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Abstract: For market introduction of advanced driver assistant (ADAS) and automated driving
(AD) systems on full vehicle level, testing and validation is one of the biggest challenges.
The present study describes a novel approach that integrates a driving simulator in a virtual
development process aiming to reduce time and effort for system development. The approach is
demonstrated on a specific automated lane change assist (LCA) system. To this end, the LCA
function and the corresponding human machine interface (HMI) are developed and implemented
in the driving simulator. The core of the approach is a driving simulator-based testing method
which proposes a novel two stage testing concept and involves multiple test drivers. The method
provides better insight into the overall system performance and, moreover, detects potentials
for improvements dedicated for the ADAS functionalities as well as for the design of the HMI
system. Using this method, a driving simulator study with 20 volunteer drivers is conducted to
evaluate the LCA system with respect to driver acceptance and user friendliness. The results of
the study will be used for the parametrization and fine tuning of the LCA function as well as
for the HMI improvement.

Keywords: Human Machine Systems, Transportation and Vehicle Systems, Advanced Driver
Assistance Systems, Lane Change Assist

1. INTRODUCTION

Currently one of the great obstacles for a faster market
introduction of automated driving functions of SAE level
3 and higher SAE (2019), is the unsolved problem of
safety proof and/or guarantee of fail-safe operation Ju-
nietz et al. (2018b). Furthermore, drivers acceptance and
trust in automated driving function is crucial for their use
and market success. Drivers acceptance depends mostly
on the obvious benefits for the user (such as usability
and comfort) and the fail-safe characteristics of a system
Brookhuis et al. (2019),Wang et al. (2001). The acceptance
of an automated system will increase as soon as auto-
mated driving actions are performed in a way that is com-
prehensible for the driver. Therefore, the system should
mimic human driver behaviour van Driel et al. (2007).
Prior to this study an on-road naturalistic driving study
‹ This work is founded by the Austrian Federal Ministry of Trans-
port, Innovation and Technology as part of the FFG Program
”EFREtop”

(NDS) with 20 drivers were conducted in order to gain
data about human driver behaviour in the specific traffic
situations of an overtaking manoeuvre. The recorded data
were analysed and used for the initial parametrisation of
the LCA function. Even though the naturalistic driving
tests could be used for the initial parametrization, they
were not sound enough in order to extract the final, sta-
tistically relevant parameters. The reason for this, beside
the low number of drivers and performed manoeuvres, is
the practical impossibility of providing the same traffic
conditions for each repetition of the same manoeuvre on
a public highway. However, the conducted tests provided
some directives for the initial parametrisation and revealed
two comfort-relevant parameters: lane change initialisa-
tion time and lane change duration. Current researchers
studies of human drivers lane change behaviour (LCB)
using NDS in Hetrick (1997), Henning (2010), Sporer et al.
(1998),Salvucci et al. (2001), Salvucci (2006) and Olsen
et al. (2002). In those studies the focus is mainly on
the drivers LCB regarding the LC time, trajectory and
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duration. According to those studies, the duration of LC
manoeuvre is between 3.5 and 7.4 seconds. However, there
are neither studies investigating LC manoeuvre in specific
traffic situations under consideration of drivers comfort,
nor studies investigating LC initialisation timing and LC
duration in this context. The Acceleration and jerk are
considered for the driving comfort Bellem et al. (2016) and
used for the lane change algorithm developed for this work
Samiee et al. (2016). Due to the fact LC initialisation tim-
ing and LC duration could not be derived from the natu-
ralistic driving tests, the first objective will be to introduce
a method to evaluate this parameters in the driving sim-
ulator using four standard traffic scenarios on a highway
(Figure 3 on page 4). Along with the LCA function, a cor-
responding human machine interface is developed. Since
drivers will still need to monitor and supervise the actions
of the next generation automated driving functions SAE
(2019), drivers acceptance of these systems will depend at
great extent on the usability and user friendliness of the
HMI. Consequently, if the acceptance was evaluated only
in naturalistic driving tests, at later development stages,
the rating of the test persons might be lower for a system
with a basically good parametrized automated function
but with an inconvenient HMI and vice versa. For this
reason the second objective will be to evaluate the usability
and user friendliness of the HMI. In order to cover both
stated objectives, the developed method proposes a novel
two stage testing concept with a driving simulator,
whereby the first stage targets a function testing and
the second stage an HMI testing. This should provide
better insight in the overall system performance and detect
potentials for improvements dedicated for the function as
well as for the HMI system. The goal of the work is to
investigate the potentials for applying virtual tools in the
development process of automated driving systems. Some
methods and challenges of virtual testing can be found in
Broggi et al. (2013),Nidhi and Paddock (2016) and Stellet
et al. (2015).

2. METHOD

The driving simulator (DS) study is part of a the presented
method for virtual integration and validation of advanced
driver assistant systems (ADAS), see Figure 1 on page 2. A
lane change assistance system is used as the system under
development and test. The system is based on the LCA
function presented in Samiee et al. (2016). This function
is used for the trajectory planning and decision making
regarding a lane change (LC) manoeuvre, based on a
current traffic situation. The development process follows
the steps shown on the left branch in Figure 1 on page
2. The proper functionality according to the functional
concept is assured with defined test scenarios and test
scenarios generated using the framework in Nalic et al.
(2019). Some of this scenarios are described in Nilsson
et al. (2017) and used in the development process for
function modelling and implementation.
As mentioned before the initialisation time is the main
metric we use in this work for the one part of the evaluation
process. The initialisation time is defined here as time-to-
collision TTCinit with the vehicle in front (target 1), in
the moment when the LC manoeuvre is initiated, which is
derived as follows

System
Modeling

HMI
Design

Development of
test scenarios

Benchmark & Human
Driver Recording Data

System
Parametrisation

Functional Concept Survey on driver
impressions over

tested ADAS
(Validation)

DS Test with Multiple
Test Driver

DS Adaptation &
ADAS Implementation

Fig. 1. Flowchart of the ADAS virtual development
method.

TTCinit “
xT1,init ´ xego,init

vT1,init ´ vego,init
(1)

where xT1,init describes the initial longitudinal position of
the target 1, see Figure 3 on page 4, xego,init is the initial
longitudinal position of the ego vehicle, vego,init describes
the initial velocity of the ego vehicle and vT1,init is the ini-
tial velocity of the target 1. Research works in the field of
human driver lane change behaviour are shown in following
studies Sporer et al. (1998),Salvucci et al. (2001), Salvucci
(2006) and Olsen et al. (2002). The focus of these is mainly
on the LC trajectory. According to those, the duration of a
comfortable LC manoeuvre is between 3.5 and 7.4 seconds.
However, there are neither studies investigating LC ma-
noeuvre in specific traffic situations under consideration of
drivers comfort, nor studies investigating LC initialisation
timing and LC duration in this context. Therefore, and due
to the fact that these two parameters could not be derived
from the naturalistic driving tests, as explained above, the
first objective of the presented method is to evaluate this
parameters in the driving simulator using four standard
traffic scenarios on a highway (Figure 3 on page 4). The
results will be used then for final parametrisation of the
LCA function. Based on the discussion above, following
objectives for the driving simulator study are divided as
following two testing stages:

‚ The first test stage investigates drivers preferred
LC initiation timing and LC duration using four
basic LC traffic scenarios shown in Figure 3. The
advantage of scenario repeatability with a driving
simulator will be used to overcome already discussed
disadvantages of the conducted naturalistic driving
tests. The findings from this test stage will be later
used to define rules and parameters for the control
strategy of the LCA function.

‚ The second test stage the LCA system is tested on
a highway scenario with the microscopic traffic flow
simulation Martin and Peter (2011). In this stage,
the overall acceptance of an automated LCA system
is evaluated in a ”naturalistic” traffic scenario on a
highway. The traffic flow test concept provides infor-
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mation about the overall drivers impression regarding
usability of the LCA system in three automation lev-
els: manual, semi-automated and automated (see Sec-
tion 2.2.2). Hereby the focus is on the HMI concept,
with its logic, design and related drivers subjective
workload, comfort and safety.

It should be stated here that the goal of this study was not
to determine any definite characteristic of the system (e.g.
system parameters, control rules etc.) but to validate the
development method and demonstrate its potentials and
the potentials for the application of a driving simulator
for development and integration purposes. Therefore, the
results examined using only 20 persons are not statistically
significant.

2.1 Test setup

Participants A total of 20 drivers, 10 males and 10
females, participated in the study. Age range of all partic-
ipants was from 20 to 61 years, with an exception of one
female age 70 and one male age 80. Mean age was 42.1
and standard deviation was 16.6. They were chosen from
a database of 284 people, which was built up in previous
projects. Thus, most of them were already familiar with
the driving simulator as they had already taken part in
previous studies Koglbauer et al. (2017). For the selection
of participants not only gender and age distribution crite-
ria were set but also minimum annual mileage of 10,000
km, predominantly on highways, in order to target the
end-user group of skilled drivers.

Driving Simulator The study was conducted using the
fixed base full vehicle driving simulator of the Graz Uni-
versity of Technology. It uses an autostereoscopic visual
system including nine LCD monitors, four 552 monitors
placed in front of the front wind shield, two 232 monitors
in each side window and one monitor covering the rear
window. This setup of monitors covers the relevant field
of view of the driver (over 1800) Eggeling et al. (2013).
Haptic responses are provided by an active steering wheel,
active brake pedal and passive throttle along with an
automatic transmission gear stick. Integrated bass shakers
in the drivers seat and vehicles compartment simulate the
vibrations of the engine. Also engine, wind, traffic and
wheel-rolling noise are simulated using a sound system.
The simulation of the microscopic traffic flow is carried
out by PTV Vissim software Leyn and Vortisch (2015)
in co-simulation with the ego-vehicle dynamics. This is
essential since the dynamic interaction between the ego-
vehicle and the traffic is a key element for test and valida-
tion of the LCA system in the second testing stage of the
presented method. The ego vehicle dynamics is simulated
by the commercial vehicle dynamics software AVL-VSM,
the output of this simulation (i.e. dynamic vehicle states) is
then returned to Vissim, representing one of the simulated
vehicles in the traffic flow simulation. In turn, the dynamic
vehicle states of the individual vehicles are transferred
from Vissim to the simulators co-simulation platform.

2.2 Two stage testing procedure

The essence of the proposed method is a two-stage testing
procedure: the first stage for function performance testing,

Fig. 2. Driving simulator showing a lane change manoeuvre

vT1
vT2

vT3
dT2,3

Scenario 1 100 - - -
Scenario 2 100 160 - -
Scenario 3 100 160 - -
Scenario 4 100 160 160 80

Table 1. Test scenarios setup parameters

named ”fixed scenarios”, and the second stage for HMI
testing, named ”traffic flow scenario”.

First Testing Stage: Fixed Scenarios In order to guar-
antee a proper functionality, the system was previously
tested in a systematic approach based on the variation of
the test scenario parameters. Starting point for the fixed
scenarios are four basic scenarios illustrated in Figure 3 on
page 4. They represent four possible traffic situations on
highway, in which overtaking manoeuvres can be executed.
For each basic scenario, one fixed parameter combination
was selected, out of a variety of combinations. These four
scenarios are used for the driving simulator study as a fixed
manoeuvers. The combination of parameters is set in a way
that the resulting traffic situation allows a comfortable
overtaking manoeuvre for most drivers, without having to
change the constant velocity of 130 km/h for ego vehicle.
Table 1 shows the setup parameters for each scenario with
the corresponding target velocities vTi in kmh´1 with
index i P t1, 2, 3u as target number and with the distance
between Target 2 and 3 dT2,3 in m.
The main test scenario parameters are velocity and start-
ing position of each vehicle. Further, a TTC in reference
to Target 1 (Fig. 1) is the deciding factor for a driver
in order to initiate an overtaking lane change manouevre,
Zhou and Itoh (2016). Thus, it is a common metric cri-
terion for different evaluation methods, see Junietz et al.
(2018a), Satzoda and Trivedi (2016) and Rodemerk et al.
(2012). By its definition, the same TTC value between
two objects can be established by combining different
velocities and distances 1. Since the goal here is to detect a
preferred TTC (in reference to Target 1) for a comfortable
lane change manoeuvre, one single combination of test
parameters (velocities and starting positions) is chosen
for each scenario. In this way the TTC depends only on
the lane change initiation point during the scenario. At
the beginning, the participants perform one initial drive
in order to get used to the driving simulator and to get
familiar with the scenario. After that every driver conducts
each test scenario three times – once manually and twice
automated with different function parametrisations. In the
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Fig. 3. LCA relevant traffic scenarios
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Fig. 4. Lateral displacement dL of the two automated Lane
Change variants

first run driver steers the ego vehicle manually. The driven
trajectory is recorded, and the properties of interest (LC
initiation timing and duration) are analyzed afterwards.
In the second and the third run, driver was instructed to
activate the automated LCA and to concentrate on his
experience of being driven in an automated way through
the same scenario. In the second run the LC function is
set to 6 s for the LC initiation time, and 6 s for the LC
duration time as well. In the third run the initiation time
is set to 12 s and the duration time again to 6 s. Figure 4
shows the trajectory curves over time for both automated
variants. The trajectory curves start with LC initialisation
and end when the rear most point of target 1 is reached.
The first version, with the initiation time of 6 seconds,
rests on the conducted naturalistic driving test and on

Evaluation questions with defined scales and criteria

Question Scale Range Scale Description

1. Overall impression over the lane change
[1,..,7] 1 - bad, ..,7 - perfect

2. Initialisation Time
[1,..,7] 1 - bad, ..,7 - perfect

3. Lane Change Duration
[1,..,7] 1 - bad, ..,7 - perfect

4. Overall impression over the lane change
1 - Much longer
2 - A bit longer
3 - Duration is perfect
4 - A bit shorter
5 - Much shorter

5. Initialisation Time
1 - Much longer
2 - A bit longer
3 - Duration is perfect
4 - A bit shorter
5 - Much shorter

Table 2. Evaluation Questionnaire

the research in Salvucci et al. (2001). The second version,
with the initiation time of 12 s, is mainly based on the
naturalistic driving tests (see section 1. Introduction).
this two-variants testing method offers a better basis for
the participants subjective assessment, since they could
directly compare different system performances. In order
to benefit from this comparation effect, the 6s version
was always driven as the first: the assumption is that,
if the obviously less critical 12s version had been driven
as the first, it would have resulted with rather poor rat-
ing for the 6s version afterwards. Therefore, participants
first experience and rate the 6s version, uninfluenced by
the other version, and only having in mind their own
performance from the previous run. After their last run
with 12s version, they will rate this one undoubtedly by
comparing it with the 6s version. Thus, they would tend to
be more critical against the much earlier start of the lane
change. Such testing order should produce more balanced
results and help participants to make a confident rate. The
assessment is carried out using a short questionnaire with
five subjective evaluations which are the same for each
manoeuvre. Participants fill in the questionnaire imme-
diately after each automated driving run. Unless stated
otherwise, the evaluations are assessed on a scale of 1 –
bad or inappropriate, to 7 – perfect. The questionnaire
evaluations are explained in Tab. 2.

Second Testing Stage: Traffic Flow Scenario Unlike
driving in predefined fixed scenarios, in this stage partic-
ipants are driving in a straight three-way highway road
with stochastic traffic generated by microscopic traffic
simulation (see section Driving simulator). The version
with 12 s was enhanced with a state-of-the-art Adaptive
Cruise Control (ACC) and Lane Keeping (LKA) systems
in order to provide a fully automated driving experience.
In addition to the automated driving mode – a manual
and a semi-automated LC modes, based on the same
aforementioned decision making algorithm (Sammie et
al. 2016), were also implemented. This automation level
benchmark is intended to be a certain add-on for the study,
demonstrating the methods potential. However, according
to the participants reports, similar to the two variants
testing model from the first stage, the participants were
able to answer the questionnaire more precisely by com-
paring different automation modes afterwards. The HMI
is realized using two tablet computers. The main one is
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(a) Manual mode

(b) Semi-automated mode

(c) Automated mode

Fig. 5. Implemented HMI Modes which can be switched

positioned behind the steering wheel as a dashboard and
represents the information part of the HMI Figure 5 on
page 5. Its graphical design is principally dedicated to
the LCA support. The blue squares represent the areas
around the ego vehicle occupied by other traffic. In manual
mode only the recommendation for possible LC will be
displayed (green arrow in Figure 5 on page 5 (a)). In semi-
automated mode, by activating the indicator, the driver
makes a decision for automated LC execution. If the LC is
not possible, the red square left to the ego vehicle (Figure
5 on page 5) indicates the unsafe situation and the system
waits for a clear left lane in order to execute the LC. In
the automated mode all actions are performed by the LCA
system, still the driver is informed upon the oncoming LC
and during the LC execution (green path arrow, Figure
5 on page 5). The second tablet computer represents the
controlling unit of the HMI allowing for setting of ACC
and LCA mode, see Figure 2 on page 3.
The traffic flow test concept gives a feedback about the
overall driver impression regarding the usability of the

Value age Nr. of Participants Init. LC dur.
Manoeuvre 1

µ 20 - 80 20 16.10 8.36
σ 20 - 80 20 9.03 4.06
µ 20 - 45 11 10.31 6.14
σ 20 - 45 11 2.52 1.81
µ 45 - 80 9 23.18 11.07
σ 45 - 80 9 9.14 4.47

Manoeuvre 2
µ 20 - 80 20 13.00 5.75
σ 20 - 80 20 2.96 1.97
µ 20 - 45 11 11.68 5.63
σ 20 - 45 11 1.94 1.93
µ 45 - 80 9 14.60 5.88
σ 45 - 80 9 3.28 2.14

Manoeuvre 3
µ 20 - 80 20 18.79 6.86
σ 20 - 80 20 7.69 2.27
µ 20 - 45 11 17.45 6.11
σ 20 - 45 11 8.58 2.21
µ 45 - 80 9 20.40 7.79
σ 45 - 80 9 6.55 2.11

Manoeuvre 4
µ 20 - 80 20 12.26 6.41
σ 20 - 80 20 1.63 1.93
µ 20 - 45 11 12.00 6.40
σ 20 - 45 11 1.71 2.38
µ 45 - 80 9 12.57 6.43
σ 45 - 80 9 1.57 1.31

Table 3. Mean values and standard deviation
of the manoeuvre initialisation and duration

times

LCA systems. Hereby the implemented HMI concept, with
its logic and design, is crucial. In this stage, the question-
naire focuses on the HMI assessment. The NASA Task
Load Index (TLX) was used for a workload assessment
Hart and Staveland (1988). The drivers completed the
NASA-TLX for each mode (manual, semi-automated and
automated). In addition, a questionnaire consisting of 12
items was used for evaluating the HMI usability and the
drivers perceived safety and comfort when driving with the
system.

3. RESULTS

The main objective of the research was to develop and
validate the development and test methodology. Thus, a
relatively low number of 20 drivers, regarding statistical
significance, was included. Therefore results are presented
descriptively.

3.1 Fixed Scenarios

Manual Driving The first two rows of Tab. 3 shows the
mean value µ and corresponding standard deviation σ of
the LC times for all 20 participants of four manoeuvres
regarding LC initiation timing and LC duration. It is
noticeable that the drivers tend to initiate overtaking quite
early with mean initialisation timings ranging from 12 to
19 s for the different manoeuvres. If the LC manoeuvre
is not prevented by the rear vehicle in the faster left lane
(target 2), like in manoeuvres 1 and 3, the LC is initiated
especially early.
The large standard deviation values from 2-9 s for the
different scenarios show variations in driver behaviour.
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Fig. 7. LC Duration timing with the rating score

There is a noticeable effect of age on the two variables.
Mean and standard deviation value for manoeuvre 1 are
lower for the age group 20-45 years than for the age group
45-80 years, see Tab. 3. Manoeuvre 3 is yet an exception
because of extremely deviating values of two participants
with very long initiation times (24.6 s and 40.6 s).

Automated Driving Because the automated version with
6 s was always driven first, the drivers had the option
to rate the first version again after driving the second
version with 12 s. This comparison option provides certain
accuracy in the rating process (see Section 2.2.1). The
general impression was good for both versions. However,
the scores tend to be higher for the version with 12 s
compared to the one with 6 s, see Figure 3.1.2 on page
6.
Rating scores of LC initialisation timing and LC duration
provide additional understanding of the drivers preferences
during the LC manoeuvre in the four different scenarios,
see Figure 7 on page 6 and Figure 8 on page 6. Although
the LC duration was the same for both versions, par-
ticipants still rated the version with 12 s better in this
category, see Figure 7 on page 6 . The higher score differ-
ence for manoeuvre 3 and 4 can be explained by a higher
risk perception caused by an oncoming rear vehicle (target
3) resulting in the driver’s wish to reach the target lane
sooner. In general, drivers preferred an early LC initiation
under all tested conditions, see Figure 8 on page 6.
A closer analysis of the data reveals similar age differences
for the preferred initialisation timing as in the manually
driven sessions, see Figure 9 on page 6 and Figure 10 on
page 6.
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Fig. 8. LC Initialisation timing with the rating score
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Fig. 9. Initialisation timing for different the ages over 45
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Fig. 10. Initialisation timing for different the ages under
45 years

Remarkable are the results for manoeuvres 1 and 3 where
the ratings of young drivers are comparable for both
versions, as opposed to older drivers who tend to favour
the version with 12 s.

3.2 Traffic Flow Scenario

A general overview of the mean workload ratings shows
an overall decrease of mental, physical and temporal de-
mand, effort and frustration level with the increase of the
automation level, pointing to advantages of automation as
a means to reduce drivers workload, see Figure 11 on page
7.
On the one hand, the results may appear obvious due
to the expectation that automation reduces the workload
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Fig. 11. NASA task load index with the rating scores

Description
Question Q1 The familiarisation was easy
Question Q2 Actions are easy to understand
Question Q3 Increases the feeling of safety
Question Q4 Enhances the driving comfort
Question Q5 Eases the LC manoeuvre

Table 4. Question description for the NASA
task load

per se. On the other hand, it is the task of the HMI
to transmit information in a comprehensive way, so that
the driver can also perceive this workload reduction. The
steady decrease of rating scores for mental demand from
manual- to automated mode, along with the noticeable
lower physical demand and effort of automated modes
compared to manual mode, prove the usability of the HMI.
In contrast, a badly designed HMI, causing confusions and
thus frequent driver interventions in automated modes,
would obviously be rated worse than the manual driving
mode, especially regarding mental and physical demand,
effort and frustration.
The NASA-TLX category ”performance” reflects drivers
satisfaction concerning their experience of driving with
different modes, see Figure 12 on page 7. Here, slightly
higher ratings of the semi-automated over the automated
mode could be explained with the drivers wish not to be
completely excluded from the driving task. It also shows
the potential for improvement of the automated mode in
order to satisfy driving preferences of the drivers.

1 2 3 4 5 6 7

Q1

Q2

Q3

Q4

Q5

1 - totally disagree 7 - totally agree
Manual Semi-Automated Automated

Fig. 12. Custom questionnaire with the rating scores see 4

Out of the 12 additional criteria, regarding usability, safety
and comfort, a short semantic difference is presented in
Figure 12 on page 7. The five most significant criteria
represent the usability profile for single modes. The scale of
7 points ranges from 1 – ”totally disagree”, to 7 – ”totally
agree”. Good rating scores can be stated in each five
criteria for both - semi-automated and automated modes.
Obviously the aspects regarding driving easiness, comfort
and safety are much more related to the automated modes
than to the manual one, where the driver still has to
rely predominantly on his own observations and driving
skills. Such a rating score picture would not be possible
with a counter-intuitive system and confusing HMI for
automated modes. All three modes come along with a
very good assessment regarding the two criteria - HMI
understandability and familiarisation.

4. CONCLUSION

A two-step test approach for development and validation
of SAE level 3+ automated driving functions was pre-
sented and applied on an automated lane change using
a driving simulator. The first step included a study with
predefined ”fixed” scenarios, specific to lane change and
focused on system lay-out. The second step included a
study with stochastic traffic and concentrated on HMI test
and validation. The testing strategy of the fixed manoeu-
vres provided a possibility for comparison of the partici-
pants LC driving performances. It also assured accuracy
in their ratings of the automated system because they
could compare different parametrizations of the system.
Based on the findings, some recommendations regarding
the lane change duration and initiation timing for the
execution of the lane change manoeuvre were made. The
lane change duration time of 6 s was an acceptable value
that should be reduced in situations when a faster vehicle
is approaching from behind. The lane change initiation
time of 12 s time-to-collision to the vehicle to be overtaken
received high acceptance scores. However, the reduction
of this time might even increase the overall acceptance
for some manoeuvres. The results also show that the cus-
tomisation of these parameters could also lead to higher
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acceptance in a broader user scale (e.g. age dependency).
Furthermore, more precise dependencies to the vehicles in
the target lane for the lane change execution could be
detected by additional tests based on the same method.
The experiences of using an automated driving function in
a naturalistic traffic flow simulation gave drivers a proper
idea about the system and the usability of the Human-
Machine Interface. By comparing different automation
modes, the participants were able to answer the questions
and rate the systems more precisely. The study will be
repeated with a larger sample of volunteers and modified
parameters based on this first study, prior to implementing
the lane change function in a prototype vehicle that ought
to be tested on public roads.
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