
and/or injury severity-based (ISS, MAIS) outcomes that 
could also be communicated via telematics or be 
variables that could be considered in future multivariate 
predictive model development.   Those included pre-
impact braking, pre-impact vehicle speed, occupant 
weight/BMI, and GCS.   
 
EDR delta V was found to be significantly associated 
with many hospital care-based outcomes in analyses of 
the CIREN EDR data set.  The 50 ms peak acceleration 
variable was also a significant predictor of outcomes, 
but was not better than EDR delta V.  The 50 ms 
window is associated with the acceleration severity 
index (CEN, 1998).  Gabauer and Gabler (2007) also 
found that the acceleration severity index was not a 
better predictor of injury than delta V.    
 
Similar to the prior study by Craig et al. (2009), in 
single variable logistic regression analysis of CIREN 
EDR cases, EDR delta V was a better predictor of the 
outcomes studied than WinSMASH delta V.  However, 
when analyzing larger data sets such as the CIREN non-
EDR (WinSMASH delta V, only) or the NASS-CDS 
EDR data sets (WinSMASH and EDR delta V) both 
WinSMASH- and EDR-based delta V were shown to be 
significant predictors of motor vehicle crash occupant 
outcomes.  Future study with a larger data set of EDR 
cases should be done to further assess the predictive 
performance of all EDR-based variables including delta 
V, pre-impact braking and pre-impact vehicle speed for 
both hospital care-based outcomes and injury severity 
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measures such as ISS 16+ and MAIS 3+.   
 
Missing WinSMASH delta V data may affect the 
severity of cases included in modeling and thus may 
change the significance found and/or model coefficients.  
In the CIREN and NASS-CDS EDR data sets, 
WinSMASH delta V was missing 26% and 23% of the 
time, respectively.  For the unweighted NASS-CDS data 
set, Table 5 highlighted the significant increase in injury 
severity (ISS and MAIS) in cases with unknown 
WinSMASH delta V versus cases with known 
WinSMASH delta V.  Additionally, as found in prior 
studies (Gabler et al., 2004; Niehoff and Gabler, 2006), 
the current study noted that WinSMASH delta V was on 
average significantly less than EDR delta V.  As shown 
in Figure 6, a given WinSMASH delta V value will 
predict a higher probability of MAIS 3+ than for the 
same value of EDR delta V given WinSMASH delta V 
being significantly lower on average than EDR delta V 
(12.1% in the current study for MY 2001+).   
 
In summary, though WinSMASH delta V can be a 
significant predictor of outcomes, predictive models that 
are developed with it may be limited due to the 
following issues: 1) cases with missing WinSMASH 
delta V, which have more severe outcomes on average 
(MAIS and ISS), may not be used to develop the 
respective predictive models and 2) over-prediction of 
the probability for a given outcome since WinSMASH 
delta V is on average significantly lower than EDR delta 
V. 
 
Study Limitations 
As with the prior study (Craig et al., 2009), the current 
study was limited by the number of CIREN EDR frontal 
cases available (n=80).  To do a more thorough study of 
the association between potential telematics/EDR and 
voice communicated variables and the individual or 
composite hospital care-based outcomes, a much larger 
data set of EDR cases would need to be developed.  
Even in the NASS-CDS EDR data set, there were 
relatively few cases (raw count of n=43 ISS 16+ cases 
out of 811 total).   
 
Another limitation of this study is that only frontal crash 
cases were analyzed as part of the three data sets.  CDC 
expert panel recommended elements such as PDOF 
(front, right, left, or rear impact) were not evaluated in 
the current study as recommended by the Expert Panel.  
Additionally, it is expected that variables such as delta V 
and belt use may have different relationships with 
hospital care- and injury severity-based outcomes in 
side impact than they do in frontal impacts.  As 
additional EDR data becomes available in side impact 
cases, there will be an opportunity to employ the current 
methods of this study and the prior study by Craig et al. 

(2009) to study the association between telematics/EDR 
and voice communicated variables and occupant 
outcomes in side impact crashes.   
 
This study only looked at the significance of association 
and model fit for a set of independent variables (Table 
1) through simple univariate logistic regression.  This 
study did not attempt to study the interactions that may 
exist between variables.  The study also did not attempt 
to develop multivariable predictive models as was done 
by Craig et al., (2009).  While some variables may not 
have been shown to be even marginally (p< 0.10) 
associated with any or all of the hospital care-based 
outcomes, ISS 16+ or MAIS 3+, it is still possible that 
those variables could improve the predictive power of a 
multi-variable model. 
 
Future Study 
Though, not evaluated in the current study, other 
considerations such as vehicle compliance status and 
performance in consumer metric tests may want to be 
considered for future study when testing the association 
of independent variables and outcomes of interest.  The 
assumption is that newer model year vehicles with more 
advanced restraint systems and vehicle structures will 
perform differently (higher delta V for a given 
probability of ICU or ISS 16+, e.g.) than an older model 
vehicle.  For example, Ryb et al., (2009) found that later 
model year vehicles experienced a decreased likelihood 
of severe thoracic and spinal injuries and death.  The 
average age by model year of vehicles in this study were 
2001.9±2.9, 2003.3±2.0 and 2002.9±1.6 for the CIREN 
non-EDR, CIREN EDR and NASS-CDS EDR data sets, 
respectively.  Thus it is possible that the relationship 
between predictors and outcomes could be different 
when applied to newer vehicles.  Future studies looking 
at the significance and magnitude of the association 
between predictors and outcomes of interest may benefit 
from having a greater concentration of newer vehicles. 
 
The CDC’s expert panel recommended ISS 16+ as the 
threshold for someone needing trauma center care.  It is 
debatable whether ISS 16+ is the best measure for 
trauma center need.  The composite measure proposed 
by Lerner (2006) or a similar composite measure may 
be a better or more reliable outcome to model with 
respect to need for someone getting Level I or highest 
available trauma center care.  Unfortunately, it is not 
possible to compare models of ISS and hospital care-
based outcomes using CIREN data.  There is no reason 
to believe that CIREN data would be biased in a way 
that would alter the measures of association observed 
between the independent variables and the hospital care-
based dependent outcomes of interest in this study.  
However, with respect to ISS and MAIS, CIREN may 
have a different distribution of vehicle and occupant 
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variables than NASS-CDS or the real-world since all 
CIREN occupants were treated at a Level I trauma 
center.  Thus, it is not possible or appropriate to 
compare prediction strength between the hospital-based 
outcomes and the CDC expert panel’s ISS 16+ 
recommendation using CIREN data alone.  
Unfortunately, hospital care-based outcomes, such as 
ICU and need for invasive surgery, are not available for 
study in NASS-CDS.  Future studies may need to 
consider the use of alternative databases and/or the 
collection of new data within existing databases to 
enable a comparison of models that predict injury 
severity (MAIS 3+, ISS 16+) versus hospital care-based 
outcomes.   
 
CONCLUSIONS 
 

This study looked at three sets of frontal crash data to 
assess the significance of the association between 
independent variables that can be part of what is 
communicated via telematics or direct communication 
with a PSAP or telematics provider and hospital care-
based (ICU, OR, etc.) and injury severity (MAIS, ISS) 
outcomes.  The following conclusions can be made: 
 
• Of the CDC expert panel recommended telematics 

elements (delta V, belt use, PDOF, multiple 
impacts, vehicle type) only delta V was found to 
consistently be a significant predictor of hospital-
care-based outcomes in analysis of the two 
CIREN data sets.  Belt use was only significant 
for fatality (non-EDR data set) and OR < 12 and 
24 hours (EDR data set), multiple impacts was 
only significant for fatality (non-EDR data set) 
and vehicle type was not significant for any 
outcome in studies using CIREN data.   

• Of the five expert panel recommended telematics 
variables, only multiple impacts was not a 
significant predictor of ISS 16+ or MAIS 3+ in the 
NASS-CDS EDR data set. 

• Additional variables beyond those recommended 
by the CDC Expert Panel (CDC, 2008) that could 
be communicated via telematics were also found 
to be significantly associated with hospital care-
based outcomes, ISS 16+, and/or MAIS 3+.  
Those included pre-impact braking, pre-impact 
vehicle speed, occupant weight, and BMI. 

• Items that could be collected through vehicle 
occupant communication with the telematics 
provider or PSAP, including age and GCS, were 
found to be significantly associated with many of 
the outcomes studied.  In the CIREN non-EDR 
data set in particular, GCS, either as a continuous 
variable or as GCS < 14, was one of the most 
significant predictors of outcome. 

• The composite measure of ICU, in-hospital 

fatality or non-orthopedic emergency surgery 
within 24 hours proposed by Lerner et al. (2006) 
had a strong relationship between delta V, age and 
GCS and could be considered as an alternative to 
ISS and MAIS-based models. 

• WinSMASH Delta V was the only variable that 
was significantly associated with all outcomes 
studied in the CIREN non-EDR data set.   

• EDR delta V was a better predictor of hospital 
care-based outcomes than WinSMASH delta V 
based on analysis of the CIREN EDR data set.   

• Cases with missing WinSMASH delta V have 
significantly higher average MAIS and ISS.  All 
else equal, this could result in differences in the 
probability function developed for the respective 
outcome or outcomes. 

• An algorithm developed using WinSMASH delta 
V may over-predict the probability of a given 
outcome when applied as part of an AACN 
system given WinSMASH delta V being 
significantly lower than EDR delta V on average.  

 
REFERENCES 
 

AAAM - Committee on Injury Scaling. 1998. The 
Abbreviated Injury Scale: 1998 Revision. 
Association for the Advancement of Automotive 
Medicine, Des Plaines, IL. 

 
American College of Surgeons, 2006. Resources for the 

optimal care of the injured patient. American 
College of Surgeons, Chicago, IL. 

 
Augenstein, J., Digges, K., Ogata, S., Perdeck, E., 

Stratton, J., 2001. Development and validation of the 
urgency algorithm to predict compelling injuries. In 
Proceedings of the 17th International Technical 
Conference on the Enhanced Safety of Vehicles, 
Amsterdam, Netherlands. 

 
Augenstein, J., Perdeck, E., Stratton, J., Digges, K., 

Bahouth, G., 2003. Characteristics of crashes that 
increase the risk of injury. In the 47th Annual 
Proceedings of the Association for the 
Advancement of Automotive Medicine, p.561-
576. 

 
Augenstein, J., Perdeck, E., Bahouth, G. T., Digges, 

K. H., Borchers, N., Baur, P., 2005. Injury 
identification: priorities for data transmitted. In 
Proceedings of the 19th International Technical 
Conference on the Enhanced Safety of Vehicles, 
Washington, DC. 

 
Augenstein, J., Digges, K., Bahouth, G. T., Dalmotas, 

D., Perdeck, E., 2006. A more effective post-
crash safety feature to improve the medical 



Craig, 11 

outcome of injured occupants. Society of 
Automotive Engineers World Congress, SAE 
Paper No. 2006.01.0457. 

 
Augenstein, J., Digges, K., Perdeck, E., Stratton, J., 

Bahouth, G., Baur, P., Messner, G., 2007. 
Applications of ACN data to improve vehicle safety 
and occupant care.  In Proceedings of the 17th 
International Technical Conference on the Enhanced 
Safety of Vehicles, Lyon, France. 

 
Bahouth, G. T., Augenstein, J. S., Digges, K. H., 

Rauscher, S., Baur, P., 2008. Application of 
advanced telematics data to improve post-crash care 
for drivers and passengers.  Proceedings of Airbag 
2008 – 9th International Symposium and Exhibition 
on Sophisticated Car Occupant Safety Systems, 
Karlsruhe, Germany. 

 
Centers for Disease Control (CDC) – National Center 

for Injury Prevention and Control, 2008. 
Recommendations from the expert panel: Advanced 
automatic collision notification and triage of the 
injured patient. Atlanta, GA.  

 
Champion, H. R., Augenstein, J. S., Blatt, A. J., Cushing, 

B., Digges, K. H., et al., 2003. Reducing highway 
deaths and disabilities with automatic wireless 
transmission of serious injury probability ratings 
from vehicles in crashes to EMS.  In Proceedings of 
the 18th International Technical Conference on the 
Enhanced Safety of Vehicles, Nagoya, Japan. 

 
Champion, H. R.,  Augenstein, J. S., Blatt, A. J., 

Cushing, B., Digges, K. H., et al., 2005. New tools 
to reduce deaths and disabilities by improving 
emergency care: URGENCY software, occult injury 
warnings, and air medical services database. In 
Proceedings of the 19th International Technical 
Conference on the Enhanced Safety of Vehicles, 
Washington, DC. 

  
Craig, M. J., Flannagan, C., Scarboro, M., 2009. 

Combining CIREN and NASS-CDS data to predict 
outcomes in frontal crashes.  In proceedings of the 
21st International Technical Conference on the 
Enhanced Safety of Vehicles, Stuttgart, Germany. 

 
European Committee for Standardization (CEN), 1998. 

Road restraint systems. Part 2. Performance classes, 

impact test acceptance criteria and test methods for 
safety barriers. European Standard EN 1317-2. 

 
Gabauer, D. J., Gabler, H. C., 2007. Comparison of 

roadside crash injury metrics using event data 
recorders. Accid Analy Prev 40(2), 548-58. 

 
Gabler, H. C., Hampton, C. E., Hinch, J., 2004. Crash 

severity: a comparison of event data recorder 
measurements with accident reconstruction 
estimates.  Society of Automotive Engineers, paper 
no. 2004-01-1194. 

 
Kononen, D. W., Flannagan, C. A., Wang, S. C., 2010. 

Identification and validation of a logistic regression 
model for predicting serious injuries associated with 
motor vehicle crashes. Accident Analysis and 
Prevention (43), 112-22. 

 
Lerner, E. B., 2006. Studies evaluating current field 

triage: 1966-2005.  Prehosp Emerg Care (10), 303-6. 
 
Malliaris, A. C., Digges, K. H., DeBlois, J. H., 1997. 

Relationships between crash casualties and crash 
attributes. SAE Paper No. 970393. 

 
Niehoff, P., Gabler, H. C., Brophy, J., Chidester, C., 

Hinch, J., Ragland, C., 2005. Evaluation of event 
data recorders in full system crash tests. In 
Proceedings of the 19th International Technical 
Conference on the Enhanced Safety of Vehicles, 
Washington, DC. 

 
Niehoff, P., Gabler, H. C., 2006. The accuracy of 

WinSMASH delta-V estimates: the influence of 
vehicle type, stiffness, and impact mode.  Annual 
Proceedings – Association for the Advancement of 
Automotive Medicine, 73-89.  

 
Sasser, S. M., Hunt, R. C., Sullivent, E. E., Wald, M. M., 

Mitchko, J., et al., 2009. Guidelines for field triage 
of injured patients: recommendations of the National 
Expert Panel on Field Triage.  CDC MMWR 
Recommendations and Reports 58(RR01), 1-35. 

 
Sharma, D., Seymour, S., Brophy, J., Choi, E., 2007. An 

overview of NHTSA’s crash reconstruction software 
WinSMASH. In Proceedings of the 17th 
International Technical Conference on the Enhanced 
Safety of Vehicles, Lyon, France. 



Craig, 12 

APPENDIX 
 
Table A1. Average occupant measures for CIREN data sets by outcome 

Outcome Group N Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD
All NA 80 3.3 0.7 18.9 9.8 49.9 20.7 170.1 11.0 82.7 22.1 28.4 6.8 2.6 1.9 5.7 3.5 10.6 5.2 $73,938 $82,288 14.6 1.7

No 40 3.1 0.5 15.6 6.8 47.8 20.7 170.5 10.6 79.2 20.9 26.8 5.6 2.1 1.2 4.5 2.8 8.6 4.4 $49,475 $35,751 14.9 0.4
Yes 40 3.5 0.8 22.2 11.2 52.0 20.9 169.8 11.6 86.3 23.0 29.9 7.5 3.1 2.3 7.0 3.7 12.6 5.2 $97,178 $104,973 14.3 2.3
No 77 3.2 0.6 18.3 9.3 49.5 20.2 170.3 11.2 83.1 22.5 28.4 6.9 2.5 1.7 5.5 3.3 10.3 5.1 $72,424 $82,854 14.9 0.4
Yes 3 4.7 0.6 35.7 8.7 60.4 35.3 165.3 4.0 73.3 4.7 26.8 1.9 5.7 3.8 10.7 4.2 18.3 2.9 $111,801 $66,787 8.3 5.9
No 26 3.0 0.5 14.7 6.5 51.9 20.9 171.0 11.0 79.4 22.9 26.6 6.2 2.0 1.0 3.8 1.8 7.6 3.6 $47,534 $35,131 14.9 0.5
Yes 54 3.4 0.7 21.0 10.5 48.9 20.8 169.7 11.1 84.3 21.8 29.2 6.9 2.9 2.1 6.7 3.7 12.0 5.3 $85,674 $94,053 14.5 2.0
No 18 2.8 0.5 13.1 5.5 57.0 21.9 170.1 10.5 72.2 19.3 24.0 3.4 1.9 1.0 3.2 1.7 7.3 4.1 $48,303 $30,410 14.9 0.2
Yes 62 3.4 0.7 20.6 10.1 47.8 20.1 170.2 11.3 85.8 22.1 29.6 7.0 2.8 2.0 6.5 3.5 11.6 5.1 $81,082 $90,583 14.5 1.9
No 36 3.0 0.5 14.6 6.2 48.2 20.6 170.3 10.2 79.1 21.6 26.8 5.8 2.1 1.2 4.5 2.9 8.7 4.7 $52,063 $36,510 14.9 0.4
Yes 44 3.5 0.8 22.5 10.7 51.2 21.0 170.0 11.8 85.7 22.4 29.6 7.3 3.0 2.2 6.8 3.6 12.1 5.2 $90,842 $102,136 14.3 2.3
No 50 3.2 0.7 18.8 10.0 52.4 21.8 170.2 11.4 84.7 23.5 29.0 7.4 2.5 1.9 4.9 3.1 9.2 4.5 $69,478 $81,886 14.5 2.0
Yes 29 3.3 0.6 19.7 9.4 46.0 18.8 169.8 10.6 79.5 20.1 27.4 5.7 2.8 1.9 7.1 3.9 12.6 5.6 $81,973 $85,159 14.8 0.5
No 31 3.2 0.8 18.7 10.7 57.1 21.4 170.0 11.5 81.0 23.5 27.5 6.5 2.6 2.1 4.4 3.2 8.4 4.6 $68,104 $93,033 14.3 2.6
Yes 46 3.3 0.6 19.7 9.1 46.4 19.3 170.4 10.9 83.9 21.7 28.8 6.7 2.7 1.8 6.7 3.5 11.9 5.1 $80,817 $76,824 14.8 0.5
No 70 3.2 0.7 18.5 10.2 50.1 20.9 170.1 10.9 84.0 22.7 28.8 7.0 2.6 1.8 5.5 3.3 10.5 5.3 $76,240 $85,481 14.6 1.7
Yes 10 3.5 0.5 21.7 6.0 48.3 20.9 170.4 12.3 73.9 15.8 25.3 3.6 2.8 2.3 7.5 4.3 11.1 4.4 $58,288 $56,782 14.5 0.8

All NA 591 3.3 0.8 19.2 12.4 45.5 19.1 170.1 10.1 82.3 23.0 28.5 7.3 2.7 2.4 5.6 4.5 10.4 6.4 $88,017 $113,383 14.5 1.8
No 371 3.0 0.7 15.4 10.3 43.9 18.3 170.5 9.8 82.1 21.3 28.3 6.9 2.0 1.4 4.2 2.8 8.5 4.8 $53,993 $56,368 14.8 1.3
Yes 212 3.7 0.8 26.1 13.1 48.7 20.2 169.5 10.5 82.4 25.4 28.8 7.9 4.0 3.0 8.1 5.8 13.8 7.4 $147,210 $156,851 14.0 2.5
No 578 3.2 0.8 18.9 12.2 45.3 19.0 170.1 10.1 82.1 22.8 28.4 7.3 2.6 2.2 5.5 4.5 10.3 6.4 $88,855 $114,228 14.6 1.6
Yes 13 4.2 1.0 34.3 14.1 54.8 24.1 172.9 9.3 92.1 29.1 32.5 9.9 6.8 4.5 10.3 4.8 17.1 4.5 $51,693 $58,649 10.6 5.2
No 239 2.9 0.6 14.2 6.9 45.5 18.2 171.0 9.5 80.8 21.3 27.7 6.4 1.8 1.1 3.9 2.5 8.1 4.3 $50,896 $52,992 14.9 0.8
Yes 330 3.4 0.8 21.5 12.0 45.3 19.4 169.7 10.5 83.0 24.0 28.9 7.8 3.2 2.7 6.7 5.3 11.8 7.0 $117,857 $136,603 14.4 2.0
No 151 2.9 0.6 14.0 6.4 49.0 18.7 171.0 9.6 79.9 19.7 27.5 5.9 1.7 1.1 3.8 2.7 8.1 4.5 $46,381 $52,784 14.8 1.0
Yes 418 3.3 0.8 20.0 11.6 44.1 18.8 170.0 10.2 82.9 24.0 28.8 7.7 3.0 2.5 6.2 4.9 11.0 6.7 $105,411 $126,055 14.5 1.8
No 335 2.9 0.6 13.7 6.5 43.5 18.0 170.6 9.9 82.4 21.4 28.4 6.9 1.8 1.1 3.9 2.5 8.0 4.3 $53,186 $53,923 14.9 0.7
Yes 234 3.6 0.8 25.2 12.0 48.1 19.8 169.7 10.4 81.6 25.0 28.5 7.8 3.8 2.9 7.9 5.7 13.5 7.2 $142,063 $151,821 14.1 2.4
No 307 3.1 0.7 16.9 9.7 46.8 19.2 170.2 9.7 81.3 23.3 28.0 7.0 2.2 1.7 4.6 3.5 9.1 5.1 $74,359 $105,595 14.7 1.4
Yes 227 3.4 0.7 20.1 11.7 43.3 18.4 170.2 10.4 83.7 22.6 29.1 7.9 3.1 2.8 6.7 5.5 11.6 7.1 $109,026 $121,470 14.5 1.9
No 215 3.1 0.8 17.2 9.4 48.3 19.6 169.8 9.7 79.4 20.8 27.5 6.3 2.2 1.8 4.5 3.6 9.2 5.3 $70,743 $113,276 14.6 1.6
Yes 351 3.3 0.7 19.0 11.4 43.3 18.1 170.3 10.3 83.7 24.1 28.9 7.8 2.9 2.5 6.1 4.9 10.8 6.7 $100,052 $110,950 14.6 1.6
No 500 3.1 0.7 16.7 9.4 45.4 19.0 170.2 10.0 83.3 23.6 28.8 7.5 2.4 1.9 4.9 3.7 9.6 5.6 $81,562 $102,348 14.6 1.5
Yes 77 3.8 0.8 28.8 12.7 44.3 18.4 170.3 10.4 75.1 16.9 26.3 5.7 4.3 3.6 9.3 7.1 14.1 8.6 $143,741 $162,032 14.2 2.2
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Table A2. Average vehicle measures for CIREN data sets by outcome 

Outcome Group N Mean SD Mean SD Mean SD Mean SD Mean SD
All NA 80 51.7 16.0 47.7 19.5 19.8 6.6 65.4 25.2 1547 360

No 40 48.6 13.2 48.0 19.1 18.8 5.5 60.7 27.2 1561 391
Yes 40 54.7 18.0 47.4 20.1 20.8 7.4 70.7 21.9 1534 331
No 77 51.6 15.9 48.1 19.4 19.7 6.5 65.7 25.3 1552 365
Yes 3 54.7 21.2 25.0 - 21.7 8.5 57.2 23.9 1440 223
No 26 46.1 13.0 46.0 17.9 17.9 5.3 60.0 27.8 1592 428
Yes 54 54.4 16.7 48.5 20.3 20.7 7.0 68.3 23.4 1526 325
No 18 45.0 14.3 44.8 18.0 17.2 5.7 60.8 28.0 1535 422
Yes 62 53.6 16.0 48.5 20.0 20.6 6.7 66.9 24.3 1551 344
No 36 48.5 13.8 48.4 19.2 18.8 5.7 60.0 28.5 1562 399
Yes 44 54.3 17.3 47.2 19.9 20.6 7.1 70.2 21.0 1536 330
No 50 47.4 14.5 44.4 16.4 18.3 5.9 63.9 25.6 1521 339
Yes 29 59.0 16.3 52.4 23.3 22.2 7.1 66.3 23.5 1555 345
No 31 45.4 14.8 40.8 17.0 17.6 6.1 62.8 24.9 1514 341
Yes 46 56.2 15.8 51.5 20.3 21.4 6.6 66.8 24.8 1556 344
No 70 50.4 15.9 47.6 19.7 19.4 6.4 64.7 26.5 1526 349
Yes 10 60.9 14.4 48.0 19.0 22.6 7.6 70.5 12.4 1695 422

All NA 591 - - 45.0 19.5 - - - - 1515 315
No 371 - - 42.7 18.1 - - - - 1525 327
Yes 212 - - 49.0 21.4 - - - - 1504 293
No 578 - - 44.7 19.3 - - - - 1514 314
Yes 13 - - 56.2 25.9 - - - - 1580 364
No 239 - - 41.8 18.2 - - - - 1543 340
Yes 330 - - 47.1 20.3 - - - - 1503 298
No 151 - - 39.8 17.4 - - - - 1541 314
Yes 418 - - 46.7 20.1 - - - - 1512 318
No 335 - - 42.3 18.3 - - - - 1534 331
Yes 234 - - 48.5 21.0 - - - - 1499 295
No 307 - - 43.4 19.2 - - - - 1529 325
Yes 227 - - 47.0 19.8 - - - - 1503 308
No 215 - - 42.3 19.6 - - - - 1532 307
Yes 351 - - 46.3 19.4 - - - - 1510 324
No 500 - - 43.7 19.1 - - - - 1522 319
Yes 77 - - 52.2 21.3 - - - - 1486 302
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Table A3. Average occupant and vehicle measures for NASS-CDS EDR data set by outcome 

Outcome Group N Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD
All NA 811 29.0 15.9 25.2 13.3 10.8 6.5 34.6 17.7 1652 420 1.4 1.5 3.7 8.3 39.0 18.2 171.3 10.2 80.0 20.0 27.2 6.0

No 768 27.7 13.8 24.2 12.2 10.2 5.6 33.6 17.3 1646 418 1.3 1.4 2.1 3.0 38.9 18.2 171.2 10.3 79.6 19.6 27.1 5.8
Yes 43 53.5 27.3 48.5 18.6 21.1 11.2 52.7 15.8 1764 447 3.9 1.0 31.6 17.9 40.8 18.0 173.9 8.4 87.4 24.5 29.0 8.3
No 692 26.5 12.4 23.2 10.4 9.8 5.0 33.0 16.7 1644 422 0.9 0.7 1.7 2.0 38.5 18.0 171.3 10.4 79.1 19.2 26.9 5.7
Yes 119 43.7 24.1 38.8 21.5 17.0 10.1 44.0 20.7 1700 405 4.4 1.7 15.5 16.8 41.9 18.9 171.6 9.2 85.7 23.5 29.1 7.5

Occupant 
Height (cm)

Occupant 
Weight (kg) BMI
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Wt (kg)
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Speed (kph) MAIS ISS
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Longitudinal 

DV (kph)
50 ms Peak 

Accel (g)

 
 
 
Table A4. Regression results for unweighted vs. weighted data from NASS-CDS EDR data set 

Predictor χ2 p χ2 p χ2 p χ2 p χ2 p χ2 p χ2 p χ2 p

WinSMASH Delta V1 39.44 < .0001 37.06 < .0001 37.61 < .0001 34.97 < .0001 55.88 < .0001 41.59 < .0001 47.04 < .0001 46.82 < .0001
EDR Delta V 68.37 < .0001 75.03 < .0001 79.99 < .0001 66.56 < .0001 84.38 < .0001 39.77 < .0001 47.49 < .0001 58.28 < .0001

50 ms Peak Accel 67.67 < .0001 56.40 < .0001 58.61 < .0001 57.43 < .0001 85.05 < .0001 42.09 < .0001 48.69 < .0001 52.75 < .0001
Pre-impact Speed 37.48 < .0001 28.94 < .0001 27.08 < .0001 21.86 < .0001 32.53 < .0001 20.86 < .0001 19.59 < .0001 13.66 0.0002

Pre-impact Braking 3.92 0.0477 - - - - - - 3.81 0.0508 - - - - - -
PDOF 3.20 0.0737 - - - - - - 5.69 0.0171 3.29 0.0697 3.16 0.0756 3.96 0.0467

Multiple Impacts - - - - - - - - - - - - - - - -
Veh Curb Weight 3.15 0.0761 - - - - - - - - 2.84 0.0920 - - - -

Vehicle Type 6.93 0.0742 - - - - - - 11.99 0.0074 10.36 0.0157 10.95 0.0120 9.87 0.0197
Belted 14.73 0.0001 4.41 0.0336 5.46 0.0195 6.68 0.0098 25.49 < .0001 6.07 0.0137 8.35 0.0039 10.53 0.0012

Age - - - - - - - - 3.63 0.0567 - - - - - -
Age > 55 - - - - - - - - 2.74 0.0978 - - - - - -
Age > 65 - - - - - - - - - - - - - - - -
Gender - - - - - - - - - - 7.57 0.0059 6.61 0.0102 4.63 0.03

BMI 3.76 0.0525 - - - - - - 12.15 < .0001 - - - - 3.49 0.0619
BMI > 35 3.95 0.0469 - - - - - - 9.85 0.0017 - - - - - -
Height - - - - - - - - - - - - - - - -
Weight 5.65 0.0174 - - - - - - 9.50 0.0021 - - 3.30 0.0694 4.20 0.0403

Ratwgt < 500

Outcome
ISS 16+ MAIS 3+

Unweighted Ratwgt < 5000 Ratwgt < 2500 Ratwgt < 500 Unweighted Ratwgt < 5000 Ratwgt < 2500

1.  624 of 811 cases had WinSMASH delta V

Weighted Counts: N=244,545 -  9734 Cases
Unweighted Counts: N=811 - 119 Cases

Weighted Counts: N=244,545 -  Cases 2549
Unweighted Counts: N=811 Set - 43 Cases
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ABSTRACT 

Other than the movie industry will have us believe 
post collision vehicle fires are a very seldom event. 
Nevertheless they pose an enormous threat to the 
occupants. Due to the small figure and the inevitable 
combination with accident damages only little 
reliable statistical data on post collision vehicle fires 
is available. The official German accident statistic 
does not contain the parameter fire. According to an 
estimate made by the German Federal Highway 
Research Institute (BASt), about 80 persons are killed 
by fire or its side effects each year on German roads. 
The German Insurance Association (GDV) counted 
about 40,000 vehicle fire claims in 1999. About 6% 
of these fires were caused by a traffic accident. But 
also this statistic does not permit a direct transfer to 
the accident occurrence by different reasons. 
American data like the FARS data provides a good 
overview with the limitation of only fatal accidents. 

The paper presents the results of different studies 
concerning the post-collision vehicle fire occurrence. 
Based on an analysis of own accident reconstructions 
and fire investigations the most common damage 
patterns resulting in fires were identified. Own fire 
tests with damaged cars and a screening of different 
video clips available through internet portals rounded 
up the study. 

INTRODUCTION 

A car is driving on a scenic county road. Suddenly a 
large truck comes along and crashes into the car. The 
car, totally smashed, immediately bursts into flames. 
The truck explodes two seconds later in a breath-
taking scene well known from many movies. 

However, reality is far removed from such nightmare 
scenarios. Vehicle fires are a rare occurrence. Most of 
them are caused by technical defects or improper 
repair and pimp-up efforts. Post collision vehicle fires 
account for only a very small proportion of fire 
events. Nevertheless, the combination of accident 

damage and fire damage poses a double threat to the 
vehicle’s occupants. 

Several studies have highlighted the burning 
behaviour of cars, albeit mostly undamaged cars. The 
results obtained from these tests are highly useful to 
arson investigators, insurance companies, architects 
planning garages or tunnels, and to the automotive 
and parts supply industries. However, they are only 
of limited value with regard to the potential risk to 
the occupants as a result of a vehicle fire. As long as 
a car is not damaged, there will normally be enough 
time for the occupants to escape and seek shelter. A 
very different situation arises when a severely 
damaged vehicle catches fire. One aspect is that the 
occupants may be injured and trapped, and thus 
unable to free themselves. Another aspect is that fire 
spread can be promoted by damaged vehicle 
components, such as parts of the electrical system, 
devices containing combustible liquids, and thermal 
shields. Rapid fire spread and immobilized occupants 
make for a dangerous combination. 

To find out more about post collision vehicle fires 
and the attendant risks for occupants and rescue 
personnel, DEKRA Accident Research initiated a 
post collision vehicle fire study in 1999. Based on the 
analysis of accidents involving fire, as well as a 
literature study and knowledge acquired from 
independent fire tests, the DEKRA Technology 
Center crashed two current models of car for fire 
testing purposes. The damage patterns found in the 
study were reproduced in the Crash Test Center. The 
two crashed cars and a third, rolled over car were 
ignited in accordance to the ignition scenarios 
investigated in the study. 

STATISTICS 

The German National Traffic Accident Statistics [1] 
do not include the category vehicle fire. The statistic 
is based on accident reports by the police. The 
official form used by the police all over Germany 
does not contain a query regarding fire. 
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Extensive databases, such as GIDAS, are 
representative of traffic accident occurrence, but do 
not provide reliable data on vehicle fires. Post 
collision fires are so rare that projecting data from the 
collection area to the entire country would be subject 
to too great an error [2]. 

More reliable data is provided by the statistics of the 
Association of the German Insurance Companies 
(GDV). Round about 21,000 vehicle fires were 
reported to German insurance companies in 2006 [3] 
(compared to about 40,000 in 1999). The weak point 
of that statistic is that most fire cases are only 
registered if the cars had fully comprehensive 
collision insurances. An older estimation of the GDV 
resulted in a post collision fire risk of less than 1% in 
all accidents. 

The German Automobile Club ADAC cited 40,000 
vehicle fires per year in Germany in a 2002 
publication [4], while the Swiss Automobile Club 
TCS and the Austrian ÖAMTC club each cited 3,000 
vehicle fires per year in their respective countries 
[5][6]. In all three countries, it is estimated that a total 
of about 100 people are killed per year as a result of 
post collision vehicle fires. 

Up-to-date data is available from the Austrian 
Federal Fire Service Association. In 2004 it counted 
1,844 vehicle fires, out of which 1,621 were car fires. 
No details are given as to the proportion of post 
collision fires [7]. 

A study conducted by the Büro für Kfz-Technik in 
Munich in 1974 investigated 28,936 car accidents 
involving at least one injured occupant. A fire 
occurred in 68 of these cases (0.24%) [8]. 

The same institute continued the study in 1990 with 
an investigation of 15,000 accidents. Those involved 
44 post collision fires (0.25%) [9]. 

Comparatively extensive data is provided by the 
NFPA in the USA. According to this data, there were 
258,000 reported vehicle fires in 2007 resulting in 
385 civilian deaths, 1,675 civilian fire injuries and 
property damage of $1.4 billion [10]. Compared to 
the 2006 data, with 278,000 reported vehicle fires, 
490 civilian deaths, 1,200 civilian injuries and 
property damage of $1.3 billion, there were fewer 
fires but property damage was higher [11]. Post 
collision vehicle fires account for approximately 1% 
of all motor vehicle crash fatalities each year [12]. 

Impact Configuration 

An important factor in the post collision vehicle fire 
research is the impact configuration. Knowledge 
about the main impacted areas and the resulting 

damages shed light on those vehicle components 
destroyed or displaced. In particular, the comparison 
of damage patterns of cars involved in fire accidents 
with those involved in non-fire accidents can provide 
information about the risk factors. 

     The main results of the DEKRA study was a 
disproportionately high percentage of frontal damage 
among those vehicles which caught fire [13]. The 
results corresponded very well to those of an NHTSA 
study [14]. 30 fire accidents involving at least two 
vehicles [15] were analyzed as part of a 2008 
DEKRA study [16]. In this case, too, frontal impacts 
were the most frequent, Figure 1. 

 
Figure 1.  Distribution of main impacts in 30 
crashes resulting in a fire, DEKRA 2008 [15] 

The large percentage of single vehicle accidents 
resulting in a post collision fire is worth noting. 
These accidents accounted for about one third of the 
accidents investigated in all DEKRA studies. There 
was a high incidence of tree impacts, but only a small 
number of rollover accidents. 

     In Other Studies the Institut für Fahrzeugsicher-
heit and the Bavarian Ministry of State investigated 
204 accidents on Autobahns in 1994. 29 of these 
accidents resulted in fire. According to an in-depth 
analysis, frontal impacts accounted for 63%, side 
impacts for 11% and rear impacts for 22% [17]. 

Another 43 post collision vehicle fires were analyzed 
by the Institut für Fahrzeugsicherheit in 2002. They 
used their FS90 and FS2000 databases. Here 72% of 
the fire relevant impacts were in the front, 21% in the 
side and just one (2.5%) in the rear. Two vehicles 
were involved in rollovers [17]. 

Another 16 expert opinions regarding post collision 
vehicle fires were provided by the German Insurance 
Association (GDV) [18]. In ten of these cases, one 
relevant impact was frontal, another was side-on and 
two were rear impacts. Two cars were involved in a 
rollover and one car impacted sideways with a tree. 

According to an analysis of FARS data from the 
years 2000 to 2002, 64% of fatal crashes involving 
fire were frontal impacts. Side impacts accounted for 
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18% and rear impacts for 8%. Rollover accidents 
accounted for 10% [19]. 

A study published by Exponent in 2006 analyzed data 
of the Fatality Analysis Reporting System, the 
National Automotive Sampling System’s 
Crashworthiness Data System and General Estimates 
System, and combined state data from three states. 
The results correspond very well to those found in 
other studies. A striking aspect of this study is the 
high rate of rollover fire accidents [20]. 

Crash Severity and Ignition 

In several studies, most of those vehicles which 
caught fire were severely damaged. Electrical parts, 
fluid reservoirs and fuel tanks have regularly been 
affected. Again, however, the exception proves the 
rule. The first DEKRA study included a post collision 
vehicle fire which started after a low-energy front-to-
front collision. Experience gathered by the DEKRA 
Crash Test Center also shows that unfavorable crash 
configuration can result in fire even if little damage 
occurs during the crash. 

14 out of 30 fires reconstructed in the first DEKRA 
study were ignited at a thermal source, 9 fires were 
caused by mechanical ignition (e.g. friction between 
vehicle components and the road surface), 6 could be 
ascribed to an electric ignition source, and one 
ignition could not be reconstructed. In 6 of these 
cases the fire encroached upon another vehicle [21]. 

Two examples are shown in Figure 2 and Figure 3. 

 
Figure 2.  Severely damaged Mini Cooper after a 
frontal crash against a truck's side [16] 

 
Figure 3.  Passenger car after a car-on-car impact 
resulting in fire due to a bursting fuel tank [16] 

Internet Video Analysis 

A new but usually very efficient way to get 
information about real live accidents is the analysis of 
videos presented on websites like youtube®, google 
videos® and so on. Many videos showing accidents 
and vehicle fires can be found there. 

The videos are often cut, only show sequences or 
even are fakes. Analyzed with a realistic eye, 
however, they provide very good information about 
burning behavior, occupant and eye witness reactions 
and rescue services work. Many videos taken before 
the arrival of the firefighters provide good 
information about the most interesting, early phase of 
fires. By combining this information with 
information obtained from in-depth accident analysis 
and fire testing, we can fill in the gaps in our 
knowledge. 

FIRE TESTING 

Several vehicle fire tests have been carried out in 
recent decades. These tests were aimed at gathering 
information about fire propagation, the effectiveness 
of preventive fire protection measurements, heat 
release rates and gaseous emissions, as well as 
educating fire fighters and arson investigators and 
validating the results of arson investigations. Most 
vehicles tested so far were not damaged. 

The burning behaviour of vehicles severely damaged 
by an accident is clearly different to that of 
undamaged vehicles. Structural features designed for 
ignition and fire protection can be destroyed and thus 
not work effectively. Broken windows do not hold 
back smoke and radiated heat. Splashed combustibles 
like brake fluid, oils, or windshield cleaner promote 
rapid fire spread, and damaged components of the 
electrical system are liable to short circuit. 
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Within the study several sources have been analysed. 
Especially in America various publications are 
available. 

Very broad and interesting projects on the topic of 
post collision vehicle fires were carried out within the 
context of GM fire safety research sponsoring. This 
was a part of the March 7, 1995 Settlement 
Agreement between General Motors and the U.S. 
Department of Transportation. The analyses were 
performed to 1) evaluate possible causes and effects 
of vehicle fire events; 2) assess the adequacy of 
existing databases for studying these events; and 3) 
recommend possible enhancements to these data files 
to assist safety researchers in studies of motor vehicle 
fires [22]. The resulting reports are available through 
the Motor Vehicle Fire Research Institute's website 
[23]. A final report was presented at the 2009 ESV 
Conference in Stuttgart [24]. 

Extensive literature can also be found on the sites of 
the National Institute of Standards and Technology 
(NIST) [25]. 

GM and Kidde presented a paper at the 2005 SAE 
World Congress describing two crash tests for testing 
an automatic fire suppression system. In both high 
speed tests a fire started [29]. 

In Germany, due to insurance terms and conditions 
used in the 1980s and 1990s, the original price of 
vehicles with an age of up to two years was paid by 
insurers after a car fire. With car leasing becoming 
more and more popular during that period, arson 
became a real problem. For example, lessees who 
could no longer pay their leasing rates, had exceeded 
the maximum lease mileage, or had crashed were 
setting their vehicles on fire to make the insurance 
pay. To counter this trend, the German Insurance 
Association initiated a campaign to educate arson 
investigators, sensitize police officers and show the 
public how “easy” arson can be detected. Therefore 
they commissioned several fire tests [26]. For some 
of these tests, the vehicles were damaged in order to 
have case examples for investigating vehicles 
involved in an accident and then intentionally ignited 
at a later point of time. 

The German Automobile Association ADAC is a 
member of the Euro NCAP consortium. In an Euro 
NCAP crash test carried out in 2000 an Audi A2 
caught fire about two minutes after the crash 
occurred. The fire was caused by a contact in the air 
conditioning unit and in the starter. The components 
were relocated by the manufacturer after the crash 
test.[27][28]. 

The Japan Automobile Research Institute cooperated 
with different Japanese police organizations for a 

series of four fire tests with sedan cars. The cars were 
undamaged but the test procedure was very complex. 
The cars were ignited either at the splashguard of the 
right rear wheel or at the left front seat in the 
passenger compartment with a gasoline spill. The 
temperature inside the burning car and the mass loss 
rate were measured [30]. 

To support the DEKRA vehicle fire and arson 
investigation unit fire tests are regularly carried out. 
With the accident research unit working active in the 
field of developing methods for fire protection and 
fire fighting different tests are carried out here, too. 

With the topics of crash and fire safety of alternative 
propulsion vehicles getting more and more important 
[31][32] and the numbers of fire fighters getting hurt 
during extinguishing vehicle fires [33] the DEKRA 
Accident Research unit decided to crash modern 
vehicles in accordance to the findings from studies 
explained in the statistics chapter. Thus the 
knowledge base is broadened for studies to come. An 
additional focus was laid on extracting information 
for the fire investigators and on the test of different 
extinguishing methods and agents. 

Aims and Purposes of the Fire Tests 

The main purpose of the tests was to provide teaching 
material for fire investigators, accident reconstruction 
experts, employees of insurance companies, and for 
information of the public about “vehicle explosions”. 
The tests became necessary because the material won 
from fire tests for customers is subject to secrecy. 

The DEKRA Accident Research Unit additionally 
wanted to find out more about the influence of 
different degrees of damage, ventilation, the source of 
ignition, and about risks for fire fighters. Also 
different extinguishing methods and extinguishing 
agents were tested. 

The tests were neither intended to compare different 
brands or types of automobile nor to collect data on 
the burning behaviour of selected materials or 
components. 

Selection of Vehicles 

The vehicles used for the test were in accordance 
with the average vehicle population on German 
roads. They had a high safety level and were 
equipped with the standard safety features and 
comfort components. Furthermore, the cars were not 
conspicuous in studies in respect of fire frequency. 
The choice was made in favour of two Audi A4 (8E) 
models and one Opel Astra G. 
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Selection of the Crash Test Configurations 

According to the frequency of frontal vehicle impacts 
in overall accident statistics, the frontal impact is also 
the most common constellation leading to fires. As 
shown in the statistics section, this has been proven 
by many international studies.  

Actual accident statistics also show that severe 
crashes present the highest risk of fire, arguing in 
favour of a high collision speed. Keeping in mind that 
the risk to the occupants as a consequence of fire 
requires a survivable collision speed, the chosen test 
speed was not excessively high. Based on DEKRA 
analyses, a collision speed slightly above the frontal 
impact speed as per the EuroNCAP test procedure 
represents a good compromise. With fires ignited by 
an electrical circuit already occurring at lower speeds, 
a collision speed between the speeds required for type 
approval and EuroNCAP is realistic. 

The DEKRA accident pool contained different cases, 
which were used for defining the test configuration. 
Two examples of an electrical ignition are given here. 

An Audi was travelling on a country road. When 
overtaking a truck it collided with an oncoming car, 
resulting in a fire in the engine compartment due to 
an electrical short circuit. The fire was extinguished 
soon after ignition with a fire extinguisher, Figure 4. 

 
Figure 4.  Engine fire after short cirquit 

A new Mercedes GL went off the road while 
speeding and rolled over in the neighbouring field 
when its wheels became stuck. Even though there 
ware only minor deformations, an edge of the hood 
pinched the wiring harness, producing a short circuit. 
When the fire department arrived on the scene about 
10 to 12 minutes after the accident, the vehicle was 
completely ablaze, Figure 5. 

 
Figure 5.  Rollover with only little deformations of 
the vehicle followed by a fire 

Crash Test 1 

The first Audi was crashed against a deformable 
barrier at a speed of 58.1km/h (36.1mph) and with 
40% overlap. The crash weight was measured at 
1,610kg (3,542lbs). The 40% overlap was chosen so 
the results could be compared with those obtained in 
Euro NCAP and ECE-R 94 tests, Figure 6. 
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Figure 6.  Crash test with a collision speed of 
58.1km/h and the resulting deformations 

Crash Test 2 

The second Audi was crashed against a deformable 
barrier at a speed of 68.9km/h (42.8mph) and with 
40% overlap. The crash weight was measured at 
1,620kg (3,564lbs), Figure 7. 

 
Figure 7.  Crash test with a collision speed of 
68.9km/h and the resulting deformations 

Crash Test 3 

Rollover accidents are a very rare event on German 
roads, as compared to U.S. accident statistics. This 
can be attributed to the different composition of the 
vehicle population in Germany (SUVs and pickups 
account for only a small proportion of vehicles), a 
large proportion of ESP-equipped vehicles, and 
different roadside infrastructure. Nevertheless, these 
accidents do occur. Against the background of the 
NASS/CDS data [35] and limited knowledge of 
rollover-induced fires within the DEKRA cases, it 
was decided to test an upturned vehicle, Figure 8. 
Being aware that the missing damages of the vehicle 
would lead to deviations to a real rollover fire 
accident, the results are nevertheless quiet useful for 
the schooling and information purpose. 

This constellation had one big advantage over the 
other two tests in that it was possible to drive the 
vehicle before rolling it over at the fire test facility, 
thereby ensuring that the engine and exhaust system 
were at working temperature. 
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Figure 8.  Test vehicle for the third test 

Crash Test Results 

The test results were as expected. While the first test 
resulted in severe damage to the engine compartment, 
the passenger compartment retained its stability. In 
the second test, the driver would have been trapped 
inside the vehicle and unable to open the driver’s 
door. The risk of receiving severe injuries was high, 
as the Hybrid III dummy loads showed. In both tests, 
several fluid reservoirs were destroyed. Oil, brake 
fluid, gas and windshield cleaner leaked out. The 
only damage incurred by the Astra in the third test 
was a broken driver's window. 

Fire Test 1 

The car was electrically ignited on the right side of 
the engine compartment. A 12V starter battery was 
used for that. In accordance with a real-life accident, 
the area around a battery-connected wire near the air 
intake was chosen for the short circuit. The course of 
fire is displayed in Table 1 and Figure 9. 

Table 1. 
Time analysis of the fire test 1 

Ti
m

e 
[s

] Course of Action 

000 Ignition 
030 White smoke in the passenger compartment 
068 Disconnection of power source 

136 
Flames visible in the engine compartment 
nearby the ignition source 
Dark smoke color 

300 Dark smoke in the passenger compartment 

316 
“Flashover” in the engine compartment, large 
flames, intense production of smoke, flame 
impingement of the windscreen 

440 Two explosive flames at the vehicles right 
front end by components of the AC 

470 
One explosive flame in the same region, nearly 
no smoke in the passenger compartment due to 
natural ventilation through the front windows 

499 One explosive flame at the right front region 

500 Passenger compartment totally filled with 
smoke 

520 Burn-through of the windscreen 
540 Fully developed fire of the dashboard 
620 Front seats on fire 

650 Fully developed fire of the engine and 
passenger compartment 

680 Start of fire-fighting 

Subjective findings: immediately after energizing the 
wire, white smoke was emitted. The ventilation 
system was still working and transporting the smoke 
into the passenger compartment. About 30 seconds 
after t0, white smoke was visible at the driver's seat. 
The smoke density in the passenger compartment 
depended on the wind direction (both front windows 
were open). The compartment was filled with smoke 
at a very early point in time. Fire-fighting was 
complicated by burning light metals in the passenger 
compartment. 
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t = 50s 

 
t = 238s 

 
t = 300s 

 
t = 384s 

 
t = 478s 

 
t = 608s 
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t = 628s 

 
t = 714s 
Figure 9.  Sequence of fire test 1 

Fire Test 2 

To start the car fire, the ignition of spilled 
combustible liquids was simulated. After 
reconstructing the spillages and combustible 
accumulations similar to the situation after the crash 
test, a flare was used for ignition. Figure 10. 
 

Table 2. 
Time analysis of the fire test 2 

Ti
m

e 
[s

] Course of Action 

000 Ignition 
020 White smoke above the engine compartment 
042 Nearly no visible smoke, no visible flames 
166 Restarting development of white smoke 
260 Explosive flame between engine and bonnet 

272 Increased smoke development, only little 
flames 

317 Flashover in the engine compartment, 
excessive smoke development 

457 Smoke in the passenger compartment 

460 Ignition of the dashboard and of the roofliner 
on the driver's side 

467 Fire in the driver's and co-driver's area 

518 Fully developed fire of the engine and 
passenger compartment 

607 Start of fire-fighting 

Subjective findings: immediately after ignition, white 
smoke was emitted. 30 seconds later, nearly no 
smoke was visible any more. A vehicle fire was not 
perceptible before second 166. Starting at that point, 
it took only a little more than 5 minutes to a fully 
developed fire in the engine and passenger 
compartment. 
Due to the compression of the components in the 
engine compartment, fire damage was limited to the 
top of the engine. Fire did not spread to the lower 
parts of the engine. 
In this case, too, fire-fighting was complicated by 
burning light metals in the passenger compartment. 

 
T0 = 0s 

 
t = 274s 
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t = 310s 

 
t = 352s 

 
t = 448s 

 
t = 456s 

 
t = 616s 
Figure 10.  Sequence of fire test 2 

The test was additional monitored with a thermal 
imaging camera. Examples are shown in Figure 11. 
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Figure 11.  Thermal images of the engine fire and 
the moment before the flashover in the passenger 
compartment 

Fire Test 3 

The car was electrically ignited at the front of the 
engine compartment by simulating a stuck radiator 
fan motor, which had been found to be the cause of 
fire in a rollover accident. The course of fire is 
displayed in Table 3 and Figure 12. 

Table 3. 
Time analysis of the fire test 3 

Ti
m

e 
[s

] Course of Action 

000 Ignition 
058 Disconnection of power source 

133 Few white smoke above the engine 
compartment 

216 Little flames in the engine compartment 

239 Larger flames, intensified production of 
darker smoke 

289 Fuel line on fire 

308 Rupture of the fuel line, large explosive 
flame 

410 Thick brown smoke in the passenger 
compartment 

529 Fully developed fire of the engine 
compartment 

553 Explosion of a gas-pressure shock absorber 

609 Right side of underbody on fire from front to 
back 

659 Burning components dropping down in the 
passenger compartment 

689 Driver's side of passenger compartment on 
fire 

692 Burning smoke on passenger's side 

796 Fully developed fire in the passenger 
compartment 

860 Explosive flame nearby the left front wheel 
1058 Explosive flame nearby the right front wheel 
1220 Rupture of the fuel tank, explosive flame 
1318 Start of fire-fighting 

Subjective findings: nearly no smoke was visible 
during the first 216 seconds. With the fire burning 
along the fuel line, the fire spread along the vehicle's 
underbody towards the rear axle and fuel tank. Only a 
few seconds elapsed from when smoke first entered 
the passenger compartment until it was completely 
filled with thick smoke. Fire-fighting was 
complicated by burning light metals in the engine 
compartment. 

 
T0 = 0s 

 
t = 160s 
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t = 220s 

 
t = 290s 

 
t = 446s 

 
t = 486s 

 
t = 586s 

 
t = 660s 
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t = 734s 

 
t = 1050s 
Figure 12.  Sequence of fire test 3 

CONCLUSIONS 

Post collision vehicle fires are the type of fire which 
poses the greatest risk to vehicle occupants. Most 
research and testing done in the field of vehicle fire 
protection is based on undamaged vehicles and new 
components, enabling results to be compared and 
reproduced. However, the scope for acquiring 
knowledge about post collision fires is very limited. 
Very valuable post-crash fire tests have been carried 
out in the USA within the last years. 
 
Due to a lack of statistical information regarding the 
frequency of post collision vehicle fires and only 
limited availability of data on fatalities and injuries, 
exact risk assessments cannot be made concerning 
European roads. The cumulative figure of about 100 
vehicle fire deaths per year in Germany, Austria and 
Switzerland is based on rough estimates by the 
regional automobile clubs. 
 

To gain further knowledge of vehicle fires, analyses 
of the real-life accident events by DEKRA were 
supplemented by three fire tests on crashed vehicles. 
The results can be used as a basis for determining the 
arrival times of rescue services, informing the public 
that burning vehicles do not explode and that it is 
possible to rescue trapped occupants, and finally as 
educational material for accident reconstruction by 
legal experts, arson and fire investigators. 

The following findings and results were won in 
comparison with former fire tests: 

• The intrusion of smoke in the passenger 
compartment occurred a lot faster than in previous 
fire tests on undamaged vehicles. 

• Several minutes can elapsed between ignition and 
the first visible signs of a fire. 

• Fire spreads a great deal more quickly in an 
engine compartment at working temperature than 
in cold engine compartments. 

• The ventilation system can accelerate the rate of 
smoke intrusion into the passenger compartment. 

• Exploding struts or gas-pressure shock absorbers 
can result in a very loud bang, causing blast 
trauma in persons near the car. No pressurized 
components were discharged during the DEKRA 
tests. 

• The kind of accident and the accident severity 
have an important influence on the fire spread. 

• The fire side effects like smoke and its toxic 
contents pose a higher risk for the occupants than 
the direct flames. That has to be considered in 
defining fire department response times. 

Recommendations: 

• The public needs to be taught that burning 
vehicles do not explode and that only quick 
evacuation of the car can help to save lives. 

• Automatic shut-down of the ventilation system in 
an accident would be advantageous. 

• It would be useful to carry out crash tests on 
actual fuel with the engines running, and the 
engines and exhaust systems at working 
temperature. In practice, at least, the last point is 
hardly feasible.  

• Pressurized systems like struts should - where 
possible - be equipped with pressure relief 
devices. 
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ABSTRACT 
 
Research Question/Objective: 
To create an accident database for India based on 
proven in-depth accident investigation 
methodologies from the US and Europe. 
 
Methods: 
Researchers conducted the first ever in-depth 
crash investigation study in South India. 
Research was conducted on five accident-prone 
national highways in Tamil Nadu. Upon police 
notification, investigators examined 123 crashes 
on-site, followed by detailed inspections of 
vehicles and injury coding. The methodologies 
of NASS, the Pedestrian Crash Data Study 
(PCDS) and GIDAS were adapted to reflect the 
Indian experience. Injury reports obtained from 
hospitals were coded using the AIS and ICD-10. 
 
Data Sources: 
Data were obtained from: 1) Examination of the 
crash scene followed by vehicle inspection; 2) 
Information from police reports; and 3) Injury 
information from hospital records and autopsy 
reports. 
 
Results: 
123 crashes resulting in 43 fatalities and 89 
injured road users were examined.  The 
following observations were made: 
• Head-on collisions occur more frequently on 

undivided highways while front-rear collisions 
are more frequent on divided highways. 

• For heavy trucks, lack of rear reflectors, tail 
lamps and lack of underrun protection devices 
contribute to rear end collisions. 

• For light vehicles, significant crash factors 
included departing from lane and driver loss of 
control. Hence, active safety systems including 
ABS systems and/or ESC (electronic stability 

control) would be beneficial in reducing both 
crash frequency and severity. 

• Most frequent intruding vehicle components 
were: A-pillars, windshield headers and 
instrument panels. Most common interior 
vehicle contacts were: seat backs, instrument 
panels and steering wheels. 

• Pedestrian injuries can be reduced by 
providing infrastructure such as crossing zone 
markings and improving front vehicle 
structures.  

• Lack of crumple zone in some vehicle types 
was associated with increased intrusion and 
injury. 

The use of safety systems, such as helmets and 
seat belts, continues to be low. 
 
Conclusions: 
This study shows that detailed on-site crash 
investigation, with support of police and 
hospitals, provides significant benefits into 
understanding and mitigating injuries in India. 
This data also helps to address the effectiveness 
of infrastructure measures that are currently 
being developed in India. 
 
Limitations of Study: 
Injury data was often sparse and not detailed.  In 
addition, these studies focused on national 
highways in a rural area for one state. A follow-
up study on urban streets and an expansion to 
other states is required to address all types of 
crashes and injuries. 
 
What does the paper offer that is new in the 
field? 
This paper offers the first in-depth traffic crash 
research performed in India, with findings for 
improving vehicle, occupant and road safety.   



INTRODUCTION 
 
With over 3,300,000 kilometers (2,050,620 
miles) of roads, India has the second largest road 
network in the world [1].  Road traffic fatalities 
in India have been steadily increasing, from 
91,376 in 2004 to a staggering 118,239 only four 
years later in 2008, more than any other country 
in the world [2].  
This alarming increase in road traffic fatalities is 
due in no small part to the huge increase in 
vehicle ownership, driven by the booming Indian 
economy.  India’s Gross Domestic Product rose 
by 7.2% from 2009 to 2010 [3] alone.  This 
economic boom is bringing vehicle ownership 
within reach for an increasing percent of the 
population every year.  According to the Society 
of Indian Automobile Manufacturers (SIAM) 
vehicle sales in India went from 6,810,537 
during 2003-2004 to 12,292,770 from 2009-2010 
[4].   
Indian national highways are the most important 
roadways in the country and are developed and 
maintained by the central government.  National 
highways account for just over 2% of India’s 
road network but it is estimated that they carry 
approximately 40% of the nation’s road traffic 
[1].  In addition, it is estimated that nearly 40% 
of road traffic fatalities occur on national 
highways in India, despite their representing 
such a small percentage of total roadways.  In 
Tamil Nadu, national highways account for 2.5% 
of the length of all roads yet account for 33.2% 
of all crashes and 35.4% of all fatalities.  This 
adds up to nearly one fatality per kilometer per 
year, highlighting the dangers of Indian national 
highways [5].   
 
BACKGROUND 
 
JP Research India (JPRI), an engineering and 
statistical consulting firm, (headquartered in the 
US) pioneered the accident data collection effort 
in India in 2008. To date, over 100 motor vehicle 
crashes have been investigated through 3 
completed projects.  
The first project involved examining crashed 
vehicles in service centers after receiving 
notification from Indian auto insurance 
companies [6].  This project showed the 
feasibility of collecting crash data in India.  The 
second crash research project involved working 
in conjunction with the Tamil Nadu police in the 
Kanchipuram district.  Upon notification from 
the police, JPRI researchers arrived on-scene to 
take photographs and collect on-scene 

information relating to the crash.  JPRI’s third 
project focused on several national highways 
around the city of Coimbatore with police 
collaboration and notification.  As an additional 
component of the Coimbatore crash research 
project, JPRI started soliciting cooperation from 
hospitals and medical examiners in order to 
obtain reliable crash injury information [7]. 
 
METHODOLOGY 
 
This section details the procedures used to 
collect data on-scene, perform post-crash vehicle 
inspection and record injury data.  A coding 
manual containing about 400 variables was 
developed to provide teams standardized 
definitions for data collection.  The 
investigations included three stages: 1) scene 
inspection; 2) vehicle inspection and 3) injury 
data collection. Each stage is discussed in more 
detail below. 
 
Scene Inspection 
 
The crash scene inspection included taking 
pictures of the roadways and vehicle paths, as 
well as final rest positions of the vehicles if they 
were still on-scene.  In addition, photos were 
taken of any scene evidence, such as skid marks, 
debris or gouges in the roadway.   
A scene sketch, a to-scale diagram of the crash 
scene, was then created, which included the road, 
any evidence and vehicle final rests.  This was 
accomplished by using a measuring wheel to 
take measurements based on an X and Y axis 
created by the researcher.  These measurements 
and sketches were then taken back to the office 
where the researchers created an electronic to-
scale scene diagram using the Microsoft Visio 
drawing program.  
Global Positioning System (GPS) logs were also 
taken for every accident spot, in order to map out 
the locations of the crashes investigated. 
Finally, infrastructure variables were collected 
on scene to be entered into the database.  These 
included the configuration of the road and 
roadside, traffic control information, road and 
weather conditions and other pertinent 
information.  Figures 1A, 1B and 1C show the 
types of highways investigated in the studies. 
 



 
 

 
 

 
 

Figure 1A, 1B and 1C: Types of Indian 
National Highways Studied. 
 
 
Vehicle Inspection 
 
JPRI usually conducted a detailed vehicle 
inspection after the vehicles had been removed 
from the crash scene.  Photographs showing 
vehicle damage, crush, belt marks, intrusion and 
contact points were taken. JPRI vehicle 
inspection and data collection methodology were 
based on National Automotive Sampling System 
(NASS, USA), German In-Depth Accident Study 
(GIDAS, Germany) and the Co-operative Crash 
Injury Study (CCIS, UK).   

Data forms addressing different types of road 
users were developed. For pedestrians, data on 
height/ weight, as well as their knee, hip and 
shoulder height measurements were used to 
match up vehicle damage, although this data was 
not always available.  In a methodology similar 
to the National Highway Traffic Safety 
Administration’s (NHTSA) Pedestrian Crash 
Data Study (PCDS), an X and Y axis was created 
on the vehicle’s hood and windshield.  The X 
axis is the farthest forward point of the base of 
the windshield, and is extended left and right.  
The Y axis is the center of the vehicle.  Then, 
any pedestrian contact points (dents, blood, 
scuffs, etc) were measured along this axis to 
establish the specific point on the vehicle where 
the contact occurred.  In addition, ‘wrap’ 
measurements were taken for any vehicle that 
struck a pedestrian, as shown in Figure 2.  Wrap 
measurements are measurements taken from the 
ground that wrap around the vehicle.  For 
example, the wrap measurement for the base of a 
windshield would start on the ground and wrap 
up the vehicle’s bumper, across the entire length 
of the hood and then end at the base of the 
windshield.  These measurements were useful in 
establishing how the pedestrian interacted with 
the vehicle during a crash. 
 

 
 
Figure 2: Vehicle Wrap Measurements 
Collected for Pedestrian Crashes. 
 
Exterior Inspection  There were several data 
elements that were collected on the exterior of 
every vehicle included in JPRI’s study.  Six 
crush measurements were taken for each impact 
in a method that is internationally accepted.  
These measurements could be used later to 
calculate an approximate delta-V associated with 
each crash event by inputting the results into the 
CRASH3 program.  These vehicle crush 
measurements were also used to code a Collision 
Deformation Classification (CDC) [8] or Truck 
Deformation Classification (TDC) [9] for each 
impact.  These are 7-character codes that 
describe the direction of force, location and 
specifics of each crash event.  The CDC and 
TDC were both developed by the Society of 



Automotive Engineers (SAE).  In addition, post-
crash measurements were taken of the vehicle’s 
wheelbase, track width and other specifications 
to compare pre and post crash measurements.  
Information about tires was also collected, 
including tire pressure and tread depth.  During 
the exterior vehicle inspection, information was 
collected on vehicle visibility (presence of 
reflectors and lights), vehicle integrity (if any 
doors or windows opened during the crash), and 
damage to vehicle’s fuel system. 
 
Interior Inspection  After the completion of the 
vehicle exterior inspection, JPRI researchers 
conducted detailed interior inspections for the 
vehicles in the study.  The interior of the vehicle 
was searched for places that the occupants could 
have contacted, and these contacts were then 
documented.  Contacts included dents, stress 
marks, blood and other marks that indicate that a 
vehicle occupant touched a particular interior 
vehicle component.  Measurements were also 
taken of all intrusions into the vehicle passenger 
compartment.  This was achieved by taking 
intruded measurements and comparing these to 
the same measurement in an undeformed vehicle.  
Finally, JPRI researchers documented the 
performance of the vehicle’s safety systems.  
This included information about the seat position 
and performance, airbag availability and 
performance and seat belt use.  Seat belt use was 
determined by examining the belt and buckle for 
evidence of use during the crash. 
 
Medical Information 
 
With cooperation from local hospitals and police 
departments, JPRI researchers were able to 
examine autopsy reports and medical records for 
people involved in crashes.  Once this medical 
data was collected, it was coded in two formats.  
First, the Abbreviated Injury Scale (AIS) [10] 
was used to document the injury.  In addition, 
the International Classification of Disease- 10th 
edition (ICD10) [11] was also used to code the 
victims’ injuries.  Occupant and pedestrian 
injuries were linked to vehicle contacts to 
understand the injury consequences. 
 
Database Design 
 
While in the field, JPRI researchers used forms 
to document all the information they collected 
on-scene and at vehicle inspections.  Data was 
inputted into a relational database, where the 
variables were coded using a standardized 

format.  A coding manual was also developed to 
ensure the quality and consistency of the data 
entry.  Appendix A presents some of the 
approximately 400 accident, vehicular and 
occupant data elements collected as part of these 
studies.  
 
 
RESULTS 
 
To date, JPRI has investigated 123 crashes (43 
fatalities, 89 injuries) during its three traffic 
safety studies.  These studies spanned five 
national highway sections, one in the 
Kanchipuram district (NH 45) and four around 
the Coimbatore district (NH 47, NH 67, NH 47 
Bypass and NH 209) of Tamil Nadu, India1.  
Figure 3 shows the breakdown of vehicles by 
vehicle type.  As this figure illustrates, there is a 
great deal of vehicle diversity on Indian national 
highways. 
 

 
 
Figure 3: Distribution of Crash Vehicles by 
Vehicle Type (2008-2010).   
 
About 40% of vehicles involved in crashes were 
heavy trucks, followed by passenger vehicles2, 
which accounted for 25% and then motorized 
two wheelers (M2Ws), accounting for 22% of 
vehicles.   
About 62% of crashes studies were multi-vehicle 
crashes. Figure 4 presents these crashes by crash 
type. 
 

                                                 
1 The 2010 Coimbatore Study was sponsored by 
Robert Bosch Engineering & Business Solutions, 
India. 
2 Passenger vehicles include passenger cars, 
SUVs and vans. 



 
 
Figure 4: Multi-Vehicle Crashes, by Crash 
Type (2008-2010) 
 
Front-rear crashes were the most common crash 
type, accounting for 47% of all crashes.  This 
was followed by head-on crashes, which 
accounted for 35% of crashes 
 
Head-on crashes were more common on 
undivided highways while front-rear collisions 
were seen more on divided national highways 
than on undivided highways Many front-rear 
crashes are caused by vehicles breaking down 
and not having adequate space to pull off the 
road due to small shoulders, or vehicles 
decelerating in a traffic lane to make a U-turn or 
to enter a shop in a traffic lane due to there being 
no deceleration lane [12]. The difference in crash 
configurations by the two different road types 
illustrates the fact that different road types can 
produce different crash scenarios. 
 
Given the high incidence of front-rear collisions 
and heavy truck involvement, underrun 
protection for heavy trucks is essential for road 
safety.  Underride impacts usually results in the 
passenger vehicle taking the impact at the level 
of the hood, radiator or A-pillars and not the 
bumper, where the vehicle is designed to absorb 
an impact.  The importance of underrun 
protection is compounded by the fact that many 
heavy trucks in India are not equipped with 
reflectors or brake lights, making them extremely 
difficult for drivers to see at night.  This lack of 
visibility makes night time rear end collisions 
with heavy trucks more likely. Figure 5 
illustrates an example of a heavy truck examined 
during the Coimbatore study that was not 
equipped with underrun protection or rear 
reflectors.   
 

 
 
Figure 5: Heavy Truck Without Functioning 
Brake Lights, Rear Reflectors or Underride 
Protection During the 2010 Coimbatore Study 
 
 
 
Discussion of Coimbatore Study (2009 and 
2010) 
 
For a total of 50 cases, in-depth investigations 
were performed and more detailed data elements 
were gathered based on the 400 variables 
developed were gathered. Some of the data 
elements included:  crash type, occupant safety 
system use, pre-impact stability, intrusion (by 
magnitude and component), pre-impact 
movement, injury severity, crush measurements 
and occupant contacts. 
This section presents a discussion of crash types, 
belt use, pre-impact stability, intruding 
components and occupant contact points 
associated with cases investigated. For each 
topic, examples from cases are included for a 
thorough understanding of accident patterns.  
 As seen in Figure 6, 48% of light vehicle 
crashes were head-on collisions. On undivided 
highways, there were many opportunities to 
encroach into oncoming traffic unintentionally or 
during a passing maneuver.   
 
 
 



 
 
Figure 6: All Light Vehicle Crashes by Crash 
Type  
 
Safety system use was low for all vehicles 
involved in the study regardless of the type of 
system available.  The studied passenger vehicle 
population had a belt use of 27%, as seen in 
Figure 7.   
 

 
 
Figure 7: Seatbelt Usage for Occupants in 
Passenger Vehicles  
 
Helmet use was also found to be very low among 
M2W drivers and passengers in the study.  
Despite helmet use being mandatory by law in 
India, the actual rate was seen to be extremely 
low in crashes researched, as is shown in Figure 
7. Many riders were observed to have suffered 
serious head injuries due to lack of helmet use. 
 
 
 

 
 
Figure 8: Helmet Usage for Riders on 
Motorized Two Wheelers  
 
The pre-impact stability of vehicles was assessed 
by examining the accident scene, vehicle skid 
marks, direction of traffic, terrain and other 
factors prior to crash. 11% of vehicles involved 
driver losing control prior to impact, as shown in 
Figure 9.  Loss of control was defined as when a 
vehicle was not tracking straight (following its 
intended path), but instead was skidding or 
rotating either longitudinally or laterally prior to 
impact.  For example, if the vehicle was rotating 
clockwise or counterclockwise and was not 
following its intended path, this was considered a 
loss of control for the vehicle’s pre-impact 
stability. 

 
 
Figure 9: Distribution of Pre-Impact Stability  
 
The installation of electronic stability control 
(ESC) could be a useful countermeasure to 
maintain vehicle control.  For example, one of 
the cases investigated (Figure 10A) shows the 
skid marks left on the roadway by a vehicle that 
lost control and departed the roadway, and then 
rolled over.  Figure 10B shows the scene 
diagram for this crash and illustrates the 
sequence of events leading up to the crash that 
were coded by the investigators.  While rollovers 
were relatively infrequent in the studied 
population, unique data elements for rollover 



crashes were coded. These included:  pre-
rollover maneuvers (whether the vehicle 
departed road, struck an object, returned to road, 
etc); rollover initiation type (a trip-over, climb-
over, impact with object, etc); the number of 
quarter turns and the rollover distance.  In this 
case, the vehicle passing another vehicle in the 
oncoming traffic lane attempted to steer back 
into its lane. The vehicle lost control and began 
to rotate and departed the roadway.  The 
vehicle’s pre-rollover maneuver was departing 
the roadway and the rollover event was a trip-
over. The vehicle then rolled seven quarter turns, 
over a distance of 47 meters (154 feet), as shown 
in Figure 10C, which indicated that this was a 
severe crash.   
 
Had this vehicle been equipped with ESC, the 
driver could have maintained control and 
remained on the roadway, avoiding this crash 
altogether. 
 

 
 
 
 

 
 

 
 
Figure 10A, 10B and 10C: Example of a 
Rollover Crash Caused by the Loss of Control 
of the Vehicle in the Roadway  
 
In addition to accident factors, the study team 
looked at vehicle factors related to crashes. 
While one vehicle can have multiple intrusions 
to a single component (such as two A-pillar 
intrusions), each component was only counted 
once per vehicle to examine and identify 
intrusion patterns. Intrusion per vehicle by 
intruding component, as seen in Figure 11, 
shows that the most frequently intruding 
component was A-pillar, followed by windshield 
header and the instrument panel.  
 

 
 
Figure 11:  Passenger Compartment Intrusion 
by Intruding Component 
 
The actual amount of intrusion is determined by 
comparing the measurement at a particular 
location in the damaged vehicle with that of an 
exemplar vehicle.  An example of an A-pillar 
intrusion sustained during a crash is illustrated in 
Figure 12.  This intrusion was sustained when 
the vehicle was involved in a frontal impact with 
another vehicle, resulting in induced damage and 
intrusion to the A-pillar. 
 



 
 
Figure 12: Example of A-Pillar Intrusion  
 
Vehicle intrusion is related to injury and crash 
severity. For many crashes, the crash severity 
involved mass incompatibility and travel speed 
(in rollovers crash severity involved the number 
of rolls or the drop in terrain). These factors were 
associated with a high degree of intrusion. There 
was also lack of crush space (crumple zone) in 
some vehicles that contributed to intrusion into 
occupant compartment and injury. 
 
In addition to vehicle factors, occupant factors 
including contact points (interior and exterior) 
and restraint use were examined. Figure 13 
presents occupant contact points. The high 
number of contacts to a vehicle’s frontal 
components, such as the instrument panel, 
steering wheel/assembly and the windshield 
suggest that airbags or collapsible steering 
columns could be effective safety measures to 
mitigate occupant injury. Needless to say, an 
increase in restraint system use would 
significantly reduce injuries in these types of 
crashes. 
 

 
 
Figure 13: Frequency of Occupant/Pedestrian 
Contact Points  
 
An example of occupant contact to the steering 
wheel is shown in Figure 14.  In this frontal 
crash, the unrestrained driver’s chest and head 
came into contact with the steering wheel rim 

and hub.  A collapsible steering column and 
frontal airbags along with belt use would have 
been highly effective in preventing or reducing 
the severity of injury.   
 

 
 
Figure 14: Example of Steering Wheel 
Contact  
 
Aftermarket parts are observed to be much more 
common and sometimes unique to the Indian 
market than they typically are in western 
countries.  Add-on parts such as brush guards 
and Liquefied Petroleum Gas (LPG) tanks were 
seen on several case vehicles.  These parts can 
have unintended consequences during a crash, 
causing damage to the interior of a vehicle, as 
illustrated in Figure 15.  In this crash, the 
aftermarket LPG tank was not secured properly 
and moved forward from the trunk during a 
frontal impact, striking the back of the driver seat 
and potentially causing occupant injury.    
 

 
 
Figure 15:  Example of an Aftermarket LPG 
Tank Contacting Front Seat  
 
Aftermarket parts can also increase the severity 
of crush and intrusion to the exterior of a vehicle.  
In this crash, the crush and intrusion to the front 
of the vehicle followed the outline of the brush 
guard.  It was determined that the brush guard 



pushed into the vehicle’s own passenger 
compartment, causing more damage to the 
vehicle than if it had not been there.  As shown 
in Figure 16, this was determined because the 
vehicle struck another similar vehicle without a 
brush guard, and the other vehicle had much less 
severe intrusion and damage as a result of the 
impact. 
 

 
 
Figure 16:  Example of Vehicles Involved in a 
Head-On Crash, One with an Aftermarket 
Brush Guard (Left) and One Without (Right) 
 
In addition to vehicle occupants, several cases 
involving pedestrians were investigated. Figure 
17A illustrates a case where a pedestrian was 
attempting to cross a roadway immediately after 
exiting a bus.  There was no pedestrian 
infrastructure at this bus stop and the 
pedestrian’s vision was obstructed by the back of 
the bus while crossing the street.  Upon 
examination, it was found that the head of the 
pedestrian had contacted the hood of the vehicle 
during the collision, as evidenced by the dent in 
the hood shown in Figure 17B.  The high number 
of pedestrian head contacts to the hood observed 
during the study highlights this as an important 
component for further review and analysis of 
pedestrian safety. 
 

 
 
 

 
 
Figure 17A and 17B:  Example of a 
Pedestrian Crash with Head Contact to the 
Hood  
 
Another issue identified was the lack of crumple 
zones on the front of some vehicles, as illustrated 
in Figure 18.  If this vehicle had been equipped 
with a larger frontal structure, there would have 
been more room for the vehicle to absorb the 
crush from the impact before intrusion into the 
passenger compartment began. 
 

 
 
Figure 18:  Example of the Lack of Crumple 
Zone  
 
In-Depth investigations provided many 
significant insights not readily apparent with 
police reports. Issues related to road traffic 
controls, infrastructure, road factors, vehicle 
factors, driver behavior, occupant and pedestrian 
factors show the need for data collection at the 
level of detail used in this study.  
 
LIMITATIONS 
 
Collecting real-world crash data creates a unique 
set of challenges and limitations for researchers.  
JPRI investigators were reliant on local police 
for notification of crashes.  This means that JPRI 
data is a sample of crashes that police were 
aware of, not all crashes. Though the team 
arrived at the scenes promptly, some evidence 



was not clear due to traffic conditions or other 
factors.   Vehicles were not always available for 
complete inspection as they were sometimes 
moved away from the crash scene by the vehicle 
owner or a third party. Varying degrees of crash 
information were available from police and 
hospital sources about the vehicle occupants.  
While there was often very detailed information 
in police reports and medical records, these data 
were sometimes inconsistent or not very specific, 
particularly for injury information.  The sample 
areas for these studies were Indian national 
highways or rural lanes, and not urban streets 
and they represent data from one state and not all 
the populated states across the country. JPRI is 
continuing this crash research project in 2011 
and the number of cases collected for the 
database is expected to grow significantly over 
the coming years. 
 
CONCLUSIONS 
 
This is the first successful in-depth traffic 
research project to be conducted in India.  The 
results from the study show that soliciting 
cooperation from police and hospitals is a 
sustainable way to collect reliable and accurate 
information on traffic crashes.  In addition, these 
studies show that by analyzing the data collected, 
there are many important safety issues that were 
highlighted concerning road infrastructure, 
vehicles and road users.   
The vehicle population in India is very different 
from those in North America and Europe, with a 
much higher number of M2Ws on the roads.  
Instances of safety system use, such as seatbelt 
and helmet use, was observed to be very low in 
crashes that JPRI studied, especially when 
compared with rates of safety system use in 
North America or Europe.   
Infrastructure issues were also seen as a factor in 
many of the crashes studied by JPRI.  The lack 
of pedestrian safety features (road crossing 
signals, crossing zone markings) was seen as a 
potential area for improvement.  In addition, the 
type of national highway was also seen to 
influence the type of crashes that were seen on a 
given roadway.  When highways were 
undivided, head-on crashes were common due to 
vehicles passing in the oncoming traffic lane.  
When highways were divided, this prevented 
many head-on crashes but the number of front-
to-rear crashes increased. 
Issues involving vehicle design/equipment often 
depended on vehicle type.  For heavy trucks, the 
lack of rear reflectors, tail lamps and underrun 

protection were all seen as areas for 
improvement.  For light vehicles, loss of control 
was seen as a factor in many crashes.  ESC could 
potentially help prevent these crashes by helping 
maintain vehicle stability.  The most common 
intruding components were seen to be A-pillars, 
the windshield header and the instrument panel. 
Intrusion was often associated with crash 
severity factors including vehicle mass 
incompatibility, travel speed and lack of crush 
space.  For occupant contacts, the seat back, 
instrument panel and steering wheel were 
observed to be the top three components.   In 
addition, both light vehicles and heavy trucks 
were observed to lack crumple zones.  This was 
associated with higher levels of intrusion and 
injury.  
This traffic crash research project undertaken by 
JPRI has provided a framework for creating an 
in-depth crash research program in a developing 
nation.  Through cooperation with local police 
and hospitals, detailed and reliable data can be 
collected on real-world crashes and the resulting 
data can be used to identify areas of 
improvement for road safety. 
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Appendix A: Selected List of Variables 
Collected as Part of the JPRI Coimbatore 
Study 
 
Accident Level: 

1. Crash day/month/year/time 
2. Crash configuration 
3. Roadway type 
4. Road structure 
5. Traffic flow 
6. Roadway profile 
7. Roadway surface conditions 
8. Weather/Lighting conditions 
9. Signs/Traffic control devices 
10. Shoulder/Roadway widths 
11. GPS coordinates 
12. Accident Summary 
13. Struck object information 

 
Vehicle Level: 

14. General area of damage 
15. Class of vehicle 
16. Damage severity ranking 
17. Vehicle body type 
18. Vehicle make, model, year 
19. General vehicle specifications 
20. Vehicle Identification Number (VIN) 
21. Insurance information 
22. Driver license information 
23. Override/Underride 
24. Driver distraction 
25. Pre-event movement 
26. Critical pre-crash event 
27. Avoidance maneuver 
28. Pre-impact stability 
29. Pre-impact location 
30. Primary Direction of Force (PDOF) 
31. Pre-impact travel speed 
32. Certified altered vehicle 
33. Vehicle defect 
34. Contributing factors 
35. Cargo type 
36. Cargo secured 
37. Driver seat construction 
38. Seatbelt availability 
39. Pretensioner availability 
40. Airbag availability 
41. Antilock brake availability 
42. Electronic stability control availability 
43. Underride protection 
44. Tire damage 
45. Tire pressure 
46. Tire tread depth 
47. Steering type 
48. Steering wheel deformation 
49. Brake type 

50. Doors opened during crash 
51. Door damage 
52. Integrity loss 
53. Tail lamp availability/functionality 
54. Reflector availability/functionality 
55. Mirror availability/functionality 
56. Windshield wiper type 
57. Motorcycle change in wheelbase 
58. Motorcycle leg guard damage 
59. Motorcycle fork damage 
60. Motorcycle handlebar damage 
61. Rollover type 
62. Number of quarter turns 
63. Direction of rollover 
64. Location of rollover 
65. Interrupted roll 
66. Rollover distance 
67. Fire information 
68. Fuel tank type/location/damage 
69. Intrusion to interior compartment 
70. Collision Deformation Classification 
71. Crush profile information 
72. Delta-V (from Crash-3) 
73. Window glazing details 
74. Vehicle wrap measurements (for 

pedestrian crashes) 
 
Occupant Level: 
75. Occupant contacts to vehicle 
76. Pedestrian contacts to vehicle, including 

X-Y axis mapping 
77. Occupant injury information (AIS and 

ICD-10 coding) 
78. Link of occupant contacts and injuries 
79. Occupant demographics 
80. Seating position 
81. Seat details 
82. Occupant role 
83. Ejection 
84. Entrapment 
85. Occupant mobility 
86. EMS arrival/departure 
87. Hospital admittance/discharge 
88. Discharge status 
89. Treatment 
90. Belt use 
91. Airbag deployment 
92. Pretensioner deployment 
93. Helmet usage 
94. Pedestrian anthropomorphic 

measurements 
95. Pedestrian demographics 
96. Pedestrian movement 
97. Pedestrian orientation 
98. Pedestrian-vehicle interaction 
99. Pedestrian avoidance 
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ABSTRACT 
 
Recent vehicle safety technologies have saved lives, 
mitigated injuries, and, to some extent, reduced the 
occurrence of crashes.  However there have been few, if 
any, studies that attempt to quantify how much safer a 
newer model year vehicle is than an older one, at least in 
any controlled fashion.  This paper attempts such a 
quantification, and estimates the combined contribution 
of vehicle improvements to recent declines in fatalities 
and injury rates.  Our analysis assesses the combined 
impact of safety improvements, and not the separate 
impacts of individual technologies. 
 
INTRODUCTION AND MOTIVATING 
QUESTIONS  
 
In this analysis, we take a step back, look at the crash 
data, and ask whether the data indicate improvements 
in the safety of newer vehicles, and if so, by how 
much.  Rather than looking at the individual effects 
of particular technologies, we seek to understand the 
combined effect of vehicle improvements. 
 
Some general questions motivate our study:  Do 
newer vehicles better protect unbelted occupants, or 
just belted occupants?  With Electronic Stability 
Control a relatively new technology, are we seeing 
improvements in avoiding rollovers yet?  Are we 
seeing other improvements in crash avoidance?  
What are your chances of escaping a crash uninjured 
and by how much has this increased in newer 
vehicles? What about your chances of surviving a 
crash? 
 
Our primary interest is in passenger vehicles 
(passenger cars, light trucks, and vans) and we shall 
limit the scope of our study to this vehicle type.  That 
is, we do not investigate improvements to motorcycle 
safety, or large trucks. We shall refer to light trucks 
and vans collectively as LTVs.  
 
DEFINITIONS OF KEY CONCEPTS  
 
Crashworthiness 
 
Given a type c of crashes (e.g. frontal crashes), a type 
v of vehicles (e.g. model year 2000 cars with a sober 

driver), a type o of occupants (e.g. belted 25-65 year-
old women), and an injury threshold z (e.g. non-
incapacitating injuries), we define crashworthiness to 
be the probability that an occupant of the given type 
in a vehicle of the given type in a crash of the given 
type sustains an injury no worse than the given 
threshold, i.e.: 
 

P(Injury ≤ z | an occupant of type o is in a 
crash of type c in a vehicle of type v)  

 
Crash Avoidance 
 
Given a type of crashes c and vehicles v, we define 
the crash avoidance (capacity) to be the probability 
that a vehicle of the given type driven for 100,000 
miles does not get into any crashes of the given type, 
i.e.:  
 

P(no crashes of type c | a vehicle of type v 
travels 100,000 miles)  

 
Assuming the distribution of crashes over miles 
driven is negative binomial, crash avoidance is 
related to the crash rate via 
 1 0.00001 ,              (1). 
 
where CA denotes the crash avoidance of some type 
of vehicle v and crash c and CR denotes the 
analogous crash rate, i.e. the number of crashes of 
type c in 100,000 miles of driving a vehicle of type v.  
With crash avoidance defined using such a large 
number of miles (100,000), CA is also approximately 
equal to the value it would have if we assumed 
crashes were Poisson-distributed, namely , 
where e denotes the base of the natural logarithm. (In 
the vehicle and crash types we consider, the 
difference will be at most 0.000001.  We use a large 
number of miles in order to put crash avoidance in a 
range that is easier to interpret.)  
 
DATA SOURCES  
 
We shall use crash data from NHTSA’s Fatality 
Analysis Reporting System (FARS) and General 
Estimates System (GES), mileage data from the U.S. 
Department of Transportation’s National Household 
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Travel Survey (NHTS) and the Federal Highway 
Administration (FHWA), and vehicle registrations 
from R.L. Polk and Company’s National Vehicle 
Population Profile.    
 
We use FARS and GES files from the 2000-2008 
crash years.  Although 2009 files are available, we 
have not incorporated them in our study at this time.  
 
ANALYSIS METHODS 
 
In our study, we impute unknowns and compute raw 
estimates of crashworthiness and crash avoidance.  
We then develop statistical models for crash-
worthiness and crash avoidance (computed with 
SAS), incorporating sampling and imputation error. 
We apply the models to assess safety improvements.  
 
IMPUTATION  
 
FARS provides multiple model-based imputations of 
driver alcohol.  We impute unknown values for other 
FARS and GES variables with five hotdeck 
imputations, using the following donor cells.  
 

Table1.  
Imputation Donor Cells 

 

Variable to Be Imputed Variables Defining the 
Donor Cells 

Whether a vehicle has a 
driver Vehicle type, crash year 

Vehicle type Crash year 
Occupant gender Vehicle type, crash year 
Occupant age category Vehicle type, crash year 
Driver alcohol involvement Gender, age category 
Seating position Vehicle type, crash year 
Injury severity (KABCO) Crash type, restraint use 
Vehicle impact area Vehicle type, crash year 
Vehicle model year Vehicle type, crash year 
 
These cells are admittedly coarse. It is beyond the 
objective of this paper to develop sophisticated 
imputation models. 
 
RAW ESTIMATES 
 
Crashworthiness 
 
Computing raw estimates of crashworthiness is 
straightforward.  For instance to compute the 
estimated likelihood that a belted 25-65 year-old 
woman in a rollover of a model year 2000 car with a 
sober driver sustains at worse a non-incapacitating 
injury, we compute A/B where B denotes the 

estimated number of belted 25-65 year old women in 
model year 2000 car rollovers with sober drivers and 
A denotes the estimated number among them that 
sustain at most a non-incapacitating injury.  We 
compute A and B as Horvitz-Thompson estimates 
(i.e. weighted totals) on the dataset formed by 
combining the crashes in FARS with the non-fatal 
crashes in GES, using 1 for the sample weight of 
each FARS case.  
 
The raw estimates indicate steady improvements in 
crashworthiness as a function of model year.  In 
Figure 1, which presents the overall crashworthiness 
estimates for cars and LTVs, we recall that the 
KABCO scale is: O = uninjured, C = possible injury, 
B = non-incapacitating injury, A = incapacitating 
injury. Thus the green dots and stars in Figure 1 give 
the likelihood of escaping a crash uninjured, while 
the purple symbols plot the chance of experiencing at 
most a non-incapacitating injury, and the red give the 
chance of surviving a crash (which is quite high). The 
blue symbols are a bit more amorphous to interpret as 
they give the likelihood of escaping with only a 
“possible injury”.  This KABCO code is reserved for 
cases in which the police officer filling out the 
accident report is not sure whether the occupant was 
injured or not.  

 

 
 

Figure 1. Raw Crashworthiness Estimates  
 
Crash Avoidance 
 
Computing crash avoidance is more complicated.  
Suppose for instance we wish to compute the 
estimated probability that a model year 2000 car 
driven 100,000 miles does not get into any frontal 
crashes, using data from crashes that occurred in 
2008. Using Equation (1), we can estimate this 
quantity as 1 0.00001 , , where CR 
denotes the corresponding crash rate. We can 
estimate the number of frontal crashes of model year 
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2000 cars that occurred in calendar year 2008 as a 
Horvitz-Thompson estimate from our combined 
FARS-GES database.   
 
We estimate the denominator of the crash rate (i.e. 
the collective number of miles driven by model year 
2000 cars during 2008) using our NHTS, FHWA, and 
Polk data.  Namely, we fit an exponential model, 
depicted in Figure 2, to the 2001 NHTS estimates of 
the annual miles driven by a car as a function of its 
age.   
 

 
 
Figure 2. Exponential Models of the Miles a 
Vehicle Travels in a Year  
 
We apply registration figures from Polk to estimate 
the collective vehicle miles driven by model year cars 
during 2008 and benchmark this to the FHWA 
estimate of car miles traveled in 2008.  In total, the 
collective number of miles driven by model year 
2000 cars during 2008 is estimated as 
  ∑⁄                          (2). 
 
where V denotes the FHWA estimate of car miles 
traveled in 2008, k ranges over model year, Mk 
denotes the miles driven by a car during the year in 
which it is 2008 − k years old as predicted by our 
NHTS model, and Rk denotes the number of model 
year k cars registered in 2008 from Polk. 
 
Figure 3 depicts the raw crash avoidance estimates 
for cars and LTVs based on all crashes in 2000-2008.  
We don’t expect the raw estimates to be 
tremendously accurate, as we lack mileage data on 
many of the factors that one would intuitively expect 
to contribute to crash avoidance, such as miles driven 
drunk, miles driven by drivers of various age or years 
of driving experience, and by drivers with a history 
of moving violations.  Consequently we will be 
somewhat circumspect about interpreting our raw (or 
model estimates) of crash avoidance.  

 

 
 
Figure 3. Raw Crash Avoidance Estimates  
 
Indeed, the raw estimates of crash avoidance show a 
curious picture, with seeming declines in crash 
avoidance prior to model year 1995 and 
improvements thereafter. One wonders whether this 
curious pattern reflects some latent factors for which 
we do not have mileage data. 
  
THE CRASH AVOIDANCE MODEL  
 
We identified outliers and determined the effects to 
include in the model through exploratory data 
analysis (i.e., by examining plots of the raw crash 
avoidance estimates). Complete details of the model 
development can be found in (Glassbrenner, to 
appear), which also explains why our model is in 
terms of vehicle age instead of model year (which 
provide equivalent information in the presence of the 
calendar year in which the driving occurs). The final 
model has the form: 

 
log(crash rate) ~  CY, CT, VT, VA, CT*VT, 

CT*VA, VA2, CT*VA2, VT*VA2         (3). 
 
using the shorthand CY, CT, VT, and VA for the 
calendar year, crash type, vehicle type, and vehicle 
age (calendar year minus model year), respectively.  
Since we have five imputations of the crash data, we 
fit one negative binomial model of the form (3) to 
each imputation. (Although there are five models, we 
can also form a single crash avoidance model by 
averaging the predicted values from the five 
imputation-specific models.  Thus we alternatively 
refer to the crash avoidance model or models, 
depending on the context.)  Our model results reject 
the hypothesis that crashes are Poisson distributed 
over miles driven. (See (Glassbrenner, to appear).) 
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Figure 4 depicts the parameter estimates for the crash 
avoidance model.  Using frontal crashes of model 
year 2000 cars in the calendar year 2000 as the 
baseline group, this figure depicts the parameter 
estimates, expressed as multiplicative effects on the 
crash rates. The crash rate in our baseline group is 
0.15 (frontal) vehicle-crashes per 100,000 miles. The 
multiplicative effect of LTV is 0.91, meaning that the 
predicted frontal crash rate for model year 2000 
LTVs in the year 2000 is (0.15)(0.91) = 0.14 vehicle-
crashes per 100,000 miles. The multiplicative effects 
for the linear and quadratic vehicle age terms are 1.10 
and 0.995, so the predicted crash rate for frontal 
crashes of model year 1998 LTVs in 2000 is  
(0.15)(0. 91)(1.10)2(0.995)4 = 0.17. The parameter 
estimate for interaction between rollovers and LTVs 
is particularly large, indicating that the crash rate for 
LTV rollovers is more than twice that for car 
rollovers. 
 

 
 
Figure 4. The Crash Avoidance Model Parameter 
Estimates  
 

 
 
Figure 5. Crash Avoidance Model Residuals 
 

The model’s residuals indicate some possible 
unexplained variation (see Figure 5), perhaps 
reflecting effects that we could not incorporate in our 
model.   
 
Plots of raw and fitted values also indicate 
improvements are possible (Figures 6 and 7), but 
such is beyond the scope of this paper. 
 

 
 
Figure 6. Crash Avoidance in the Calendar Year 
2008 (Raw and Model Estimates) 
 

 
 
Figure 7. Crash Avoidance for Vehicles at Age 0 
(Raw and Model Estimates) 
 
Most of our model’s parameter estimates have a 
relative error less than 20%, with less than 15% of 
the variance occurring between imputations. The 
parameters with more than 20% relative error are 
small (absolute value of the additive effect on the log 
crash rate being less than 0.1), when a larger relative 
error is understandable.  Thus, our parameter 
estimates generally have low variability and 
perturbing the data via imputation yields generally 
similar parameter estimates, so there do not appear to 
be relationships among the effects.   
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Figure 8. Crash Avoidance Model Variances 
 
Overall our crash avoidance model could be 
improved somewhat but we proceed with our current 
model.  
 
THE CRASHWORTHINESS MODEL  
 
Complete details of the model development can be 
found in (Glassbrenner, to appear).   In brief, we 
identified outliers and determined the model type 
through exploratory data analysis.  We considered 
both generalized and cumulative logistic models. Our 
exploratory data analysis rejects both models in favor 
of one of the form: 
 

log-odds P(Injury ≤ k) ~ CT, VT, DA, RU, AC, G,  
CT*VT, CT*RU, DA*RU,  

MY, MY*CT, MY*VT, MY*DA, MY*RU, 
MY*AC, MY*CT*VT, MY*CT*RU 

 for k = O, C, B, A                           (4). 
 
Here we are using the additional shorthand MY, DA, 
RU, AC, and G for the model year, driver alcohol 
use, restraint use, (occupant) age category, and 
gender factors, respectively.   
 
We note in particular that the change in the car-LTV 
composition of the vehicle fleet during in the 1990s 
should be accounted for by the inclusion of the 
MY*VT term.  
 
Many of the crashworthiness predictions from this 
model look quite good (Figure 9), although some 
indicate that improvements are possible (Figure 10). 
 

 
 
Figure 9. Crashworthiness for Unrestrained 25-65 
Year Old Women in Frontal Car Crashes in 2000-
2008 with Sober Drivers (Raw and Model 
Estimates) 
 

 
 
Figure 10. Crashworthiness for Unrestrained 14-
24 Year Old Males in Frontal LTV Crashes with 
Alcohol-Involved Drivers in 2000-2008 (Raw and 
Model Estimates) 
 
Figures 11 and 12 depict the parameter estimates for 
the crashworthiness model. Figure 11 depicts the 
parameter estimates for the effects that do not involve 
model year.  Using unrestrained 25-65 year old 
women in model year 2000 cars with sober drivers in 
frontal crashes as the baseline group, Figure 11 plots 
the multiplicative effects on the odds of sustaining, at 
worst, a given level of injury. The baseline group’s 
odds of sustaining an injury of at most KABCO k are: 
1.4 for k= no injury (O), 3.2 for possible injury (C), 
9.0 for non-incapacitating injury (B), and 89.4 for 
incapacitating injury (A).   
 
For instance, restraint use improves the odds of a 25-
65 year old woman surviving a frontal crash in a 
model year 2000 car more than eleven-fold (a 
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multiplicative effect of 11.5), and this is statistically 
significant. Likewise restraint use improves the odds 
of such a woman escaping with at most a non-
incapacitating injury by more than five-fold and her 
odds of escaping uninjured by more than four-fold. 
Restraint use is by far the dominant factor in your 
injury outcome regardless of your age, gender, type 
of vehicle, and type of crash. 
 
The model indicates that all else being equal, men 
fare better than women, LTV occupants fare better 
than car occupants, and rollovers are worse than 
frontal crashes.    
 

 
 
Figure 11. The Crashworthiness Model Parameter 
Estimates that Do Not Involve Model Year 
 
Figure 12 depicts the parameter estimates for the 
effects that involve model year.  Namely, it plots the 
multiplicative effect on the injury odds per unit 
increase in model year.  In our baseline group, these 
multiplicative effects are: 1.039 for KABCO O, 
1.036 for C, 1.028 for B, and 1.006 for A.  That is, 
for unrestrained 25-65 year old women in frontal car 
crashes with sober drivers, being in a model year 
2008 car instead of a model year 2000 car increases 
the odds of escaping uninjured by a factor of 1.0398 , 
or about 1.4.  
 
Figure 12 indicates that the crashworthiness 
improvements in LTVs over the modeled period 
(model years 1985-2008) are not significantly 
different from those in cars.     
 
 

 
 
Figure 12. The Crashworthiness Model’s Effects 
per Unit Increase in Model Year from Model Year 
2000 
 
The blue dots below the horizontal reference line in 
Figure 12 (e.g., for rollovers with KABCO level A) 
may at first appear to give reason for concern. 
(Although it is not clear from the point labels in 
Figure 12, the rollover estimates below the reference 
line are 0.995, 0.994, 0.985, and 0.987 for KABCO 
O, C, B, and A, respectively, and of these only the 
KABCO O estimate is not significant.) There are (at 
least) two reasons why such dots do not necessarily 
indicate decreased crashworthiness performance.  
 
One possible reason has to do with improvements in 
crash avoidance.  Rollovers might be distinct among 
crash types in that a rollover that is avoided (whether 
through Electronic Stability Control or other means) 
might often result in a crash of a different type (e.g., 
a frontal crash).  In contrast, avoiding a frontal or 
side impact crash might usually mean avoiding 
crashing entirely. In improving crash avoidance for 
rollovers, the remaining rollover crashes may be 
more severe, leading to an appearance that vehicles 
may have become less rollover-crashworthy in some 
scenarios, when they may in fact be protecting us 
better.  
 
Another reason is that other effects will counteract 
such an otherwise worrisome blue dot (below the 
reference line) outside the reference group.  For 
instance, the blue dot with a multiplicative effect of 
0.987 for rollovers with KABCO level A applies to 
the reference group of unbelted 25-65 year old 
women in cars.  For belted women of the same age 
group, cars have increased the odds of survival by 
1% per model year (i.e. the multiplicative effect per 
model year is (0.987) (1.039) (0.984) = 1.01).  
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Additionally, the large residuals for rollovers in the 
Figure 13 give us reason not to trust the model’s 
predictions for rollovers, and points to potential 
model refinements. Figure 13 plots the difference 
between the model and raw estimates of crash-
worthiness for the various combinations of crash 
type, vehicle type, driver alcohol, restraint use, 
occupant age category, gender, and KABCO level, 
limiting to those combinations in which there are at 
least 50 sampled occupants contributing to the 
numerator and denominator of the raw estimate.  
 

 
 
Figure 13. Crashworthiness Model Residuals for 
Cells in Which At Least 50 Sampled Occupants 
Contribute to the Numerator and Denominator of 
the Raw Estimate 
 

 
 
Figure 14. Crashworthiness Model Variances 
 
Assessing the sources of variation for our model’s 
parameter estimates, some of the relative errors are 
quite large (see Figure 14). However among 
parameter estimates that, expressed as linear effects 
on the injury log-odds, are at least 0.1 in absolute 
value, the relative error is rarely more than 20%.  
Imputation accounts for a greater share of the 

parameter estimates’ variances than we saw in the 
crash avoidance model. Most of the effects with more 
than 20% of the variance occurring between 
imputations involve Driver Alcohol, which is 
difficult to impute accurately. All together though, 
we do not see evidence of multicollinearity.  (Not 
depicted in Figure 14 are Far Side for KABCO B and 
MY*(Near Side) for KABCO B, whose relative 
errors are quite large (both over 1,500%), but these 
parameter estimates are quite small, with additive 
effects on the log-odds of injury of −0.00051 and 
−0.00004, respectively.)  

ESTIMATED IMPROVEMENTS TO 
CRASHWORTHINESS AND CRASH 
AVOIDANCE  
 
In this section we quantify recent improvements in 
crashworthiness and crash avoidance in light 
vehicles.  That is, we ask: 1) by how much has your 
chance of crashing decreased? and 2) by how much 
has your risk of injury decreased? 
 
Crash Avoidance 
 
As noted earlier, we should be cautious in 
interpreting our raw and model crash avoidance 
estimates, since the raw estimates show a curious 
pattern and our mileage data lacks key information 
on factors that one would naturally expect to 
contribute to the likelihood of crashing.  
 
That said, crash avoidance depends on who is 
driving, which appears to have shown up in our data 
via vehicle age. (See (Glassbrenner, to appear) for 
more information.) Interpreting our crash avoidance 
estimates are challenged by the fact that it is rare for 
a vehicle to be driven more than 100,000 miles in a 
year.  One could interpret these figures by either 
considering multiple vehicles or by assuming that 
vehicle age reflects driver cohorts. For instance, the 
raw estimate of crash avoidance for frontal crashes of 
model year 2000 cars when they are age 0 (i.e. in 
calendar year 2000) is 86%.  We could interpret this 
as either: 1) there is a 14% chance of one or more 
frontal crashes occurring among a group of model 
year 2000 cars driven a collective 100,000 miles in 
calendar year 2000, or 2) a person who drives new 
cars (model year = calendar year) has a 14% chance 
of getting into (at least one) frontal crash in 100,000 
miles of driving a model year 2000 car.  
 
Using the second interpretation (driver cohort), if you 
are the type of person who drives a new vehicle, your 
risk of getting in a frontal crash in 100,000 miles of 
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driving dropped from about 14% for model year 2000 
car to about 10-11% for model year 2008 (depending 
on whether one looks at the raw or model estimates).  
Figure 15 shows improvements of about 1-4 
percentage points between the 2000 and 2008 model 
years for other crash types, with the exception of 
rollovers.  The chance of such a driver experiencing a 
rollover in 100,000 miles of driving is less than 1%, 
and so the improvement to be made here is very 
small.  The model indicates slightly larger 
improvements in side and other crashes than 
indicated by the raw estimates, and we could not say 
which indication is more accurate.  
 

 
 
Figure 15. Improvements in Crash Avoidance 
from Model Year 2000 to Model Year 2008 (Raw 
and Model Estimates)  
 
The crash avoidance improvements in Figure 15 are 
based on what we see in crash and mileage data, 
without regard to which vehicles have which 
particular technologies. The improvements we see in 
Figure 15 could be due to increases in the prevalence 
of technologies such as traction control systems, anti-
lock brakes, daytime running lights, and, to some 
extent, electronic stability control in the model year 
2008 fleet, compared to the model year 2000 fleet. It 
is also possible that the improvements we are seeing 
reflect improvements in driving, such as graduated 
licensing programs and a reduction in drunk driving. 
We do not have mileage data on such features to 
incorporate them in our raw or model estimates.  
 
Assuming our crash avoidance model reflects a real 
phenomenon that we are likely to see in at least the 
near future, they predict the crash likelihoods that are 
depicted in Figure 16 for vehicles that are 10 years 
old (or driven by the cohort of persons who tend to 
drive such vehicles). The calendar years in which the 
figures in Figure 16 are predicted to be realized are 
2010 – 2018. If the future does not look like the past, 

then the projected improvements in Figure 16 may 
not be realized. 

 
 
Figure 16. Projected Crash Avoidance When 
Model Year 2000-2008 Vehicles Are 10 Years Old  
 
Crashworthiness 
 
With crashworthiness dependent on so many factors, 
we limit the results in this section to 25-65 year-old 
occupants in crashes with sober drivers. Figures 17-
19 depict the likelihood of sustaining an injury at 
various thresholds in a model year 2008 vehicle using 
our model estimates.  
 

 
 
Figure 17. The Likelihood of Surviving a Crash of 
a Model Year 2008 Vehicle, for 25-65 Year Old 
Occupants with a Sober Driver      
 
Although we have concerns that our model should 
perhaps be improved, several items are notable in 
these figures.  Rollovers are more severe than other 
crashes.  In our setting (middle-age occupants of non-
alcohol crashes) you have a nearly 100% chance of 
surviving a crash other than a rollover, even if you 
are unrestrained.  In rollovers, the survival rate is 
about 98% for belted occupants and 74−76% for 
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unbelted occupants. If you ride unbelted, you have a 
40-50% chance of being incapacitated in a rollover 
and you have only about a 10% chance of escaping 
uninjured.  Belt use improves these chances 
considerably, to a 10-20% chance of being 
incapacitated and a 30-50% chance of escaping 
uninjured.  We caution that these estimates are 
model-based and our model could stand to be 
improved. 
 

 
 
Figure 18. The Likelihood of Sustaining At Most a 
Non-Incapacitating Injury in a Crash of a Model 
Year 2008 Vehicle, for 25-65 Year Old Occupants 
with a Sober Driver   
   

 
 
Figure 19. The Likelihood of Escaping Injury in a 
Crash of a Model Year 2008 Vehicle, for 25-65 
Year Old Occupants with a Sober Driver   
 
Our models predict that in each crash type and 
regardless of belt use, men fare better than women, 
and model year 2008 LTVs are more crashworthy 
than cars from the same model year. 
 
We now turn to improvements in crashworthiness 
from model year 2000 to model year 2008. In Figures 

20-21, the green (respectively, blue, purple, red) 
boxplots show the increase in percentage points to 
the probability of sustaining an injury of at most 
KABCO O (respectively, KABCO C, B, A). The 
boxplots for less severe injury thresholds are 
generally higher than those for higher injury 
thresholds, since crashworthiness rises with the injury 
threshold (and so there is less room for 
improvement). With the exception of rollovers, your 
chances of escaping uninjured if you are belted have 
increased by about 1.5 to 4.5 percentage points from 
model years 2000 to 2008, depending on the crash 
type. Our model indicates the corresponding 
improvements for unbelted occupants to be more than 
5 percentage points. (Again we caution that these are 
model-based estimates.) 
 

 
 
Figure 20. Increase in Crashworthiness from 
Model Year 2000 to Model Year 2008, in 
Percentage Points, for Belted 25-65 Year Old 
Occupants in Crashes with a Sober Driver 
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Figure 21. Increase in Crashworthiness from 
Model Year 2000 to Model Year 2008, in 
Percentage Points, for Unbelted 25-65 Year Old 
Occupants in Crashes with a Sober Driver  
 
Our analysis looks at the net improvement to the 
crashworthiness of vehicles, without investigating the 
source of the improvements and whether any 
particular changes to vehicles have impacted 
crashworthiness negatively.  For instance, it is not 
possible to tell from our analysis whether recent 
increases in vehicle mass have contributed positively, 
negatively, or not at all to the overall 
crashworthiness. 
 
ESTIMATED REDUCTIONS IN CRASHES, 
FATALITIES, AND INJURIES FROM 
VEHICLE IMPROVEMENTS 
 
We now use our models to estimate the impacts of 
model year improvements on crashes, fatalities, and 
non-fatal injuries.  We do so by hypothetically 
putting crash occupants in newer or older vehicles 
and estimating the increase or decrease in crashes and 
injuries from our crashworthiness and crash 
avoidance models.  By using our statistical models 
and not the raw estimates, we control for factors such 
as the increased use of restraints during the 2000-
2008 time period.   
 
We strongly caution that all estimates in this section 
are based on our models and we feel that our models 
should be improved.  Our estimated numbers of 
crashes avoided and injuries mitigated that we 
present in this section should be taken as indications 
of the magnitude of the impacts of vehicle 
improvements, not as solid estimates of crashes 
avoided and injuries mitigated.  Likewise our 
estimates of crashes that could have been avoided 
and injuries that could have been mitigated should be 

taken only as order-of-magnitude indications (at best) 
and not as point estimates.  
  
Notation  
 
To aid our depictions, we use Scenario 2000+ to 
refer to the replacement of model year 2000+ 
vehicles with model year 2000 vehicles, and likewise 
define Scenario 2001+ through Scenario 2008+.  We 
define Scenario 2000− to refer to replacement of 
model year 1974 − 2000 vehicles with model year 
2000 vehicles.  (We will not replace pre-model year 
1974 vehicles with newer vehicles, as we do not want 
to apply our models to very old vehicles.)  We 
likewise define Scenario 2001− through Scenario 
2008−. 
 
Impacts on Crashes   
  
As expected, the number of vehicle-crashes of each 
type decreases in our model as we replace older 
vehicles with newer vehicles. In Figure 22, the 
vehicle-crashes that actually occurred in 2008 (about 
9.1 million for cars and LTVs combined) appear in 
the vertical bar marked “Actual”.  According to our 
model, if we could have replaced all model year 
2001−2008 cars with model year 2000 cars and 
likewise with LTVs, there would have been 10 
million vehicle-crashes in 2008 (the leftmost vertical 
bar). Replacing model year 1974−2007 vehicles with 
model year 2008 vehicles of the same type would, 
according to our model, decrease this number to 7.1 
million (the far right vertical bar).  
 

 
 
Figure 22. Vehicle-Crashes in 2008 Under the 
Scenarios 
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Figure 23. Vehicle-Crashes Prevented in 2008 by 
Technologies in Model Year Groups 
 
The differences in the bar heights in Figure 22 for 
Scenarios 2000+ through 2008+ give the model-
based estimates of vehicle-crashes prevented, while 
those for Scenarios 2008− through 2008− give the 
corresponding estimated numbers of preventable 
vehicle-crashes. For instance, crash avoidance 
technologies in model year 2001−2008 vehicles 
prevented (according to our model) an estimated 
900,000 vehicle-crashes in 2008, while if we limit to 
technologies that appeared in model year 2009 
vehicles, there would have been about 900 more. 
(That is, if we replaced all model year 2001-2008 
cars and LTVs with model year 2000 light vehicles, 
our crash avoidance model predicts that there would 
have been 900,000 more vehicle-crashes in 2008. 
Figure 23 omits the vehicle-crashes prevented by 
model year 2009 technologies, whose value is too 
small to appear in the chart.)   
 

 
 
Figure 24. Vehicle-Crashes in 2008 that Could 
Have Been Prevented by Technologies in Model 
Year 2000-2008 Vehicles 
 

A similar calculation finds that technologies seen in 
model year 2000 vehicles could prevented about 
500,000 vehicle-crashes, while those in model year 
2008 vehicles could have prevented about two 
million. (That is, if we could have given model year 
2008 cars and LTVs to all owners of model year 
1974−2007 light vehicles, our model predicts two 
million fewer vehicle-crashes would result.)   
 
The technologies accounting for these reductions 
might have been introduced in these model years, or 
might have been introduced previously but started 
appearing in greater numbers of vehicles. 
 
As previously mentioned, we would like to be 
cautious about predictions from our model. That said, 
we note that the estimates in Figures 23-24 are 
conservative in the sense that they only account for 
prevented and preventable crashes among the 
vehicles being replaced under the scenario.  For 
instance a head-on collision of a model year 2008 car 
and a model year 1990 car might not have occurred if 
the 1990 car had been a model year 2000 car, but 
these two vehicle-crashes are only reduced (at most) 
by one vehicle-crash in Figure 24.  
 
Impacts on Fatalities and Injuries 
 
Figures 25-27 present the estimated impacts of recent 
vehicle technologies on fatalities and injuries in 
2008. For instance, as indicated in Figures 22-23, our 
crash avoidance model predicts there would have 
been about a 10% increase in frontal car crashes in 
2008 if all model year 2001-2008 cars were replaced 
by model year 2000 cars.  Assuming that these two 
model year groups have about the same occupancy 
(occupants per vehicle), we’d also expect about a 
10% increase in the number of occupants in such 
crashes. Our crashworthiness model predicts greater 
crashworthiness in frontal crashes of model year 
2001-2008 cars than for model year 2000.   Applying 
the difference in crashworthiness (for each model 
year between 2001 and 2008) to our 10% increase in 
crash occupants yields an increase of 200 fatalities, 
4,000 incapacitating injuries, 7,000 non-
incapacitating injuries, and 12,000 “possible” injuries 
(KABCO level C), and a decrease of 41,000 in the 
number of uninjured  occupants. That is, in frontal 
car crashes alone, we estimate that model year 2001-
2008 technologies saved 200 lives, mitigated or 
prevented about 4,000 incapacitating injuries and 
7,000 non-incapacitating injuries, reduced the 
number of “possible” injuries by 12,000, and allowed 
41,000 occupants to walk away uninjured.  A similar 
computation estimates that about 300 lives could 
have been saved, and the numbers of KABCO A, B, 
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and C injuries reduced by 7,000, 13,000, and 22,000, 
respectively, with an additional 42,000 occupants 
walking away uninjured  in frontal car crashes if all 
model year 1974-2007 cars had been replaced with 
model year 2008 cars. These estimates reflect 
improvements to both crash avoidance and 
crashworthiness, but should only be taken as order of 
magnitude indications, at best.  
 

 
 
Figure 25. Injuries in 2008 Under the Scenarios 
 
The negative values in Figures 26-27 refer to 
increases in the numbers of uninjured occupants. For 
instance, our models estimate that improvements seen 
in model year 2001-2008 vehicles resulted in about 
400 fewer fatalities, 15,000 fewer incapacitating 
injuries, 27,000 fewer non-incapacitating injuries, 
69,000 fewer “possible” injuries (KABCO C), and 
177,000 additional uninjured occupants.  
 

 
 
Figure 26. Injuries Mitigated in 2008 by 
Technologies in Model Year Groups 
 

 
 
Figure 27. Injuries in 2008 that Could Have Been 
Mitigated by Technologies in Model Year 2000-
2008 Vehicles 
 
CONCLUDING REMARKS 
 
Although our statistical models have limitations, our 
results indicate that improvements to newer vehicles 
have contributed substantially to the recent 
reductions in traffic fatalities. These results are 
preliminary and some modeling issues, such as with 
respect to rollovers in the crashworthiness model, 
suggest future work. We are hopeful that suitable 
refinements to our methods will lead to a better 
understanding of the collective contribution of recent 
safety improvements to crashes, fatalities, and 
injuries. 
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ABSTRACT 

 

Light goods vehicles (LGVs) are an important 

part of the vehicle fleet, providing a vital component 

in the European transportation system. On the other 

hand, LGVs are in the focus of public discussion 

regarding road safety. In order to analyse the accident 

situation of LGVs in an objective manner, Federal 

Highway Research Institute (BASt), VDA, DEKRA 

and German Insurers Accident Research (UDV) 

launched a joint project. The aim of this project, 

which will be finished by mid of 2011, is to identify 

reasonable measures which will further improve the 

safety of LGVs. For the first time, these partners 

jointly together conducted a research project and put 

together their know-how in accident research. 

Analyses are based on real-life accident data from the 

GIDAS database, the Accident Database of UDV 

(UDB), the DEKRA database and national statistics. 

The findings deliver answers to questions within the 

arena of future legislative actions and consumer 

protection activities. 

The analyses of databases cover areas of primary 

and secondary safety of LGVs with a special focus on 

advanced driver assistance systems (ADAS), driver 

behaviour as well as partner and occupant protection. 

Key figures from national statistics are used to 

highlight hotspots of accidents of LGVs in Germany. 

Finally, the proposed countermeasures are assessed 

regarding their potential effectiveness. 

Amongst others, the results show that the accident 

situation of LGVs is very similar to that of passenger 

cars. Noteworthy variations could be found in 

collisions with pedestrians, at reversing and regarding 

accident causes. 

Occupant safety of LGVs is on a higher level 

compared to cars. Results indicate that seatbelt use is 

on a significantly lower level compared to cars. This 

leads to higher-than-average injury risk for unbelted 

LGV occupants. When it comes to partner protection, 

there are problems with compatibility at LGVs. For 

car occupants there is a very high injury risk when 

colliding with a LGV. It indicates that higher passive 

safety test standards for LGVs would be 

counterproductive if they further increase stiffness of 

LGVs. 

The analysis of LGV-pedestrian accidents shows 

that pedestrian kinematic differs significantly from 

car-pedestrian accidents. At this point, existing 

pedestrian related test standards developed for cars 

can not be adopted to LGVs. When it comes to active 

safety, ESC proved its effectiveness once again. 

Beyond that, rear view cameras, advanced emergency 

braking systems and lane departure warning systems 

show a safety potential, too. 

In addition to any technical countermeasures 

previously discussed, the importance of the driver 

behavior and attitude regarding the accident risk was 

investigated. In order to develop successful actions it 

is important to understand the main target population. 

In the case of LGV especially the crafts business and 
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smaller companies are the major contributors the 

safety issue. 

 

INTRODUCTION 

 

The LGV (also known as van) has established 

itself as a link in the supply chain between logistic 

centres and the retail trade or end consumer. 

However, the LGV is also a mainstay in fast and 

flexible long-distance cargo and goods transport as 

well as in courier and delivery services. As LGVs 

have become increasingly relevant on the road other 

road users have automatically began to take more 

notice of these vehicles. Over the years this has 

generated to a discussion about the safety of these 

vehicles in the media, political circles and the 

population that has not always been objective. 

All efforts should be undertaken to reduce the 

accident risk of LGVs further and to enhance the 

safety of occupants and other road users. To derive 

suitable measures for improvement it is, therefore, 

important that the accidents involving LGVs are 

analysed in detail. To do this, the Federal Highway 

Research Institute (BASt), the German Insurers 

Accident Research (UDV), DEKRA Accident 

Research and the Association of the Automotive 

Industry (VDA) teamed up to set up a joint research 

project. 

The GIDAS database, the UDV database, and 

DEKRA data as well as national statistics were 

examined. Thus empirically reliable and meaningful 

data on LGV accidents was extrapolated. The focus 

was placed on active and passive safety, with special 

emphasis placed on advanced driver assistant 

systems, occupant and partner protection as well as 

driver behaviour. 

 

DATA BASIS 

 

Several accident databases were trawled for data 

for the research project. These are described below. 

 

 

Official Road Traffic Accident Statistics 

 

Federal statistics are continuously maintained on 

accidents in which fatalities or material damage have 

been caused as a consequence of road traffic on 

public roads and open spaces. They serve to produce 

an up-to-date, comprehensive and reliable database 

on the structure and development of road accidents 

[1]. 

LGVs are not considered a separate category of 

vehicle and are not registered as such in the police 

accident record. Information on the vehicle type and 

permissible total weight provided by the Federal 

Motor Transport Authority (KBA) enables LGVs to 

be identified in the official statistics data. The data 

basis for LGV accidents is consequently composed of 

individual data from the official road accidents 

statistics supplemented by the central vehicle register 

of the Federal Motor Transport Authority. For this 

reason the data material solely comprises LGVs 

registered in Germany, the registration plates of 

which can be clearly identified. 

 

GIDAS Database 

 

GIDAS (German In-Depth Accident Study) is a 

joint project conducted by the Federal Highway 

Research Institute (BASt) and the Research 

Association of the Automotive Technology (FAT) of 

the VDA. The project makes available detailed and 

statistically representative data of real-life road 

accidents in Germany. 

The GIDAS project originates from the accident 

research team of the Hanover Medical School 

(MHH), which has examined and documented 

accidents on behalf of the BASt since 1973. In 1999 

the catchment area was expanded to the Dresden 

conurbation. The survey was carried out there by the 

Road Accident Research Unit of the Technical 

University of Dresden (VUFO GmbH). The survey 

criteria are: 

- Road accident  

- Accident location in the conurbation of 

Hanover or Dresden 

- Accident during a survey shift (specific 

random sample scheme) 

- At least one person injured 

A team is on standby on every shift to record the 

accident data and contains two technicians, a doctor 

and a coordinator. 

The GIDAS project has recorded around 3,000 

individual facts on each of approximately 2,000 

accidents annually since 1999. The GIDAS Database 
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currently comprises 18,990 accidents with 33,661 

involved vehicles and a total of 47,315 persons of 

which a percentage were injured. 

The following data is recorded at the site of the 

accident and in its aftermath: 

- Environmental conditions 

- Type of road, traffic regulation, building 

features 

- Vehicle deformations 

- Impact locations of occupants or other road 

users 

- Key technical data such as vehicle type and 

technical equipment 

- Crash information and key data (collision and 

travelling speed, delta-v and EES, deformation 

depths) 

- Circumstances of the accident and accident 

causes 

- Person-specific data such as weight, size, age, 

etc. 

- Injury pattern, preclinical and clinical 

treatment 

The recorded data and reconstructed accident 

sequences are stored in an anonymous format in a 

database for future reference by the project members. 

It is augmented by extensive images of the vehicles 

involved, accident site and the injuries. 

The defined random sampling procedure and the 

use of weighting factors enables the GIDAS Database 

to give a representative reflection of those national 

accident statistics involving personal injury. The 

number of cases is so high that statistically significant 

results can be achieved. The high level of detail of 

the cases also enables in-depth investigations. 

 

Accident Database of German Insurers Accident 

Research 

 

The evaluated case material of the UDV is 

primarily comprised of the claims files of the insurers 

that are routinely drawn on a random sampling basis 

from the total number of all third party liability 

claims in Germany for the purpose of conducting 

accident research. The LGV accidents here are 

accidents involving personal injury and damage of at 

least €15,000. They took place during the period 

2001 - 2006. 

A few cases (approximately 5%) come from an 

overall survey of all heavy commercial truck 

accidents (involving at least one fatality or serious 

injury), that took place in Bavaria in 1997 as well as 

from a collection of reconstructed accidents of 

vehicles equipped with Event Data Recorder (EDR) 

involved in accidents in Berlin between 1998 and 

2006. 

The contents of the claims files vary from case to 

case but are generally made up of the following 

sources of information: 

- Accident reports form the police 

- Statements from accident involved parties and 

from witnesses 

- Accident reconstruction  

- Vehicle damage expertise 

- Pictures of the accident site and of the vehicles  

- Medical reports submitted by doctors and 

hospitals with descriptions of injuries and 

period of hospitalisation 

- Correspondence between the lawyers 

- Court judgement 

The accident database (UDB) of the UDV 

contains as of October 2009, 4,496 accidents with 

8,161 victims. 

 

DEKRA Accident Database 

 

DEKRA maintains a national network of road 

accident analysis experts. Accident reconstruction 

reports are prepared primarily for the courts, public 

prosecution services, police and insurance 

companies. DEKRA Accident Research has access to 

these reports.  

The cases were selected on a random basis, 

analysed and added to an accident database. The data 

sets contain an extremely high level of technical 

information; information on the injuries suffered by 

those involved is usually of a more basic nature. The 

cases as a rule contain: 

- Accident reports from the police 

- Statements from accident involved parties and 

from witnesses 

- Accident reconstruction 

- Vehicle damage expertise 
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- Pictures of the accident site and of the vehicles 

- Special appraisals (lights, tachograph 

evaluation, tyre appraisal, determination of the 

cause of fire) 

The database currently contains about 3,000 

accidents. 

 

GENERAL ANALYSIS 

 

There are distinct differences in the longer-term 

development of accidents in Germany within the 

LGV category. As part of the process of 

harmonisation of the legal regulation within the EU, 

key changes were made to the motor vehicle sector in 

1997. As a consequence both the number of vehicles 

as well as the accident involvement of commercial 

vehicles over 2.8t - 3.5t rose dramatically at the same 

time. Therefore, the vehicles were subdivided into the 

following subgroups based on the registration-related 

information of the KBA and the permissible total 

weight: 

- Small LGVs up to 2t (permissible total weight 

up to 2,000kg) 

- LGVs over 2t to 2.8t (permissible total weight 

2,001 - 2,800kg) 

- LGVs over 2.8t to 3.5t (permissible total 

weight 2,801 - 3,500kg) 

In addition, trucks over 3.5t - 7.5t were included 

in the investigation as a comparison group. 

 

Analysis of the German national statistics 

 

With 6,323 LGVs over 2.8t - 3.5t permissible 

total weight in 2006, the number has increased 3.6-

times in comparison with 1996 (1,733 vehicles). The 

greatest rise took place between 1997 (1,892 

vehicles) and 2001 (5,273 vehicles), Figure 1. 

The significance of the accident involvement of 

these LGVs related to the total amount of accidents is 

comparatively low at 1.9 per cent (2006). 
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Figure 1.  History of the figures of accidents with 

injuries involving LGVs up to 3.5t and of the 

comparison group, trucks between 3.5t and 7.5t; 

history of the figures of registrations in Germany 

LGVs 2.8t up to 3.5t. 1996 = 100%. 

A subdivision of the accident involvement of 

LGVs over 2.8t - 3.5t according to location reveals 

that a greater increase was recorded on the motorway 

than in urban environments and on country roads. 

The trend changed from 2001, Figure 2. 
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Figure 2.  History of the figures of accidents with 

injuries involving LGVs from 2.8t to 3.5t 

subdivided by location. 1996 = 100%. 

A total of 5,091 persons died on Germany's roads 

in 2006 (1996: 8,758; 2001: 6,977). The number of 

fatalities in accidents involving LGVs over 2.8 t - 3.5 

t has increased from 50 in 1996 to 132 in 2001. In 

2006 111 fatalities were registered. In contrast the 

number of fatalities in accidents involving LGVs 

over 2 t - 2.8 t for the same period fell significantly, 

Figure 3. 
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Figure 3.  History of the figures of fatalities 

resulting from accidents involving LGVs up to 3.5t 

and of the comparison group, trucks between 3.5t 

and 7.5t. 1996 = 100%. 

The continuing rise in the number of LGVs over 

2.8t - 3.5t differs considerably from the development 

in the comparison groups. The stock of 164,000 

vehicles rose during the period 1997 - 2006 by 234% 

to around 548,000 vehicles. In contrast, the 

development of the stock of comparison groups 

displayed only minor changes.  

The number of vehicles is a major factor in the 

accident involvement (accident involvement per 

1,000 registered vehicles). The accident involvement 

of LGVs over 2.8t - 3.5t differs from those in the 

comparison groups. It rose starkly from 1997 (10.9 

participants per 1,000 vehicles) to 15.9 participants in 

2001. This figure suggests that the accident 

involvement is falling continually and achieved with 

11.5 participants in 2006 a more favourable figure 

that is only slightly above the level of 1997, Figure 4. 

In comparison, the figure for cars in 2006 was with 

8.8 participants lower. 
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Figure 4.  History of the accident rate figures 

(involved per 1,000 registered vehicles) of LGVs 

up to 3.5t and of the comparison group, trucks 

between 3.5t and 7.5t. 

Overall, it can be determined that the sharp rise in 

the accident figures up to 2001 has not continued 

after 2001 although the number of LGVs over 2.8t - 

3.5t has continued to increase significantly. 

 

 

In-depth analyses 

 

A consideration of the impact areas reveals that 

cars and LGVs display no significant differences. The 

analysis of the databases also reveals no relevant 

deviations. Over 70% of the cases were limited to one 

impact. Collisions with the vehicle front are the most 

commonly recorded, Figure 5. 
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Figure 5.  Impact type (Source GIDAS, UDV). 

In line with its frequency on the road, the car 

represents the main accident opponent both for cars 

as well as LGVs. Its share is about 50%. In around 

30% of cases the vehicles collided with unprotected 

road users, i.e. pedestrians or cyclists, Figure 6. 
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Figure 6.  Impact opponents (GIDAS, UDV). 

An analysis of the GIDAS data shows that the 

speed with which car and LGV collide either 

frontally with a vehicle ahead, or with an oncoming 

car or LGV is virtually identical. In contrast, there are 

significant deviations in the change in delta-v caused 

by the collision. The comparatively greater mass of 

the LGV means that delta-v here is lower, Figure 7. 
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Figure 7.  Impact speeds in single frontal impacts 

against cars or LGVs and the resulting delta-v 

(GIDAS). 

However, if it is a rear-end collision, the 

comparison of the delta-v figures display no 

significant differences, Figure 8. 

 

Figure 8.  Delta-v in single rear impacts with cars 

or LGVs (GIDAS). 

 

PASSIVE SAFETY 

 

Seat belt and injury severity  

 

DEKRA Accident Research has recorded the 

percentage of commercial vehicle drivers making use 

of their seat belts depending on vehicle type and 

location since 1999. Since 2004 the N1 vehicles have 

been recorded separately. Over the years the 

percentages have gone up and down, but two factors 

can be clearly discerned: The percentage of N1 

vehicle drivers wearing their seat belt is significantly 

lower than that for car drivers and the figure rises 

with increasing road class. Whereas 63% to 71% 

drivers use their seat belts in urban environments, the 

figure for outside town is 67% to 79% and on the 

motorway between 76% and 84%. These are, 

depending on location, up to 15 - 20 percentage 

points lower than for a car [2]. 

These findings equate well with those of the 

GIDAS Database. Here the figure for front occupants 

using a seat belt is about 80% (~ 16% unknown). The 

UDV data pool puts the number of unknown 

classified cases as very high. The analysis would 

suggest a somewhat lower belting-up percentage, 

Figure 9. 

 

Figure 9.  Safety belt usage of front seat occupants  

(GIDAS, UDV). 

When the injury severity is considered and related 

to the wearing or non-wearing of a seat belt, the 

effectiveness of the seat belt as a passive protection 

element becomes apparent as it influences the injury 

severity quite significantly. Likewise, it can be seen 

that the risk of injury for LGV occupants is lower 

than that for car occupants, Figure 10. 

 

Figure 10.  Injury severity by safety belt usage if 

known (GIDAS, UDV). 

Possible measures to improve the percentage of 

drivers wearing a seat belt are: 

- Driver instruction 

- More intensive monitoring  

- Seat belt reminder 

The risk of suffering cervical spine distortion also 

differs significantly greater in a rear collision. While 

this injury is suffered by 42.2% of belted front car 

occupants, the figure for LGV occupants is around 

25% (GIDAS data). If all LGV occupants were 
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included, the figure would be even lower. The test 

procedures used to evaluate seat systems on cars are 

of less relevance for LGVs. 

 

Compatibility 

 

Apart from the protection of the vehicle’s own 

occupants, the protection of other road users also 

plays an important role. This means, for example, 

that the safety systems of a small car must also be 

able to function effectively in a collision with a LGV. 

If, however, differences in height between the 

vehicles lead to an over- or underrun, not all the 

safety reserves can be fully exploited. Excessively 

rigid structures can increase the risk of injury for the 

other occupants as it means that greater energy needs 

to be transformed. The differences in mass have a 

special role to play in this respect. As regards 

pedestrian protection, both structural rigidity in the 

frontal region as well as the shaping of same need to 

be given consideration. 

In a collision between a car and a LGV, the risk 

of injury for a car occupant wearing a seat belt is 

considerably higher than for the LGV occupant 

wearing a seat belt, as Figure 11 shows. The UDV 

figures also support this findings. The percentage of 

car front occupants wearing seat belts with MAIS2+ 

injury is at 35 per cent significantly higher than on 

LGVs (11%). 
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Figure 11.  Injury severity of belted front seat 

occupants in single impacts between cars and 

LGVs (GIDAS). 

The above-mentioned information shows that a 

common interaction zone in the frontal impact area 

would have a far greater benefit than the expansion of 

the ECE-R94/95 to LGVs. A higher test speed (such 

as, for example, for consumer protection tests) would, 

in contrast, lead to interventions in the vehicle 

structure that, in turn, would lead to an increase in the 

injury risk for accident participants with smaller 

vehicle – and thus the majority of the other road 

users. 

 

Pedestrian accident  

 

The accident kinematics differ considerably and 

are caused by the different shaping of the vehicle 

front of car and LGV. While 56% of the pedestrians 

colliding with the front of a car are raised up onto the 

vehicle, about 75% are ejected away in a LGV 

collision.  

This fact means that the relevance of the injury-

causing parts and, in particular, the impact with the 

ground are particularly important. According to a 

study conducted by Road Accident Research Dresden 

(VUFO) entitled “Scope Extension on Pedestrian 

Legislation” around 50 per cent of head injuries can 

be traced to this ground impact [3]. In contrast, a 

GIDAS-based study found that the contact with the 

front bumper leads to fewer than 6% of all injuries. 

The different distribution of injuries in car and 

LGV accidents is shown in Figure 12. This makes it 

clear that collisions with a LGV lead to more serious 

accident injuries than with a car. Leg injuries, 

however, occur more frequently in pedestrian-car 

collisions. 

The findings show that application of the test 

procedure used for cars on LGVs would bring about 

no improvements in collisions involving pedestrians. 

Suitable test procedures have not been devised so far. 
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Figure 12.  Injury severity of pedestrians in car or 

LGV impacts (GIDAS). 
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ACIVE SAFETY 

 

It is necessary to know the circumstances and 

causations of accidents first before being able to 

answer the question of avoidance and mitigation. To 

better understand the main accident pattern of LGV, 

only crashes were considered where the LGV driver 

was responsible for the collision. The development of 

potential safety benefits was done on this basis. This 

leads to a conservative estimate of the potential 

benefit, due to the fact that some systems might also 

be beneficial in LGVs, which are involved in 

accidents as the non guilty part. 4.7% of all accidents 

in the GIDAS database were caused by LGV. These 

4.7% can be separated in four main accident 

scenarios (Figure13): rear-end collisions predominate 

with 26%, followed by turn into or crossing accidents 

(21%) and loss of vehicle control accidents (17%). 

Accidents when reversing form the fourth major 

accident scenario with 6%. This order is also seen by 

analyzing the accident data of the UDV database. 

 

 

Figure 13.  Shares of main causers (left, n = 

11,694) and accident scenario of LGVs (right, n = 

550) (GIDAS). 

 

Rear end collisions 

In terms of rear-end collisions, the accident 

pattern of LGV does not significantly differ from the 

one of cars and trucks. Rear-end collisions caused by 

LGVs are characterized by driving into a moving 

vehicle ahead, driving into a traffic jam and a 

collision with a vehicle that was stationary due to  

road signs traffic control or due to traffic lights. 

 

These three collision types cover between 85% 

(GIDAS) and 95% (UDV) of all rear-end collisions 

of LGVs. Technologies that could address these 

accident scenarios have not been developed for LGV. 

About 37% (source GDV) of the rear-end collisions 

caused by LGVs might be avoided or mitigated if all 

LGV would be fitted with an advanced emergency 

brake system that assists the driver in the pre 

collision phase of a potential crash against moving 

and stationary two-track vehicles. Further 

preconditions like an ideally responsive driver and 

partial pre braking by the system must be fulfilled to 

reach this quota. These are 9% of all accidents in the 

UDV database caused by LGV drivers and represent 

0.7% of all accidents. It was always assumed in case 

of a real accident the driver would properly respond 

to the warning of the system with braking (ideal 

driver behavior). In cases where the driver showed no 

initial reaction, the partial braking of the system was 

used to determine the potential benefit. If we extend 

the analysis to the data where an LGV was involved 

in a rear end collision irrespectively if guilty or not 

(include accidents where the LGV driver could not 

avoid the collision, e.g. the car in front suddenly and 

without reason slowed down or cut in situations from 

the adjacent lane), 43% of the rear-end collisions 

involving LGVs might be avoided or mitigated 

(based on the UDV data only). Compared to the 

figures above, this underlines the conservative nature 

of this analysis method. 

 

Accidents while turning into or crossing a road 

 

Accidents caused by LGVs while turning into or 

crossing a road are ranked second of the main 

accident scenarios with 21%. Another focus is the 

crossing of pedestrians and cyclists. However, it must 

be noted that from a general perspective these 

accident scenarios could not be covered by technical 

countermeasures, based on currently available vehicle 

technologies. It is more important to train the 

awareness of driver for such critical situations. 

 

Loss of control accidents 

 

The LGV loss of vehicle control accidents (LGV 

driver responsible) correspond to 17% of the main 

accident scenarios. As defined, the accident caution is 

based on the fact that the driver lost the control over 

the vehicle. These are mainly cases where the vehicle 

left the carriage way to the left or right side or had an 

unstable driving condition before the first impact. A 
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comparison of vehicles shows that a higher share of 

cars has to leave the road in a bend than trucks or 

LGVs. For trucks and LGVs it is more common to 

leave the lane on straight roads. In addition, a further 

comparison of the vehicles categories shows that cars 

had more often unstable driving conditions before the 

event than LGVs and trucks. 

The GIDAS analysis showed that in about 50% of 

all driving accidents caused by LGVs an unstable 

driving condition was reported. In the UDV dataset, 

this figure raised to 70%. These accidents could be 

positively influenced by an ESC system. This would 

mean that 7% of all UDV accidents and 8% of all 

GIDAS cases could be addressed. According to an 

UDV estimation, ESC might address approximately 

20% of the seriously and fatally injured persons in 

accidents caused by LGV. The consideration of only 

one specific group of accidents - which is the case  

when using the definition of a certain type of accident 

(as done here) - means a restriction in the analysis 

and leads to a conservative estimation in the same 

way as the restrictive view in terms of the accident 

causer does. In general, this should be kept in mind 

when analyzing the potential benefit of driver 

assistance systems. This is true even if this type of 

accident is clearly dominant (see driving accident and 

ESC). Taking also into account all involved LGVs 

and other ESC relevant accidents from other types of 

accident, the potential target group will increase to 

10% based on the UDV analysis. 

Loss of vehicle control accidents could be positively 

affected by an ESC and / or a lane departure warning 

system. This has been demonstrated by the results of 

a study carried out by Daimler [4]. With the 

standardization of ESC, the Mercedes-Benz Sprinter 

showed meaningful results in before-after studies 

based on the official statistics in Germany. It was 

found that the number of traffic accident involvement 

of the Sprinter was reduced due to ESC by one third. 

 

The driving accident is not only characterized by 

an instable vehicle condition before impact, but also 

by the unintended lane departure. This circumstance 

could be addressed by lane departure warning 

system¬ (LDW). The following assumptions were 

made to perform the analysis: 

- The initial speed of the LGV involved was 

higher than 60 km/h 

- At least one visible road marking was present 

(at the side of the lane departure) 

- All types of white lane markings are detected 

by the system 

- An ideal driver responds immediately and 

correctly after being warned 

- The system will not operate under the 

following conditions: 

o Lane marking other than white 

o At road construction sites 

o Curves with a radius below 

200m  

o Lane change maneuvers 

o Road surface covered by snow 

The real world data analysis implies, that such a 

generic lane departure warning system might address 

(provided an ideal reaction of the driver) up to 37% 

(GIDAS) and 30% (UDV) of all accidents where of 

the LGV driver caused the accident. This would 

mean 3% (UDV) and 6% (GIDAS) of all accidents 

caused by LGV. If the analysis is extended to other 

relevant accident types of UDV database, the results 

is 6% compared to 3% based on a conservative 

approach. 

Expert opinions showed that for some accidents 

both LDW and ESC systems might show a potential 

benefit. Therefore the calculated potential target 

groups could not be added. Taking this into account, 

both systems might contribute to 76% (GIDAS) and 

88% (UDV) of all driving accidents caused by the 

LGV driver. This figure represents 9% of all 

accidents where the LGV driver was responsible for 

the collision (UDV data) and respectively in 13% of 

the GIDAS cases. 

It should be noted that the conservatively 

calculated potential benefits are maximum values 

which could never be achieved in the real world. In 

addition the figures are based on a 100% equipment 

of all LGVs with these systems. It is common 

knowledge that influencing factors like the human 

machine interface, weather conditions, switched off 

systems and inappropriate speed would further 

significantly reduce the benefit. 

 

 

Accidents while reversing 

 

The fourth major accident scenario is reversing. 

The comparison with other vehicles categories (cars, 
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trucks) show that in both datasets, GIDAS and UDV, 

the share for LGVs is higher for accidents while 

reversing. At least 6% of the LGV caused accidents 

can be attributed to the reverse. For both LGV 

models, LGVs with rear windows as well as without 

the accident type 713 [8] in which a pedestrian is 

crossing behind the vehicle, is the most common. Of 

these pedestrians, primarily the elderly (60 years and 

above) are affected. It needs to be further investigated 

if parking sensors or a rear view camera are 

beneficial to reduce the number of involved 

pedestrians. 

 

DRIVER ASPECTS 

 

From the accident analysis it becomes obvious 

that the users of LGVs play a determining role. This 

should considered when handling traffic safety 

aspects related to LGVs. However, the consideration 

of driver aspects by means of an accident data 

analysis is only conditionally possible. That sets 

limits for the partners involved in this project. The 

group of LGV drivers is very heterogeneous and their 

driving behaviour is strongly affected by their 

working environment. The description of this group 

of drivers is the aim of a current research project 

which has been commissioned by the BASt [5]. This 

clearly illustrates that in order to be able to perform a 

conclusive causation analysis and to derive effective 

countermeasures in special, figures derived from 

accident analysis must always be seen within the 

context of the heterogeneous users groups and their 

working area.   

 

 

Type of use and purpose of use 

 

According to the analysis of the LGV accidents in 

the UDV database, a clear pattern is visible regarding 

the type of use and the purpose of use (Figure 14). 

Only 4% of the LGV drivers who caused the accident 

belong to a courier service. The majority of the LGV 

drivers who caused the accident were driving on 

behalf of a crafts business (66%), smaller companies 

and other tradesmen. Here, the business trip of the 

typical craftsman is dominating with a share of 32%. 

As one part of the analysis, this aspect corresponds 

approximately to the results from a study performed 

by the German Insurance Institute for Traffic 

Engineering in 2004 [6]. Besides this, private persons 

using their own vehicle can not be neglected in this 

consideration either, as they have a share of 30%.   

 

 

 

 

 

 

 

 

 

Figure 14.  Tpe of use and purpose of use for 

LGVs that were responsible for the accident 

(UDV). 

 

Driver attitude and behavior 

 

A look at the age of the LGV drivers involved in 

accidents shows that drivers between the ages of 18 

and 24 years have a share of 17% in the data of the 

German Insurers. Thereby, 78% of these drivers had 

caused the accident. The BASt analysis from 2008 

shows that 74% of the involved LGV drivers between 

the ages 18 and 24 years were also the main accident 

causer [7], whereas the share of accident causing car 

drivers is clearly lower, accounting for 55%. 

In order to evaluate the driver aspects, different 

driver attitudes and driver behaviours were analysed 

with the GIDAS database. Drivers who had caused an 

accident with personal injury were taken into 

consideration here. For example, information 

regarding age, pre-existing illnesses, medication, 

hours behind the wheel as well as driving experience 

with the respective vehicle type were investigated. 

Within the analyses, the groups of LGV drivers, 

passenger car drivers and truck drivers were 

compared to each other. Altogether, no noticeable 

differences between the groups could be found in so 

far as these could not be justified with the basic 

differences in the use of the vehicles within the 

groups. One example is the annual driving 

performance of the vehicle type used at the day of 

accident. This is shown for the drivers of passenger 

cars, LGVs and trucks in the following figure 15. 

Accordingly, as trucks are mainly used in long-

distance traffic, their driving performance is higher 

than that of cars and LGVs. 
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Figure 15.  Annual driving performance of the 

three compared groups (GIDAS). 

 

The issue of the time between the last break and 

the accident was also part of the evaluation. These 

analyses, along with the other investigated aspects, 

are based on interviews which were made with the 

involved drivers at the accident scene. As seen in the 

following figure 16, both for passenger cars and for 

LGVs, more than half of the accidents occur within 

30 minutes after the last break or after beginning the 

journey. As expected, for truck drivers there is a shift 

in the time spent behind the steering wheel until the 

accident occurs, which means a longer travel time. 

For all three compared vehicle groups, it can be seen 

that only few accidents with personal injury are 

caused after journeys (without break) that last longer 

than 4.5 hours.  

 

Figure 16.  Time between the last break and the 

accident (GIDAS). 

 

 

 

 

Accident causes 

 

It could be shown by means of the accident 

analysis that some focal points regarding driver 

misconduct become visible for the accident causing 

LGV drivers. According to a BASt analysis from 

2008 with respect to the accident involvement of 

LGVs, the most frequent category of accident cause 

is „insufficient safe distance“ (18%) together with the 

category „turning off from a road, turning, reversing, 

entering and starting up“. This category also accounts 

for approx. 18%, followed by the category “speed” 

(16%) [7]. On motorways, however, a clearly higher 

share could be identified for the category “speed” 

(approx. 35%). The figures analysed by the BASt are 

based on the police records which are filled by the 

police at the accident scene without using any 

detailed analysis. Especially for the issue “speed” 

(unadjusted speed, exceeding the maximum 

permissible speed), this allows only limited 

statements. At this stage, it is essential to integrate 

detailed accident data analyses in the study.  

Accident causes on motorways 

UDV data were used to determine the accident 

causes for those groups of LGV and car drivers who 

were found to be responsible for the accident. The 

type of use and purpose of use for the LGV were not 

taken into consideration here. In a single case study, 

the most relevant accident causes were identified. 

This was done each for accidents on motorways and 

for accidents on rural roads, following the definitions 

for an “accident cause” as used by the police.  

Thereby, it was taken into account that several 

accident causes can simultaneously be attributed to 

one involved party (e.g. “insufficient safe distance” 

and “inattentiveness/distraction”). Thus, from case to 

case it might result in a higher number of accident 

causes than officially recorded by the police. 

Regarding accidents on motorways, the same ranking 

in terms of the three most relevant accident causes 

was found both for the LGV and passenger car 

drivers (Table 1): 
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Table 1. 

Accident causes on motorways (UDV) 

Passenger car % LGV % 

„inappropriate 

speed“  31 
„inappropriate speed“  

46 

„inattentiveness, 

distraction“ 

 

27 

„inattentiveness, 

distraction“ 

 

12 

„insufficient safe 

distance“  

 

17 

„insufficient safe 

distance“  

 

10 

 

For LGV and passenger car drivers who were 

responsible for the accident, figure 17 shows the 

main results from the analysis of the accident causes 

on motorways. 

 

 

 

 

 

 

 

 

 

Figure 17.  Comparison of the accident causes on 

motorways for LGV and passenger car drivers 

responsible for the accident (UDV). 

 

It can be observed that for passenger car drivers 

the accident cause “insufficient safe distance” is 1.7 

times more frequent than for LGV drivers. However, 

with regards to severe accidents, the share of this 

accident cause is 1.7 time higher for LGV drivers. 

The accident cause “inappropriate speed“ is 1.5 times 

more frequent for LGV drivers and it also results in 

more severe accidents than within the group of 

passenger car drivers. In contrast, for passenger car 

drivers, the share of the accident cause 

„inattentiveness, distraction“  is more than twice as 

high as for LGV drivers, but it results less frequently 

in severe accidents. For both groups, “alcohol” and 

“fatigue” are under-represented in terms of their 

share, however they nearly always cause severe 

accidents. The higher injury severity which is 

generally found in accidents involving an LGV can 

be explained with their higher vehicle mass in 

comparison to passenger cars. 

 

Accident causes on rural roads   

The results from the analysis of the accident 

causes on rural roads (non built-up areas without 

motorways) are shown in table 2. 

Table 2. 

Accident causes on rural roads (UDV) 

Passenger car % LGV % 

„right of way / 

turning off from the 

road“  

35 
„inappropriate speed“  

32 

„inappropriate 

speed“ 
15 „right of way / 

turning off from the road“ 
29 

„inattentiveness, 

distraction“  8 
„inattentiveness, 

distraction“  17 

„insufficient safe 

distance“  5 
„insufficient safe 

distance“  11 

According to table 2, for car drivers, the accident 

cause “right of way/turning off” predominates, 

accounting for 35%.  For LGV drivers, this accident 

cause is the second most common accident cause 

with a share of 29%.  

A summary of further findings from this analysis 

of accident causes on rural roads are depicted in 

figure 18. 

 

 

 

 

 

 

 

 

 

Figure 18.  Comparison of the accident causes on 

rural roads for LGV and passenger car drivers 

responsible for the accident (UDV). 
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For the group of LGV drivers, the accident cause 

„inappropriate speed“ was found to be more than 

twice as frequent as for passenger car drivers. On 

rural roads, the share of the accident cause 

“inattentiveness, distraction” is twice as high for the 

group of LGV drivers. In terms of severe accidents, 

the relative frequency of this accident cause is 

slightly higher for car drivers. LGV drivers were 

found to keep „insufficient safe distance“ twice as 

often as car drivers. “Exceeding the maximum 

permissible speed” occurred three times more 

frequently for LGV drivers and for both groups these 

accidents always end up seriously. In absolute terms 

however, this accident cause does not belong to the 

three most common accident causes found for LGV 

drivers. 

The analyses of the UDV accident data clearly 

demonstrate that on rural roads there is a strikingly 

visible accident causation behaviour among LGV 

drivers in comparison to passenger car drivers. This 

brings the LGV driver into the spotlight, thus setting 

him apart from car driver in this respect. One major 

focus that can be put here on the accident cause is 

„speed“. Compared to car drivers, LGV drivers are 

found noticeably often to travel “exceeding the 

maximum permissible speed“  or to travel with 

“inappropriate speed” on rural roads. Referring to all 

accident causes, however, only „inappropriate speed“ 

is of high relevance here. 

This problem can be only partially addressed with 

the technical tools of road infrastructure and vehicle 

engineering. One can take preventive measures 

against “exceeding the maximum permissible speed” 

through more controls by the police. Also ISA-

systems (Intelligent Speed Adaptation) may possibly 

offer a solution. But the more relevant issue of the 

“inappropriate speed” can not be addressed here, 

either by vehicle engineering or road infrastructure or 

by controls. The senzitisation and training of the 

LGV drivers and respectively of the responsible 

companies will build the focus regarding the field of 

action. The driver must become aware of the fact that, 

in terms of the general handling of its vehicle and 

especially in critical situations, the LGV with its 

cargo is not comparable with a car. 

A further key area of focus refers to the accident 

cause „right of way / turning off from the road“. This 

accident cause is relevant both for LGV and for car 

drivers. Though, infrastructural aspects (e.g. view 

obstruction) play a role in these accidents, as well. 

These should also be taken into consideration when 

raising the awareness of the LGV drivers. 

 

SUMMARY 

 

This paper presents the final work which was 

done in this project. The investigation into LGV 

accidents has shown that they align well, with a few 

exceptions, with those of passenger car. Major 

deviations can only be detected in collisions with 

pedestrians, when reversing and accident causation. 

Moreover, special characteristics of LGVs needs to 

be considered like vehicle use, mileage, driver's 

workplace, load retention etc. 

The occasional sharp rise in the accident figures 

for LGVs can be trace to the equally high rise in 

registration figures. Relative to the numbers on the 

road, accident involvement of LGVs has been falling 

continually since 2001.  

Basically, the LGV provides very good protection 

for the occupants (self protection). However, the low 

numbers of LGV occupants that wear seat belts is 

worrying. Here, the figures significantly lag behind 

those of passenger car occupants. The risk to receive 

an injury in case of an accident is significantly lower 

for occupants of LGVs than for car occupants, but 

LGV occupants not belted are subject to an above-

average risk in comparison with LGV occupants 

availing themselves of their seat belt. This risk could 

be greatly reduced by introducing suitable road safety 

education measures, training as well as devices such 

as a seat belt reminder. 

The main accident opponent of the LGV is, in line 

with its numbers on the road, the passenger car. This 

could generate compatibility problems for the car 

occupants in particular, and lead to a very high risk of 

injured car occupants. It is important here to place 

more emphasis on protecting the accident opponent. 

On the other hand more stringent requirements in the 

crash safety of LGVs would have a negative effect. 

LGV accidents involving pedestrians are as 

relevant as those involving cars. However, the test 

procedures developed for passenger cars cannot lead 

to an improvement in the accident situation for LGVs 

due to the different kinematics.  

The cervical spine distortions frequently suffered 

by car occupants play less of a role for LGVs. Similar 

to the existing test modes for pedestrian protection, 

the frequently used seat (whiplash) tests designed for 

passenger cars are not leading to a desired result for 

LGVs. 

Even though LGV drivers lose control of their 

vehicle less frequently than car drivers, ESP is still a 
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useful safety system. It has been proven that ESP has 

a high degree of potential benefit.  

Advanced emergency brake systems and lane 

departure warning systems have some potential, but 

the high expectations that some place in these 

systems are unlikely to be achieved. 

The accident causation factors of LGVs on rural 

roads differ significantly from those identified for 

passenger cars. This brings the LGV driver into the 

spotlight. In order to develop successful actions it is 

important to identify the main driver target 

population. In the case of LGV accidents, especially 

the crafts business and smaller companies are the 

major contributors to this safety issue. Further 

research in the area of driver behavior is necessary to 

develop suitable countermeasures to influence both, 

the driver itself but also the approach taken by 

companies. 
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