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Abstract: This paper describes a driving simulator trial to evaluate driver reactions to a number of alternative informa-

tion/warning modes of a multi-modal system for the “safe speed and safe distance” concept. In 2006, eight Human Ma-

chine Interaction alternatives, consisting of a combination of visual, haptic and auditory modes were used alternatively to 

give information/warning to the driver on safe speed, safe distance and the prevailing speed limit. Thirty-four test drivers 

drove once without the SASPENCE system and twice with the system. The system did not affect the speed behaviour of 

the driver in either normal conditions or sharp curves. The average number of alarms was slightly larger when driving 

with the system. The haptic HMI alternative - the combination of force feedback in the accelerator pedal and vibration of 

the seat belt for speed warning and pulsation in the accelerator pedal for distance warning - gave the lowest proportion of 

time of being in an unsafe situation, and improved driver-reaction time most. This haptic alternative also resulted in the 

most positive driver ratings/experiences of the system. The visual alternatives used were positively rated by the drivers, 

but no clear differences between them could be found according to opinions. The auditory feedback was not appreciated 

by the drivers. All the drivers stated they would accept the SASPENCE system if the system was installed in their cars 

free of charge. The majority would accept a system that was both informative and advisory, while some of them also 

stated they would accept an intervening system. 
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INTRODUCTION 

 The relationship between the speed level and the number 
and severity of accidents has been well established [1-3]. 
Moreover, too-short car-following distances contribute to a 
large proportion of road accidents, from 13% in Europe [4] 
to 28% in the USA [5] and 33% in Australia [6]. Information 
and Communication Technology offers the possibility of 
supporting the driver to maintain safe speed and safe dis-
tance to the vehicle ahead and thereby avoid accidents. A 
literature review of earlier research work [7] revealed that 
providing the driver with relevant and concise, but compre-
hensive, timely information is of paramount importance, 
allowing the driver sufficient time to understand and react to 
the situation. To support the driver in a critical situation, the 
design of HMI (Human-Machine-Interaction) is of major 
importance. Various modes (visual, auditory or haptic) are 
possible for supporting the driver in keeping safe speed and 
safe distance and there are several possible alternative HMI 
solutions for such a system. The decision on which solution 
to implement in the car should be based on (besides the HMI 
fulfilling all the necessary operational and functional re-
quirements, ergonomics, standards and co-existence with 
other driver support systems) a scientific testing process. 
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 Developing and testing of a system for the concept of 
“Safe Speed and Safe Distance” was carried out within the 
framework of SASPENCE, a subproject of the PReVENT 
integrated European project in 2006. The system aims to aid 
the driver in avoiding accident situations related to excessive 
speed or too small headway. The system is a driver support 
system - it suggests the proper speed for the given condition 
(road structure, traffic situation, frontal obstacles, etc.) for 
avoiding hazardous situations due to inappropriate speed or 
distance - but not a crash-warning system. 

 In a field experiment, exploring the effects of visual 
feedback on speeding [8], the display changed colour from 
green to amber whenever the speed limit was exceeded. 
When the speed limit was exceeded by more than 10% the 
colour changed to red with an additional auditory warning 
message “You are driving too fast, the local limit is …” and 
force-feedback was activated via the accelerator pedal. There 
was a reduction in speeding and speed variance and some 
drivers used the feedback to keep their speed within “limit to 
limit+10%” (amber). The display turned out to be the most 
acceptable system followed by haptic pedal feedback and 
auditory feedback. 

 In a series of simulator experiments [9-12], drivers were 
provided with visual and auditory messages when a speed 
violation was detected. The content of the message “You are 
driving too fast, the current speed limit is XX” was given by 
a female voice or text-projected on the simulator screen. 
Speeding decreased to the same extent with either modali-
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ties. The system was regarded as being positive in terms of 
usefulness, although satisfaction with the system was low 
among young drivers. Lahrmann et al. [13], testing a speed 
limit warning system, where the intervention consisted of a 
flashing red LED and a female voice saying, for example, 
“50, you are driving too fast”, found positive effects on 
speed limit compliance. 

 May et al. [14] tested and compared visual distance 
warning to other HMI modes in a field experiment. Informa-
tion on time headway (TH) was displayed to the driver in the 
form of a variable length bar, divided into three equal seg-
ments: top segment coloured red (indicating a TH of 0-1 s), 
middle coloured amber (1-2 s) and bottom segment coloured 
green (2 or more sec). When TH<1 second, a short, repeat-
ing, intermittent tone was emitted. The “bar-length” display 
was perceived as useful by the test drivers. Half of them 
found the tone distracting, but most agreed they would prefer 
some form of auditory feedback included in the system dis-
play. Dingus et al. [15] found that visual warnings were 
more effective than auditory warnings for improving car 
following behaviour. On the other hand, Janssen [16], in his 
review of earlier studies, reported that an auditory alarm kept 
drivers out of a critical “danger” zone most often when com-
pared to a visual display or a force-feedback accelerator 
pedal. In a literature survey, Kuiken [17] also found that, 
given the already extensive demands on the driver’s visual 
capacity, feedback should mainly be auditory (verbal) and 
tactile. 

 Groeger [18], testing a spoken warning message -“You 
are too close”, when headway of 1 second or less was main-
tained for 0.5 seconds, concluded that the system was effec-
tive in encouraging drivers to adopt safer headways. 

 Experiments with haptic systems, such as the force-
feedback accelerator pedal and the dead throttle (voluntary 
or mandatory), have demonstrated positive effects on speed 
behaviour in field trials [19-23] and in simulator studies [24-
27]. 

 Experiments with haptic feedback for short headway in a 
driving simulator showed that the force-feedback accelerator 
pedal with fixed duration force was clearly superior to the 
control situation with no driver support [28]. In a simulator 
study, Janssen and Nilsson [29] compared various driver 
interfaces with visual (red light), auditory or haptic (force-
feedback accelerator pedal) for forward collision warning. 
All the modes reduced the incidence of very short headways, 
but only the force-feedback accelerator pedal was not associ-
ated with an increase in driving speed, an increase in accel-
eration and deceleration levels, or an increase in time spent 
in the left lane. Nilsson et al. [30], using a driving simulator, 
tested three collision avoidance systems, a constant force (30 
N) of the accelerator pedal, a short vibration in the accelera-
tor pedal (0.5 s at 10 Hz with amplitude of 20 N), and a vi-
brating accelerator pedal with automatic braking. The results 
indicated that the third system provided the most benefits, 
but drivers regarded it as the most intrusive and most dis-
turbing. Kiefer et al. [31] tested a haptic alert for crash warn-
ing in the form of a brief brake pulse (about 600 ms), involv-
ing a brief vehicle jerk, with a peak deceleration of 0.24 g. 
Hoffman, et al. [32], in a simulator experiment, contrasted 
graded and imminent warning strategies with auditory and 
haptic warning modalities. Visual warnings were in the form 

of graded bars representing severity or an imminent collision 
icon, and paired with either an auditory warning or haptic 
warning, in the form of a vibrating seat. It was found that 
drivers preferred the graded or imminent haptic warning 
system to the auditory system. Tango and Bekiaris [33], 
testing a combined visual and auditory warning system for 
obstacles and dangerous situations, concluded that “two 
different levels of risk and provision of two levels of warn-
ing, one for cautionary and one for imminent risk” should be 
implemented. In an overview of previous research, Tijerina 
et al. [34] suggested that haptic displays (e.g., active accel-
erator pedal) and pulse-braking might be most appropriate 
for hazards that most likely require deceleration for their 
successful resolution. 

 These earlier studies proposed and tested a wide range of 
possible alternative HMI solutions for informing and warn-
ing the drivers of safe speed and distance to the vehicle 
ahead. Our study deals with the evaluation of driver reac-
tions to a number of alternative information/warning modes 
of a multi modal system for the “Safe speed and safe dis-
tance” concept when driving in a driving simulator. The 
selection of the HMI alternatives was based on a pre-
screening study of visual, auditory and haptic candidate 
alternatives [35]. 

AIM 

 This paper uses a driving simulator to evaluate the effects 
on driver behaviour and acceptance of the “Safe speed and 
safe distance” system. It also explores how different HMI 
alternatives for visual and haptic feedback influence the 
effects. 

METHOD 

The SASPENCE system 

 The SASPENCE system is an Advanced Driver Assis-
tance System (ADAS) which assists the driver to drive at a 
safe speed (according to road and traffic conditions) and a 
safe distance to the vehicle ahead. The “Safe Speed and Safe 
Distance” function informs/warns the driver: a) when the car 
is too close to the front vehicle, b) when a collision is likely 
with an obstacle or vehicle due to a positive relative speed, 
c) when the speed is too high considering the road layout and 
d) when the car is exceeding the speed limit. 

 The system predicts the driver’s behaviour and compares 
this with a reference manoeuvre based on traffic, weather, 
road layout, etc. [36]. When differences in driver behaviour 
and reference manoeuvre indicate danger, the SASPENCE 
system calculates an alarm level that corresponds to the risk 
of the situation and a warning is issued to the driver. There 
are two types of alarm levels: 1) Cautionary situation, related 
to excessive speed (e.g. for sharp curve or pedestrian cross-
ing) or too short distance to the vehicle ahead, demanding 
increased alertness. 2) Imminent danger when an immediate 
action is required (e.g. a sharp curve approached too fast, or 
extremely short distance to the vehicle ahead). For a more 
detailed description of the system see [37, 38]. 

The HMI Alternatives 

 Visual, haptic and auditory modes were used to give 
information/warning to the drivers in the simulator trial. 
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Visual information/warnings were integrated on the dash-
board of the simulator. The visual mode provided the driver 
with information/warning about the current speed limit 
(when the speed limit was exceeded), the recommended 
highest speed and the reason for the recommended highest 
speed. Two different displays were used for the recom-
mended highest speed (see Fig. 1). In the first visual alterna-
tive (v1) a red bar in the speedometer indicated the illegal 
speed zone and a yellow bar indicated further speed reduc-
tion recommended by the system. In the second visual alter-
native (v2) a sector in the speedometer indicated to what 
extent the driver needed to decrease his/her speed to comply 

with the recommended speed. A yellow sector indicated a 
cautionary warning and a red sector an imminent warning. 
When the driver’s speed was below the recommended speed, 
a green sector between the SASPENCE minimum speed (30 
km/h) and the driver’s speed was displayed. 

 Three types of haptic feedbacks were used: force feed-
back in the accelerator pedal, pulsation in the accelerator 
pedal and seatbelt vibration. The pulsation in the accelerator 
pedal and the seatbelt vibration were used with two different 
intensities. These three types were combined into four dif-
ferent haptic feedback alternatives (h1, h2, h3, h4) to give 
information/warning about safe speed and safe distance, see 
Table 1. 

 The auditory mode was used for imminent danger from 
too short distance to the vehicle ahead. When the driver 
entered this situation a female voice said “Distance” (in 
French). If the driver did not increase the distance enough to 
exit the imminent danger warning, the message was repeated 
after one second of silence. 

 The four haptic feedback alternatives and the two visual 
display alternatives gave 8 HMI combinations to be tested, 
see Table 2. 

The Driving Simulator 

 The moving-base driving simulator SHERPA from PSA 
Peugeot Citroën – a semi-cabin of the Citroën C3 - was used 
in the tests [37]. 

Test Route and Scenarios 

 The test route consisted of motorway, rural roads and 
urban streets and included dangerous curves, pedestrian and 
railway crossings as well as critical weather conditions. 
Eight different scenarios where the driver could encounter 
the SASPENCE system were used during the test, see Table 

3. The test driver faced each scenario at least twice on each 
drive. The lengths of the circuits were between 27 and 32 
km. 

Table 2. The 8 HMI Combinations to be Tested 

 

Number of HMI  

Combinations 

Visual  

Alternative 

Haptic  

Alternative 

Auditory  

Warning 

1 v1 h1 on  

2 v2 h1 on 

3 v1 h2 on 

4 v2 h2 on 

5 v1 h3 on 

6 v2 h3 on 

7 v1 h4 on 

8 v2 h4 on 
 

The Test Subjects 

 Thirty-four test drivers participated in the trial. They 
were recruited by the PSA research laboratory and were 

 

     

 

 

Fig. (1). The two visual displays used, “v1” to the left and “v2” to the right. 

Table 1. The Haptic Warning Modes Tested in the Simulation Trial 

 

Safe Speed Safe Distance 
Alt. 

Cautionary Warning Imminent Danger Warning Cautionary Warning Imminent Danger Warning 

h1 
Force Feedback 

in acc. pedal 
High Pulsation 
in acc. pedal 

Force Feedback 
in acc. pedal 

High Pulsation 
in acc. pedal 

h2 Pulsation in acc. pedal 
High Pulsation 
in acc. pedal 

Pulsation in acc. pedal 
High Pulsation 
in acc. pedal 

h3 
Force feedback in acc. pedal 

+ low seatbelt vibration  
Force feedback in acc. pedal 

+ high seatbelt vibration 
Pulsation in 
acc. pedal 

High Pulsation 
in acc. pedal 

h4 Pulsation in acc. pedal 
High Pulsation 
in acc. pedal 

Low seatbelt vibration High seatbelt vibration 
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employees at the PSA research centre, but involved in activi-
ties other than ADAS. The age and gender of the participants 
can be seen in Table 4. 

Table 3. Scenarios Used During the Test Drives 

 

Scenario Nr Scenario Description System Action 

1 
Normal driving, no obstacles 

appear 

If speed limits are ex-
ceeded, visual warning is 

provided 

2 
Critical weather conditions 

(fog, ice, heavy rain, etc.), no 

obstacles appear 

Information on safe speed 
is provided by visual and 

haptic warning 

3 
An obstacle appears ahead on 

the adjacent lane 
No information or warn-

ings are provided 

4 
An obstacle appears ahead on 

the ego-path without being 

dangerous 

No information or warn-
ings are provided 

5 
An obstacle appears ahead 
(the situation is potentially 

dangerous) 

Warning is provided by 
visual and haptic  

channels. (Level 1) 

6 
An obstacle appears ahead 

suddenly (e.g. a cut-in vehi-

cle) 

Warning is provided by 
haptic and auditory 

channels. (Level 2) 

7 
An on-coming vehicle ap-
proaches on one-way road 

Warning is provided by 
visual channel 

8 

The vehicle is approaching a 
particular site (railway and 
pedestrian crossing, etc.) at 

too high speed 

Warning is provided by 
visual channel 

 

Table 4. Age and Gender Distribution of Participants 

 

 18-24 25-44 45+ Total 

Men 5 20 5 30 

Women 0 4 0 4 

Total 5 24 5 34 

 

Experimental Design 

 Each participant drove once without the SASPENCE 
system to allow registration of baseline driving data and 
twice with the system (rotated order of the subjects). When 
using the system the haptic feedback alternatives were ro-
tated so that all the drivers used the two visual display alter-
natives and two of the four haptic modes, see Table 5. The 
auditory mode was on in all the drives 

Table 5.  The Distribution of the Test Drives Over the Differ-

ent HMI-Combinations 

 

  Haptic 1 Haptic 2 Haptic 3 Haptic 4 Total 

Visual 1 9 8 8 9 34 

Visual 2 9 8 9 8 34 

Total  18 16 17 17 68 

 

Data Collection and Analysis 

 A large number of variables were logged at 20Hz during 
the test drives to study the behaviour of the driver (e.g. 
speed, acceleration, steering wheel angle) and to check the 
operation of the SASPENCE modules (e.g. recommended 
speed, alarm level, reason for alarm). 

 To understand the system’s effect on driver behaviour, 
various parameters were analysed, such as driving speed, 
number of alarms, being in “unsafe state” and driver reaction 
time to warnings. The paired t-test was employed for analys-
ing differences in mean driving speeds. 

 The distance to the car ahead would be an important 
variable to be analysed. Unfortunately, a software bug did 
not allow the alert to be conveyed to the driver when the 
headway was too short, and we were not able to analyse this 
variable. 

 Questionnaires were used to analyse the drivers’ experi-
ences of the SASPENCE system and the different HMI al-
ternatives. Answers were elicited four times during the trial: 
before driving, after the baseline driving, after the first drive 
with one of the HMI alternatives and after the second drive 
with another HMI alternative. The questionnaires covered 
the following topics: experienced effects of the SASPENCE 
system, acceptance of the SASPENCE system and evalua-
tion of the HMI alternatives. Most responses were elicited on 
continuous semantic bipolar scales, but unipolar continuous, 
ordinal and nominal scales were also used, as were open 
questions. When coding answers on continuous scales values 
from -5 to +5 (with 0 meaning neutral) were used for bipolar 
scales and from 0 to +10 for unipolar scales. A modified 
version of the method proposed by van der Laan et al. [39] 
was used to assess the drivers’ opinions about the usefulness 
and satisfaction of the system and the different HMI alterna-
tives. Originally, the questions were to be answered on a five 
graded bipolar scale, but a continuous scale was used in-
stead. Workload assessment was made with a modified ver-
sion of the raw task load index, RTLX [40]. The drivers 
stated their workload after baseline driving and after their 
first and second drive with the system. The change in work-
load when using the system was calculated as the difference 
between the assessments after baseline driving and after 
driving with the system. 

 The one-sample t-test was employed to assess statistical 
difference from the answer “neither” (neutral) in the analyses 
of test driver responses. In order to compare answers to dif-
ferent questions, t-tests were carried out. The Univariate 
analysis of variance, which was used to analyse the effects of 
the different HMI alternatives made it possible to evaluate 
how the different HMI alternatives and specific combina-
tions thereof influenced the dependent variable. The driver id 
was used as a random factor in the analysis to control for the 
fact that not all drivers had driven all combinations. The 
model employed contained the haptic feedback, the visual 
feedback, the interaction between the haptic and the visual 
feedbacks and the driver id. The Pearson’s Chi2-test was 
applied to study differences between groups with nominal 
variables. All the results are presented on a p<0.10 level of 
significance unless otherwise stated. The analysis of the 
open questions was through categorisation, and the analysis 
of opinions about the HMI alternatives or effects, depending 
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on the HMI alternatives, included only drivers who were 
confronted with at least 5 warnings (speed and/or distance). 

RESULTS 

Driving Speed 

Speed in Normal Conditions 

 The mean speeds and standard deviation of mean speeds 
in normal conditions on 13 sections are found in Table 6. 
The mean speed when driving with the system was lower on 
7 of the 13 sections studied, but the differences were not 
statistically significant (p<0.05) see Table 6. The standard 

deviation of mean speeds was lower on 7 sections and higher 
on 6 sections when driving with the system. 

Speed on Entering Curves 

 The mean speeds and standard deviation of mean speeds 
when entering sharp curves are shown in Table 7. The mean 
speed when driving with the system was lower on 5 of the 9 
sections, but the difference was statistically significant 
(p<0.05) on only one section. The standard deviation of mean 
speeds was lower on 6 of the 9 sections when driving with the 
system and higher on 3 sections, hence no difference in stan-
dard deviation could be established according to sign test. 

Table 6. Mean Speeds and Standard Deviation of Mean Speeds in Normal Conditions when Driving with and without the SAS-

PENCE System 

 

No. of Observations Mean Speed (km/h) 
Std. Dev. 

(km/h) 

Section Number 
Without 

SASPENCE 

With 

SASPENCE 

Without 

SASPENCE 

With 

SASPENCE 

Without 

SASPENCE 

With 

SASPENCE 

Difference in 

Mean Speed 

1 12 22 109.25 106.16 12.48 9.01 3.09 

2 12 22 95.80 101.67 10.63 13.85 -5.87 

3 12 22 89.47 82.24 19.24 19.47 7.23 

4 12 22 133.26 132.72 14.03 11.17 0.55 

5 10 21 84.77 89.07 15.62 16.88 -4.30 

6 10 22 106.08 109.30 12.53 17.09 -3.22 

7 10 22 95.73 97.51 14.87 15.79 -1.78 

8 10 22 102.56 105.20 23.37 22.05 -2.64 

9 10 21 101.69 97.33 21.66 18.88 4.36 

10 10 23 121.64 125.11 7.29 12.83 -3.47 

11 10 23 99.42 93.33 22.24 16.61 6.09 

12 10 22 98.22 92.69 21.98 14.80 5.53 

13 10 22 107.59 99.78 26.17 22.45 7.81 

 

 

Table 7. Mean Speeds and Standard Deviation of Mean Speeds on Entering Sharp Curves when Driving with and without the 

SASPENCE System 

 

No. of Observations 
Mean Speed 

(km/h) 

Std. Dev. 

(km/h 

Curve Radii (m) 
Without 

SASPENCE 

With 

SASPENCE 

Without 

SASPENCE 

With 

SASPENCE 

Without 

SASPENCE 

With 

SASPENCE 

Difference in  

Mean Speed 

50 12 22 69.29 67.03 8.18 7.32 -2.26 

100 12 22 80.3 77.86 9.95 9.30 -2.44 

150 12 22 74.2 77.39 8.66 6.21 3.19 

150 10 22 85.34 87.25 7.94 10.69 1.91 

100 10 22 89.93 87.15 11.74 9.39 -2.78 

50 10 21 73.28 67.63 6.67 7.69 -5.65 

150 11 27 93.49 87.26 14.66 9.56 -6.23 

100 11 26 86.26 87.17 8 10.16 0.91 

50 10 27 70.82 76.82 9.75 19.84 6.00 
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Number of Alarms and Being in “Unsafe State” 

 One indication of hazardous driving behaviour is the 
number of times the driver caused an alarm to be raised. In 
Fig. (2), a scatter plot shows the influence of the specific 
HMI. The x-axis of the scatter plot shows the number of 
alarms detected by the system when driving without the HMI 
activated (SASPENCE off), while the y-axis shows the 
number of alarms with the HMI activated (SASPENCE on). 
A dot on the bisector means that the value does not differ 
between the two situations, a dot over the bisector means a 
greater value when feedback is activated and a dot under the 
bisector means that the presence of feedback from the sys-
tem tends to lower the considered value. The average effect 
of the system is a slight increase in the number of alarms. 
The HMI alternative h1 gives the lowest increase, h3 a 
higher increase and h2 the highest. 

 

Fig. (2). Scatter plot of the number of alarms when driving with 

different haptic HMI alternatives. 

 Another indication of hazardous driving the time spent in 
unsafe situations, as proportion of total time. Alternative h3 
gives a lower proportion of being in an unsafe state, while 

the other haptic displays tend to increase the time spent in 
unsafe state compared to driving without the system. 

Driver Reaction Time 

 Fig. (3) shows the difference in the reactions of the driver 
to warnings by the different alternative HMIs. The time is 
shown on the x-axis (0 for alarm time) the median position 
of the throttle is shown (median with respect to all cases 
where the driver got an alarm) on the y-axis. It can be seen 
how the driver lowered his/her speed in a dangerous situa-
tion – but when the system is active the response was sig-
nificantly quicker. The haptic alternative h3 caused the 
quickest response by the driver. 

 

Fig. (3). Differences in reaction to warning by the different haptic 

alternatives. 

TEST DRIVER’S OPINIONS ON THE SASPENCE 

SYSTEM 

Acceptance 

 The drivers on average found the SASPENCE-functions 
“good” (see Fig. 4). There were no statistically significant 
differences in opinions before and after using the system. 

Having the Saspence funcions in your car

Before

After

Support on 

safe distance

Support on 

safe speed

Information about 

current speed limit

    Very bad                                     Neither                                     Very good
 

Fig. (4). The test drivers’ opinion about having the SASPENCE-functions in their cars (mean and 90 percent confidence interval). 
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The support function for safe distance and speed limit infor-
mation were on average rated as more desirable than the 
support on safe speed, although the difference between the 
support function for safe speed and speed limit information 
was not statistically significant after using the system. No 
statistically significant difference between opinions on sup-
port on safe distance and information about speed limits was 
found. 

 The benefits of using the system were, according to the 
test drivers, mostly related to increased traffic safety and 
reduced risk of getting speeding tickets (see Fig. 5). After 
using the system the drivers thought that reduction of the risk 
of getting speeding tickets was less than they had thought 
before using the system. The benefits of reduced accident 
risk and reduced risk of getting speeding tickets were on 
average found to be larger than the benefit of more comfort-
able driving. Further, the increased comfort when driving 
was found to be a larger benefit than reduced fuel consump-
tion. Reduced travel time was considered to be the least 
beneficial. 

 According to the “usefulness” and “satisfaction” assess-
ment, in general, the system was perceived as “useful”, 
“good”, “effective”, “assisting”, “desirable” and “raising 
alertness”. Compiling the comprehensive factors “usefulness” 
(including “useful”, “good”, “effective”, “assisting” and “rais-
ing alertness”) and “satisfactory” (including “pleasant”, 
“nice”, “likable” and “desirable”) the system in general was 
believed to have a higher “usefulness” than “satisfaction”. 

 The “usefulness” and “satisfaction” of the SASPENCE 
system were affected by the use of different haptic and visual 
alternatives (see Figs. 5, 6). Using the haptic feedback alter-
native h4 the SASPENCE system was found to be “annoy-
ing”. Using the feedback alternative h2 resulted in positive 
ratings in all respects but “likable” and the feedback alterna-
tive h3 were rated positive in all respects except “pleasant” 
and “nice”. Compiling the average score for “usefulness” 
and “satisfaction”, all feedback alternatives resulted in a 
positive rating of the SASPENCE system for “usefulness” 

but only feedback alternatives h2 and h3 resulted in statisti-
cally significant positive scores for “satisfaction”. 

 The visual feedback alternatives did not generally affect 
the drivers’ opinion of the SASPENCE system (see Fig. 6). 
However, the system was believed to “raise the alertness” 
more when using the visual feedback alternative v1 com-
pared to using alternative v2 (mean difference: 0.9). 

 All the drivers stated they would accept the SASPENCE 
system if the system was installed in their cars free of 
charge. The majority (19 drivers) would accept a system that 
was both informative and advisory, while 9 drivers stated 
they would only accept it if it was informative and 6 drivers 
stated they would also accept an intervening system. 

 The willingness to pay for the SASPENCE system varied 
among the test drivers; from not paying at all (7 drivers) to 
paying between 500 and 750 . Fourteen drivers were will-
ing to pay up to 250 , eleven drivers between 250 and 500 

 and one driver between 500 and 750 . 

 Concerning the individual HMI alternatives tested, for 
the safe speed support function the haptic feedback alterna-
tives were in general assessed as “useful”, “effective”, “as-
sisting” and “raising alertness” but also “unpleasant” and 
“annoying”. The compiled scores showed that all haptic 
feedback alternatives were rated positively for the “useful-
ness” score while the feedback alternatives h3 and h4 were 
statistically significantly rated negatively on the “satisfac-
tory” score (see Fig. 7). The visual feedback for the safe 
speed support function was in general rated positively in all 
respects. No statistically significant differences among the 
visual feedback alternatives were found. The compiled 
scores of the visual feedback for the safe speed support func-
tion showed that both visual feedback alternatives were sta-
tistically significantly positively rated on the “satisfaction” 
score while only the alternative v1 was statistically signifi-
cantly positively rated on the “usefulness” score (see Fig. 7). 

 For safe distance warning, all the haptic feedback alterna-
tives were considered to be “useful”. 
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Fig. (5). Usefulness and satisfaction ratings of the SASPENCE system, depending on the haptic feedback alternatives used (90 percent con-

fidence interval). 
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 The compiled scores of the haptic feedback for safe dis-
tance warning showed that the feedback alternatives h1, h2 
and h3 were statistically significantly positively rated on the 
“usefulness” score and that the alternative h4 was statisti-
cally significantly negatively rated on the “satisfactory” 
score (see Fig. 7). The “satisfaction” score for alternative h1 
was statistically significantly higher than the feedback for 
alternatives h3 and h4 and the score for alternative h2 was 
higher than for alternative h4. The visual feedback for the 
safe distance support function was in general rated positively 
in all aspects. The compiled score for the “usefulness” and 
“satisfaction” of the visual feedback for safe distance warn-
ing can be seen in Fig. (7). 

 The auditory feedback for safe distance support was rated 
neutral in general. The average scores were rated statistically 
significantly positive on the “usefulness” score, while no 
statistically significant effects could be shown for the “satis-
faction score” (see Fig. 7). 

 When choosing haptic feedback among the alternatives 
tested the most-liked feedback seemed to be the haptic feed-
back alternative h2 both for the safe speed and safe distance 
support functions. It was preferred by a majority of the driv-
ers who tested this alternative. For the safe speed support 
function the haptic feedback alternatives h1 and h4 were 
preferred to feedback alternative h3, while no clear prefer-
ence between the feedback alternatives h1 and h4 was found. 
For the safe distance warning function the haptic feedback 
alternative h1 was preferred to alternatives h3 and h4, and no 
clear preference between the alternatives h3 and h4 was 
found. 

 When choosing among the haptic feedback types (pulsat-
ing pedal, force-feedback pedal and vibrating seatbelt) pro-
viding warnings about appropriate speed, almost the same 
number of drivers chose the pulsating pedal and the force-
feedback pedal (see Fig. 8). For the safe distance support 
function, a majority preferred the force-feedback. The pref-
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Fig. (6). Usefulness and satisfaction ratings of the SASPENCE system, depending on the visual feedback alternative used (mean and 90 

percent confidence interval). 
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Fig. (7). The "usefulness" and "satisfaction" of the feedback alternatives concerning safe speed (left) and safe distance (right), (mean and 90 

percent confidence interval). 
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erence for the vibrating seatbelt was lower. Three drivers put 
forward proposals for using different haptic systems for 
different types of warnings (no new haptic feedback alterna-
tives were proposed by the test drivers). 

 If offered the option of the system in their cars, thirteen 
drivers wanted safe speed information continuously as long 
as they were in an unsafe state, ten drivers wanted the infor-
mation in intervals and eight drivers just once. For distance 
warning, the preference was about equally distributed, “con-
tinuously” (11 drivers), in “intervals” (10 drivers) and 
“once” (10 drivers). 

 Fifteen drivers stated that they would like to have haptic 
feedback for speed limit warning. The most popular haptic 
feedback for this function was the force-feedback (8 drivers), 
while the pulsating pedal and the vibrating seatbelt were 
preferred by 3 and 2 drivers, respectively. 

 When choosing visual feedback for safe speed informa-
tion, no clear preference could be found. Eleven drivers 
preferred the visual feedback alternative v1 and twelve pre-
ferred alternative v2 (no statistically significant differences 
between the two alternatives). Three drivers did not want any 
visual feedback for safe speed. Eight drivers proposed other 
alternatives. 

 When choosing visual feedback for safe distance warning 
the majority of the drivers (21) stated they would like the 
alternative used in the trial. Five drivers did not want any 
visual feedback about the safe distance. Seven drivers pro-
posed other alternatives. 

 When choosing auditory feedback for safe distance warn-
ing, the majority of the drivers (19) did not want any audi-
tory warning. Fourteen drivers stated they would like the 
auditory feedback they tested (spoken message: “distance”) 
and two drivers stated other alternatives, both preferring a 
beep sound. 

 

Emotional State 

 According to the test drivers, their emotional state was 
not generally affected by the system. However, there were 
tendencies indicating a decrease in driving enjoyment and an 
increase in “awareness”. Although the emotional state in 
general was not affected by the system, the specific combi-
nation of HMI used had effects. When using the haptic feed-
back alternative h4, the drivers felt an increase in “irritation 
level” (compared to driving as “normal”), which was statisti-
cally significantly higher than when using the other three 
haptic feedback alternatives (mean differences between h4 
and h1 0.9; h4 and h2 1.1; and h4 and h3 1.5). The same 
applied to the stress level (mean differences between h4 and 
h2 1.0; and h4 and h3 1.3). “Driving enjoyment” decreased 
in general, and the use of haptic feedback alternatives h1 and 
h3 did not result in a statistically significant decrease (see 
Fig. 9). “Awareness” showed, in general, a tendency to in-
crease when using the system, but this was not found to be 
statistically significant for the haptic feedback alternatives 
h1 and h3. When using the visual feedback alternative v1, 
the drivers felt a statistically significant increase in “the 
feeling of being in the way of other drivers”. 

Workload 

 The subjective workload was in general not affected by 
the use of the SASPENCE system. However, there was a 
tendency indicating an increase in “frustration level” (statis-
tically significant when using the visual feedback alternative 
v2). Besides, a statistically significant increase in “physical 
demand” occurred when using the haptic feedback alterna-
tive h3 and an increase in effort when using the alternative 
h4 were found (see Fig. 10). The “physical demand” when 
driving with the system was reported to be statistically sig-
nificantly higher when using the feedback alternative h3 
compared to the alternative h2. The system was also consid-
ered to result in higher “mental demand” and “physical  
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Fig. (8). Preferred way of getting information through the haptic channel (some drivers indicated equal preference for two principles, which 

is why the sum is more than 34). 
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demand” when using the visual feedback alternative v2 com-
pared to alternative v1. 

DISCUSSION 

 The driving simulator experiments are a major step in the 
HMI design process of the SASPENCE system, since they 
provide information about the effects of the various HMI 
alternatives on driver behaviour and acceptance thereof. 

 The system did not affect the speed behaviour of the 
driver either in normal conditions or sharp curves. No statis-
tically significant differences in mean speeds and standard 
deviation could be found. However, there was a tendency 
towards lower mean speeds and lower standard deviations 
when driving with the SASPENCE system. This tendency 
(although not statistically significant) points in the same 
direction as findings in earlier simulator experiments [9-12, 

24-27] and field trials [8, 13, 19-23] where positive effects 
on speed behaviour were demonstrated. 

 The average number of alarms was slightly larger when 
driving with the system. The different haptic HMI alterna-
tives caused different reactions. The HMI alternative h1 gave 
the lowest increase, h3 a higher increase and h2 the highest. 
This increase in the number of alarms might have been due 
to a novelty phenomenon and a wish from the driver to test 
the system: once he/she understands that this system works 
when there is short headway or high speed he/she might feel 
encouraged to go into hazardous situations. This effect could 
be due to delegation of responsibility. 

 The system improved driver-reaction time, which was 
indicated by the fact that the driver lowered his/her speed in 
a dangerous situation significantly quicker when the system 
was active. The haptic alternative h3 caused the quickest 

Experienced effects on emotional state 
Visual feedback

v1 v2

Decreased                                             Neither                                             Increased 

    greatly                                                                                                           greatly

Haptic feedback

h1 h2 h3 h4

Decreased                                             Neither                                             Increased 

    greatly                                                                                                           greatly

Irritation

Stress

Enjoyment

In the w ay

Aw areness

Comfort

 

Fig. (9). Experienced effects on emotional state when driving with the different HMI alternatives of the SASPENCE system (mean and 90 
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response. The HMI alternative h3 gave a lower proportion of 
the time spent in an unsafe state, while the other haptic dis-
plays tended to increase the time spent in an unsafe state 
compared to driving without the system. 

 The drivers’ experiences showed that the SASPENCE-
functions in general were rated as “good”. The support function 
for safe distance and speed limit information were rated as more 
desirable than the support function for safe speed. The per-
ceived benefits of using the system were mostly related to in-
creased traffic safety and reduced risk of getting speeding tick-
ets, although more comfortable driving could be a potential 
benefit from the system. 

 The system was considered to have a higher “usefulness” 
than “satisfaction”. The most positive ratings of the SAS-
PENCE system were given when the drivers used the HMI-
alternatives h2 or h3, the worst with h4. All HMI-alternatives 
resulted in positive “usefulness” scores, while only the haptic 
alternatives h2 and h3 demonstrated positive “satisfaction” 
scores. 

 In general, the emotional state of the drivers was not af-
fected by the SASPENCE system. However, different HMI-
alternatives led to some differences in the assessment of the 
system. Using the haptic feedback h4, the drivers reported an 
increase in irritation and stress level and only alternative h3 
seemed to leave the driving enjoyment unaffected, the other 
haptic alternatives were regarded as causing a decrease of driv-
ing enjoyment. 

 All the drivers stated they would accept the SASPENCE 
system if the system was installed in their cars free of charge. 
The majority would accept a system that was both informative 
and advisory, and some drivers would also accept an interven-
ing system. 

 When evaluating the different HMI-alternatives used for 
appropriate speed, the results showed that all haptic feedbacks 
received positive ratings on the “usefulness” score and that the 
feedbacks h3 and h4 were rated negatively on the “satisfactory” 
score. The visual feedbacks both received positive satisfaction 
ratings and alternative v1 was also rated positively on the “use-
fulness” score. 

 The evaluation of HMI-alternatives for safe distance showed 
positive “usefulness” ratings for haptic alternatives h1, h2 and 
h3, while alternative h4 received negative ratings on the “satis-
faction” score. The visual feedback used for safe distance re-
ceived positive ratings on both the “usefulness” and “satisfac-
tion” scores, while the auditory feedback only received a posi-
tive “usefulness” score. 

 The haptic feedback h2 was preferred by a majority of the 
drivers who tested this alternative, both for safe speed and safe 
distance. The least preferred haptic alternative seemed to be 
feedback h3 for safe speed and h3 and h4 for safe distance. For 
the visual feedback no clear preference was found for safe speed 
information, and the majority of the drivers accepted the visual 
information given for safe distance. Regarding the auditory 
warning for safe distance, the majority of the drivers did not 
want an auditory warning. That auditory feedback is less ac-
ceptable than, in particular, visual feedback is in line with earlier 
studies [8] showing that feedback through a display was most 
acceptable followed by haptic pedal feedback and auditory 
feedback. In this experiment, auditory feedback was only used 
for distance warning. This was based on findings from a related 

area, namely air transports, where aircraft pilots prefer an audi-
tory warning if an immediate reaction is required (analogous to 
short distance to the car ahead on the road), but a visual warning 
when there is more time to react (analogous to speed choice on 
the road) [41]. 

 The results show clearly that the combination of HMI-
alternatives affected the drivers – otherwise the haptic HMI for 
speed h2 and h4, and for distance warning alternatives h2 and 
h3 would have received the same response from them. Further, 
the evaluation of the SASPENCE system showed that haptic 
alternative h3, followed by h2, resulted in the most positive 
evaluation of the system. However, when evaluating the HMI-
alternatives per se, the most positive evaluation was given to h2 
followed by h1. This highlights the importance of evaluating a 
system as a whole (with different HMI-alternatives) and not 
isolating the HMI-design from the use of the system. After all, 
the HMI serves to facilitate and enhance the use of the system 
and should not “live a life of its own”. 

 The results also show clearly that the haptic alternatives 
used influenced the perception of the system more than the 
visual alternatives. This is not surprising, haptic feedback is 
generally seen as more intrusive than visual feedback and 
should therefore also influence the driver more. The vibrating 
seatbelt seemed to irritate a number of drivers whereas the ac-
tive pedal seemed to be better accepted. 

 Based on the analysis of logged driving data it can be con-
cluded that the most beneficial haptic display was alternative h3 
(i.e. the combination of force feedback in the accelerator pedal 
and vibration in the seat belt for speed warning and pulsation in 
the accelerator pedal for distance warning). Based on the analy-
sis of the drivers’ experiences the haptic alternatives h3 and h2 
(pulsation in the accelerator pedal for both safe speed and safe 
distance) resulted in the most positive ratings/experiences of the 
system. The explored visual information alternatives did not 
show any clear results and seemed to be less important to the 
drivers. Nevertheless, since the alternative v1 was received 
slightly more favourably, the recommendation is to proceed 
with this alternative, possibly with some modifications. The 
auditory feedback was not appreciated by the drivers. Since this 
modality may be omitted without negative consequences, it 
should be considered. 

 Hence, for further investigation of the safe speed and safe 
distance system in in-field studies in real traffic, the following 
combination of HMI solutions is recommended: haptic feed-
back through a combination of force feedback in the accelerator 
pedal, vibration in the seat belt for speed warning and pulsation 
in the accelerator pedal for distance warning; visual feedback in 
line with alternative 1 (possibly with some modifications) (see 
Fig. 1); and no auditory feedback. 

ACKNOWLEDGEMENT 

 This research was financed by the European Union within 
the 6

th
 framework research programme. 

REFERENCES 

[1] D.J. Finch, P. Kompfner, C.R. Lockwood and G. Maycock, Speed, 

speed limits and accidents, Project Report 58. Transport Research 
Laboratory, Crowthorne: UK, 1994. 

[2] G. Nilsson, Traffic Safety Dimensions and the Effect of Speed on 
Safety, Doctoral Thesis, Bulletin 221, Lund University: Sweden, 

2004. 



64    The Open Transportation Journal, 2008, Volume 2 Adell et al. 

[3] R. Elvik and T. Vaa, The Handbook of Road Safety Measures. 

Elsevier, 2004. 
[4] B. van Kampen, “Case Study: Rear end or chain accidents”, 

SWOV Institute for Road Safety Research: The Netherlands, 2003. 
[5] W.G. Najm, B. Sen, J.D. Smith and B.N. Campbell, Analysis of 

Light Vehicle Crashes and Pre-Crash Scenarios Based on the 2000 
General Estimates System, U.S. Department of Transportation – 

NHTSA: Washington, DC., 2003. 
 [6] M.R.J. Baldock, A.D. Long, V.L. Lindsay and A.J. McLean, Rear 

end crashes, CASR018. Centre for Automotive Safety Research, 
The University of Adelaide: Australia, 2005. 

[7] A. Várhelyi, E. Adell and M. Alonso, “HMI Literature review”, 
SASPENCE Technical Report C20.52a.: PReVENT Consortium, 

2006. 
[8] K. Brookhuis and D. de Waard, “Intelligent Speed Adaptor”, 

Proceedings of the Europe Chapter of the Human Factors and Er-
gonomics Society Annual Conference, Bochum, November 1997. 

pp. 203-214.  
[9] D. de Waard, M. van der Hulst and K. Brookhuis, “Behavioural 

adaptation to an in-car enforcement and tutoring system - A driving 
simulator study”, Training and simulation. Proceedings of the 

HFES Europe Chapter, Dortmund: Germany, 1994. 
[10] D. de Waard and K.A. Brookhuis, “Behavioural adaptation of 

drivers to warning and tutoring messages: results from an on-the-
road and simulator test. Heavy Vehicle Systems”, Int. J. Vehicle 

Des., vol. 4, no. 2-4, pp. 222-234, 1997. 
[11] D. de Waard, M. van der Hulst and K.A. Brookhuis, “Elderly and 

young drivers’ reaction to an in-car enforcement and tutoring sys-
tem”, Appl. Ergon., vol. 30, no. 2, pp. 147-157, April 1999. 

[12] K.A. Brookhuis and D. de Waard, “Limiting speed, towards an 
intelligent speed adapter (ISA)”, Transport. Res. F-Traf., vol. 2, 

No.2, pp. 81-90, June 1999. 
[13] H. Lahrmann, J. Runge and T. Boroch, Intelligent Speed Adapta-

tion – Development of a GPS based ISA-system and field trail of 
the system with 24 test drivers, Aalborg University, Aalborg: Den-

mark, 2001. 
[14] A. J. May, C. Carter, F. Smith and S.H. Fairclough, An evaluation 

of an in-vehicle headway feed-back system with a visual and audi-
tory interface, IEE Colloquium on `Design of the Driver Interface' 

(Digest No.1995/007), 1995, pp. 5/1-3. 
[15] T.A. Dingus, S.K. Jahns, A.D. Horowitz and R. Knipling, Human 

Factors Design Issues for Crash Avoidance Systems, In: W. 
Barfield and T.A. Dingus, Eds. Human Factors in Intelligent 

Transportation Systems. Lawrence Erlbaum, 1998. 
16] W. H. Janssen, The impact of collision avoidance systems on driver 

behaviour and traffic safety: Preliminaries to studies within the 
GIDS project, (Deliverable NO GIDS MAN1). Traffic Research 

Center, University of Groningen, Haren: The Netherlands, 1989. 
[17] M. Kuiken, Instructional support to drivers: The role of in-vehicle 

feed-back in improving driver performance of qualified motorists, 
PhD Thesis, University of Groningen, Traffic Research Centre 

Haren: The Netherlands, 1996. 
[18] J.A. Groeger, Close, but no cigar: assessment of a headway warn-

ing device, IEE Colloquium on Automotive Radar and Navigation 
Techniques (Ref. No.1998/230), 1998, pp. 5/1-4.  

[19] F. Saad and G. Malaterre, “La regulation de la vitesse: Analyse des 
aides au controle de la vitesse”, ONSER, 1982. 

[20] S. Almqvist and M. Nygård, Dynamic speed adaptation – Demon-
stration trial with speed regulation in built-up area. Bulletin 154, 

Lund University, Lund: Sweden, 1997. 
[21] A. Várhelyi and T. Mäkinen, “The effects of in-car speed limiters - 

Field studies”, Transport. Res. C-Emer., vol. 9, no. 3, pp.191-211, 
June 2001. 

[22] L. Duynstee, H. Katteler and G. Martens, “Intelligent Speed Adap-
tation: Selected results of the Dutch practical trial”, Proceedings of 

the 8th ITS world congress, Sydney, Australia, 2001, pp. 1-7. 
[23] A. Várhelyi, M. Hjälmdahl, C. Hydén and M. Draskóczy, “Effects 

of an active accelerator pedal on driver behaviour and traffic safety 

after long-term use in urban areas”, Accident. Anal. Prev., vol. 36, 

no. 5, pp.729-737, September 2004. 
[24] H. Godthelp, and J. Schumann, “The use of an intelligent accelera-

tor as an element of a driver support system”, 24th ISATA Interna-
tional Symposium on Automotive technology and Automation: It-

aly, May 1991. 
[25] S. L. Comte, “New systems: new behaviour?” Transport. Res. F-

Traf., vol. 3, no. 2, pp. 95-111, June 2000. 
[26] S. L. Comte and A.H. Jamson, “Traditional and innovative speed-

reducing measures for curves: an investigation of driver behaviour 
using driving simulator”, Saf. Sci., vol. 36, pp. 137-150, 2000. 

[27] A. Rook and J. Hogema, “Effects of Human Machine Interface 
Design for Intelligent speed adaptation on driving behaviour and 

acceptance”, Deliverable D3.3: PROSPER Consortium, 2005. 
[28] B. Farber, K. Naab and J. Schumann, Evaluation of prototype 

implementation in terms of handling aspects of driving tasks, (De-
liverable Report DRIVE V1041/GIDS CON3). Traffic Research 

Institute, University of Groningen, Haren: The Netherlands, 1991. 
[29] W. H. Janssen, and L. Nilsson, An experimental evaluation of in-

vehicle collision avoidance systems, (DRIVE Project V1041, GIDS 
Report No. GIDS/MAN2). Traffic Research Center, University of 

Groningen, Haren: The Netherlands, 1990. 
[30] L. Nilsson, H. Alm and W. Janssen, Collision avoidance systems % 

Effects of different levels of task allocation on driver support, (Re-
port No. GIDS/MAN 3). TNO Institute for Perception, Soesterberg: 

The Netherlands, 1991. 
[31] R. Kiefer, D. LeBlanc, M. Palmer, J. Salinger, R. Deering and M. 

Shulman, Development and Validation of Functional Definitions 
and Evaluation Procedures for Collision Warning/Avoidance Sys-

tems, NHTSA Technical Report, DOT HS 808 964: USA, 1999. 
[32] J. Hoffman, J.D. Lee and E.M. Hayes, “Driver preference of colli-

sion warning strategy and modality”, Proceedings of the Second In-
ternational Symposium on Driving Assessment, Training, and Ve-

hicle Design, Iowa City: USA, p. 69, 2003. 
[33] F. Tango and E. Bekiaris, Evaluation of an on-board driver support 

system - the IN-ARTE project, In: D. de Waard, K.A. Brookhuis, J. 
Moraal and A. Toffetti, Eds. Human Factors in Transportation, 

Communication, Health and the Workplace, Shaker Publishing: the 
Netherlands, pp. 99-112, 2002. 

[34] L. Tijerina, S. Johnston, E. Parmer, H.A. Pham and M.D. Winter-
bottom, Preliminary Studies in Haptic Displays for Rear-End Col-

lision Avoidance System and Adaptive Cruise Control System Ap-
plications, (DOT HS 808(TBD)). National Highway Traffic Safety 

Administration, Washington, DC: USA, 2000. 
[35] E. Adell, A. Várhelyi, M. Alonso and J. Plaza, “Developing HMI 

components for a driver assistance system for safe speed and safe 
distance”, IET. Intell. Transp. Syst., vol. 2, no. 1, pp. 1-14, 2008. 

[36] M. Da Lio, F. Biral and B. Bertolazzi, “Combining safety margins 
and user preferences into a driving criterion for optimal control-

based computation of reference maneuvers for an ADAS of the 
next generation”, ITSC2005-WIEN Proceedings, 2005. 

[37] L. Bruel, J.P. Colinot, E. Adell, A. Várhelyi, M.D. Fontana and M. 
D’Alessandro, HMI tests in simulator, SASPENCE Technical Re-

port D20.54: PReVENT Consortium, 2007. 
[38] A. Saroldi, SASPENCE Final Report, Public Report D20.10b. 

PReVENT Consortium, 2008. 
[39] J.D. van der Laan, A. Heino and D. de Waard, “A simple procedure 

for the assessment of acceptance of advaned transport telematics”, 
Transport. Res. C-Emer., vol. 5, pp. 1-10, 1997. 

[40] J.C. Byers, A.C. Bittner and S.G. Hill, Traditional and raw task 
load index (TLX) correlations: are paired comparisons necessary? 

In: A. Mital, Ed. Advances in industrial ergonomics and safety, I 
London: Taylor & Francis, pp. 481-485, 1989. 

[41] A.D. Horowitz and T.A. Dingus, Warning signal design: a key 
human factors issue in an in-vehicle front-to-rear-end collision 

warning system, Proceedings of the Human Factors Society 36th 
annual meeting, Santa Monica, USA, pp. 1011-1013, 1992.  

 
 

Received: March 27, 2008 Revised: August 6, 2008 Accepted: August 15, 2008 

 

© Adell et al.; Licensee Bentham Open. 
 

This is an open access article licensed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-

nc/3.0/) which permits unrestricted, non-commercial use, distribution and reproduction in any medium, provided the work is properly cited. 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


