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Simulation for severity assessment of motor vehicle accidents.
ELIAS BÄCKLUND EKVALL & ERIK TINGFALK
Department of Mechanics and Maritime Sciences
Chalmers University of Technology

Abstract
Battery electric vehicles (BEVs) exhibit distinct vehicle characteristics, including
dynamics, increased mass, and acceleration capabilities. To assess the impact of
BEVs on traffic hazard classification, a simulation model that accurately captures
vehicle behavior in critical traffic scenarios is required.

This thesis presents the development and integration of a vehicle model within a
traffic scenario simulation using Matlab/Simulink. The vehicle dynamic behavior of
the model has been validated using IPG CarMaker, ensuring accurate representation.

The outcome of this research is a simulation model that covers both vehicle and
driver behaviour in safety-critical situations. The model facilitates the determina-
tion of severity levels in the event of a system fault leading to unintended acceleration
or deceleration of the vehicle.

The findings demonstrate that BEVs give rise to more severe situations, result-
ing in higher ASIL levels compared to internal combustion engine (ICE) vehicles.
Consequently, the introduction of electric propulsion systems will alter the severity
classification in common longitudinal scenarios.

In conclusion, this thesis emphasizes the transformative impact of electric propulsion
systems on traffic hazard classification and establishes the significance of develop-
ing simulation tools that accurately capture the behavior of BEVs in safety-critical
scenarios.

Keywords: Battery electric vehicles, Functional Safety, ISO 26262, Simulink, IPG
CarMaker, vehicle dynamics.
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1
Introduction

This chapter will give an introduction to the thesis by �rst covering the background
and objective together with an analysis of what has previously been done within the
�eld of functional safety. Further, the research scope will be de�ned by covering the
research questions and limitations of the project.

1.1 Background

Safety is a vital part of today's vehicle development, and it is concerning both the
pre-crash phases and in-crash phases. In the pre-crash phase, sensors, actuators,
and HMI (Human-Machine Interface) are used to form active safety systems and
fully autonomous systems. The systems aim to mitigate and avoid crashes for road
vehicles by in some way controlling or monitoring the longitudinal and lateral motion
of the vehicle. During the in-crash phase the vehicle rely on it crashworthiness to
mitigate the damages of the crash, this by how the vehicle is design with for example
crumple zones.

Safety should always have a high priority when it comes to the development of
cars. One method that can be used in vehicle development is to analyse di�erent
tra�c scenarios and identify scenarios where a crash can happen and estimate the
severity of the potential crash. With this knowledge, automakers can design safety
mechanisms and systems aimed to avoid hazardous scenarios.

Volvo Cars produce among the safest cars in the world and the company is a leader
in the �eld of car safety. They have been leading the safety �eld for decades and con-
tributed to the development of new safety features for road vehicles. Longitudinal
control is one of the attributes contributing to these safety systems. Longitudinal
Vehicle Control involves the functions of acceleration and deceleration with a focus
on creating safe, energy-e�cient and rewarding longitudinal vehicle behaviour. The
longitudinal control software has a high level of safety criticality where functional
safety classi�cation standards can be used. ISO 26262 (ISO Central Secretary, 2018)
describes the requirements for functional safety in automotive applications. To know
how to design the safest software it is required for Volvo Cars to understand how
severe the potential tra�c hazards can be. In order to do this a correct identi�cation
and classi�cation of the hazardous event is crucial. This thesis investigates the possi-
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1. Introduction

bilities to build a model that can support the evaluation of hazard and classi�cation
levels, to design longitudinal control software in an early concept phase.

With the introduction of battery electric vehicles (BEV), several parameters and
behaviours of the vehicle have been changed compared to an internal combustion
engine (ICE) propelled car. This includes parameters of weight distributions, vehicle
weight and most importantly acceleration capabilities. The increased acceleration
capabilities could potentially have a huge impact on the classi�cation of a tra�c
hazard, hence the need to develop a model for severity-level classi�cation.

1.2 Objective

This master thesis includes identifying and investigating the most common lon-
gitudinal tra�c hazard scenarios and then building a simulation model in Mat-
lab/Simulink. The aim is to more accurately estimate the outcome of the hazard
scenarios and the work is mainly focused towards an electric powertrain but a model
for an ICE powertrain will also be used to evaluate di�erences. A necessary liter-
ature study is required in order to understand and set up the scope of the hazard
scenario as well as the safety analysis process from ISO 26262. Testing and veri�ca-
tion of the model will be performed by designing test events accordingly and trying
to get a controllability level. Initial veri�cation of the model will be performed by
doing virtual simulations using IPG CarMaker. The second step of the veri�cation
process will be to perform a physical test using a test car.

1.3 Research Questions

The thesis will try to answer the following research questions:

ˆ How will the severity assessment and FTTI for longitudinal scenarios change
with the introduction of electric vehicles?

ˆ What level of complexity is needed for a vehicle model to be used in risk
assessment?

1.4 Previous Research

Research has been made by the National Highway Tra�c Safety Administration
(NHTSA) regarding functional safety of electric Vehicles. The research paper Func-
tional Safety Assessment of a Generic Accelerator Control System With Electronic
Throttle Control in Electric Vehicles (Becker et al., 2020) is an example of such re-
search. In the report, NHTSA tries to �nd safety requirements related to the failures
and countermeasures of the accelerator control system with electronic faults. The
research suggests multiple Vehicle-level hazards connected to the accelerator control
system. Table 1.1 show the seven identi�ed hazards and their corresponding most
severe ASIL (Automotive Safety Integrity Level) based on ISO 26262. This is one
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1. Introduction

example how a result from an ASIL analysis might look. Di�erent OEM (Original
Equipment Manufacturer) across the industry have their own way of making a com-
plete ASIL analysis and shown below are Beckers result and not a industry wide
consensus.

Table 1.1: Vehicle-Level Hazards and Corresponding ASIL, from Beckers report

Potential uncontrolled vehicle propulsion and potential propulsion power reduc-
tion/loss or vehicle stalling are identi�ed as the most crucial hazards and thereby
classi�ed as ASIL D. Classifying the hazards is done by assessing the exposure,
severity and controllability. Becker has made the classi�cations for controllability
and exposure for each of the hazards based on ISO2626. For the �rst hazard in
table 1.1 Becker has classi�ed the exposure at E4 and controllability at C3, giv-
ing the ASIL level of D. NHTSA has managed to assign the di�erent hazards with
ASIL levels but addresses issues connected to this process. The report addresses
a problem where the classi�cation could di�er between analysts due to the lack of
objective data supporting the de�nitions of severity, exposure, and controllability.
For the purpose of this thesis, those issues will not be a problem since the de�ni-
tions of severity, exposure, and controllability already have been de�ned in internal
standards at Volvo Cars.

Research investigating the severity di�erence between BEV and ICE vehicles is rare
due to that BEV is new to the market and only recently gaining �eet penetration,
in combination with the time required to retrieve crash data.

However, a few studies have been conducted comparing crash data between ICE
vehicles and BEVs. One such study, based on crash data gathered in Norway,
reveals that there is no notable di�erence in crash severity between BEVs and ICE
vehicles. However, the study did highlight a signi�cant increase in crash severity
speci�cally for accidents involving motorcyclists and BEVs (Liu et al., 2022). There
is also another report from Norway that implies that the weight of BEV might be
a problem since it increases the injury severity of the vehicle you are colliding with
(Høye, 2017).

Similar studies have been carried out to try and identify how you can classify the
right severity, exposure, and controllability for hazards in longitudinal scenarios.
One example is (Fabris & Lovric, 2012) where they showed how to get an ASIL level
for unintended deceleration, to get severity accidents report was used, for exposure

3



1. Introduction

data on where rear-end accidents took place was used and to get controllability
driver behaviour was examined through analysis of brake distribution behaviour for
di�erent drivers.

1.5 Limitations

This thesis will only cover longitudinal control situations and potential tra�c scenar-
ios which exclusively involve behaviours in the longitudinal direction of the vehicle.
An example could be a car following scenario on a straight road since this case does
not include any lateral movements.

The possibility of verifying the simulation model in a physical test car setup will
be limited since the situations to be simulated will cover the extremes of critical
situations i.e. crashes. Test track veri�cations will be performed but cannot fully
validate the model performance due to the complexity and safety risk of performing
the tests.

4



2
Theory

This chapter will cover the relevant theory for the thesis which will include the con-
cepts of functional safety and ISO 26262, tra�c scenario modelling, vehicle modelling
and driver modelling.

2.1 Functional Safety

Functional safety is the part of the overall safety of a product that depends on the
correct functioning of a system. These safety functions are intended to prevent, or
mitigate the consequences of, failures in the system that could lead to a dangerous
situation. Besides functional safety, the overall product safety could also include
mechanical and electrical safety. Electrical safety is di�erent from functional safety
in the way that functional safety is focused on ensuring that a system performs its
intended safety functions, while electrical safety is focused on preventing hazards
arising from the use of electricity. Both are important in ensuring the overall safety
of a system or equipment (SÜD, n.d.).

Functional safety can be applied in a wide range of products ranging from buildings
to industrial applications. The overall functional safety framework is described in
the standard IEC 61508 (International Electrotechnical Commission, 2010) which
covers all industries. The standard provides a systematic and structured approach
for identifying and controlling hazards, and for ensuring that safety-related systems
perform their intended safety functions under all conditions. Based on the standard
IEC 61508 (International Electrotechnical Commission, 2010) each industry has its
own adaptation summarized in a separate standard. For the automotive industry,
the functional safety regulations are based on the standard IS0 26262 (ISO Central
Secretary, 2018).

In an automotive application, functional safety is concerned with potential haz-
ardous situation that might occur due to system malfunctions. Example of a mal-
function can be that the vehicle loses its ability to break when the break pedal is
pressed down, which can lead to a collision if there is a vehicle in front. Vehicle safety
on the other hand is a broader term that includes all aspects of a vehicle's design
and operation that contribute to the safety of the occupants and other road users.
This includes not only safety-critical systems preventing accidents occurring in the

5



2. Theory

�rst place but also passive safety systems like crumple zones aiming to mitigate the
consequences in the case of a crash.

2.1.1 ISO 26262

Automotive functional safety is based on the standard ISO 26262 (ISO Central
Secretary, 2018) Road vehicles � Functional safety. This standard shall be ap-
plied to electrical and/or electronic (E/E) systems in production passenger cars and
light commercial vehicles. The standard takes into account the speci�c safety re-
quirements and the safety-related aspects of the automotive systems, as well as the
safety-related aspects of the software. It addresses potential hazards in the case
of a malfunctioning system. In an automotive setting, this could for example be a
malfunctioning propulsion actuator resulting in torque demand too much or too less
compared to the request from the driver.

2.1.2 ASIL classi�cation

ISO 26262 uses a metric called Automotive Safety Integrity Level (ASIL) for classi-
�cation of potential hazards. The respective level is connected to recommendations
and actions needed to avoid and mitigate the consequences of a fault. The standard
describes four di�erent levels of risk, ranging from ASIL-A to ASIL-D, where ASIL-
A describes a need for low-risk reduction and ASIl-D describes a need for high-risk
reduction. An additional level called Quality Management (QM) is also available in
cases where the risk has been reduced as a result of activities according to state of
the art industry processes. In these cases, the risk can be managed and does not
emphasize safety requirements to be managed under ISO 26262, instead one should
use an industry-approved quality system (Aptiv, n.d.).

ASIL levels are determined by three factors: Severity, Exposure and Controllability.
Severity describes the type of injuries to the driver and passengers and possible
vulnerable road users (VRU). Table 2.1 shows the four levels of severity, S0 to S3
and their respective description (ISO Central Secretary, 2018).

Table 2.1: Severity classi�cation

The second factor is Exposure and it de�nes how often the individual is exposed to a
situation. Table 2.2 shows the �ve levels of exposure, E0 to E4 and their respective
description.

6



2. Theory

Table 2.2: Exposure classi�cation

Controllability is the last factor determining the ASIL level and it de�nes how much
the driver can do to prevent the injury by involvement in the operational situation.
Table 2.3 shows the four levels of controllability, C0 to C3 and their respective
description.

Table 2.3: Controllability classi�cation

These factors are then combined according to Table 2.4 in order to determine the
required ASIL level.

Table 2.4: ASIL determination

2.1.3 Safety Goal

In the standard ISO 26262 safety goals are de�ned as top-level safety requirements
for a function or item. These safety goals are de�ned in a project concept phase
and used to de�ne functional safety requirements that are aiming to prevent an
unreasonable risk for a hazardous event. Each safety goal is assigned an ASIL and
relevant requirements intended to bring the vehicle to a safe state if a failure occurs.

Fault Tolerant Time Interval (FTTI) is a necessary attribute of safety goals. FTTI
is a time measure from the occurrence of a fault to the occurrence of a possible

7



2. Theory

hazardous event in the case where no safety mechanisms are present. If a system
failure is present longer than the FTTI, a hazardous event will most likely occur.
Figure 2.1 show the time de�nition of FTTI according to ISO 26262 (ISO Central
Secretary, 2018) in a situation.

Figure 2.1: Illustration of FTTI de�nition according to ISO 26262.

In order to avoid a hazardous event from happening the Fault Handling Time Inter-
val (FHTI) needs to be kept within the limit of FTTI. The FHTI is the sum of Fault
Detection Time Interval (FDTI) and the Fault Reaction Time Interval (FRTI). Fig-
ure 2.2 show the de�nition of FHTI according to ISO 26262 (ISO Central Secretary,
2018).

Figure 2.2: Illustration of FHTI de�nition according to ISO 26262.

In the case where a safe state cannot be reached within the FTTI, the system can
enter emergency operation mode if such operation is de�ned. This mode is limited
by the Emergency Operation Tolerant Time Interval (EOTTI) which is the time
interval where a safe state needs to be achieved. Fig 2.3 shows the de�nition of
FHTI in combination with an emergency operation according to ISO 26262 (ISO
Central Secretary, 2018).

Figure 2.3: Illustration of FHTI de�nition according to ISO 26262.

8



2. Theory

2.2 Tra�c Scenarios

This thesis will investigate both hazardous scenarios that can occur where two ve-
hicles are following each other but also hazardous scenarios involving a Vulnerable
Road User (VRU) and a car. The scenario chapter will �rst introduce general input
parameters for the scenarios covering distance between cars at the start of the event,
reaction time of the driver, road friction, and applied brake force. Furthermore, the
scenarios will be described in detail covering the tra�c scenario in combination with
an assumed fault.

2.2.1 General input parameters

General parameters that will be used in this in investigating driver responses are
reaction time and time headway (THW), reaction time will not be included to any
large extent in this report but THW will be central.

Time headway seems to be una�ected by speed as shown by (Taieb-Maimon &
Shinar, 2001) and (WINSUM & HEINO, 1996). This may give some input to what
distances to assume by most drivers when it comes to car following scenarios, at
least for speeds ranging from 50 km/h and upwards. Both these studies concluded
that headway varies depending on the driver but for worst-case scenarios there
might be time headway of below 1 second. (WINSUM & HEINO, 1996) found a
comfortable time headway of 0.67 seconds and a standard deviation of 0.16 seconds
for people that follow the lead car closely, while (Taieb-Maimon & Shinar, 2001)
found an average comfortable time headway of 0.98s with a standard deviation of
0.36 s and the 5:th percentile at 0.45 seconds. The di�erence in these studies is that
(WINSUM & HEINO, 1996) divided their result into groups depending on their
perceived comfortable time headway. Notable also is that these are considered on
rural roads under controlled environments and in simulators meaning they might
not be relevant for close-range city driving.

A literature review carried out by (Green, 2000) which examined di�erent publica-
tions on driver reaction times showed that unexpected events results in a response
time of 1.5 seconds. This includes the time it takes to move from the gas pedal
to the brake pedal which Green means can be estimated to 0.3 seconds for unex-
pected events. There are some di�erences among drivers and (Fambro et al., 1997)
shows that a good estimation of the lower 5:th percentiles reaction time is around
2.5 seconds.

2.2.2 Scenario 1

This scenario is de�ned as a car-following scenario, involving two cars, a lead car and
a following car. The lead car is driving at cruise speed on a straight road and the
following car is following the lead car keeping a constant gap. Due to an unde�ned
malfunction an unintended acceleration of the following car occurs and ends up in
a potential rear-end striking of the lead car. Figure 2.4 illustrates the scenario.
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Figure 2.4: Illustration of car following scenario with an unintended acceleration
of the following car.

2.2.3 Scenario 2

This scenario is de�ned as a car-following scenario, involving two cars, a lead car and
a following car. The lead car is driving at cruise speed on a straight road and the
following car is following the lead car keeping a constant gap. Due to an unde�ned
malfunction an unintended deceleration of the lead car occurs and ends up in a
potential rear-end striking of the lead car. Figure 2.5 illustrates the scenario.

Figure 2.5: Illustration of car-following scenario with an unintended deceleration
of the lead car

Within the automotive industry, two main de�nitions are used to describe the is-
sues connected to brake system failures. The �rst one is de�ned as an overbraking
situation meaning that the car brake system achieves more brake torque than what
is requested. If a fault like this occurs there is a high risk of a rear impact by a
following car. Underbraking is another system failure de�nition which means that
the brake torque output is less than what is requested either from the driver or an
Active safety system in the car. In a car following scenario the underbraking fault
has a high potential of resulting in a rear-end crash into the car in front.

2.2.4 Scenario 3

This scenario involves one car and a VRU at a pedestrian crossing and the car is
at standstill waiting for the VRU to cross. Due to an unde�ned malfunction an
unintended acceleration of the car occurs and ends up in a potential collision with
the VRU. Figure 2.6 illustrates the scenario.
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Figure 2.6: Illustration of standstill scenario at a pedestrian crossing with an
unintended acceleration of the car.

For this scenario to be used in a simulation the average distance between car and
pedestrian needs to be de�ned. The Swedish Transport Administration de�nes reg-
ulations and recommendations for the design and construction of roads and streets.
They recommend di�erent values for the distanced illustrated in �gure 2.7, between
a pedestrian crossing and a stop line depending on the road situation. In the case
of a signal-controlled intersection, the stop line should be placed at a minimum dis-
tance of 2 m from the pedestrian crossing but could in some cases be extended up
to 5 m (Tra�kverket, 2020).

Figure 2.7: Illustration of pedestrian crossing design measure,d

2.2.5 Scenario 4

This scenario involves two cars at a roundabout or alternatively a crossing. Ego car
is at standstill waiting for the other car to pass. Due to an unde�ned malfunction
an unintended acceleration of the ego car occurs and ends up in a potential side
impact collision. Figure 2.8 illustrates the scenario.
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