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What is ICTCT? 

ICTCT is an association developed out of an international working group of safety experts with the 
aim to identify and analyse dangerous situations in road traffic on the basis of criteria other than 
past accidents, analogous to the methods of air and industrial safety.  

Our Goal 

International co-operation in the identification and analysis of potentially dangerous situations in 
road traffic, and their causes, on the basis of relevant safety data derived from observations and 
surveys.  

The aim of ICTCT is to achieve a deeper understanding of problems in the area, to harmonise 
future research activities, and to provide for means for an optimal utilisation of research results 
from different countries.  

To fulfil these aims ICTCT has been involved in a number of co-operative research efforts 
(workshops, calibration studies, formulation of international guidelines, clearing house for reports, 
etc.).  

"WE DON’T NEED ACCIDENTS  

IN ORDER TO PREVENT ACCIDENTS!"  

because we are aware of "danger indicators" 

Danger indicators are, for example, traffic conflicts and near-accidents, as well as the behaviour 
and interaction patterns in which they are rooted. To improve knowledge about these events and 
behaviour patterns, which in the long run lead to accidents, is to be collocated within the ICTCT’s 
sphere of activities.  

Today’s activities and future plans of ICTCT 

• Information and co-ordination service for the international exchange of information  

• Production and distribution of a regularly-published research journal ("Newsletter")  

• Encouragement of international co-operation by the organisation of conferences and other 
events  

• Development of research structure for the planning, realisation and implementation of 
projects  

• Organisation and administration of an archive and a library ("Clearing house")  

• Establishment of advisory centres for the identification, analysis, and solution of safety 
problems in line with the present state-of-the art  

• Advice on the development of facilities for the training of safety experts in the identification of 
risk indicators in traffic  

• Publishing of material (e.g. handbooks, brochures, guidelines...)  

• Public relations work  
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Contact / Information 

ICTCT Secretariat 
Clemens Kaufmann, FACTUM 
Slamastraße 43 
1230 Wien, AUSTRIA 
 

Phone:  +43 676 4070902 
e-mail: clemens.kaufmann@factum.at 

www.ICTCT.net 
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Title: Improvement of road safety in Warsaw 

Author: 
Michał Domaradzki, Director of Mobility Policy and Transportation Department, City of 
Warsaw 

 
The presentation applies to activities of the City of Warsaw to improve road traffic safety. It presents 
statistics of fatal accidents in Warsaw during 2018 - 2019, including pedestrians and an analysis of the age 
of victims. Various activities in the field of monitoring and analysis of hazards (e.g. safety audits and post-
accident investigations) and construction of safe infrastructure (with particular emphasis on elements 
improving the safety of vulnerable road users) will be presented. The presentation also covers educational 
activities of the City of Warsaw and municipal companies which address vehicle drivers, cyclists, 
pedestrians and scooter users. It is thematically consistent with the accompanying exhibition named "Safe 
in Warsaw". 
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Title: Failure-caused Traffic Conflicts - Theory, Applications and Validation 

Author: Andrew Tarko, Lyles School of Civil Engineering, Purdue University, tarko@purdue.edu 

Author 
keywords: 

Public bus passenger safety attitude scale Convergent validity, Predictive validity, Theory of 
planned behaviour, Personal safety attitude, Future bus use intentions 

 
Surrogates of crashes that could allow a quick and accurate estimation of safety have been an active topic 
for years. This presentation is aimed to introduce the Lomax-based method, its application to analyzing 
road departures in a driving simulator. An interaction between road users is considered a traffic conflict if 
the separation between road users is too small to be acceptable while the speeds warrant a serious 
outcome. A theory was proposed that allows estimating the probability of crash conditional on a failure-
caused traffic conflict. The Lomax-distributed response delays to such hazard is estimated using, so-called, 
response delay.   
The Freespace driving simulator at Purdue University was used to simulate a 27-mile stretch of road. Four 
human subjects drove the road section 19 or 20 times. The Lomax-based analysis of safety-relevant events 
with the single-parameter estimation method (SPE) method of estimating the probability of crash (here 
road departure) was found to be efficient. The analysis of the traffic conflicts data produced results that 
closely followed the anticipated trends prompted by the theory.  
The 2003 study focused on selected signalized intersections and included observing PETs between pairs of 
vehicles moving along straight paths that cross each other inside the studied intersections. Revisiting the 
2003 PET data analysis indicated several drawbacks of the observation techniques and the estimation 
methodology applied at that time.  
The SHRP2 initiative has been the largest naturalistic study implemented of its kind up to date with a 
database including more than 5.5 million trips made by 3,400 participant drivers. Conflict data from three 
groups of drivers were used  to validate the failure-based traffic conflict study: (1) young male 16-25, (2) 
mature male 46-65, and (3) mature female 46-65. The analysis of the traffic conflicts data produced results 
that closely followed the anticipated trends prompted by the theory in terms of the group of drivers. The 
results confirm that the expected number of rear-end crashes using the claimed traffic conflicts carry useful 
information about traffic safety. Young male drivers experience higher crash frequency compared to its 
counterparts considering their limited experience and consequently substandard driving skills. On the other 
hand, the safest drivers are of age 40-69, who are experienced and enjoy relatively good physical and 
mental performance. The results were less evident when comparing the obtained frequencies between 
male and females. 
The Lomax-based analysis of safety-relevant events with the SPE method of estimating the probability of 
crash was found to be efficient in estimating the expected number of road departures.  The analysis of the 
traffic conflicts data produced results that closely followed the anticipated trends prompted by the theory. 
The validation with numerical results based on he SHRP2 naturalistic study provided also a basis for 
optimism.  
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Title: 
Testing the convergent- and predictive validity of a multi-dimensional belief-based scale for 
attitude towards personal safety on public bus/minibus for long-distance trips in Ghana: A 
SEM analysis 

Author: 

Enoch F. Sam, Dept of Geography Education, University of Education, Winneba; IMOB, 
Hasselt University, Ghana, efsam@uew.edu.gh 

Kris Brijs, IMOB, Hasselt University, Belgium, kris.brijs@uhasselt.be 

Stijn Daniels, Vias Institute, Belgium, stijn.daniels@vias.be 

Tom Brijs, IMOB, Hasselt University, Belgium, tom.brijs@uhasselt.be 

Geert Wets, IMOB, Hasselt University, Belgium, geert.wets@uhasselt.be 

Author 
keywords: 

Public bus passenger safety attitude scale Convergent validity, Predictive validity, Theory of 
planned behaviour, Personal safety attitude, Future bus use intentions 

 

In this study, we examined the predictive validity of the public bus passenger safety attitude scale (PBPSAS), 
a measure of personal safety attitude (PSA), to predict future intention to use public bus/minibus for long-
distance trips. Using 510 adults, we tested among other things the hypothesis that PSA has a positive 
significant effect on future intentions to use public bus/minibus for long-distance trips. Data analyses 
involved: (1) descriptive analyses of measure reliabilities and the strength and evaluation of people’s 
safety-related beliefs, (2) fitting measurement and structural models to determine the factorial structure of 
the PSA and (3) path analysis to examine the relationships between two different measures for personal 
safety-related attitude, i.e., indirect (a belief-based) measure for PSA, and a direct measure,  and future 
intentions to use public bus/minibus for long-distance trips. Data analyses were conducted using IBM SPSS 
Statistics 25 and AMOS 24. Among others, we found that: (1) a second-order factor model provides a more 
parsimonious framework for explaining PSA than a three-factor model, (2) the indirect (beliefs-based) 
measure for attitude towards personal safety has convergent validity, (3) PSA has a positive significant 
effect on both a direct measure for attitude towards personal safety on public bus/minibus, and future 
intention to use public bus/minibus for long-distance trips and (4) that the direct measure for attitude 
towards personal safety also has a positive significant effect on the future intention to use public 
bus/minibus. We thus conclude that PBPSAS is a useful instrument for measuring PSA and has predictive 
validity in the case of predicting future intentions to use public bus/minibus for long-distance trips. 
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Title: How long does it take to the first drowsiness state: An exploratory analysis 

Author: 

Sonia Soares, University of Porto, Portugal, soniasoares@fe.up.pt 

António Lobo, University of Porto, Portugal, lobo@fe.up.pt 

Pedro Ferreira, University of Porto, Portugal, poferreira@fe.up.pt 

Sara Ferreira, University of Porto, Portugal, sara@fe.up.pt 

António Couto, University of Porto, Portugal, fcouto@fe.up.pt 

Carlos Campos, ISEP, Portugal, crc@isep.ipp.pt 

Miguel Leitão, ISEP, Portugal, jml@isep.ipp.pt 

Nuno Gregório, Faculty of Science and Technology, University of Coimbra, Portugal, 
nduartefg@gmail.com 

Ana Bastos, Faculty of Science and Technology, University of Coimbra, Portugal, 
abastos@dec.uc.pt 

Author 
keywords: 

Driver behaviour, Drowsiness, Simulator, Real life monitoring 

 

BACKGROUND 
Traffic crashes associated to drowsy and fatigued drivers assume a major cause of deaths, strong physical 
injuries and a significant economic impact. In this sense, current estimates suggested that one in five of the 
losses on the road have a drowsy driver in its cause.  
Several in-vehicle warning systems exist based on the travel time duration, i.e. after a specific period of 
time of continuous driving, a sign is emitted to the driver warning him/her to stop and rest or to take a 
coffee. 
Several studies have been conducted to investigate driver drowsiness, most of them using a driving 
simulator in order to ensure the safety of the participants. Usually these studies aimed to understand the 
effect of drowsiness on the driving performance or to study risk factors related to drowsiness occurrence 
such as sleep deprivation, roadway geometry, time of the journey, landscape monotony, traffic conditions 
or light settings. 
 
AIM 
The main objective of this study is to find factors associated to the different time periods until the 
occurrence of the first drowsiness episode as well as to the total number of episodes occurred during a 
continuous driving. Two different datasets will be used: one gathered during real-life conditions and the 
other obtained under a simulator driving experience. Different kind of statistical analyses will be conducted 
trying to find factors that can be associated to the different types of drowsiness episode occurrence. 
 
METHOD 
The driving simulator experience corresponds to a continuous driving of 1h15 minutes. The drowsiness 
episode will be set according to a driving monitor system (DMS) which was developed by a facial biometric 
company operating in the automotive sector. A fixed dashboard infrared camera to obtain images of the 
face and eyes of drivers is applied and using advanced techniques such as deep learning for eye state 
analysis and a face detection algorithm, the DMS classifies driver state episodes as drowsiness. Around 30 
participants will be analysed. Participant data such as age and gender, body mass index and lifestyle 
information will be considered. Statistical analysis such as ANOVA and/or linear regression will be applied in 
order to obtain a relationship between the different types of drowsiness episodes and the participant data. 
Additionally, an analysis will be developed for a dataset of drowsiness alerts established by the same DMS 
vendor however applied in real-life journeys. The age and gender of the drivers were also collected. 
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Considering real-life conditions, the number of occurred alerts in each continuous driving and the time of 
the first alert will be determined and analysed regarding the journey time.  
 
EXPECTED RESULTS  
The study will provide a relevant information regarding driver drowsiness under two distinct conditions: 
real-life and virtual. In this later, the conditions are controlled (environment, journey time, road scenarios, 
time of the experience, etc.) allowing to better understand factors related to the driver that can influence 
the drowsiness occurrence. On the other hand, data obtained under real-life conditions can be reliable in 
terms of drowsiness occurrence prediction. Overall, these two datasets can highly contribute to the 
knowledge of the driver drowsiness. 
 
CONCLUSIONS 
Drowsiness is a driver state that has been widely associated to accident occurrences. Additionally, due to 
the increase number of driver assistance technologies such as the adaptive cruise control (ACC), it is 
expected that the driver can get distracted or boring easily and thus, unaware of the driving task. The 
drowsiness prevention has been already implemented as in-vehicle technology, however usually the 
warning to the driver is based on a fixed time of the continuous driving. Studies developed to better 
understand the occurrence of the driver drowsiness can contribute to the performance of this type of 
technologies. In this sense, the present study can provide relevant knowledge to this road safety issue 
based on two type of datasets which in time describe two distinct driving conditions: real-life and virtual. 
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Title: 
The estimation of drowsiness under different conditions based on behaviour observations 
from a simulator study 

Author: Clemens Kaufmann, FACTUM, Austria, clemens.kaufmann@factum.at 

Author 
keywords: 

Autonomous driving, drowsiness, traffic safety, observations 

 

The road to the autonomous vehicle will develop gradually through the introduction of new assistive and 
automatic systems in the coming years. The closest target is to liberate drivers of the need of permanent 
monitoring and to allow, for limited periods and driving contexts, to carry out other activities while driving 
(SAE Level 3). 
 
In connection with all kinds of partially automated driving there is the question of decision making: Who 
should, and when, take over control of single functions or of the entire system – the human or the vehicle. 
Should the system take over it would need to know about the current state of the driver at any time, in 
order to carry out a controlled handover to the driver or to initiate emergency measures. It is essential to 
assess whether a person is inattentive, occupied with other things, sleepy or even sleeping, or if there is 
some other reason why he/she is not able to take over the control of the function. Currently, there are 
already in-vehicle systems that warn of drowsiness. They are based on different technical measurement 
approaches, e.g. the observation of the steering movements, tracking or eye blinking.  
 
The project WACHsens had the starting point that the accuracy of these systems is yet insufficient to 
determine the driver's attention or state of alertness. Therefore, the aim should be to warn as precisely and 
as early as appropriate, before the state of the driver leads to incorrect responses viz. before he/she falls 
asleep.  
 
The objective of the project is to merge data of measured autonomous arousal, camera monitoring and 
driver behaviour of test persons driving in a simulator. The aim is to warn about impaired fitness to drive 
with the primary goal of drowsiness detection and with the potential also to send information to the traffic 
infrastructure by means of appropriate communication. 
 
The second objective of the project is to gain the necessary information through fully embedded, up-to-
date sensors and by intelligent integrated processing. On the market monitoring sensor technology is only 
accepted if it works unobtrusively and without additional effort for the users. 
 
The third objective of the project is to identify changes in the attention, when people are aware of using 
automated driving, and to identify possible safety-relevant effects. 
 
The presentation will give an overview of the results especially on the driving behaviour observation part of 
the study (which is still ongoing) including the comparison between tired vs. awake driving, manual vs. 
autonomous driving, gender and age. 
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Title: Media coverage of bicycle accidents in the Netherlands 

Authors: Paul Schepers, Rijkswaterstaat, Netherlands, paul.schepers@rws.nl 

Author 
keywords: 

cycling, cyclist deaths, cycling safety, media, media coverage, perceived safety 

 

Background 

Medical registrations suggest that between 60% and 95% of cyclists admitted to hospitals or treated at 
emergency departments are victims of single accidents. However, several studies have found that single-
bicycle accidents are underreported in police statistics which are commonly used as a basis for road safety 
policies. Questionnaire research in the Netherlands and Belgium has shown that over half of all cyclists still 
perceive most hospital admissions to result from bicycle accidents with motor vehicles. This raises the 
question of how well media cover bicycle crashes. 

Aim 

This study sets out to compare media coverage of bicycle accidents with and without motor vehicles. 

Method and data 

This study used two sources to examine media coverage of bicycle accidents and compares these with 
official Dutch accident statistics (based on medical registrations and causes of death statistics). Firstly, we 
use the Rijkswaterstaat database of traffic deaths reported in various media in 2016 and 2017. 
Rijkswaterstaat compiles this database throughout the year from online media to compare with police 
statistics and provide the police with feedback. Secondly, from June 2016 until May 2017, Rijkswaterstaat 
Datalab has scraped articles from two regional websites, one national website, and Twitter using search 
terms related to bicycle accidents (‘bicycle accident’, ‘bicycle collision’, ‘bicycle crash’, ‘fall bicycle’, ‘fell 
bicycle’, ‘bicycle hit’, ‘single bicycle accident’; the previous combinations also with ‘cyclist’ instead of 
‘bicycle’). These results were undoubled for each source and read to classify which items were related to 
bicycle accidents. All accidents were classified in the following categories: bicycle-motor vehicle accident, 
single-bicycle accident, collision between cyclists, unknown accident type. 

Results 

While causes of death statistics show that almost half of all cyclist deaths are due to accidents without 
motor vehicles (30% according to police statistics), only 15% of all media reported cyclists deaths are due to 
this crash type. By contrast, media and the police report a similar number of cyclist deaths due to collisions. 
The share of non-fatal bicycle accidents reported in the media is in the same order of magnitude (some 
15%) while medical registrations suggest that the vast majority occur without motor vehicles (some 80% of 
all severe injuries among cyclists in the Netherlands). 

Conclusions  

The outcomes suggest that Dutch media underreport both fatal and non-fatal bicycle accidents without 
motor vehicles. Combined with underreporting in police statistics, underreporting by media constitutes a 
barrier to get this problem on the agenda of policy makers and to raise awareness among cyclists. 
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Title: Risk assessment of pedestrian and cyclist falls in snowy and icy conditions 

Authors: 

Martin Bärwolff, TU Dresden, Chair of Integrated Transport Planning and Traffic Engineering, 
Germany, martin.baerwolff@tu-dresden.de 

Regine Gerike, TU Dresden, Chair of Integrated Transport Planning and Traffic Engineering, 
Germany, regine.gerike@tu-dresden.de 

Martin Schmotz, TU Dresden, Chair of Integrated Transport Planning and Traffic Engineering, 
Germany, martin.schmotz@tu-dresden.de 

Author 
keywords: 

pedestrian falls, cyclist falls, single bicycle crashes, falling, slipping, stumbling, risk 
assessment, winter, snow, ice, unter-reporting, self reported accidents, self reported falls 

 

Background 
Experience and key data suggest that snow and ice lead to increased numbers of pedestrian and cyclist 
accidents in the form of falling, slipping, or stumbling during the winter months. Reliable in-depth data 
concerning the extent and characteristics of this issue are currently not available for Germany. This is due 
to the high level of under-reporting in official statistics, particularly for incidents involving only one bicyclist, 
and also because of the systematic non-recording of pedestrian falls to the official statistics on traffic 
accidents. 
 
Aim 
The goal of this study is to quantify the risk to fall or to get involved in an accident for pedestrians and 
cyclists both for normal and icy/snowy weather conditions. This would allow for a comparison of these risks 
in varying weather conditions as well as an examination of accident risk for motorized traffic in such 
conditions. This study is part of a research project on behalf of the German Federal Highway Research 
Institute to increase traffic safety of pedestrians and cyclists in winter conditions. 
 
Method 
The risks of pedestrian and cyclist falls are quantified based on a multi-data approach including  

• raw data on 1,850 falls of hospital patients from an existing German one year hospital study (Below 
2016),  

• insurance reports on 958 falls from trips to/from work and school  in the years 2008 to 2015 as well 
as  

• 9,943 self-reported falls of 5,603 participants in a 5-year period from a retrospective survey carried 
out as part of this study. 

• As a reference, accidents of motorized traffic from the official statistics were examined. 
For risk assessment, besides the numbers of falls during snowy and icy conditions, one has to 
account for the proportion of time pedestrians and cyclists are exposed to those weather 
conditions. Therefore a scheme for dividing each day of the investigation periods into the 
categories "snow or ice" and "other weather" is developed. Days are defined as "snow or ice" when 
either previously fallen snow has not yet thawed, new snow has fallen and/or liquid precipitation 
falls during the day with minimum temperatures close to freezing point. The weather data was 
obtained from the official German Weather Service (DWD 2018). To link the weather to the 
individual falls, the data of the respective nearest weather station was taken into account. 

• Traffic volumes of pedestrians and cyclists were quantified based on the following data sources:  

• daily traffic volumes from 44 automatic bicycle counters from nine German cities, 

• raw data from the extensive household travel survey „Mobility in Cities – SrV“, 

• pedestrian and cyclist counts from at all 510 hours of video recordings completed in this study at 43 
sites on both "snow and ice" days and other days, and  

• information on usual travel behavior on both "snow and ice" days and other days of 5,603 
participants in the survey carried out in this study. 
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• After evaluating this data, the changes in the traffic volume of pedestrians and cyclists for "snow 
and ice" days are determined for the respective study areas and study periods. 

•  
Result obtained 
The risk for falling increases substantially in icy/snowy conditions for both pedestrians and cyclists, and this 
increase is even higher for pedestrians. In comparison, the risk of accidents for motorized road users in 
snowy and icy conditions drops by more than half. Similar to accidents of motorized road users, cyclist and 
pedestrian falls in snowy and icy conditions are less severe on average. The risk of falling, both for 
pedestrians and for bicyclists, is substantially higher in icy conditions than it is in snow. 
 
Conclusions 
The increased risk of falls for pedestrians and cyclists in snowy and icy conditions could be reduced by 
improved winter service, more precise slipperiness forecasts and prevention by road users themselves (e.g. 
winter tires for bicycles or strong profiled winter shoes). The decrease in the accident risk of motorized 
traffic in snowy and icy conditions shows that these countermeasures could be promising. In order to 
better estimate the risk of pedestrian and cyclist falls and to be able to evaluate countermeasures, 
pedestrian falls should be officially recorded and methods for reducing the level of under-reporting of both 
cyclist and pedestrian falls should be taken into consideration (e.g. police website for reporting accidents or 
falls). 
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Title: Pedestrians' route choice during winter conditions 

Authors: 

Magne Fossum, Norwegian University of Science and Technology, Norway, 
magne.fossum@ntnu.no 

Eirin Ryeng, Norwegian University of Science and Technology, Norway, eirin.ryeng@ntnu.no 

Author 
keywords: 

Winter operations, Pedestrians, Route choice, Single accidents 

 

Single accidents for pedestrians due to slippery road conditions is a serious problem leading to many 
injuries yearly. Better winter operations have the potential to significantly reduce the number of such single 
accidents. In order to make the road environment safe for pedestrians during winter, their behavior in such 
conditions must be studied. Reasons for pedestrians’ route choice has been widely studied, but how winter 
conditions affect route choice has gained less attention. 
 
The aim of this study has been to identify how winter condition affects the route choice of pedestrians. To 
test this an experiment was conducted. 
 
The data collection for this study was conducted in the fall of 2018 and the winter of 2019. Pedestrian 
traffic was counted on random weekdays in both periods. The dataset contains 2060 observations. The test 
site was a street in Trondheim, Norway, called Haakon viis gate. This site was selected because the facilities 
for pedestrians are identical on each side of the roadway. During the winter period one side (Side A) was 
operated by using salt for anti-icing, de-icing and anti-compaction purposes, in addition to plowing for snow 
removal. This gave a bare road surface during the whole period. The other side (Side B) was operated by 
plowing for snow removal, but without using salt. In practice this means that we allowed a buildup of a 
compact or loose snow layer above the asphalt depending on the amount of snow. In the test period the 
temperature fluctuated around 0°C. This made side B where no salt was used to have varying road 
conditions depending on weather and temperature. The road condition on this side varied between states 
of a snow layered-, slushy-, icy- and bare road surface. 
 
The results reveal that when there is a visible difference between the two sides due to just a little snow or 
slush present on the road surface of side B, there is a small but significant reduction in the share of 
pedestrians using this side compared to when it was bare. The share fell from 41% using side B in the 
before period to 34 % and 29 % for a snow layered road surface and a slushy road surface respectively. 
When there is no clear visible difference, but “invisible” black ice present on the surface of side B, there is 
no reduction in its use. 
 
For pedestrians in general, from the moment that there is some snow or slush present on the pavement, 
the perceived attractiveness of this pavement is reduced compared to a bare road surface. Slush or wet 
snow is perceived worse than dry snow. No such effect was found when the visible difference was small, 
but black ice was present on the surface of side B. Arguably, the icy surface condition is the most dangerous 
in a pedestrian single accident perspective. Therefore, it is likely that many pedestrians are deceived by the 
lack of visual difference and actually choose to walk on surfaces that they do not prefer, even when a 
better and safer option is available. This highlights the importance of choosing winter operation strategies 
directed towards pedestrians that minimizes the ice formation on the road surface. 
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Title: Identification of factors affecting cyclist fatalities using association analysis 

Authors: 
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Author 
keywords: 
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A rapidly growing popularity of bike as a mean of transport or as a hobby can be observed in Poland. It is a 
consequence of an increasing awareness of the physical effort as a necessary part of healthy life and of 
constantly worsening car traffic conditions. Therefore, bicycle traffic volumes are quickly increasing. As a 
natural consequence, the number of road accidents with cyclists is increasing too. The cyclists – except for 
a helmet, which is not an obligatory accessory in Poland – are totally unprotected. Even a minor collision 
with a car, can cause serious injuries to a cyclist if he/she is involved in it. Poland has one of the highest 
cyclist fatality rates in the European Union. In 2018, 286 cyclists were killed and 4233 injured on Polish 
roads. Taking into account still quite low bicycle traffic volumes compared to other modes of transport, the 
numbers can be regarded as high. Increasing the safety i.e. lowering the risk of serious or fatal injury of 
cyclists is a challenge then. 
 
The aim of the analysis presented in the paper is to identify factors and their coincidence that affect the 
number of fatalities among cyclists in Poland. Based on this it is possible to formulate recommendations for 
necessary actions to be undertaken aiming at bicycle traffic safety improvement. Also, the potential 
benefits can be estimated taking into account the differences in the outputs obtained for different sets of 
factors.  
 
Based on information provided by the Polish Motor Transport Institute a database was created. It 
comprises following types of data: cyclist’s injury severity, general location (urbanised area or not), specific 
location (at a junction or not), existence of traffic signaling, lighting conditions (daylight, darkness, twilight) 
and type of road (single or dual carriageway). There were 21470 accidents with cyclists recorded in Poland 
in the period of 2009-2013, in which cyclists were at least slightly injured. The aim of the calculation is to 
find the rules accompanying serious or fatal injuries i.e. to find if there is a certain combination of the 
above mentioned circumstances that makes injuries of cyclists serious or fatal. Having  found them, it will 
be possible to statistically evaluate how the change of the circumstances (e.g. by adding traffic control at 
junctions) could lower the number of accidents with fatal injuries.  
 
As there are five descriptors and three levels of injuries, one of the suitable tools for the rules finding is 
association analysis. An advantage of the method is that it automatically analyses all sets of the specified 
factors. Once the rules are found, it will be possible to modify descriptors searching for lower number of 
serious or fatal injuries. The relative value of the decrease can be read as lowered risk measured among 
past cases statistically.  
 
The described method, based on real data concerning road accidents where cyclists were injured, can give 
valuable directions of making the bicycle traffic more safe. The implementation of the ways of lowering the 
risk of accidents can be verified by collecting the same type of data and analysing them divided into 
periods. 
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Walking is one of traditional transport mode, which plays an important role also nowadays. Taking into 
account that the rate of drivers giving priority on zebra crossings is still small, pedestrians as road-users 
carry a high risk of injury or death on all types of roads. As known for the literature, the most important 
essential variables, which have positive influence on drivers’ behaviour – increase their willingness to yield 
to pedestrians, are following: pedestrians’ distance from border stones (short distances), city size (bigger 
cities), amount of pedestrians on crossing in the same time (more pedestrians), and vehicle speed (lower 
speed). It must be mentioned that speeds of vehicles are the most significant for the safety of pedestrians 
depends. 
 
The aim of the presented case study is to analyse the behaviour of drivers’ eyes when coming ahead of 
pedestrian crossings.  
 
The study was done by using of eye-tracking glasses. Eye tracking is an established technique recording eye 
movements in response to a stimulus. It is a frequently used tool for analysis of drivers’ behaviour and 
perception, including analysis of horizontal signalisation. Typically, four main parameters are recorded: 
gaze (a single eye regard at a specific position), fixation (a group of gazes within a defined space), fixation 
duration, and saccade (a change of eye focus between fixations). Measurements of physiological responses, 
including pupil diameter is also done sometimes to provide supplementary information about stress. 
 
Case study was realized in Olomouc (Czech Republic). The selected route included amount of unsignalized 
pedestrian crossings. Depending on appearance/ non-appearance of pedestrians on crossing while test 
driving, the different situations are considered: (1) perception of zebra crossings without pedestrians, (2) 
perception of up-coming pedestrians, (3) perception of pedestrian on crosswalks. Besides the above-
mentioned standard eye-tracking parameters, observation distances are also taking into account by 
analysis. The final data processing is in progress. 
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Background 

Recently, a rapid increase is observed in the use of electric bicycles (e-bicycles) throughout the world and in 
Israel. E-cycling may provide a convenient form of mobility in urban areas, being an attractive alternative to 
private cars. However, there is a concern of the associated injury, resulting from the increasing exposure 
and apparently higher speeds of the e-bicycles. In Israel, in particular, a growing use of e-bicycles by 
youngsters (below 18) has been observed, in many towns, and accompanied by an increase in the related 
injuries as reported by both the Trauma registry and the Police. E-cycling is considered today as an essential 
component of sustainable urban growth. However, creating conditions for safe e-cycling in urban areas, 
and particularly, fitting infrastructure solutions for safe sharing of urban space among e-cyclists, regular 
cyclists and pedestrians, still present a challenge. In this context, observational studies may be helpful for 
better understanding of e-cyclist behaviours at various urban settings and hence, for the development of 
measures for a safer integration of e-cycling in the cities.  

Aim 

Previous research of e-cyclist behaviours mostly referred to adult cyclists. In this study, an observational 
survey of young e-cyclists was conducted in Israeli towns aiming to characterize the riding speeds of e-
bicycles compared to regular bicycles, at typical urban sites, to consider behavior patterns of young cyclists 
and to examine factors associated with selecting riding speeds. 

Method 

The observational survey was focused on teenager cyclists. Speed measurements were collected at five 
types of urban sites, including undivided and divided roads in city centers and in residential areas, and 
pedestrian zones. The measurements were conducted using a speed gun, in working days, during the hours 
of higher appearance of teenager cyclists, e.g. before 8 AM in the morning and between 12-14 in the 
afternoon in the near schools’ areas, and between 15-18 in city centers. Speeds were measured in the 
middle of street sections. Beside the riding speed and the type of bicycle, additional information was 
collected concerning the gender and the age group of the rider (below or over 16); wearing a helmet; 
riders’ composition (alone or in a group); place of riding - on the roadway (vehicle lanes), a bus lane, a 
sidewalk or a bicycle path; and carrying a passenger. The survey covered 39 sites in eight cities, and 
included 1,054 young cyclists.  

Using the study database, speed indicators were estimated and compared between the two bicycle types, 
at various types of sites, by means of the ANOVA tests. Similarly, other characteristics and behaviours were 
compared between the two types of cyclists, using the Pearson tests. Furthermore, a multivariate linear 
regression model was fitted to e-cyclist speeds aiming to identify factors influencing the speed values.  

Results 

The mean speeds of e-bicycles were around 20-21 km/h on various streets with mixed vehicle and 
pedestrian traffic, and lower, about 17 km/h, in pedestrian zones. The mean speeds of regular bicycles 
were much lower, around 11-12 km/h, at all types of sites. The 85-percentile speeds of e-cyclists, at all 
streets with mixed traffic, were over 25 km/h - the value prescribed by the law. The majority of teenage 
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cyclists did not wear helmets, in spite of the law demand. On various street types, more e-cyclists used the 
roadway compared to regular cyclists, however, on divided roads, more cyclists were observed on 
sidewalks. The multivariate analysis indicated that e-cyclist speeds were higher on divided roads, for riders 
older than 16, for boys and on longer street sections.  

Conclusions 

The high riding speeds and other unsafe behaviours of teenage e-cyclists increase the injury risk for 
themselves and for other road users and, particularly, for pedestrians. Thus, separate bicycle infrastructure 
should be promoted in the cities. Moreover, road safety education and training of young e-cyclists with 
stronger enforcement of traffic regulations are urgently needed. 
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Background 
The strategy of sustainable road safety is gradually expanding in the world; recently, it was generalized in 
the paradigm of a Safe System approach. One of the main components of sustainable safety refers to speed 
management as speed was proven to be a crucial factor both in accident occurrences and their 
consequences. With regard to travel speeds, one of the management tools lies in matching the road 
infrastructure characteristics to the target travel speed, on every road type. In this context, it is important 
to identify those design features which are understood by drivers as related to travel speed selection and 
then to apply such features in the road design to "explain" the speeds appropriate for traveling on each 
road section.  
 
Aim 
This study examined the relationship between road characteristics and travel speeds, on urban roads in 
Israel. The study considered how road characteristics are perceived by drivers, where "the perception" is 
reflected in actual travel speeds and in choosing the speeds "appropriate", according to drivers' opinions, 
to each road section. The study focused on urban collector streets, which are characterized by mixed land 
uses, significant vehicle traffic volumes, a high level of pedestrian activity, and are associated with road 
safety problems in urban areas in Israel. 
 
Method 
The study had two main components. First, field surveys were conducted to collect detailed data on the 
design characteristics, speeds, vehicle traffic and pedestrian activities on 80 street sections, in 15 cities. 
Second, a driver survey was undertaken to collect drivers' opinions about appropriate speeds on various 
street sections. This survey used short face-to-face interviews, on the streets, in proximity to the areas 
where the field observations took place, and included 201 participants. For each participant, four pictures 
with the study street sections were presented, demonstrating typical layouts of collector streets, where the 
driver was asked on his/her opinion about the speed limit and the speed "appropriate" for travel, on each 
street. Multivariate regression models were developed to examine the relationship between street 
characteristics, traffic exposure and travel speeds, as well as to explore the relationship between the driver 
characteristics, street design and "appropriate" speeds as reported by drivers. 
 
Results 
The results showed that road layout was the most influential on selecting speeds. The streets with a dual-
carriageway multi-lane layout are characterized by highest travel speeds, speeds are lower on single-
carriageway and dual-carriageway one-lane layouts, and are lowest - on the one-way streets. Among other 
characteristics moderating actual travel speeds were: higher pedestrian activity on the street, higher visual 
narrowing, more pedestrian attractions, presence of non-signalized junctions. 
The opinion survey indicated that, in general, the drivers supported lower speeds as "appropriate" for 
travel on urban streets compared to the speed limits of 50 km/h. Drivers believed that speeds should be 
below 40 km/h, when the street is characterized by a narrow driving lane, high visual narrowing, diagonal 
parking, or a multitude of pedestrian attractions. The selection of "appropriate" speeds was affected by the 
type of the street layout, the socio-economic level of the town, the level of visual narrowing of the road 
and driver's personal characteristics. Consistently, a dual-carriageway multi-lane layout was associated with 
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higher "appropriate" travel speeds, where high visual narrowing of the street provided a moderating effect 
on the perceived speeds. 
 
Conclusions 
The study demonstrated that Israeli drivers are aware of the need for lowering travel speeds on urban 
streets and, particularly, in the presence of pedestrians. Motorists are capable of identifying the 
characteristics of urban streets "reflecting" the possibility of travel at a higher or lower speed. The road 
design characteristics that were found to affect the speed selection by the drivers may be applicable for 
attaining targeted travel speeds on collector streets. 
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Speed is known as the most influential driving risk factor – internationally around 30% of all fatal crashes is 
related to speeding, i.e. excessive or inappropriate speed. This is why managing speed is the central point 
of Vision Zero approach. One of its underlying principles is speed choice, which is influenced by a host of 
characteristics, related to drivers as well as the roads themselves. In this regards it has been suggested that 
in order to support safe driving, drivers should be able to recognise the type of road they are on and adjust 
to appropriate speed – then the road may be termed as “self-explaining” (or predictable). In a theory, such 
a road would not even need to have its speed limits posted – drivers would be able to tell the appropriate 
speed limit from the road visual clues. However, in practice conditions are often not as ideal; in addition, 
posted speed limits do not always correspond to uniform road characteristics (i.e. they are not credible), 
drivers may have different expectations, etc. This leads to unsafe situations and in turn to speeding-related 
accidents. 
 
The aim of the study is to investigate the hypothesized relationships between road (as well as personal) 
characteristics, speed limit belief, posted speed limits, and final speed choice. Previous studies, which 
attempted to uncover these links, were primarily from the Netherlands or New Zealand. The presented 
study focuses on Czech conditions. 
 
Several data sources are being utilized for the study: 

- Photographs were selected from 30 rural road sections (mostly straight segments) with known 
speed performance from radar or GPS measurements. 

- In addition to real average speed, these sections were described by their physical characteristics 
(speed limit, road width, shoulder width, road surroundings, etc.). 

- Data related to drivers speed perception were collected through on-line application, using 
photographs, and questions “How fast would you drive there?” and “How fast should you drive 
there?” 

- In addition, on-line application included following: general questionnaire (gender, age, driving 
experience, etc.), personality questionnaire TVP (129 items), Driver Behaviour Questionnaire (50 
items), and Arnett Inventory of Sensation Seeking (20 items). 

 
Collected data and their interrelationships were analysed using methods of descriptive and regression 
analysis. 
 
The analysis will help identifying the links between road appearance and speed limit belief/speed limit 
credibility/speed choice, together with personal characteristics of respondents. The findings will enable 
to assess speed perception and behaviour in the analysed road sections. The results will help show how 
much (and why) are the roads self-explaining (predictable) and speed limit credible – and if they are 
not, then why? The answers will be useful for practitioners dealing with road safety, traffic signs, self-
explaining roads and making Vision Zero real. 
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The SAE standard on Surrogate Measures of Safety (SMoS) defines them as ‘indicator(s) derived from 
observation and safety gradation of non-crash events in traffic with the ultimate goal to estimate the 
expected crash/injury frequency as well as to get a better understanding of the crash mechanisms and 
contributing factors’ (SAE, 2019). 
 
This work focuses on the phenomenon of ‘safety gradation of non-collision events’. The earlier theoretical 
work suggested that a proper severity measure for an event should reflect the risk of a personal injury, 
which is often split into two components - the risk of a collision and its potential consequences had the 
collision taken place (Laureshyn, De Ceunynck, Karlsson, Svensson, & Daniels, 2017). While there is a great 
number of severity measures suggested, most of them fail to address both components accordingly 
(Johnsson, Laureshyn, & de Ceunynck, 2018; Mahmud, Ferreira, Hoque, & Tavassoli, 2017), resulting in 
counter-intuitive event gradations and inconclusive outcomes when validation studies are attempted. 
On the other hands, it has been shown that human observers (experts as well as non-experts in traffic) are 
often in very good agreement when given a task to rank traffic situations by their severity or dangerousness 
(Grayson, 1984; Kruysse, 1991; Madsen, 2018). It appears that humans have a relatively well-calibrated 
‘internal mechanism’ to judge risks in traffic, at least in the role of a side observer. While there is no direct 
proof that the human judgements are indeed the ‘true severity measure’, they are clearly more 
comprehensive and closer to the theoretical severity concept. Some validation studies also indicate that 
human judgements outperform the simplistic objective measures in the estimation of accident risks 
(Svensson, 1992). 
 
This study presents a methodological approach to better understanding which objective factors and 
parameters describe human judgements of traffic event severity. A set of video-recorded traffic situations, 
varying from normal encounters to traffic conflicts and actual collisions is used. If we simply ask people to 
score each of events: “On a scale of 1 to 10, what is the severity of this event?” people may mean different 
things by the same score. It may be hard to determine specifically what ‘1’ and ‘10’ mean (how bad does an 
event have to be to get a 10?). Based on this, gathering paired comparisons may be more useful than 
directly asking for severity scores. Thus, instead of directly asking observers for severity scores, we present 
the situations pairwise and ask to select the most severe one (a modification of ‘random walking’ method 
used in environmental psychology, (Patching, Rahm, Jansson, & Johansson, 2017). With a sufficient amount 
of processed pairs, the situations can be ranked along the severity dimension and clusters of ‘same 
severity’-situations can be identified and controlled for. 
 
On the objective side, each situation is described with a set of indicators such as road users’ positions over 
time, speeds, approach angle, Time-to-Collision, kinetic energy, Delta-V, etc. A factorial analysis is 
performed to estimate which of the objective variables contribute the most to the subjective severity 
perception. 
 
The expected outcome of this work is recommendations for a more universal objective measures (or 
scores, i.e. combinations of several measures) that are: i) ‘make sense’, i.e. are not counter-intuitive; ii) 
versatile, i.e. take into account several factors and weigh them in according to their importance. We 
acknowledge that ‘yet another’ new severity measure will still require proper validation of its performance 
in estimation of expected accident level. 
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Surrogate safety measures attempt to analyse traffic safety using “near-crashes”. These measures typically 
attempt to assess the dangerousness (or severity) of a meeting between two or more road users using 
various indicators which commonly measure spatial or temporal proximity between the road users 
(Laureshyn, Johnsson et al. 2016).  
The point of evasive action, i.e. the moment in which a road user takes evasive action, is the basis for the 
time to accident (TA) indicator which is used in the Swedish conflict technique (Hydén 1987). Estimating the 
severity in a meeting from the point of evasive action makes theoretical sense since it is the last point in 
which the initial conditions of an interaction can be observed which allow for some estimation of how 
strong the evasive action must be to avoid a potential crash. 
While the TA indicator has seen use as part of the Swedish conflict technique, the application of the 
indicator has so far been limited to human observers. This study aims to make the same analysis possible in 
a computer environment by focusing on the difference between trajectories from interacting and 
unhindered road users. 
By studying the similarity of unhindered and interacting trajectories for each frame from a video recording, 
it is possible to identify the exact frame in which an interacting trajectory becomes “different” from a set of 
unhindered trajectories. Comparing the algorithmic approach to four human observes on a set of 17 
meetings show that the algorithm correctly identifies the moment of evasive action with a maximum error 
of 0.6 seconds. 
Following the identification of evasive action, the study further suggests the use of motion patterns to 
predict the future path of the road user had they not taken an evasive action. Since the suggested approach 
relies on the similarity between interacting and unhindered trajectories, we can assume that the interacting 
road user would have continued as similar unhindered road users did. This allows for a prediction up to the 
point of evasive action. By making the prediction one frame (1/15 s) before the start of evasive action, a 
value very similar to TA can be calculated. 
A test of the suggested approach has been made on two signalized intersections with different designs. The 
result from the approximately 400 meetings between right-turning motor vehicles and cyclists at each 
intersection show that the approach can be used to investigate the safety of meeting between road users. 
However, the result also shows two significant limitations with the approach; the first being that no TA can 
be calculated in situations in which there are no evasive action and the second being that the approach fails 
to properly detect if a dangerous situation occurs between two road users that have previously interacted 
with another road user (i.e. a secondary interaction). 
The conclusion is that the suggested approach is capable to identify evasive actions but further research 
into how to properly calculate the severity whenever there is no evasive action and how to handle 
secondary interactions is needed. 
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Background 
The implementation of a proactive approach to road safety seems to be even more ambitious when VRUs 
are the target of the investigation. In this case, even the use of a reactive approach is challenging due to the 
generally higher underreporting of the crashes involving Vulnerable Road Users (VRUs), above all bicyclists. 
Underreporting may change in the different European Countries, making impossible to analyze the effects 
of the different designs of the infrastructure or the applied safety policies. The chance to access to GPS 
data is opening new perspective in the management of bicyclists safety on the condition to relate this new 
information to the safety level of the infrastructure by considering the bicyclist behavior in the definition of 
critical events. The developing bike sharing systems, as well as the use of third-party applications for 
navigation during a bike riding, is continuously improving the availability of data. 
 
Aim 
The present research work explores the possibility of using bicycle probe data for network screening for 
bicycle safety. Aim of the paper is the presentation of the method to identify critical sites in road network 
taking into account bicyclists safety based on GPS data collected from bike sharing system and Strava 
application. Data used in the elaboration are related to the bike sharing system and bike trips in Krakow 
which is large enough to cover the central part of the city, where bike facilities are more concentrated. 
 
Method 
GPS data was used to define a robust methodology for identification of critical sites which need to be 
studied in detail due to the higher/abnormal concentration of the pre-identified critical events. In this 
framework, the first step is the definition of the critical event. This was carried out through the study of the 
dynamic parameters of motion (acceleration and speed), by identifying specific thresholds for all of them, 
above which an event may be considered as critical. In the next step, the correlation between identified 
critical sites and crash locations was made. 
 
Results 
The study of the dynamic parameters involving the bicycle motion allows providing the answer, by 
identifying the threshold values of acceleration and speed for which a typical interaction between road 
users or road users and infrastructure turn into a critical event. Those thresholds were defined in a way to 
consider events in which the motion parameters assumed values that cannot be considered as a normal 
interaction with the infrastructure. Based on of threshold values of dynamic parameters of bicycle motion 
higher than assumed, critical sites were identified and compared with locations of crashes. 
 
Conclusions 
The results of the study provide a first step in the use of GPS data for a proactive approach to bicyclists 
safety, which need, anyway, to be validated with reliable measures of safety to be considered applicable in 
a large scale, such as an entire urban network. Furthermore, the results need to be validated by considering 
a measure of exposure, which cannot be done here for the lack of data. Despite these limitations, the 
results have a strong theoretical framework and are really promising to be first aid and low-cost approach 
for the safety screening of bike facilities network.  
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Background:  
Although converting an intersection into a roundabout has been shown to result in fewer injury accidents 
for both motor vehicle drivers and pedestrians, the effect on cyclist safety is unclear or even negative. 
International studies of intersections converted to roundabouts indicate a strong reduction in injury 
crashes, particularly for crashes with fatal or serious injuries. However, the safety effects of roundabouts 
are not equally distributed across the different types of road users because they seem to induce a higher 
number of cyclist involved accidents. It has been assumed that safety issues for cyclists are caused by speed 
differences between motorised vehicles and cyclists as well as by some inherent conflicts at some types of 
roundabouts.  
 
Aim:  
This study makes use of semi-automated video observation software with the aim of analysing cyclist 
behaviour and cyclist safety on roundabouts with different diameters. The motivation for this research is to 
understand better cyclist behaviour and how it varied under different conditions.  
 
Method:  
Four four-legs roundabouts with mixed traffic located in Belgium were selected for detailed analysis. The 
roundabouts were chosen to have two different diameters (approximately 20 and 30 meters) in order to 
observe how the diameter affects the behaviour of cyclists and vehicle drivers. 60 hours of video footage 
were analysed for each roundabout. In order to collect the video footages, two fully connected and 
portable video data collection devices were used. At each site, the two devices were mounted on different 
poles to record oncoming cyclists and vehicles on the roundabout. Each video camera was used to record 
oncoming vehicles and cyclists on a single quadrant, in order to ensure a sufficiently high accuracy. The 
analysis regards therefore two quadrants for each roundabout. All cyclists riding the two quadrants during 
the recording period were analysed. Two types of operative conditions were defined: cyclists who are not 
in interaction with other vehicles (free-flow cyclists) and cyclists who are in interaction with other vehicles. 
Interactions between cyclists and vehicles are classified based on each other’s position in five cases: 1) 
following interactions; 2) overtaking interactions; 3) entering interactions – the road user on the leg goes 
first; 4) entering interactions – the road user on the leg doesn’t go first exiting interactions; 5) exiting 
interactions. Additionally, interactions between cyclists and vehicles were analysed using surrogate safety 
indicators (overtaking proximity, time gap and minimum time-to-collision). The video footages were 
processed using T-Analyst, a semi-automated video analysis tool, which allowed the accurate 
determination of the position of an object in the image and the calculation of its trajectory. This allowed 
the calculation of road users’ speeds and positions, distances and traffic conflict indicators in an accurate 
and objective way.  
 
Results:  
Lateral positions and riding speeds of free-flow cyclists were analysed with regard to several factors (e.g., 
age, gender, helmet use, diameter of the roundabout) in order to better understand cyclist behaviour. 
Lateral positions and riding speeds of free-flow cyclists were then compared to the ones of cyclists who are 
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in interaction with vehicles in order to understand if and how the presence of other road users affects 
cyclists’ behaviour.  
 
Conclusions:  
This study confirms the validity of video analysis techniques which allowed to calculate the indicators 
necessary to assess cyclist behaviour in an efficient and rapid way. This made it possible to evaluate how 
different geometric characteristics of roundabouts and different traffic conditions affect cyclist safety. 
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Background 

Modeling the severity of conflicts using surrogate safety indicators has attracted an increasing attention in 
the past two decades. Temporal indicators such as time-to-collision can be used on their own to capture 
the severity of an interaction by applying a threshold value, however these are not sufficient to describe 
the severity of the consequences. A few researchers already stated that time-based indicators need to be 
complemented with some speed-related indicators to also describe the severity of the interaction. 

Many studies on severity of crashes also showed that the consequence of a crash is dependent not only on 
the speed but also the mass of the involved road users and the angle of a collision. To that end the 
indicator Delta-V is often used, which describes the change in the velocity vector experienced by a road 
user during a crash. An extension of this indicator, the Expected Delta-V can be calculated when 
assumptions are made about the road users' future movements (both vehicles will crash with the same 
speed they have at a certain moment in the course of an interaction). Since Expected Delta-V is a 
continuous indicator, the one associated with the lowest nearness-to-collision indicator can be used. 

Aim 

A few researchers already stressed the relevance of the joint modeling of nearness-to-collision and a 
severity indicator. The main aim of this paper is to demonstrate the application of the bivariate Extreme 
Value theory to differentiate severity levels of road users’ interactions. 

Research methodology  

A regular signalized intersection with two-phases in Minsk (Belarus) was recorded for three days (from 6 
AM till 9 PM). The video footages of two cameras were then analyzed in the software T-Analyst allowing 
the manual tracking of straight going and left turning vehicles as well as the calculation of various surrogate 
measures of safety. For this study approximately 1600 interactions were detected and subsets were 
created where two nearness-to-collision indicators were available. 

As for the temporal indicators TTC (time-to-collision) and T2 (the expected time for the second road user to 
arrive at the conflict point) are used. The former indicator is a collision, the latter is a crossing course 
indicator, thus the secondary intention is to analyze and compare the results of the two. As for severity two 
speed related indicators are used: relative speed and Expected Delta V0. 

Results expected 

Altogether four cases are investigated using the bivariate models: 1) negated TTCmin vs. relative speed; 2) 
negated T2min vs. relative speed; 3) negated TTCmin vs. DeltaV0; 4) negated T2min vs. DeltaV0. 

This is an on-going research, it is expected that by testing the four pairs of indicators we can make 
conclusions on 1) the differences in the applicability of the two surrogate indicators together with relative 
speed and Delta-V and 2) identify probability based severity lines having the same crash probability using 
EVT models. 
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Background 
Traffic microsimulation has been used extensively to evaluate consequences of different traffic planning 
and control policies in terms of travel time delays, queues, pollutant emissions and every other common 
measured performance while at the same time traffic safety has not been considered in common traffic 
microsimulation packages as a measure of performance for different traffic scenarios. Vehicle conflict 
techniques that were introduced at intersections in the early traffic researches carried out at the General 
Motor laboratory in USA and in the Swedish traffic conflict manual have been applied to vehicles 
trajectories simulated in microscopic traffic simulators. The concept is that microsimulation can be used as 
a base for calculating the number of conflicts which will define the safety level of a traffic scenario. This 
allows engineers to identify unsafe road traffic maneuvers and helps in finding the right countermeasures 
that can improve safety. Unfortunately most common used indicators do not consider conflicts between 
single vehicles and roadside obstacles and barriers. A great amount of vehicle crashes take place with 
roadside objects or obstacles. Only some recent proposed indicators have been trying to address this issue. 
 
Aim 
This paper introduces a new procedure based on the simulation of potential crash events for the evaluation 
of safety levels in microsimulated traffic scenarios which takes into account also potential crashes with 
roadside objects and barriers. The procedure can be used to define new conflict indicators 
 
Method or methodological issues 
The proposed simulation procedure generates with the random perturbation of vehicles trajectories a set 
of potential crashes which can be evaluated accurately in terms of DeltaV, energy of the impact and/or 
expected number of injuries or casualties. 
The procedure can be applied also to real trajectories giving birth to new surrogate safety performance 
indicators which can be considered as “simulation based”. The methodology and a specific safety 
performance indicator is described and applied to a simulated test traffic scenario. 
 
Results obtained or expected 
Results indicate that the procedure is able to evaluate safety levels both at intersection level and in the 
presence of roadside obstacles. The procedure produces results that are expressed in the same unity of 
measure for both vehicle to vehicle and vehicle to roadside object conflicts. The total energy for square 
meter of all generated crash can be used and is shown on the map, for the test network, after the 
application of a threshold to evidence the most dangerous points. Without any detailed calibration of the 
microsimulation model and without any calibration of the parameters of the procedure (standard values 
have been used) it is possible to identify dangerous points. A preliminary sensitivity analysis has shown that 
results are not dependent on the different energy thresholds and different parameters of the procedure. 
 
Conclusions 
This paper introduces a specific new procedure and the implementation in the form of a software package 
which is able to assess road safety considering also potential conflicts with roadside objects. Some of the 
principles that are at the base of this specific model are discussed. The procedure can be applied on 
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common microsimulation packages once vehicle trajectories and the positions of roadside barriers and 
obstacles are known. The procedure has many calibration parameters and research efforts will have to be 
devoted to make confrontations with real crash data in order to obtain the best parameters that have the 
potential of giving an accurate evaluation of the risk of any traffic scenario. 
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Background 
There are still discussions about how to best find patterns in crash databases that can be used, e.g., for 
prevention. This paper demonstrates a simple tool that makes it easy to find those patterns, and to specifiy 
to a certain degree their statistical significance. 

 

Method or methodological issues 
The method to look for patterns to be used here is a so called mosaic-plot. It is easily comprehensible by 
way of an example, see e.g. Figure 1. Let us count the number of crashes as a function of time-of-day (in 

hours) and the day-of-week. This yields a matrix of counts  that may or may not have a certain pattern: 
assuming the crash number depends on traffic demand, one would expect that more crashes happen on 
weekdays and during the rush-hours. The simplest assumption would be that the time-of-day and day-of-
week are not correlated with the number of crashes: 

 

Here,  are the marginal sums of the matrix,  the number of samples in the database, 

and the matrix  is the expected number of counts. By computing the Pearson residuums , a mosaic-

plot tests whether the observed numbers  are compatible with this expected number by computing: 

 
This is then plotted along with the sizes of the various entries as shaded boxes. 

 

Figure 1: A mosaic plot for the number of crashes per day of the week and hour of the day. 
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This shading carries the most important information; additionally the size of the boxes indicates how 
frequent the corresponding case is found in the dataset. Boxes drawn in blue mark entries that occur more 
often than assumed by the model behind (which in this case was assuming independence between the two 
features), while boxes in red mark entries that happen more rarely than assumed. Boxes in gray are in line 
with the model. So, in almost all of the data that has been analyzed, strong and significant deviations from 
gray have been found. 
Results obtained or expected 
The results are from the Berlin crash database, which contains all the crashes reported by the Police from 
2001 – 2014. For the purpose of the analysis to be presented here, each record contains among others 
(there are 62 parameters multiplied with the number of persons involved in each crash), the time, date, 
and position of a crash, sex, age, drug-state, and state of the driver license of each driver, crash type and 
the so called collision diagram. 

 

 

Figure 2: Frequency distribution of the 10 most likely collision types, together with their graphical 

description. 

 

Collision diagrams describe the constellation of the collision partners in the crash. The small inclined bars in 
the errors indicate the offender of the crash. Like crash-types, they are not distributed evenly. For instance, 
the first ten collision diagrams make up for 65% of all the crashes in the data-base, see Figure 2. 
Therefore, the following analyses are done for these ten most frequent crashes only. In this case, we seek 
for patterns between the collision diagram and the age and the sex of the person who (according to the 
judgement of the database) was the main culprit for the crash. To make the results easier to display, age 
has been classified so that each age-group contributes roughly 10% of the data, with the exception of 
participants below the age 18 where an explicit break was forced to the data. 
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Figure 3 Mosaic plot of the collision diagram versus age for female (top) and male (bottom) causers of the 
crash. 
 
The patterns are quite insightful: the most frequent collision diagram #61 visible in Figure 3 is more often 
produced by drivers up to the age of 47; then this reverses completely, drivers older than 53 have this type 
of crash much less often than expected. Interestingly, this feature is mostly the same for female and male 
drivers. The same applies for all the other patterns displayed in Figure 3. 
 
Conclusions 
Crash data contain highly significant patterns. Tools like mosaic plots are useful to visualize and enable us 
to find those patterns. In fact, it seems that they find too many patterns, so the question for future work is 
how to work with these results, and how to best obtain information from them that can be used in the 
practitioners’ daily work. 
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Background 
In a typical policy cycle, analyses of root causes and problems are made to support rational decision-
making. This is also the case for road safety. For many decades researchers and policy makers have been 
looking for ways to understand and to tackle root causes of crashes. Accident causation theories became 
popular in the twentieth century and never disappeared. The idea behind these theories is that crashes can 
be attributed to principal causes and consequently that removing these causes is likely to eliminate the 
resulting problem. In many countries road safety policy is still built on the notion of tackling so-called main 
‘killers’ in traffic.  
 
Aim 
We used available information retrieved from a dataset of detailed expert reconstruction reports of crashes 
in order to identify main contributing factors to these crashes. Based hereon lessons can be learned for 
road safety policy development. 
 
Method 
We collected data on 169 crashes (of which 64 fatal crashes and 101 crashes with at least one severely 
injured person) that occurred between 2013 and 2016 in the city of Antwerp, Belgium. Detailed crash 
investigation reports were drawn up by a specialised team within the Local Police of Antwerp and coded by 
the researchers in a purposively developed form. ‘Extreme behaviour’ was defined as infrequently 
occurring but most likely intentionally executed behaviour in traffic that represents a clear risk factor. 
Examples of extreme behaviour are driving at very high speeds, red light running or driving with a blood 
alcohol concentration well above the legal limit. The definition was further operationalized by defining 
behaviour that in itself is not considered ‘extreme’, but in combination with other behaviour meets the 
idea of extreme behaviour. An example of the latter is driving 10 km/h too fast in combination with not 
wearing a seat belt.  
All crashes were subsequently categorised as ‘extreme behaviour’ or – in case no extreme behaviour was 
present – as ‘system failures’. 
 
Results 
Only in 41 out of 169 crashes (24%) a clear form of extreme behaviour is present. Over a third of all 
observed types of extreme behaviour relates to speeding. Driving under influence of alcohol and ignoring 
red lights are less common, but still prevalent. Other crashes are related to factors such as road, weather 
and light conditions, errors and lapses of road users as well as vehicle defects. On average, the injury 
severity for road users showing extreme behaviour is higher than for other road users in these crashes. 75% 
of all involved road users are male, with no clear differences between the ‘extreme behaviour’ and the 
‘system failures’ group. 18-24 year old road users are twice as often present in the extreme behaviour 
group as compared to the system failure group whereas the proportion of road users of 55 years or more is 
higher in the system failure group. 
 
Conclusions 
Although the prevalence of extreme behaviour is dependent on its definition, it can be stated that most 
crashes in the investigated sample are not related to extreme behaviour. This means that further 
reductions in the number of crashes can only partly be expected from targeted actions on just a few main 
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‘killers’ in traffic, such as speeding or drunk driving. This finding underlines the importance of an approach 
in which principles of systems thinking should play an important role. 
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Background 
Inappropriate speeding is one of the most important reasons for fatalities and injured in the traffic. Studies 
have shown that more than 50% of the Danish car drivers are speeding regularly on urban roads, while it is 
nearly 75% on rural roads. Physical speed-calming measures, and in particularly speed humps are widely 
used to reduce speeding in urban areas in the Danish road network. 
 
Aim 
According to the Danish road regulation is the recommended maximum distance between speed bumps on 
50 km/h roads 150 m. However, in practice, the interval between speed humps differs significantly due to 
lack of resources and low focus on over all speed management on most roads.  The aim is to clarify, which 
effect the distance speed humps on urban road in Denmark has on the speed. 
 
Method or methodological issues 
The method is based on GPS data from driving cars, called Floating Car Data (FCD). From a large number of 
cars FCD from the passage of the speed humps are analysed. In total the driving across and around 570 
speed humps on 192 studied road segments are analysed. Data is selected parts from the Danish FCD 
project, ITS Platform with more than 1 milliard observations. FCD include up to 246 unique cars and 11,168 
trips per speed hump. In order to avoid data over flow, is the maximum speed measured per trip near the 
each speed hump used as characteristic for each passage. There is no reservation regarding any speed 
reducing effect from congestion and i.e. the car in front, but if it affect the results, it all things being equal 
underestimate the found speed. Only road segments with a speed limit of 50 km/h (the normal urban 
speed limit in Denmark) are included in the study. 
 
Results obtained or expected 
The FCD are almost analysed, and the preliminary results show that the majority of the speed humps (91%) 
not reduce the speed sufficiently and that the 85 percentile speed where speeding is found, in average is 57 
km/h. There is a connection between distances between the speed humps and the speed with a distance 
up to 200m. Above this distance speed humps has the same low effect regardless of the distance, and that 
it seems that other factors as urbanity and road width affects the speed more. 
 
Conclusions 
Speed humps on urban Danish roads are widely used as solution to reduce speeding on the roads. 
However, the speed humps are located with different interval although the regulation recommend a low 
maximum distance between the speed humps. Despite the speed calming effect from speed bumps it has 
been found that speed increases with higher distances between the speed humps, although this effect 
ceases when the interval is higher than 200m. The recommendation is to establish speed humps with fixed 
and short intervals, as speeding else is difficult to avoid. 
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Background 
Railway level crossings constitute a significant hazard for road users. The number of crashes between trains 
and road users at level crossings is low in absolute numbers, but the severity of these crashes is high. In 
Belgium in 2018, 38 crashes occurred at level crossings, involving 9 fatal victims. This number is high, 
especially when taking into account that the vast majority of level crossings in Belgium are protected 
crossings that are usually equipped with red lights, electronic bells and barriers. In spite of the high level of 
protection, trespassing (i.e. crossing when the barriers are closed) is relatively common and is the cause of 
the majority of the fatal crashes at level crossings. 
In order to reduce trespassing and the number of crashes resulting from this behaviour, a new warning 
system was developed and tested. The warning system activates an infrared beam when the barriers are 
closed. When a road user interrupts the beam by (attempting to) trespass the lowered barrier, a loud alarm 
sound is automatically triggered. The aim of the warning system is on the one hand to stop road users who 
are trespassing before they enter the path of the approaching train, and on the other hand to deter road 
users from (attempting to) trespass altogether.  
To the best of our knowledge, the design and the aim of this device is unique. No comparable devices were 
identified.    
 
Aim  
The aim of this study was to empirically test the effectiveness of the level crossing warning system in 
stopping (attempted) trespassing, and in deterring trespassing.   
 
Method  
The warning device was installed at one test site in Belgium that suffered from frequent trespassing. A 
systematic behavioural analysis of videos of (attempted) trespassing events using a predefined codebook 
was conducted. Violations during three observation periods were analysed: 

- A before-period observation of slightly over two weeks in the period November – December 2018 
when the warning device was not present. 

- An after-period observation of slightly over two weeks in the period January – February 2019 after 
the device had been activated. 

- Short clips of violations from an earlier three-month pilot test in 2016. 
In total, 106 (attempted) violations were registered and analysed. 
 
Results obtained 
The analyses showed that the activated warning system stopped 46% of the (attempted) violations by 
vulnerable road users. The system does not stop any attempted violations by motor vehicle drivers. In 
addition, the number of (attempted) violations reduced by 48% between the before and the after period; 
from approximately one violation per 42 closures to one violation per 81 closures.   
In addition, several behavioural factors of (attempted) trespassing are described. These include the time of 
the violations, type of trespassers (gender, age category, number of persons involved), trajectory, looking 
behaviour, reaction to the alarm sound and mechanisms of social influence (presence of other road users 
and/or other violators).  
 
Conclusions  
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While further research is needed, the results from this pilot study are favourable and suggest that a system 
that generates an automatic alarm sound when a road user tries to trespass can contribute to reducing 
trespassing by vulnerable road users at railway level crossings. This can reduce the number of crashes 
between trains and road users at railway level crosses. 
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The number of road accidents with pedestrians in Warsaw has remained stable over recent years (ca. 400 
per year). In the period of 2011-2017, almost 4,300 pedestrians were involved in road incidents, of which 
almost 40% occurred at unsignallised junctions. The largest share in accidents at unsignallised crossings 
comprises people aged 10-30 and 60-64. In the age group over 64, as much as 15% were killed, while in the 
30-64 age group 4% and in the 0-29 age group below 1%. This means that the severity of accidents 
involving pedestrians over 64 at usignallised pedestrian crossings is significantly higher than for young 
people. They constitute almost 70% of deaths at this type of crossings in Warsaw. 
In 2017 the so-called active pedestrian crossings were introduced in Warsaw. They are equipped with 
flashing lights activated automatically by detected pedestrians, painted in red and equipped with skid 
resistant surface on the road approaches. The purpose was to improve safety and comfort of pedestrians at 
the crossings where pedestrians have to cross two or more lanes in one direction. The paper will present 
the effects of the implemented solution, with particular emphasis on benefits for mobility-impaired 
pedestrians: the elderly, disabled and people with small children. 
Surveys were carried out in 2017 and 2018 in three periods, i.e. before the introduction of the active 
signage, just after and one year after  the installation at six sites. The sites were video recorded 24 hours a 
day, for two to three days at each site and in each analysis period, i.e. before, just after and a one year 
after. The pedestrian crossing users were divided into 8 types: physically fit people, elderly, people with 
disabilities, people with small children, people with strollers, walking cyclists and cyclists riding bikes. Also, 
pedestrians in groups were analysed separately. For each type of users one of 5 types of crossing situations 
were  identified: no user interaction (the vehicle is far away, pedestrians cross the street without any 
change of behaviour), potential conflict (pedestrians and drivers do not change behaviour, but are 
dangerously close to each other), light conflict (users’ trajectories cross and they undertake limited actions 
to avoid collisions, for example: slow down, slowly stop, change trajectory), serious conflict (users’ 
trajectories cross and they undertake rapid actions to avoid collision and the situation is very close to a 
collision, for example: sudden braking or a sharp turn) and the last: a vehicle passes  another vehicle that 
has stopped to yield the pedestrians. 
The results were analysed in terms of safety and comfort of pedestrians crossing the street, with particular 
emphasis on people with limited mobility. For the three survey periods and for the eight pedestrian types 
percentages of dangerous situations were calculated, together with  average waiting times  by the 
pedestrians and percentages of drivers yielding to pedestrians. 
Preliminary results are quite different for different periods of the analysis (just after and one year after) and 
particular groups of users. ANOVA analysis was performed to check if changes in mean waiting times and 
yielding rates were significant. For some of the groups, a greater willingness to cross the street was 
identified. Different level of efficiency of the active pedestrian crossings depending on the time of day was 
also identified.  
Road accidents at pedestrian crossings constitute a serious problem of road safety in Warsaw. A high share 
of fatal accidents among elderly is especially worrying. Protecting people with reduced mobility is very 
important, not only from the point of view of public health, but also ethics. 
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Safety is one of key aspects of any kind of transport activity. For many years various actions have been 
undertaken by engineers and scientists in order to work out solutions that may improve traffic safety. 
Nevertheless, traffic incidents still occur. Traffic incidents not only bring an indubitable personal tragedy to 
people involved, but also cause material loses and breakdowns in traffic networks. Therefore, there is still a 
strong need to take more and more effective actions to improve safety.  
 
Among different sub-systems of transport, system of public transport has to be treated with particular 
attention. Its significant role in shaping sustainable development and sustainable mobility in urban areas 
should be emphasized. Users of transport system in such areas have been encouraged to change their 
travel behaviors and choose means of public transport instead of cars. It is a way to solve critical problems 
that large agglomerations or metropolitan areas contend with, such as congestion or pollution. Traffic 
incidents involving means of public transport are always of special significance. Usually, a lot of people are 
exposed at risk of injury but also such incidents reduce the quality of public transport. Hence, it is of great 
importance to take all measures to provide safe and reliable public transport for inhabitants of urban areas. 
That may be one of necessary steps to encourage people to choose means of public transport.  
 
Sub-system of tram transport has a set of distinctive features. Incidents occurring in tram network usually 
result in much larger disruptions than in other parts of transport network. This is due to the smaller detour 
possibilities.  
 
The main goal of the paper is therefore to analyze traffic safety at chosen tram stops  and in their 
immediate surrounding in order to learn about mistakes that are made by both drivers and passengers 
getting on or off the tram at these stops. To perform such analysis, tram stops should be classified into 
categories. A basic division should be made according to location of the tram stop – they may be separated 
from the roadway or may share the roadway with vehicles. In first case, there are usually separated 
platforms for passengers which allow for getting on or off the tram. It may be required to cross the 
roadway to get to the platform from the sidewalk, usually using pedestrian crossing. However, in the latter 
case, passengers have to enter the roadway in order to get on or off the tram. Traffic organization in such 
locations may vary and passengers may need to cross one traffic lane, two traffic lanes, with traffic going in 
one direction or even two traffic lanes with traffic going in opposite directions. Therefore, the classification 
of tram stops will be also conducted. Subsequently, an analysis of mistakes and causes of traffic conflicts 
between passengers and drivers at tram stops will be carried out separately for each category. Hence, it is 
possible to learn if there are any dependences between the category of tram stops and mistakes that are 
usually made at stops of particular category. The analysis for each category will include both location and 
traffic organization at the stop.  
 
The expected results also include a set of actions that may be undertaken to improve traffic safety at tram 
stops of these categories, which are particularly vulnerable to the occurrence of traffic conflicts. 
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BACKGROUND 
Driver inattention occurs when a driver pays insufficient attention or no attention at all to critical activities 
for safe driving. Driver inattention can be divided into distraction and drowsiness. These driver behaviours 
are associated with the worsening of driving performance, but also with a significant reduction of the 
cognitive performance. The present study uses retrospective data of drowsiness and distraction alerts 
collected from a commercial driver monitoring system implemented to warn professional and non 
professional drivers. The system issues inattention alerts to drivers and registers several variables related 
to each event, such as the timestamp, the GPS position, the instant vehicle speed and the type of alert 
(distraction or drowsiness). A total of 1,560 inattention events from 70 professional drivers and 715 events 
from 291 non-professional were considered in this study. 
 
AIM 
This study has two main objectives. The first objective consists in the investigation on whether professional 
and non-professional drivers have different driving profiles with respect to inattention. The second 
objective is to analyse each driver profile to identify the main risk factors related to the journey 
characteristics that may lead to inattention. 
 
METHOD 
Considering both objectives, two different methods are used. First, a cluster analysis is applied to the entire 
dataset consisting of professional and non-professional drivers. Second, new modelling datasets are built, 
taking into account the driving profiles found in the previous step and aggregating the data by driving 
records, i.e., each observation corresponds to a continuous driving event. Then, generalized linear models, 
such as binomial negative models, are applied to each dataset, allowing analysing the journey 
characteristics that may origin inattention alerts. 
 
RESULTS 
The preliminary clustering results show relevant differences between professional and non professional 
drivers, leading to the separation of the dataset in the following step of the methodology. 
 
CONCLUSIONS 
In the case of professional drivers, the preliminary results show that a continuous driving period of two 
hours more than doubles the number of alerts occurred in the first hour, denoting that continuous driving 
increases the probability of inattention events. When a professional driver stops twice during a one-hour 
journey, the number of alerts for drowsiness and distraction decreases by 51% and 18%, respectively, when 
compared to just one stop. Regarding non-professional drivers, females are less prone to the occurrence of 
drowsiness alerts. Additionally, a profile with an increased risk of inattention exists both among 
professional and non-professional drivers, corresponding to 27% and 23% of the corresponding samples. 
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Autonomous cars are likely to become an inherent part of European transport systems over the coming 
decade. The European Union intends to introduce by 2030 vehicles meeting the requirements of level 3 and 
4, and then level 5 of autonomy. These vehicles will be introduced not only on motorways, but also on 
congested areas of cities. Vehicles fully autonomous, initially, will move in city centers at low speed, which 
additionally exposes problems related to traffic safety discussed in this article. 
These plans are reflected in subsequent EU undertakings, e.g. in the report of the European Parliament of 
January 15, 2019, the problem of obligatory recording of traffic data has been emphasized. Most likely, 
devices recording events with the participation of autonomous vehicles will become mandatory. This is due 
to the obvious issues related to the safety of use of this type of vehicle, especially in the first years of their 
operation in real traffic conditions. During this period, the road network will gradually be saturated by 
these vehicles. Irrespectively of the safety problem of autonomous vehicle, the problem of the impact of 
their presence in the road network on traffic conditions will arise. In the article, these issues were discussed 
in relation to road network bottlenecks. 
Currently observed problems in the road network, both in terms of traffic safety and variability of its 
parameters apply only to conventional vehicles (electric cars are still a margin in Poland). In this respect, 
significant changes will undoubtedly take place in the coming years. The first changes will be caused by 
electric vehicles, and further – by autonomous vehicles, while in the latter case they will be connected not 
only with the traffic safety but also with the transformation of the current traffic pattern and its 
characteristics. Both problems are closely related. 
The aim of the research is to identify stochastic traffic patterns in the bottlenecks in the Polish road 
network. The connection with the safety aspects requires choosing such bottlenecks, in which there is a 
large number of traffic incidents. The research on recognizing traffic patterns in the area of impact of 
bottlenecks has already been carried out in the past two decades in such countries as: Germany, the UK, 
the USA, China and many others. The research has been initiated by B.S. Kerner in the late 90s in the 
German road network. In Poland, such models should be created from the beginning or models developed 
on the basis of foreign experience should be verified to Polish conditions. 
The research undertaken by the Authors includes two interrelated areas of analysis: traffic safety and the 
impact of autonomous vehicles on congestion patterns in bottlenecks. This requires numerical analyzes 
using the collected data, which will be carried out at later stages of work. This article focuses on identifying 
currently existing traffic patterns in areas exposed to traffic congestion and with poor traffic safety 
indicators. To determine such patterns, prototype microprocessor measuring devices will be used. These 
devices will record traffic parameters and their changes over time and in space both in selected bottlenecks 
of the road network as well as in their immediate vicinity. The data obtained in this way will be used—after 
their transformation using data mining procedures—to formalize traffic patterns in bottlenecks. 
As a result of carried out research and analysis of traffic patterns in the area of bottlenecks exposed to the 
occurrence of congestion and road accidents, preliminary recommendations for traffic of autonomous 
vehicles will be set. These recommendations will be formalized in the aspect of sharing the space of 
autonomous vehicles with conventional ones in order to minimize the occurrence of dangerous events in 
traffic and events disturbing traffic stability in bottlenecks. In addition, the directions for further research in 
this area will be defined in order to minimize the negative impact of autonomous vehicles on both road 
safety and traffic patterns in the area of bottlenecks. 
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BACKGROUND 
Advanced driver assistance systems (ADAS) had a significant technological boost in the last decade, being 
present on most new vehicles sold in Europe. The integration of ADAS will pave the way for self-driving 
cars, however a paraphernalia of safety, technological, regulatory and acceptability concerns will have to be 
addressed during a transition period of progressive automation. Vehicle automation levels are commonly 
represented by SAE’s scale (L0-L5). Most new cars already have some sort of driver assistance, but still 
leave to the driver most of the dynamic driving task, as well as the permanent monitoring of the road 
environment (L1-L2). L3 automated vehicles perform all aspects of the dynamic driving task in some driving 
modes, but drivers must properly respond to takeover requests. L4 and L5 automation adds fallback 
capabilities of the dynamic driving task, ensuring full-automation for specific and for all driving modes, 
respectively. 
The main safety concern affecting a full rollout of vehicles with conditional automation (L3) lies on drivers’ 
ability to resume vehicle control after a takeover request. In turn, highly automated vehicles (L4 and L5) 
may solve this problem, but their acceptability largely depends on the compliance with drivers’ comfort 
standards, behavioural intentions and ethical considerations. 
 
AIM 
The main objective of this research is to provide an extensive knowledge on the existing literature about 
the safety and comfort of riding an automated vehicle. For that, two main topics will be explored: (i) the 
takeover time and quality under conditional automation, and (ii) the tolerance limits of the dynamic driving 
parameters that influence the safety and comfort levels perceived by vehicle occupants under fully 
automated driving. 
 
METHOD 
Given that vehicle automation is a relatively recent subject, a literature search focusing on the last 5 to 10 
years will be adequate to capture the most relevant references. However, vehicle automation is also rapidly 
evolving, thus the quality of this work highly depends on the keywords used for searching in bibliographic 
databases. The definition of the relevant keywords for the two topics under analysis will be made 
beforehand through the evaluation and processing of official documents and reports issued by regulatory 
bodies and major research institutes. Many documents of this kind are easily accessible and provide a 
general overview of the main trends and issues related to the development of automated vehicles. Text 
mining tools will be used to reduce the bias caused by the authors’ judgment. Afterwards, a detailed search 
in relevant multidisciplinary and/or transport-specific databases, such as Web of Science, Scopus, Google 
Scholar, TRID, and EBSCO, will be performed using the predefined keywords, allowing collecting the most 
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important scientific articles in both topics. Backward and forward snowballing will also be used to detect 
missing relevant studies, adding further value to the literature review.  
 
EXPECTED RESULTS 
This work will result in a structured literature review organized by two topics: (i) safety of takeover 
manoeuvres, and (ii) perceived safety and comfort of automated driving. The literature review represents 
the first stage of the AUTODRIVING project, allowing identifying the main issues and knowledge gaps to 
investigate during the project’s experimental research. AUTODRIVING will promote a driving simulator 
study to assess driver vehicle interaction for different road and vehicle settings representing different levels 
of automation. The first set of experiments will test drivers’ inattention and mental workload during 
takeover events against diverse visual/audio alerts to minimize takeover times and maximize drivers’ 
awareness. The second set of experiments will evaluate the tolerance limits of dynamic driving parameters, 
such as following distance, lateral clearance, speed, and acceleration/deceleration rates, allowing drivers to 
manually override the vehicle’s control path during fully-automated driving whenever they disagree with 
the driving actions or style. 
 
CONCLUSIONS 
This literature review is at the basis of a broader effort developed under the AUTODRIVING project, 
consisting in the delivery of robust driving behaviour models and recommendations to the development of 
collaborative L3+ technology, tailored to drivers’ behavioural patterns and expectations. The development 
of collaborative automation is regarded by policy makers and OEM’s as a key instrument to ensure a 
smooth transition to fully-automated driving and fulfill the European Commission’s “Vision Zero" strategy, 
which heavily relies on vehicle automation to eliminate road crashes caused by human error by 2050. 
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Background:  
Adverse weather conditions such as precipitation, cold, fog or strong wind increase individual risk of road 
injury accident and severity: both visibility and adherence on the road are lowered and the driver does not 
adapt his behaviour by reducing his speed accordingly.  At aggregate level, adverse weather conditions are 
known to reduce mobility, but it is still uncertain whether they also increase the level of risk of a group of 
road users considered globally: vulnerable road users may turn to safer modes such as cars or buses, which 
may result in a decrease of the aggregate level of risk. Consequently, the aggregate number of injury 
accidents and casualties, which are the product of the related risk and exposure levels, may be impacted in 
opposite directions.  
For the needs of national road safety agencies and decision-makers, appropriate trend analysis is required. 
The impact of transitory factors and road safety policies on the numbers of road safety outcomes are to be 
measured and analyzed separately. Therefore, the way weather conditions influence road safety at 
country-level is periodically analysed, be it for the total of road users or for some specific categories, be it 
at the scale of the month, the quarter month or the year, be it over the past or into the future.  
This raises the question of using appropriate methods for such analyses, with a logical focus on vulnerable 
road users in urban areas, and potentially interpretable outputs. It is of special interest to benchmark the 
outputs of such analyses applied to a number of urban areas in Poland, and to compare them to those of 
similar analyses applied to the whole of Poland and to a number of European countries 
 

Aim:   
This paper aims at benchmarking adverse weather impacts on road casualty in a number of urban areas in 
Poland among which Warsaw and the Silesian agglomeration, the largest ones with 1,8 and 2,1 million 
inhabitants, on the one hand and Poznan, Wroclaw, Lod, Krakow and Tricity (Gdansk-Gdynia-Sopot 
Metropolitan Area), smaller in size with 0,5 to 0,8 million inhabitants, on the other hand. The analysis is led 
at the scale of the month, and disaggregated according to the road user type (cars and vulnerable road 
users: pedestrians, cyclists, mopedists and PTWheelers) and the accident severity type (number of 
casualties among which the number of fatalities considered alone).    
 

Method:  
Structural (the so-called "state-space") time series analysis techniques have been applied to the monthly 
number of casualties aggregated at urban area-level on a monthly basis for a long-time period 2000-2018). 
Casualty data was extracted from the Polish Police Database and the weather data, measuring rainfall and 
cold weather, was extracted from the Agri4Cast website. 
 

Results obtained or expected:  
For each type of road user and severity outcome, whether casualty or fatality monthly numbers for the 
period 2000-2018,  2 sets of outputs are provided: a direct output under the form of weather coefficients’ 
estimates on the one hand, and the adverse weather impact computed as indirect output on the other 
hand. A global picture of adverse weather impacts on road casualty in the 7 urban areas in Poland is 
provided, and the differences among them as well as the differences with similar results at country-level, in 
Poland and a number of European countries. 
 

Conclusions: 
These results should lead decision-makers to monitor road safety trends of atypical adverse weather 
adjusted numbers, at urban level and regarding vulnerable road users in particular. 
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Background 
In Poland the average decreasing trend of the number of fatalities in road accidents remains at the same 
level, while the rate of reducing the threat of serious road accidents is declining. Considering external 
conditions (mainly works of the European Commission) implementation of the Zero Vision assumptions in 
the member states up to 2050, poor results of the 4th EU Road Safety Program and assumptions for the 
new 5th EU Road Safety Program 2021 - 2030 it is necessary to determine the program activities directions 
for the next decade in Poland. 
 
Aim 
The aim of the article is to identify problems and evaluate the activities carried out against the background 
of the last three decades and to define the objectives and directions of strategic actions of the 5th National 
Road Safety Program and regional road safety programs by 2030. 
 
Method  
By analyzing current road safety programs at the national and regional levels, in the context of their 
effectiveness and observed problems, external and internal conditions were identified that would support 
or threaten the implementation of actions for road safety. Statistical analysis of serious road accidents with 
fatalities and serious injuries in Poland and in individual voivodships was made. The tendency of changes in 
the level of road safety on the national and voivodship level with the specification of the most important 
problems was also analyzed. A method was developed to assess the effectiveness of the proposed activities 
using predictive models of the number of accident victims. 
 
Results obtained or expected 
The studies, researches and analyzes carried out allowed to identify the main problems identified by the 
problems of road safety, which at the national level are threats to pedestrians and lateral collisions of 
vehicles at intersections and entrances to the more and more traffic-laden roads and streets. The collected 
data allowed to formulate goals and directions of strategic activities at the national level and to formulate 
requirements to be assumed for the preparation of national and regional road safety programs for the next 
decade. The assessment of effectiveness made it possible to identify the most effective activities. 
 
Conclusions 
The performed analysis allows to conclude that to achieve the assumed objectives of strategic road safety 
programs in the next decade, it is necessary to apply a scientific approach to assessing the effectiveness of 
the proposed courses of action. The proposed method of evaluating selected activities allows the 
assessment of the measures applied to enable the reduction of serious road accidents with fatalities and 
serious injuries in Poland. 
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This study completes researches concerning relationship between the impact speed and probability of 
pedestrian death in case of tram accident. Although majority of researches are focused on a road safety, 
due to the revival of the tram network in many cities around the world, which is mostly a result of 
sustainable mobility urban development model, it is very important to complete knowledge about a safety 
relation between light rail speed and vulnerable road user as a consequences of the collision.  
A high risk areas are PT stops where due to the PT vehicles operations pedestrians are more preoccupied 
on departing tram or bus than a real danger coming from the traffic (e.g. other vehicle move). One of the 
most dangerous points for pedestrians and cyclists are PT stops zebra crossings.  
 
Objective 
A factor used to describe the risk of fatal accident involving a vehicle and pedestrian is an "impact speed". It 
describes the relation between the vehicle speed in the moment of collision with the pedestrian and the 
consequences for the vulnerable road user.  
In recent years mathematic models including indirect measures are developed for safety researches, 
including speed [1, 2]. Impact speed of cars was well recognized in researches [3] but there is a lack of the 
similar data concerning trams and light rail vehicles operating on streets. 
This paper shows results of researches using a ten years databases of two largest Polish tram operators in 
Warsaw and Krakow.  
 
Method 
It was decided to use two largest databases in Poland recorded by the Warsaw Trams and Krakow Public 
Transport Operator with the best in-depth accidents descriptions. Police database do not record necessary 
data e.g. slight injury collisions and serious injury accidents are mostly not available as it is a prosecutor 
material.  
More than 400 accidents were analyzed (all since last years) from which a 197 sample was possible to 
create. In other cases it was not possible to identify distance between collision localization and stop of tram 
front, and also no data from on-board computer was available.  
Logistic regression analysis was applied to the sample in order to identify correlation between impact 
speed and pedestrian fatality risk.  
 
Results 
Fatality risk function received from calculations was determined as: 

P(v) = (1 )/(1+exp (-2,84791-0,0791369v)) 
It clearly proves that comparing to car impact speed, there is a much higher probability of death when 
pedestrian is hit by tram with speed of 30km/h - almost 40% (instead of 2% when hit by car). There are 
even cases of deaths with very low speed of tram (5-10km/h) which might be a result of the tram's front 
shape and gaps which in some situations may lead to getting walking person under the tram. 
 
Conclusion 
Fatal risk for pedestrian hit by tram moving with speed of 50km/h is ten times higher (almost 80%) than by 
car. Results of analysis brought conclusions that planning of the urban street infrastructure needs to focus 
more on the risk assumptions for vulnerable road users. Tempo 30 zones are mostly safe when consider 
typical cars, but in case of streets with light rail network when a collision between a PT vehicle and 
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pedestrian occur an impact speed might reach even 25km/h which in one on three cases will finish with a 
fatal victim.  
It is also not recommended to organize shared spaces with speed limit of 20 km/h and absolute priority for 
pedestrians in tram corridors, as the risk of fatal accident is ten times higher than in case of a car struck. 
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Background. 
In Poland between 2010-2016 there were more than 250,000 road accidents with more than 24,000 
fatalities, nearly 83,000 serious injuries and as many as 230,000 light injuries [1]. 10.6 % of all accidents 
happened on a pedestrian crossing or cycle crossing and claimed 7.1% of all fatalities. Data show that 
between 2010-2016 fatalities on “other types of infrastructure” (other than pedestrian crossings and cycle 
crossings) dropped by 24%.  
 
Aim.  
The level of road safety depends on road infrastructure users, the roadside and the technical condition of 
vehicles [2]. There are a number of criteria that have a direct or indirect effect on pedestrian accidents 
which occur around pedestrian crossings. The authors of this article developed a method for conducting a 
safety audit on unsignalized pedestrian crossings and then audited about 2,000 pedestrian crossings 
together with a team of experienced auditors. 
 
Method or methodological issues. 
There were no previous examples of such work in Poland as was established in a literature analysis [3], [4] 
prior to the start of conceptual and field works. Audits were conducted by a team of two people with at 
least one of them a certified auditor. The team was equipped with reflective vests, forms, rangefinders and 
photo cameras. Audits consisted of seven steps: Step one – site visit. Step two – identify risks. Step three – 
define required sight distance. Step four – recommendations. Step five – opinion. Step six – overall 
assessment. Step seven – check.  
 
Results obtained or expected.  
The basic overall assessment of a pedestrian crossing is  on a scale of 0 to 5. Scores of 0 or 1 mean that 
these pedestrian crossings require urgent treatment. The risks there are high and accident consequences 
may be very severe. 4% of pedestrian crossings scored 0 with 8% rated at 1. The majority of these crossings 
run across 2 or 4 lanes with possible high speeds and high speed limits. The analysis shows that a large 
number of pedestrian crossings offer a low level of safety. With more than 1/3 of pedestrian crossings 
having limited visibility required to stop combined with high or very high speeds (as many as 1/5 of 
pedestrian crossings), vulnerable road users are at risk of very severe consequences if an accident happens. 
 
Conclusions. 
Conducted by experienced experts, the audits and the resulting global database of all pedestrian crossings 
with a summary card for each, help road authorities to manage risk on pedestrian crossings. It is 
recommended that the low scoring pedestrian crossings should be modernised. This should then be 
followed with a repeat audit after the treatment. Crossings rated 2,3 should be analysed again in 2 or 3 
years. The highest scoring crossings of 4, 5 will not need a repeat audit until 5 years later. To ensure real 
outcomes and optimal spending on infrastructure, efforts must be comprehensive, successive and cyclical. 
The work of the road authority should be highly appreciated.  
 
REFERENCES 
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Background. Nearly everybody is a pedestrian at some point in their mobility. Yet, pedestrians are over 
proportionally hurt in road traffic as well as they have been rather neglected by research. In the near 
future, pedestrians in urban areas will interact not only with other human road users, but also with highly 
automated vehicles. Regarding the interaction with automated vehicles, pedestrian research yet only has 
investigated the crossing behavior in front of automated vehicles at different types of pedestrian crossings 
by means of simulator studies (virtual environment, virtual reality) and field studies. The focus was mainly 
on the aspects of AV-to-pedestrian communication and perceived risk. Information on important traffic 
situations for pedestrians is (apart from these road crossing scenarios) still missing. 
Aim. The present study examines antecedents of emotions and emotion intensity in various emotion-
eliciting traffic events for pedestrians in actually experienced traffic situations as well as their expectations 
regarding their emotions if these situations contained automated vehicles. The study aims at finding the 
most significant situations for pedestrians in nowadays traffic in order to identify the most important 
situations of pedestrian-automated vehicle (AV) interactions that need to be considered when examining 
pedestrians’ expectations towards, reactions to, and acceptance of AVs in future traffic. Since no research 
has examined the antecedents of pedestrians’ emotions before, we conducted a qualitative study.  
Methods. A total of N = 18 persons (10 female) participated in four focus groups. The focus groups were 
designed to cover the main demographic clusters of pedestrians in Germany. One group consisted of 
younger pedestrians (under the age of 30 yrs.), two groups of middle aged pedestrians (30 – 65 yrs.), 
therein one group who had a car at their disposal and one group who had not, and a fourth of older 
pedestrians (age 65 and older). Each focus group consisted of four to five pedestrians, a moderator, and a 
person helping with the technical equipment during the session. Each focus group lasted for about 3 hrs., 
with a break in between. Participants were first asked about their self-concept as a pedestrian, situations in 
which they walk and about what they like about walking. Subsequently, they were asked to take notes of 
events in traffic situations that had provoked some kind of emotion in them. Then, participants were asked 
to present these events they had listed while the other participants were asked to ask any question to 
clarify these events. After a participant had reported an event including the emotions he or she had 
experienced,, all participants rated this situation in emotion dimensions and intensity on a revised version 
of the Geneva Emotion Wheel (GEW; Scherer, 2005). This procedure was repeated until particpants 
reported no morenew situations. Afterwards, a short break followed.  The moderator then gave a definition 
of highly automated driving according to SAE Level 4 (SAE International, 2014). This way, participants’ 
ratings were based on the same understanding of automation.  Now, for each previously discussed 
situation that included a human-driven motor vehicle, it was discussed whether and how the emotions 
would change if the vehicle in the situation described was not human-driven but an automated 
vehicle.Again, participants rated this situation on the Geneva Emotion Wheel (GEW; Scherer, 2005) in 
emotions dimensions and intensity towards the automated vehicle. 
Results. A total of 48 situations were reported, 20 of the containing interactions with motor vehicles. Only 
one of the situations was reported in tow focus groups, all others were unique. As data analysis is still 
ongoing, no detailed results are available yet. Reported emotions will be analyzed depending on the 
vehicles and people mentioned in the traffic events as well as depending on focus groups demographics. 
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Comparison between emotions concerning automated vehicles and human drivers will be made. 
Qualitative content analyses of focus group transcripts will enrich GEW-data. 
Conclusions. Results will provide information on what pedestrians like in walking and what they fear and 
what other emotions are elicited in interactions with other road users in road traffic. The expectations of 
pedestrians on the behavior of automated vehicles will be available. 
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Background: 
Road traffic incidents statistics clearly indicate that among all types of intersections, the least number of 
injured and fatalities is recorded on roundabouts. This fact contributed to the popularity of this type of 
intersections. In Poland, for almost 30 years, they have been willingly and often used solution for crossing 
roads and streets. The main advantages of roundabouts include: small number of collision points compared 
to other types of intersections, low speed through the intersection, greater pedestrian protection, caused 
by traffic streams separation at the entry from the traffic streams at the exit, which means that pedestrians 
have the opportunity passing roundabout entry and exit separately, less delay compared to other types of 
intersections, which also entails lower environment pollution, lower fuel consumption and lower travel 
costs, increase in traffic smoothness compare to other types of intersections. 
 
Aim: 
The main objective of the work was inventory intersections like roundabouts in all cities with poviat rights 
located in two voivodeships of Poland: Upper Silesian and Masovian, and then performing users surveys of 
registered roundabouts. Survey research had two main objectives. The first one was to learn how vehicle 
drivers, pedestrians and cyclists perceived roundabouts as safe or unsafe road solutions. The second one 
was to learn about behaviour of three users groups: vehicle drivers, pedestrians and cyclists on this type of 
road infrastructure in terms of traffic safety. 
 
Method or methodological issues: 
In order to achieve the goals, an inventory of roundabouts was carried out with their detailed 
characteristics including such features like: type, location, geometrical features. Surveys were carried out 
online using the ProfiTest web application. The survey was addressed only to vehicle drivers, pedestrians 
and cyclists from the Upper Silesian and Masovian Voivodeships. The research was carried out from January 
10, 2017 to April 30, 2019. During the study, a total of 1365 complete questionnaires were collected. On 
the basis of the obtained results, statistical inference in the form of a cross analysis was carried out. The 
analyzes were performed using IBM SPSS Statistics Software. 
 
Results obtained: 
In analyzed data the main measure is the number of responses and the percentage of the group. In 
subsequent cross-analysis, it was checked whether in the surveyed group of respondents, women differed 
from men in terms for example of: age, the structure of the frequency passing through the roundabouts, 
the structure of the length of possession of the driving license, the structure of the sources of information 
about roundabouts, perception by car drivers of various types of three/four inlets intersections in the 
aspect of road traffic safety, perception by cyclists of various types of three/four inlets intersections in the 
aspect of road traffic safety, perception of various types of roundabouts by drivers/cyclists/pedestrians as 
safe road solutions. 
 
Conclusions: 
In order to ensure the highest level of road traffic safety at the given intersection, it is important to know 
how users (i.e. vehicle drivers, pedestrians and cyclists) perceive it. The obtained research results don't 
provide complete information how the roundabouts are perceived by their users, but this knowledge can 
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be used as an auxiliary element in the geometric design of such intersections like roundabouts. Based on 
the performed analysis, the following conclusions were formulated: 

- The surveyed population of roundabouts users generates a general positive attitude to the 
rebuilding other types of intersections to the roundabouts, 

- 96 % of respondents participating in the study found that driving on the roundabouts didn't cause 
them any difficulties, 

- People participating in the field study perceive roundabouts as safe road solutions. The vast 
majority of respondents, as many as 92 % think that this type of intersection has a positive effect 
on the level of road traffic safety, 

- The cyclists and pedestrians responses were in line with the drivers assessments, 
- In the aspect of road traffic safety, roundabout users are best perceived among roundabouts by 

single lane roundabouts, and the worst perceived roundabout is the spiral roundabout, 
- Education and public information in the use of various types of roundabouts remain an important 

problem in improving road traffic safety. The results of the research allowed to state that 42 % of 
respondents received educational information about roundabouts, and the most common source 
of this knowledge was indicated by driving courses and newspapers (63 %), 

- The results of cross-analysis confirmed the hypothesis that roundabouts users in Upper Silesian and 
Masovian Voivodeships especially single lane roundabouts users, generally positive perceived 
roundabouts. 
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Atypical behavior, such as ignoring specified pathways, driving wiggly lines, abrupt stops or sudden 
direction changes, adopting shortcuts, etc., can increase the potential risk of collision and may lead to 
critical situations in road traffic.  The capability of detecting such atypical behavior allows road users to be 
prepared and thus to increase their situation awareness and to decrease the risk of collision. 
In this paper an approach to detect atypical traffic situations of moving pedestrians not interacting with 
other road users within an urban environment is presented. The resulting abnormality model is created on 
the basis of data of normal motion behavior of pedestrians. Clearly, the underlying assumption is that by 
modelling and training of road user motion behavior typical behavior can be learned. Further, exceeding 
some deviation threshold suggests atypical behavior. For instance, an atypical point or part of a trajectory is 
called to be atypical, if its prediction is too far away from its expected point or part.  
For that we applied a recurrent neural network (RNN) to predict trajectories of pedestrians, which is known 
to be capable of learning temporal dynamics in time-series data. Although location, site-specific based a-
priori knowledge (e.g. zebra crossing, traffic lights) is valuable for the task in question, we first concentrate 
on more generic variables like velocity and heading.  
The deviation between expected and predicted trajectory point or part is measured by Mean Squared Error 
(MSE). The threshold for an input sequence to be considered as anomaly is set to the 90th percentile of the 
distribution of MSE on training data. The algorithm was tested on video data at the DLR research 
intersection at Brunswick. The videos are recorded at 25 fps and by object detection and tracking 249 
trajectories of pedestrians could be extracted from these data.  It is planned to to use a month of data in 
order to get valid results. 
To find anomalies in the test set the sequences of 10 points observation length and 10 points prediction 
length and examined and each prediction compared with the ground truth. The resulting loss is compared 
to the anomaly threshold for a sequence at a trajectory time step, which is 0.081. As a next step to classify 
a trajectory as anomaly we can look at the percentage of points or sequences which are considered as 
abnormal of a whole trajectory. 
There are three trajectories with a percentage of over 50% classified as abnormal and clearly stand out of 
the set and are strong candidates for atypical behavior.  
In order to find the reason for the atypical behavior we examined the three trajectories visually on the 
video recordings, which will be presented in the full paper. 
It has been shown that it is possible to model the motion of pedestrians and to derive a measure to define 
abnormal behavior. Preliminary examination of the 249 trajectories showed the concept works in principle. 
Severe detection errors result in high abnormality values. The method to detect anomalies compares at 
each trajectory point the prediction accuracy with a threshold derived from training data. Analyzing whole 
trajectories this way results in an “Anomaly percentage” which tells what percentage of a trajectory is 
considered to be abnormal. The three trajectories with more than 50% abnormal are shown to be errors of 
the object detection system which is the basis for the data. Misclassifications of cyclists as pedestrians and 
positioning errors leading to abrupt velocity changes physically impossible were detected correctly as 
anomalies. More trajectories will be analyzed and the results presented in the full paper and severe object 
detection errors will be filtered out before analysis so real atypical behavior can be found. 
Moreover, some abnormal actions only last for a short time, e.g. an abrupt and strong braking maneuver 
may only take approximately 0.5-1s; in order to find such abnormal behavior it would be better to use 
sliding windows for anomaly detection instead of calculating the percentage of anomaly of the whole 
trajectory. 
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Background 
Unsignalised pedestrian crossings are of special concern in Poland as many pedestrians get killed or injured 
at these locations and the safety situation is improving very slowly. In recent years several methods were 
developed for assessing safety at such locations using surrogate safety indicators. Most methods are based 
on calculated values of the following common indicators:  PET, TCT, DST. Another approach to safety 
assessment is to use direct measures based on accident statistics or accident prediction models. In either 
case it is important to use appropriate measures of exposure for calculating indicators like accident rates or 
conflict rates. It can be argued that instead of traffic volumes and pedestrian volumes, a better measure of 
exposure would be numbers of vehicle-pedestrian encounters per unit time. However, encounters are not 
easy to define precisely and count. 
 
Aim 
The aim of the paper is to develop a precise definition of an encounter between a pedestrian (or a group of 
pedestrians) and a vehicle at a marked unsignalised crossing and to propose an algorithm for identification 
of encounters by means of automatic video image analysis. An additional issue is defining what constitutes 
a group of pedestrians and how a group should be counted. The second aim is to calibrate a relationship 
between the number of encounters and vehicular and pedestrian traffic volumes. 
 
Method or methodological issues 
To examine encounters between pedestrians and vehicles, traffic was filmed at eight different unsignalised 
pedestrian crossings. All of them are located in Warsaw. Video filming was carried out day and night on 
weekdays (Monday – Friday). At each site at least 48 hours of video was captured. Video material recorded 
at the test sites by digital cameras was the basis for a more detailed examination of vehicle-pedestrian 
encounters. Working definition of an encounter: a situation when a vehicle and either a single pedestrian 
or a group of pedestrians arrive at an area within 40 meters before the pedestrian crossing  at the same 
time. Interaction between them is not a prerequisite of an encounter. Over 16 thousand encounters were 
observed (according to the working definition of an encounter) which means about one thousand 
encounters per site per day. Groups of people crossing in the same direction were counted in the same way 
as single pedestrians. The grouping factor was calculated as a ratio of the sum of number of groups and 
single pedestrians to the number of all pedestrians. For the analysed sites it is in the range of 69% to 81%. 
 
Results expected 
The expected result of the study would be determination of statistical distribution of pedestrian group size 
and identification of factors which affect this distribution. Another important result would be the 
relationship between the number of encounters and vehicular and pedestrian traffic volumes. Preliminary 
calculations show that the relationship is not linear and the number of encounters grows faster than the 
product of pedestrian and vehicle volumes. 
 
Conclusions 
Future work will involve simulation of encounters between pedestrians and vehicles to extend the 
calibrated relationships beyond the observed range of pedestrian and vehicular traffic volumes. 
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Several factors influence the level of road safety. The most notably of them are speed, organization of road 

traffic, condition of road infrastructure, user behaviour and technical condition of vehicles. The 
introduction of new solutions and devices for road use requires particular attention to be paid to the safety 
of road users. Countdown timers are support devices to the traffic lights, which show the time (measured 
in seconds) remaining to change the currently displayed signal on traffic light. In some Polish cities such 
new devices are installed on a growing number of intersections. The introduction of new device without a 
prior examination of their impact on safety is not recom-mended. Displaying the time on the device causes 
the effect of a seemingly shorter waiting time for the change of the light signal.  The introduction of 
countdown timers at signalized intersections changes the perception of traffic control signals by drivers. 
Depending on the nature of driver this may be a source of stress or motivation to act too quickly when the 
lights change. It could be the reason of dangerous incidents such as entries at the intersection at red signals 
or rear end colli-sions. intersections.  
 
Based on the previous research, three different intersections have been selected that differ in their 
function: 
 
─ intersecoons with non-urban traffic (most often national and voivodship roads with a high propor-tion of 
trucks and trucks with trailers), 
─ intersecoons with urban traffic (most oqen district and municipal roads characterized by the dominant 
and high share of passenger cars as well as delivery trucks in traffic), 
─ intersecoons with mixed traffic (mostly voivodeship and district roads characterized by the pres-ence of 
trucks, trucks with trailers and passenger cars). 
 
The measurements  were made in two periods of research: for a week with enabled and disabled 
countdown timers devices. This approach allow to compared the impact of the device on the behav-iour of 
drivers. The article is a continuation of the previous research work carried out by the authors on 
determining the impact of the countdown timers on traffic conditions. The aim of the article is to show 
results of the analysis of the exactly time distribution of vehicles entering the crossroads during red and 
yellow signal for different type of intersections. Additionally, a safety analysis was carried out with division 
into types of vehicles. 
 
During the research with enabled countdown timers fewer vehicles drove into the crossroads in a 
prohibited period. The study show that at each of examined intersection more vehicles passing through the 
stop line during the red signal have been observed with the countdown timers off than when they were 
switched on. Statistical analysis were also conducted to assess the level of signifi-cance of these differences  
 
Future work on countdown timers will include the development of simulation models to determine how 
devices can be mapped in a simulation environment. In addition, available models of driver behaviour will 
be tested and an attempt will be made to adapt them to the new equipment. 
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Due to a decrease in crashes involving cars in occidental countries, accident data are nowadays more 
diffuse and often not sufficient to focus on road unsafety spots, to understand crash patterns and causes, 
and to know how to prevent them. The first objective of the Naturalistic Driving Study conducted in France 
and presented in this paper is to obtain knowledge about the vehicle dynamics as well as the drivers’ 
behavior and to put figures on the real use of cars dynamic capacities by drivers. The second objective is to 
scale up road safety diagnoses applied on a regional road network scale in order to orientate the local 
policies priorities. 
The SVRAI project (Saving Lives through Road Incident Analysis Feedback) was initiated in 2012 in France by 
the French Government. In a first experiment, a specific Event Data Recorder (EDR) called EMMA was 
implemented on 46 light vehicles of public fleets located in three different regions of France to acquire data 
during 12 months. The aim was to detect some critical driving situations, called incidents, in which the 
vehicle endures high dynamic demands in longitudinal, lateral or combined directions. The device records 
especially the speed at 1 Hz and the accelerations at 100 Hz during the 30 seconds before and the 15 
seconds after the trigger [Naude & al. 2017a]. In addition, it records the trajectories and aggregated 
dynamic parameters of driving (Concept of “Travel Synthesis” [Naude & al. 2017b]).  
These data were used to get a better understanding of vehicle dynamics and drivers’ behavior, through the 
analysis of how accelerations and operating speeds are distributed. The study focused on the time spent 
with medium or high solicitations, in longitudinal direction (accelerations / braking) and in lateral direction 
(cornering). 
The road safety diagnosis is based on a field survey on-site. Experts of the road network inspected the road 
sections concerned and collected reference trajectories and operating speeds thanks to an instrumented 
vehicle. They estimated if the road infrastructure played a role in the happening of the incident, especially 
if the defect or failure was due to an improper road design, a lack of maintenance or an inconsistency of 
the road signing [Ledoux & al., 2014]. In one year, the first experiment enabled to collect 3052 journeys and 
339 incidents  for a travelled distance of 116 000 km and 1507 hours of driving, meaning that one incident 
occurred every 340 km or 5 hours of driving.  
The drivers rarely endured high levels of solicitation in longitudinal and lateral accelerations. For example, 
they exceeded 2 m/s² only 1% of the time in acceleration and 1.5% of the time in deceleration. Beyond 3 
m/s², the proportions fall respectively to 0.2% and 0.3% of the time. They spent 13% of the time under 10 
km/h and quite the same proportion beyond 130 km/h. The data were also relevant to differentiate the 
drivers’ behaviors [Naude & al., 2017b]. 
The road safety diagnosis was conducted especially in the Seine-Maritime Department, with 24 of the 46 
equipped vehicles. Equipped vehicles travelled almost 35 000 km on the department road network. In one 
year, this traffic generated 62 incidents. The infrastructure was involved in almost 31% of the incident. The 
experts focused on ten cases, suggested some corrective actions or modifications of the layout, such as the 
moving of a bus stop or the clearing of road signs, which were planned in the following months by the road 
manager of the Department. 
The results show that data collection of aggregate accelerations is useful to characterize the drivers’ 
behavior, which is essential for a better understanding of the occurrence of crashes. The incident collection 
and analysis generated by the SVRAI fleet of instrumented vehicles are relevant for the road safety 
diagnosis. The global process could also contribute to the training of the road safety actors.  
A second stage of this project has been ongoing until December 2018 using a dedicated smartphone and a 
specific application with quite the same features as the EMMA device.  
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Other regional authorities are interested in this innovative approach and the process is being transferred to 
two private companies to be expanded it in other French departments.  
 
Ledoux, V., Subirats, P., Violette, E., Bonin, Y., Serre, T., Naude, C., Guilbot, M., Lechner, D. (2014) Using 
event data recorder to detect road infrastructure failures from a safety point of view. AET/European 
Transport Conference. Francfort, Germany, sept 29-oct 1st. 
Naude, C., Serre, T., Dubois-Lounis, M., Fournier, J-Y., Lechner, D., Guilbot, M., Ledoux, V., 2017a. 
Acquisition and analysis of road incidents based on vehicle dynamics. Accident Analysis & Prevention, ISSN 
0001-4575. On line March 9th. In Press. 
Naude, C., Serre, T., Ledoux, V. 2017b. Vehicle dynamics data collection to characterize the drivers’ 
behavior. European Transport Conference. Barcelone.4-6 oct. 
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Background 
Bicycle fatalities make up 8% of the total number of road accident fatalities in EU countries. In the period 
2007-2016 the decrease of bicycle fatalities was 24% in EU, but with a trend that became flat from 2011. 
With increasing urban population and transport congestion it is important for a city to have bike riding as 
an attractive travel choice. One of biggest barrier for people to choose riding a bicycle is the perceived lack 
of safety. The idea that bicycling is a dangerous mode of mobility is common. How safe, or unsafe, people 
feel about riding a bike has a direct relationship with their willingness to ride. Risk of cycling is not only a 
perception, because cyclist are Vulnerable Road Users (VRUs) in the context of mobility. Therefore the 
assessment of risk is necessary for undertake effective safety policies and treatments.  
 
Aim 
In order to improve the quality and safety of urban cycling, identification of high risk location and routes is 
crucial to apply effective safety countermeasures. Risk assessment is traditionally carried out by crash data 
analysis, but the reactive condition and lack of data make that approach less effective when applied to 
cyclist safety. On the other hand, the availability of data collected with the modern technologies (e.g. social 
media, smartphone, mobile apps) open the way to different approaches. 
The research aim is to analyze opportunities and methodological approaches for safety assessment of 
cycling routes based on risk perceived by cyclists and actual risk estimated from traffic conflicts between 
cyclist and other road users. 
 
Method or methodological issues 
The research methodological is based on collection and analysis of cyclist opinions collected with a web 
survey and on collection and analysis of traffic conflicts between cyclist and other road users identified by 
using data from GPS tracking. 
Risk perception refers to people's judgments and evaluations of hazards they are or might be exposed to. 
People's risk appraisals are a complex result of hazard features and personal philosophies. Researchers 
developed a web-based survey to solicit responses about a series of intersections and routes with different 
characteristics (e.g. separated, shared BUS lane) in terms of perceived safety problems using a 4-point 
Likert scale.  
Observed Risk is a combination of the chance of a particular event, with the impact that the event would 
cause if it occurred. In the research a bike was equipped with cameras, accelerometers and GPS to collect 
data  during riding tests in the same routes and intersections of the survey. Defining safety critical events 
(SCEs) as “situations that require a sudden, evasive maneuver to avoid a crash or to correct for unsafe acts 
performed by the driver himself/herself or by other road users”. The event classification was carried out by 
direct observation of the video and the correspondent speed and acceleration profiles and the severity of 
the conflict have been measured based on the severity of the evasive maneuver (braking or swerving) that 
the bicyclist had to complete, in different severity class (low, medium and high).  
 
Results obtained or expected; 
Researchers statistically analyzed survey results to determine whether there was a consensus in the 
rankings of each group of participants and compare responses from perceived and observed risk. Generally, 



31st
 ICTCT workshop  

POSTER SESSION 70 

the perceived risk is higher than observed, but there is some agreement for most of the elements 
examined. The disagreement may be due to the lack of understanding the potential severity of the 
situation (like crossing conflicts in the signalized intersection) or the concern of having to ride in a counter-
flow condition and in proximity of the buses (in the shared bike lane with bus). 
 
Conclusions 
In the study perceived risk and observed traffic conflicts were collected and applied to analyze the safety 
performance of different road infrastructures in cycle paths. The advantage of using self-reporting 
perceived risk is that it offers a broader picture of safety at the network level. However, such data is usually 
collected from only one road user’s perspective. Safety critical events detection is a complementary 
measure of traffic safety that can make up for the lack of crash data; an aspect that is often one has to deal 
with when examining bicycle safety. 
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Traditional traffic safety analysis relies on historical accident data. The contradiction of this type of analysis, 
is that enough traffic accidents should happen to draw traffic safety conclusions, identify black spots, and 
make either infrastructural or traffic management changes based on it. The project Vision Zero, introduced 
in most of the European countries, aims to reduce the amount of fatal accidents and serious injuries down 
to zero percent by 2050 (European Commission, COM(2018) 293 final). This entails, that traditional traffic 
safety analysis should be replaced by other non-accident based methods, like Surrogate Safety Indicators. 
Surrogate Safety Indicators use microscopic traffic data as input to estimate the accident risk between two 
or more interacting vehicles on a collision course. This way, the observed situations are evaluated as 
dangerous when the determined values of the Safety Indicators exceed a pre-defined threshold.  

One of the most widely known Safety Indicators, Deceleration Rate to Avoid Collision (DRAC), calculates the 
deceleration rate with which the following vehicle should brake at a given moment to avoid colliding with 
the leading vehicle in car-following situations, under the assumption that both vehicles travel at constant 
speed. The DRAC was firstly introduced by Cooper and Fergusson in 1976. A modified version of this 
indicator, the MDRAC introduced by Kuang et al. in 2015, considers in addition the reaction time of the 
following vehicle before braking. It is important to note that these two indicators do not take into account 
the acceleration of the interacting vehicles, therefore DRAC and MDRAC may underestimate or 
overestimate the risk of an accident in a given situation. To overcome this problem, a novel Surrogate 
Safety Indicator was developed at the Institute of Highway Engineering (ISAC) at the RWTH Aachen 
University. The Deceleration Rate to Avoid Crash Using Constant Initial Acceleration (DCIA) determines the 
lowest deceleration rate required by the following vehicle after reacting, to avoid collision with the leading 
vehicle assuming both vehicles travel with constant acceleration or deceleration (Fazekas et al. 2017). This 
new Safety Indicator is therefore more sensitive than DRAC or MDRAC and identifies unsafe situations 
more precisely. To prove this assumption, we calculated DRAC, MDRAC and DCIA in car-following scenarios 
with microscopic traffic data obtained with help of a self-developed software, from videos recorded on a 
German motorway in a tunnel. With this software, the positions of the vehicles in the videos were 
registered every 0.2 seconds in average, with the help of previously selected vehicle models in a local 
coordinate system referencing the road section (Kallo et al. 2019). In addition, a combination of a spline 
function and a third degree polynomial were fit on the obtained discrete vehicle trajectories to build their 
continuous trajectories, from which the speed and acceleration could be derived at given moments. Since 
the length of the vehicles could also be established from the vehicle models, all the required information 
for the calculation of the Safety Indicators was available. 

The results of the three analyzed indicators show, that DRAC identified the least amount of dangerous 
situations, while DCIA the most. It could also be seen, that DRAC underestimates the risk of accidents 
within the analyzed scenarios, compared to MDRAC. The reason for this is that MDRAC considers the 
reaction time of the following drivers, which leads to higher required deceleration rates. Therefore, it is 
recommended to take into account the reaction time in real time accident avoidance applications. Overall, 
the results denote that DCIA estimates more unsafe scenarios than MDRAC. Since DCIA considers the 
acceleration behaviour of the vehicles, it evaluates some car-following situations less dangerous, than 
MDRAC. This proves the assumption, that DCIA is more sensitive, therefore more realistic indicator to 
identify unsafe scenarios. Given these points, Surrogate Safety Indicators like DCIA are more appropriate to 
discover unsafe situations, than indicators like DRAC or MDRAC, which do not take into account an 
important parameter of the vehicle motion, the acceleration or deceleration of the interacting vehicles.  
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Road transport is the most important mode of transport, with 80 % of passenger transport and 50 % of 
freight transport being conducted on EU roads. The transport performance is expected to grow by about 1 
% each year. However, it is also the most dangerous mode of transport with 25,500 fatalities and 135,000 
seriously injured in 2016. The main reason for accidents is unsafe driving behavior due to wrong perception 
or lacking knowledge of the road. Current traffic management measures, which aim at increasing the safety 
level, are based on identification of accident hot spots and on collectively influencing drivers by reducing 
their speed at fixed cross sections. However, infrastructure-based road safety measures are most effective 
if they only target those drivers that drive unsafely. Additionally, traffic harmonization is more efficient if 
the measure itself overcomes the spatial limitations and is able to continuously adapt to the driver 
behavior. 

The goal of the project MeBeSafe (funded by the European Union’s Horizon 2020 research and innovation 
program) is to guide road users towards a safer behavior by in-car ADAS (Advanced Driver Assistance 
Systems), driver coaching schemes as well as infrastructure-based measures. Based on the work conducted 
within the work package "Infrastructure Measures", we design a system that aims at increasing traffic 
safety by using the concept of nudging. The term nudging originates from behavioral science and proposes 
ways of influencing drivers using indirect suggestions with the purpose of a more persistent effect of safety 
increase and higher acceptance than with traditional methods, such as red light enforcement. 

One crucial system component necessary for such a measure is a real-time traffic data acquisition which is 
able to evaluate the position and speed of individual drivers. We present computer vision technique based 
on images originating from thermal cameras. The image processing consists in a 3D-model based vehicle 
detection in combination with a full camera calibration. The used 3D models are built from enhanced raw 
data coming from laser scanners. Tracking and pose estimation within single cameras is conducted by a 
Bayesian approach, namely a Sequential Monte-Carlo Simulation, while the data fusion between 
consecutive cameras is implemented by object matching based on temporal dynamics of the tracked 
vehicles. The acquisition is conducted over a sequence of cameras covering a stretch in the order of 
magnitude of several hundred meters of a motorway exit lane. Through the low latency of the 
measurement, an adaptive nudging is implemented using light bulbs installed along the exit lane. The 
designed nudging is applied exclusively at the position of individual vehicles and additionally adapts to the 
current driven speed. 

 
Thus, the proposed system design enables a more effective and target driven reduction of vehicle speed 
and facilitates a validation of the increase in traffic safety by measuring indicators based on individual 
trajectories rather than traditional analysis of accident statistics. Additionally to presenting the system 
concept and theoretical background on the calibration and necessary models used, the potential of such a 
nudging measure are being evaluated within a real-world demonstrator located in the city of Eindhoven. 
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Background 
Commonly occurring interactions, and above all traffic conflicts between road users, are now becoming a 
field of observation and research focused on the search for better and better methods and means to 
improve the level of road safety. In spite of the relatively high frequency of such traffic states, in which 
there are traffic situations or surroundings that are not expected by the participants of the traffic, the 
possibilities of their full assessment depend on the ways of acquiring knowledge about them, especially 
their registration, for further analysis. Most collecting data techniques about traffic conflicts so far usually 
carried out with the help of direct traditional way observation or video recording from the ground 
perspective. It often turns out that their subsequent analysis is not to the end sufficient nor efficient in 
studying the causes and preventing the potential consequences of conflicts, which may cause conflicts or 
accidents on the road. Thus, in the context of the present research, an attempt is made to use a much 
broader perspective of acquiring and subsequent analysis of materials, such as observation and registration 
of selected interactions between traffic participants by means of so-called aeromobile platforms. 
 
Aim 
The scientific goal of the works referring to the topic of the conference is the presentation of potential 
opportunities and benefits resulting from the use of video recording from the air in detecting and assessing 
potential threats resulting from conflicts between traffic participants. Examples of application fields 
include: 

• analysis of interaction between pedestrians and vehicles, 

• analysis of the interaction of vehicles themselves, 

• analysis of interaction between cycling participants and others. 
The practical goal of the work is to create a tool that allows a sufficiently effective and reliable way to 
detect conflicts on roads that give the opportunity to make decisions aimed at preventing traffic incidents 
in which they may turn into. 
 
Method or methodological issues 
The essence of the method is to perform video recording of real traffic situations, and then to carry out an 
automated identification process, parameterization (time / space) and interpretation of the registered 
material using special computer software to analyze interaction between traffic participants and to detect 
traffic conflicts between them. 
Very generally speaking, it is assumed that the conflict on the road is a situation that can be captured by a 
video camera, in which no reaction of any of the participants to the behavior of another participant - in a 
sufficiently short time whitch can lead to a direct collision between them. 
The assessment of the potential impact on the level of traffic safety of interactions between selected 
groups of traffic participants will be possible after a multi-stage process, divided into three main parts, 
which are: 
1) pre-treatment of the obtained material, 
2) detection of traffic participants, based on a multi-layered program detector, 
3) using the tracking module - based on the use of so-called sampling filter with sequential operation, 
which allows obtaining high reliability and speed of algorithms for detection and tracking of objects in 
motion. It is assumed to obtain a level of correctness in recognizing and tracking objects above 90%. 
The most important advantage of the method is the possibility of simultaneous analysis of a much larger 
research area (eg a hundred-meter section of the road) than from the ground level and, consequently, 
registration of phenomena of ephemeral nature (eg changes in traffic density). 
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Expected results 
Among the many other potential applications to which the described method can be used are, inter alia: 

• study of intensity, directional relations and traffic structure 

• study of the trajectory of vehicle traffic, walking / cycling routes 

• traffic parameterization - vehicle speed changes, traffic density, shockwave phenomena, 

• study of phenomena related to vehicle parking, 

• assessment of the behavior of road users - dangerous maneuvers, traffic offenses, etc. 
 
Conclusions 
Providing a tool for conflict analysis that could be based on researches using video-recording from 
aeromobile platforms has a chance to significantly extend their usefulness as a tool that can be useful for 
"scaling" the frequency of conflicts (and their severity) to the incidence of accidents and contribute to this 
to reduce their number in the future. 
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Background 
Many traffic crashes are not reported to the central crash databases and therefore certain statistical 
analyses are not relevant. This can be a problem when hazardous places, where traffic crashes occur more 
frequently than expected, should be identified. We developed, therefore, a statistical technique which 
overcomes the common lack of crash data and is able to identify traffic crash hotspots.  
 
Aim 
The aim of this work is to present a new geospatial method which is able to identify traffic crash locations 
along roads even when up to 50 % of data is missing.  
 
Methods 
The presented method, called KDE+, stems from the Kernel Density Estimation (KDE). We extended this 
commonly used spatial approach in two ways: first, the application to linear features (e. g. roads) is 
allowed, because standard KDE is usually implemented, within many GIS systems, as a two-dimensional 
tool. Second extension incorporates an approach which determines a level of statistical significance (a 
threshold). The common outputs of the KDE method is the estimated probability density function. Our 
improvement introduces a threshold in order to identify statistically significant clusters, which are further 
called hotspots, and clusters which are results of stochastic noise. This means that the latter group of 
clusters can also emerge randomly and they are therefore not true hotspots. Hotspots can be ranked 
according to cluster strength which is a relative measure reflecting their importance.  
The KDE+ method is able to identify hazardous locations even if only a limited number of crashes is 
available (i. e. when an underreporting is present). Additionally, more important hazardous locations are 
less prone to disappear when some crashes are missing in the database. It can be demonstrated that 
underreporting of 20% records poses no problem in localization of almost all significantly hazardous 
locations. Furthermore, the majority (95%) of hazardous locations is more likely to be identified when there 
is up to 50% of data underreporting. 
The KDE+ method was applied to 68,200 traffic crashes which took place between 2016 and 2018 in the 
Czech road network (36,478 km). All crashes, crashes with animals and crashes which took place on wet 
roads we analyzed separately.  
 
Results 
Results suggest that within the group of all traffic crashes 40% (27,364) of records were contained in 8,227 
hotspots. The length of these hotpots was 1,050 km. This number represents 2.8% of the road network 
length, i.e. road links with at least one crash recorded. Similarly, for the category of the animal-vehicle 
crashes 36% of records were contained in 3,772 hotspots and occupied 1.2% of the road network. 
Consequently, 33% of crashes in the third category, crashes on the wet road surface, formed 1,937 
hotspots which were 260 km long, i.e., they occupied 0.7% of the road network. The map with which 
visualizes selected hotspots can be seen on www.kdebourame.cz website.  
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Conclusions 
The KDE+ method is capable to identify traffic crash hotspots. Data can be filtered according to crash type 
before the analysis in order to only focus on particular crash circumstances. The total length of the hotspots 
identified in this study was 2.8% of the entire road network. The resulting hotspots can be further ranked 
according to cluster strength. Mitigation measures are usually costly and therefore a method which 
prioritizes the hazardous places should be applied as a first step. 
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Psychological intervention of any kind generally targets changes in attitudes and behavior at the individual 
level. Working with traffic offenders is a central field of work in traffic psychology. The primary goal of 
traffic psychological rehabilitation measures is to reduce the probability of re-conspicuous of the affected 
driver. One of these measurements in Germany is IFT courses for DUI. 
The IFT course was designed by the Institute for Therapy Research, further developed by the DEKRA 
Academy in 2003, and is regularly evaluated. Participants are motorists who have fallen several times or 
once with a blood alcohol concentration from 1.6 per thousand, who have completed a medical-
psychological assessment (MPU) with the result of the course recommendation and the competent driving 
license authority has approved the course participation. A course covers 4 sessions of 3.5 hours each (1 
hour / 60 m) and in the period of 3 to 4 weeks in the group discussion (4 to 12 participants) and homework 
between the course hours (intersession work). 
This work analyzes interventions for the rehabilitation of DUI (Druck Drivers offenders)  offenders in groups 
under the aspect of activating the psychological resources. From the aspect of sustainability, they should 
also have long-term consequences for the maintenance of unproblematic driving behavior in terms of 
activation of resources. This has not yet been scientifically examined concerning of the IFT course. In this 
work, it also addresses a selected consistency-theory-based intervention effect, activating of psychological 
resources. So far, this has only been considered in the psychotherapeutic field, but never in the field of 
traffic psychology. 
This study examines the effect of alcohol intervention courses according to § 70 FeV in Germany of the 
DEKRA Academy, under the aspect of activating the resource, in which one qualitative and three 
quantitative studies are to examine the effects of this courses. In four sub-studies it will be examined, 
which measurements can determine the resources and how traffic psychological interventions can 
strengthen resources. 
Obtained Results: 
The studies presented in the analysis of traffic-psychological intervention effects of the IFT show the 
importance of the resource perspective and the new sustainability effects of cross-group psychological 
interventions from a psychological-resource perspective. 
- Especially the IFT course helps to strengthen participants in their individual resources. 
- The results of the four sub-studies have the following implications for traffic psychology research and 
practice: 
1. In the field of traffic psychology intervention for the restoration of driving fitness, it can be stated that 
aspects of resource activation in this work have been investigated for the first time by qualitative and 
quantitative methods. 
2. The resource activation could be confirmed on the basis of the determined results as an effect factor of 
traffic psychological intervention especially IFT (§70) course. 
3. Two sub-studies show a range of resources and resource activation options that must be given greater 
emphasis in traffic psychology interventions: 
- Social resource activation 
- improvement the life skills of participants 
- Reactivation of existing social support options 
- Re-experiencing self-esteem, self-assurance and acceptance of traffic-related behaviors 
4. In revising the IFT-§70 course, as well as other courses on recreating aptitude for DUI, new traffic-specific 
resource-enabling interventions against alcohol abuse should be developed to further enhance the courses 
through motivational, cognitive and behavioral effects of resource activation , Resource-activating 
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interventions can not only be integrated into behavioral group interventions, but can also be applied in 
psychodynamic, psychodynamic (individual psychological) and other contexts of individual traffic 
psychology. 
For the first time, the present results have empirically investigated resource activation in traffic psychology 
group intervention using quantitative and qualitative investigation methods. 
The results are indicative, but clearly show that personal and health resources can be strengthened through 
traffic psychology interventions. 
In the research, practice, training and further education of traffic psychology, the aspect of primary 
resource activation (Grawe, 1999) therefore always deserves the highest attention as an intervention 
principle for the rehabilitation of traffic offender drivers. 
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Background 
Road lighting poles are essential in our daily commutes, they help reduce accidents and road collisions and 
ensure a better living environment for citizens and drivers alike. The effectiveness of the aforementioned 
lights on safety are measured by “accidents ratio”- defined as the ratio between night time accidents and 
day time accidents occurring in a specific road section. According to a report titled “Effectiveness of Road 
Safety Engineering Treatment” (Austroads Ltd – Australia 2012 ), installation of new road lights help reduce 
night time accidents by 35%. In addition, the report states that junction-side road lights reduce accidents by 
50%. (Jackett & Frith 2013) High luminance average reduces night-time accidents and is closely related to 
the “accidents ratio”, as shown in all models tested. 
In addition to light poles, road surface luminance is also significant in reducing accidents. Surface luminance 
depends on two main factors: 

1- Photometric data extracted from surrounding light sources 
2- Light reflection performance from the surface itself 

In practice, a combination of two 3-dimensional systems is taken into account: spatial distribution of 
illuminance of surrounding light sources and spatial distribution of reflected light from road surface. 
As of today, optic properties of pavement is not a standard  requirement for the National Roads Company 
of Israel – it is not even a consideration for any decision making related to asphalt type selection in roads 
construction,  any calculations in road construction is done with the assumption of a single general asphalt 
type. On the other hand, light engineering departments acknowledge that asphalt properties are of high 
importance. 
There are, indeed, many types of asphalt mixtures, each having a different reflection property depending 
on two factors – the color of pavement and its’ surface texture. 
 
Aim 
The purpose of this research is to study light reflections from different types of asphalt and the effect it has 
on nighttime accidents. Moreover, this research looks into the effect of different factors on light reflection 
from road markings, also compares coefficient values of light reflection (RL) and contrast between white 
colored road markings to yellow colored road markings. Further, it studies the effect that the road 
marking’s location on the road has on light reflection, by means of comparing the coefficient values of light 
reflection from white road markings on the left side of the road to white road markings located in the 
middle of the road. 
 
Method 
This research is based on databases taken from National Roads Company of Israel, govmap.gov.il (the 
official maps site of Israel), Central Bureau of Statistics, and field tests using the RetroTek-M device.  
The databases included data on road type, AADT (annual average daily traffic), asphalt type, the last date of 
asphalt maintenance job and last date of road markings repaint job. In this research, we focused on 
multilane rural unlit roads, and collected the number of relevant accidents during day and night from all the 
chosen road segments from the Central Bureau of Statistics website. The collected data about road 
accidents did not occur on an intersection and were from the following types: 

• Sideswipe crash 
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• Collision with a stopped car that’s not parked 

• Fixed object collision 

• Run-off the road 

• Pedestrians accidents 
The total segments length was 65.1 km including three different asphalt types: 1. Stone mastic asphalt 
(SMA) which consists of basalt aggregate only. 2. Superpave asphalt mixture, which consists of basalt 
aggregate only. 3. Superpave asphalt which is a mixture of basalt aggregate and dolomite aggregate. 
All of which are comprised of coarse gravel so that grain size surpasses 4.75 mm. in total the length of road 
segments from type A is 33 km, 15 of which we know the date of last repaint job. 10 km of asphalt type B, 
9.5 km of which we know the date of the last repaint job. 22.1 km of asphalt type C, 14 of which we know 
the date of the last repaint job. 
 
Results 
Research results show that the white street markings have a greater light reflection coefficient and contrast 
from yellow markings, also white road markings located on the left side of the road have a greater light 
reflection coefficient and contrast than the ones located in the middle of the road. Moreover, road 
markings on asphalt type 2 have a greater initial light reflection coefficient and contrast than markings on 
asphalt type 1. Road markings on asphalt type 1 have a greater initial light reflection coefficient and 
contrast than markings on asphalt type 3. also, the research showed that there is no significant correlation 
between asphalt type and the ratio between nighttime and daytime accidents. 
 
Conclusions 
In conclusion, the research shows that dark colored Asphalt mixtures (composed of basalt aggregate) 
highlights markings on the road more than light colored Asphalt mixtures (composed of basalt aggregate 
and dolomite), this is true for white colored road markings as well as yellow colored ones. 
While there was no clear correlation between the type of asphalt and the number of nighttime crashes, it 
certainly affects the frequency of maintenance jobs and repaint jobs. Consequently, there is a need to take 
into consideration the type of asphalt mixture as well as the time of the road marking’s painting and the 
planning time of road lights, if existent.  
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Background 
Roadside-related accidents are a consequence of vehicles running off the road. The majority of the crashes 
have severe outcomes, because they frequently involve hitting a fixed obstacle (tree, pole, supports, front 
wall of a culvert, barrier). Roadside-related accidents represent about 19% of all road deaths in Poland. 
Roadside crashes involve (based on SEWIK, a police database): hitting a tree, hitting a barrier, hitting a sign 
or utility pole, vehicle roll-over on the roadside, vehicle roll-over on a slope and vehicle roll-over into a 
drainage ditch. While Poland has done a lot to improve road safety in recent years, roadside safety is not 
receiving sufficient priority. “Forgiving roads”, an approach widely used in countries with strong road safety 
records, is not common practice in Poland. New road infrastructure is often designed with too many safety 
barriers at the cost of safe roadsides. Road safety barriers help to reduce the consequences of run-off-road 
accidents (because they protect people and objects on the roadside and reduce the severity and 
consequences for people involved in the accident) and are frequently the only possible solution (e.g. where 
engineering structures are concerned). In many cases, however, if properly designed, the roadside is safer 
than safety barriers. 
 
Aim 
The research presented in the article aims to identify possible actions to improve Poland’s roadside safety. 
The scientific aim is to build mathematical models to describe the effects of selected road and traffic 
factors on safety. The practical objective is to develop a method for designing safe roadsides by including 
safety zones directly adjacent on the road. 
 
Method 
The work included a very detailed analysis of app. 40 documents collected worldwide such as guidelines or 
good practice of roadside design and vehicle restraint systems. Three leading European research projects 
(SaveCube, Riser and Savers) are also studied and provided the basis for developing a new method for 
roadside design. This was followed by field tests designed to identify roadside hazards. Next, mathematical 
models were built and procedures were developed for the selection of roadside design solutions.  
 
Results 
In an analysis of road accidents, the risk of roadside-related accidents was assessed. A classification of high-
risk sections was conducted. Hazards were rated on a scale of one to five. Fieldwork helped to assess 160 
sections of national roads. This included hazard identification. Treatments were proposed. Mathematical 
models showed that victim density is mostly affected by parameters such as barriers, roadside trees (for 
various distances between trees and road) and road class. Studies have shown that victim density 
decreases as the length of sections equipped with safety barriers and hard shoulders increases. 
 
Conclusions 
The contribution from the work includes new knowledge of road design. Models for estimating road 
accidents and their consequences where a safe roadside is not provided are important for gaining new 
knowledge and applying it in practice because the models can be used for planning and designing road 
infrastructure. The results of the research will also feed into building a pool of recommendations and 
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guidance for formulating new guidelines for designers in terms of ensuring that vehicle occupants and 
people and objects on the roadside are protected. If roadsides are not safe, the main goal cannot be 
achieved which is to eliminate road accident fatalities and serious injuries.  
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Background: 

Today, roundabouts are an integral part of the road system. Roundabouts, like all intersections, are 
complex road environments: their geometric configuration, the signs and markings, the road furniture, the 
qualitative and quantitative characteristics of traffic, the vehicular conflicts are all elements which weigh 
the driver workload, influencing the driving behavior and, consequently, affecting the driving errors. Driving 
error has been identified as a prominent causal factor in road traffic crashes. In recent years, studies of 
driving errors have increased in order to reduce the number of crashes, especially severe crashes at 
intersections. There are still few studies that assess driving errors at roundabouts. 

Aim:  

The present study set out to investigate the nature and sources of driving errors at roundabouts through 
the conduct of an on-road test. In fact, it is believed that the possible presence of user errors could be due 
to critical geometric configuration of the roundabouts, road furniture, and characteristics of traffic. For the 
purpose of this study, driving errors were identified after a thorough review of the literature; 22 driving 
errors at roundabouts were identified. 

Method or methodological issues:  

Sixty-six drivers (47 males and 19 females) aged 18-65 years took part in the study. The test field consisted 
of 9 roundabouts, with different characteristics, to which the drivers carried out various maneuvers. In 
order to identify errors committed by drivers an operator within the vehicle was filled an ad hoc 
questionnaire during the test. At the end of the survey campaign, 7993 errors were detected. CHAID 
decision tree technique was employed to establish the relationship between driving errors and driver 
characteristics, geometric configuration of the roundabouts, road furniture, and characteristics of traffic. 
The goal of CHAID is to divide a population into mutually exclusive and exhaustive subgroups, which differ 
with respect to some criteria. CHAID combines categories that do not differ significantly from each other 
and separates those that do. It uses the chi-square test for independence to assess statistical significance 
and makes no assumption regarding functional form. At any point in the analysis the model identifies the 
best predictor for the dependent variable. 

Results obtained or expected:  

The results of this study show a high influence of the size of the roundabout (lanes width and radius) in the 
percentages of the different types of errors. The larger size of the roundabout leads to greater confusion in 
the driver who does not perceive the correct trajectory to hold. The young women constitute the category 
that commits fewer driving errors; while men are the category that makes the most errors related to 
inadequate speeds. The most frequently committed error is the high speed approach to the roundabout 
and the non-compliance with the precedence at the roundabout. 

Conclusions:  

Driving errors occur at all points in the road network, but they may be particularly prominent at 
intersections. Also, given the complexity of intersections, the nature of errors that occur there may differ to 
those made at other sections of the road network. There is therefore a need to identify the nature (number 
and type) of errors made by drivers, including the factors that can both contribute to and mitigate these 
errors from occurring. This study identifies the specific errors committed by drivers at the roundabouts and 
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finds the relationships between these and specific features. These findings will lead to constructive 
recommendations and the development of specific safety countermeasures that will can minimize the 
probability of driver error at roundabouts. 
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Background; 
In anticipation of an increase in elderly drivers, various social systems have been established in Japan. One 
of them is a Driving Lesson for Elderly Drivers (DLED). The lesson is a class that is obligated to drivers aged 
70 and over at the end of their license renewal period. 
The main aim of the DLED is to make the elderly drivers aware of the decline in his or her mental and 
physical abilities and to encourage Compensation Driving (CD) that the drivers change their driving 
methods onto the safety side according to their mental and physical abilities. In recent years, with the 
increase of elderly drivers, waiting time for attendance of the DLED has been seriously prolonged. Based on 
such practical issues, it is important to understand the promotion effect of the CD by the DLED. 
 
Aim; 
We grasp the effects of the DLED from the viewpoint of CDs. 
 
Method or methodological issues; 
The data used in this study were investigated through MacroMill, web research company. The population 
of this study is 410,432 people over 60 years old out of 1,213,764 monitors registered in MacroMill. First, 
for the above population, a questionnaire for screening was sent to monitors randomly selected according 
to gender and age groups based on the target number of responses. After that, the main questionnaire was 
sent to subjects who passed the screening (owned their vehicles and driving history for more than 10 
years). The survey was finished when the target number of responses by gender and age group was 
obtained. The target number of responses was set by age group and gender, taking into consideration the 
limitations of the survey cost. Specifically, there are 155 individuals for each of the eight groups divided by 
age and gender. 
The effects of the DLED were calculated based on the following five compensation driving: 
1) Driving Preparation: Preparations for driving planning, physical status and vehicle condition, etc. 
2) Driving restriction: Driving avoidance behaviors in long distance, night and rainy weather, etc. 
3) Speed control: Driving behaviors at safety speeds. 
4) Evacuation driving: Driving behaviors such as stay away from dangerous vehicles and give way on narrow 
roads, etc. 
5) Attention Concentration: Driving avoiding getting annoyed and inattentive status, etc. 
Furthermore, in order to grasp the factors that give the change of the CD after the DLED, the multiple 
regression model was constructed. The response variable is the change in the CD after the DLED. The 
explanatory variables are the subject's personal attributes, the type of car being used, residence location, 
driving frequency, health status, accident experience, daily activity abilities and actual use of cars. 
 
Results acquired or expected; 
It was found that while the effects on "Attention Concentration" and "Speed Control" were large, the 
effects on "Drive Restriction" and "Drive Preparations" were small. Moreover, as a result of multiple 
regression analysis, the following results were obtained. Here, (+) means that there is a positive correlation 
with the implementation of CDs, and (-) means that there is a negative correlation with. 
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1) Factors affecting Driving Preparations: driving frequency (-), daily activity abilities (especially, life 
management ability (+)) 
2) Factors affecting Driving Restrictions: gender (male (-)), age (+), residence location (especially, city (-) and 
suburb (-)), health status (-), substitution possibility of car use (+), importance of car use (+), total driving 
time (-) 
3) Factors that affect Speed Control: daily activity abilities (especially, life management ability (+)), 
importance of car use (+), total driving time (-) 
4) Factors affecting Evacuation Driving: age (+), importance of car use (+) 
5) Factors that affect Attention Concentration: daily activity abilities (especially, ability of new device use 
(+), information gathering ability (-), life management ability (+)), substitution possibility of car use (+) 
 
Conclusions; 
We clarified the effects of the DLED from the viewpoint of the CD. While the DLED encourages the CD such 
as "Attention Concentration " and "Speed Control", "Driving Restrictions", which are expected to have a 
large effect from the viewpoint of accident prevention, are less affected. We also clarified the factors that 
encourage the CDs by the DLED. Based on these results, we believe that careful consideration of the DLED 
contents is important in reducing traffic accidents by elderly drivers. 
 


