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Abstract

Abstract

The 2021 edition of the Italian Highway Code includes for the very first time
the vulnerable road user (VRU) category. This innovation reflects the
growing awareness of the Italian legislator for the safety of pedestrians, two-
wheelers, and persons with disabilities. In the urban context, a significant
amount of vehicle-pedestrian collisions occurs at unsignalized crosswalks
located between consecutive intersections, i.e. in the so-called “mid-block”

section.

This study investigates the effects of two different crosswalk designs, (i) the
linear sidewalk and (ii) the curb extension, on driver-pedestrian (DP)
interaction. Two types of driver familiarity were explored: (i) the route and
(ii) the situational one. The hypothesis is that drivers’ familiarity with route
and situation contributes to generating a wider spectrum of behaviours,
which in turn can significantly affect pedestrian safety. Although the route
familiarity has been repeatedly investigated in the literature through
naturalistic and simulation studies, there is a lack of knowledge about the
effects of familiarity in the DP interaction. The experiment aims to examine
the driver behaviour after (i) repeated exposure to DP interactions and (ii) in
the first exposure after several missed DP interactions at mid-block

crosswalks.

This study was conducted at the fixed-base driving simulator of the

Department of Environment, Land, and Infrastructure Engineering at the
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Politecnico di Torino. A multi-level factorial experiment was designed to
include: (i) mid-block crosswalk design, (ii) driver familiarity, and (iii)
pedestrian time gap acceptance. Baseline (linear sidewalk) and curb
extension are the two designed mid-block pedestrian crossing layouts and
are embedded in an urban neighbourhood. Unfamiliarity, route-familiarity,
and situational-familiarity are the three conditions in which the participants
(drivers) were involved. Three different values of pedestrian time gap
acceptance to model their crossing behaviour (4, 6 and 8 seconds) were

adopted.

Fifty-two participants were involved. They were divided into four groups
and stratified for age and gender. Four surrogate safety measures i.e.,
minimum instantaneous time to collision (MTTC), post encroachment time
(PET), maximum car deceleration (MaxD) and maximum car speed within

100 m before the crosswalk (MaxS) were used to evaluate the driver response.

Two different analysis were carried out. The first with interaction plots
exhibited the effects of the experimental factors on the measured variables.
The second was performed through the calibration of mixed-effects models.
Results reveal that the curb extension layout significantly improves the safety
of the pedestrians, showing the more relevant effect on MTTC and MaxS.
Furthermore, the analysis pointed out that route familiarity led to more
aggressive driving behaviour than the other familiarity levels. Situational
familiarity positively affects driving behaviour making them more prone to
safely interact with pedestrians. The outcomes suggest adopting the curb
extension at the unsignalized mid-block pedestrian crossing, and this
conclusion is also supported by a lower number of collisions recorded during

the simulations with this layout.

KEYWORDS: Pedestrians safety, Driving simulation, Drivers’ familiarity,
Surrogate measure for road safety, Human factor, Driver-pedestrian
interaction.



Acknowledgements

Acknowledgements

2014 was the year that changed my life. I decided to leave my home, my
beloved Alghero, to embark on the journey as a university student that is now
reaching its final chapter. During the bachelor’s degree I struggled to
integrate in the city and with my other colleagues. The transition from a small
city to one ten times larger was quite destabilizing for me. As time went by, I
learned to appreciate Turin and now I can't stay away from it anymore (not
in the summer honestly). I have met so many fantastic people who have
supported me during this journey and who have made me happy and able to
face the path to my master’s degree in the best possible way. I want to

adequately thank those who have been there for me during this long journey.

The first deserving thanks go to prof. Marco Bassani, who has continuously
supported my work during this difficult period, allowing me to grow both as
a student and as a person. I would like to thank prof. Andrea Spoto
(University of Padua) for providing support for the statistical analysis of the
data.

A big thank you to the folks at the RSDS lab, Alberto, Albertino, Alessandra,
Abrar, and Adele (only my name doesn't start with an A, shock). You made

the days in the lab always enjoyable and I hope to see you again soon.



Acknowledgements

To Enrico, what can I say. My best friend. We met after one of the worst
moments of my life and you helped me get up again. You were always there
for me and I will always be grateful. In these almost ten years we have shared
many good and bad moments and I hope we will share many more for the
next hundred years (even a little less, come on). In a few months it will be

your turn and it will be a great moment, and I will not miss it.

A big thank you goes to the historical group of friends from Alghero,
Emanuele, Mario, Mattia, Jacopo and Lorenzo, with whom I shared many

years of my life and with whom we keep in touch despite the distance.

To my colleagues in the master's degree program, Paolo, Marcello, Matteo,
Agnese, Mara, Rebecca, Dilara, and Tuncay. Due to erasmus and covid we
only spent one year together, but it was enough to make some great

friendships with some great people. I hope to see you all again soon.

If I was able to reach this incredible milestone, it is mostly thanks to my
family. My parents, Nando and Margherita, represent for me the example to
follow. I know it may sound like a trite sentence, but it is so. With their
strength and hard work, they have built a wonderful family, often denying
themselves of something to make their children happy. They have always
supported, both financially and morally, my choices and I hope to have made

them proud of me.

To my brother Lorenzo, with whom I share the passions of soccer and
formula one. You are embarking on a long and difficult journey that will lead
you to become a medical doctor in a few years. I am sure you will have great
success and I wish you many satisfactions in life. To my little sister Ilaria,
with whom I am ten years apart. I love you very much and you are one of the
best things mom and dad could do. All I can say is enjoy your life more
carefree and have fun with your friends, which is the most important thing

in all of our lives.

GRAZIE!



vi



Table of Content

Table of Content

LY o1 1 - T PSP P PO RURORUPTPPT ii
ACKNOWIEAZEMENTS. ...ttt e e et e e e sbee e e s ssbteeessbeeeeesabtaeessasseeassnns iv
I (g1 4 o Yo [¥ T A 1o o RO TSRO P PR TOPRTRPPR 1
2. Problem statement and 0bjJECHIVES .......uviiieiiiiece e 4
2.1 Driver-Pedestrian interaction ...........coceeieereinienieeeeeesee et 4

D A - o Y1 1T o A PRSPPIt 5
2.3 Surrogate Safety MEASUIES......ccuuiii ittt e e s e e s sbaeeeeeans 6
2.4 Mid-block crosswalk deSi8NS.......uuiiiiciiiiiiiiiiiieiiiee et e s e e s sraeee s 11
2.5 Objectives Of the StUAY ...cccuviii i 12

1Y 1= o g Voo o] [o -4V USSP 13
3.1 Design of the eXPeriMENt........coocciiiee e e e e aree e e e ares 13
3.2 EXPerimental factors .....uii i 14
3.2.1 Mid-block pedestrian CroSSING ......ccccueiiiicieeeiiiiiee et e e e e e serrae e 15
3.2.2 Pedestrian time gap aCCePLaNCe ....cccviiii ittt et 16
3.2.3 Driver familiarity ...coccveee e e e e 17

3.3 ROAA SCENAIIOS ..ttt sttt ettt b e b e sbe e sae e et e et e e sbeesneesaneeane 18
R o [ ol o - | £ PP SPPP PP PPPPPPPPPN 22
3.5 EXPerimental ProtoCOl ......oeiei et 24
3.6 ODSEIVEA MEASUIES .....eeiutieteetieiite ettt et et et e sttt e bt e be e bt e sbeesaeeebeebeesbeesbeesaeeeane 27
3.6.1 Minimum instantaneous time to colliSioN ...........coceeieeieniinieieeee e 27
3.6.2 POst-encroachment time ...c..cooeiiiieiieiieeececeeeer e e 29
3.6.3 Maximum Deceleration of the vehicle.........c.cccooiiiiiiiiiene 30
3.6.4 Maximum Speed of the VEhICIe ......cc.eeeiiiiiieii e 31

3.7 ANAlYSiS MELNOUS ...eiiiiiieieeee e e et e e e e aae e e e e aree e e enbeee e e anes 32
3.8 DriVING SIMUIATON....eiiiiiiiee ettt e e e e et re e e e e abe e e s enbae e e entaeeeenases 36
B8 L HArAWAIE. ..ceeeeeieiee ettt s s 37
3.8.2 SOTEWAIE ..ttt e 38

4. RESUIS @Nd DISCUSSION ..ceeuriiiiiieiiieetieeetee ettt ettt e st e e s e e sare e sareesneeesareeenneeens 40
4.1 Traffic events classification ..o 40
A VoY (=T - Toi 1 To o 1 o] Lo £ PR 43
4.3 Linear Mixed-effects MOdElS ..........cocieiieiiiniinieieeeeee e 46
4.4 Post-guide questionnaire analysis ........cccceeecieeiiciiee e 56
5. CONCIUSIONS et et st st e b e e s b e s be e e sne e e sareeesareesans 58

vii



Table of Content

RETEIENCES ..ottt ettt et ettt e bt e st e e st e e s bee e sabeesabeeesaseesbeeesnneenns 61
FAY o7 o T=] o Lo [ USSR 66
A.  Scenario codes (MICE IaNGUAEE). ...cceecuieeiiiiiieeceiiee ettt et eeire e e evae e e aae e e e 66
B.  Matlab® COUES. ..c..eiuiiiiieiiee e 69
C. Mean values of the observed variables ..........cooceririieiieneneeeeeee 73
B T |V I O = =T o] PP SPRSPP 75
B, PET r@SUILS. ettt ettt st e st e e bt e e sab e e sbe e e sabeeeneeas 115
F.  Max Deceleration graphs. .....c..eeeoeciiei ettt e eaaee s 121
T (Vb D Y o 1Y <To I = =Y o] 1 USSR 149
H.  POSt-hOC TeStS rESUILS ..coiuiiiiiiieiieee et 178
I.  Post-drive questionNaire graphs......cccvcciiieiiiiiee et 182
P W1 e} i o = o ol o Y=Y £ PSP 184
Ko INVITAtioN @Mail .c..eieiieee e e e 185
L.  Presentation of the eXperiment........ccccuiiiieiiie e e 186
M. Anti-covid19 prevention FUIES.......ccccvivciiee e 189
N. Pre-guide qUESHIONNAIrE.....cccciiiiiiiiie et s e e e e s sraeee s 197
O. Post-guide qUESTIONNAINE .....cccociiiiiceiiee ettt e eeree e e e enree e e e 198

viii



Introduction

Chapter 1

Introduction

More than 50% of the whole road deaths involves vulnerable road users
(VRU), which are mainly pedestrians, “two-wheelers”, and people with
disabilities (WHO, world health organization, 2020). They are the most
exposed road users to risks and therefore need to be protected. The statistics
collected by the Italian National Statistics Institute (ISTAT - Istituto Nazionale
di Statistica) revealed a higher fatality and injury rates for VRU compared to
drivers (ISTAT, 2018).

Among VRU, pedestrians are the most exposed to death risk. The World
Health Organization (WHO) reported that the 22% (270,000) of all road
fatalities were pedestrians (WHO, 2013). The 2018 annual report of the
European Road Safety Observatory exhibits that the number of pedestrian
deaths in the urban area in 2016 was 3,853, which were more than twice of
those occurred in the rural area (European Road Safety Observatory, 2018).
In Italy, in 2018 the ISTAT observed that the number of injured pedestrians
was 20,700 while the deaths were equal to 612 (ISTAT, 2018). The pedestrian’s
tatality rate (3.2 each 100 accidents) was five times more than the one of car

occupants (0.7).

American crash data revealed that the urban environment and locations
outside intersections are the most unsafe. The National Highway Traffic
Safety Administration (NHTSA) reports that most of pedestrian fatalities
occur in the urban environment (80%) and mainly take place far from of the
intersection areas (73%) (NHTSA, 2017). ISTAT reported that 14.4% of urban
road crashes involve isolated vehicles and pedestrians, while 50% of them
occurr at pedestrian crossing. The recorded number of crashes and pedestrian
deaths is much higher in the urban environment (12,197 crash and 276
pedestrian deaths) than in the rural one (503 crashes and 71 pedestrian
deaths). Furthermore, most of the pedestrian collisions took place at
unsignalised crosswalks (no traffic lights or officers) than in the regulated
pedestrian crossing (ASAPS, 2019). The statistics pointed out the importance
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of further study to increase protection of this VRU component in the urban

environment.

Road accidents involving pedestrians are usually associated to improper
driver behaviours, and the most common are (i) speeding, (ii) fail to yield,
and (iii) distracted driving. ISTAT dataset supports this statement: 10,391 of
pedestrian investments were due to driver fault, while 1,806 to pedestrian
violations. Using a smartphone, arguing with passenger or watch the
navigation system can be the source of the driver’s misbehaviour. However,

many other factors could produce this unwanted outcome.

Let us suppose driving in a city neighbourhood and cannot find a parking
slot for a significant amount of time. Being exposed to the same road
environment for a long time, it makes you better familiar with that street.
Nevertheless, this repetitive action can generate frustration and make your
driving mechanic. The trip home-work could be another example since
usually everyone does it daily. Both situations are part of everyday life and
could lead to a loss of attention or a disregard for one's surroundings, causing

problems for oneself and other road users.

These examples well depict the driver familiarity concept. In general term,
the familiarity indicates the custom or practice acquired through experience
and assiduous effort. The past researches were mainly focused on familiarity
with the route, and the findings reveal that it might be source of risk for road
users. Anyway, drivers can be repeatedly exposed to a specific situation and
not only to the route. The driver’s high exposure to a situation or to an
infrastructural configuration could promote the adaptation of the driver, that

might represent a source of risk for other road users.

The performance of drivers approaching the pedestrian crossing is widely
explored in the literature to investigate the effectiveness of safety
countermeasures, and increase the overall road safety (Bella & Silvestri, 2015)
(Chrysler, Ahmad, & Schwarz, 2015). However, the situational familiarity as
experimental factor in the literature was not found, and this encourages to

investigate its effects on driver behaviour and countermeasures effectiveness.

The global or national road safety is usually evaluated through the crash data

analysis. However, crash database has several limitations due to miss data,
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underreported information, large fluctuation along time, errors in the
localization of the events and many other issues. Hence, surrogate safety
measures (SSM) have become popular because they refer to real or simulated
interactions between road users, and lead to a direct classification of the same
into safe or hazardous. The change in a factor which have an impact in the
interaction is immediately revealed as per the variation of the
time-to-collision or the post encroachment time, that represent the time
proximity between conflicting road users. As a result, there’s no need to wait
along time to read such benefits from the crash statistics, because the positive

variation in the SSM is immediately captured.

The most suitable research tool to investigate the driver-pedestrian (DP)
interaction is the driving simulator. Safety, efficiency, control of experimental
parameters, and relative low cost are some advantages of conducting

experiments in a virtual environment rather than in the field (Nilsson, 1993).

This research involved five main steps: (i) topic definition and literature
review, (ii) design of the experiment, (iii) data collection and database
organization, and (iv) data analysis and results, (v) conclusions and future

needs.
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Chapter 2

Problem statement and objectives

Previous statistics pointed out that most of the road crashes involving
pedestrian occur along urban roads. The data revealed that pedestrian
accidents are more frequent at unsignalized pedestrian crossing far from
intersections. The literature was consulted to understand which factors can

affect the DP interactions and what knowledge gap has to be filled.

2.1 Driver-Pedestrian interaction

The goal of road engineers is to guarantee a safe interaction between different
road users. The coexistence of all road user categories is the specificity of the
urban mobility. Pedestrians, “two-wheelers”, people with disabilities are
exposed to high risk and need to be adequately protected.

Harrel found that the drivers are more prone to stop when a pedestrian
traverse the crosswalk than when he/she stay passive remaining on the
sidewalk (Harrell, 1993). The “Threat Avoidance Model” (Fuller, 1984)
reveals that the drivers” behaviour is strictly dependent on whether he/she
perceives the presence of the pedestrian (discriminative stimulus). This
external stimulus could generate two different behaviours: (i) slow down and
give priority to the pedestrian (i.e. anticipatory avoidance response), or (ii)
keep their speed having no intention to yield (non-avoidance response).
However, the driver may not experience the discriminative stimulus because
he/she does not perceive the pedestrian presence. If the pedestrian cross the
road, the driver might be forced to perform a delayed evasive manoeuvre to
avoid the collision. Bella and Silvestri found that the drivers reach a higher
approaching speed to the zebra crossing when they do not perceive the

interference with a pedestrian (Bella & Silvestri, 2015).

The DP interaction is also influenced by the risk that the pedestrian is
willinged to accept. (Pawar & Patil, 2015) field study pointed out that the
temporal gaps accepted by the pedestrian at mid-block croasswalks ranged

from 4.1 s to 5.8 s. Another reasearch found out that the pedestrians time gaps
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acceptance were between 5.3 s and 9.4 s (Brewer, Fitzpatrick, Whitacre, &
Lord, 2006). The wide ranges of the accepted gap showed the difficulty in

representing a “real” pedestrian behaviour in the virtual environment.

The DP interactions have been already investigated through the driver
simulator. Some aspects appeared as relevant, such as (i) the number of
pedestrian crossing the road (Obeid, Abkarian, Abou-Zeid, & Kaysi, 2017),
(ii) pedestrian walking speed, (iii) time of the day, and (iv) pedestrian dress
colour (Wu, Radwan, & Abou-Senna, 2016).

2.2 Familiarity

Familiarity is the custom or practice acquired through experience and
assiduous effort. Most of the research work has been focused on route
familiarity, which the driver achieves by having excellent knowledge of the
travelled road. Intini et al. made an extensive literature review about this
topic (Intini, Colonna, & Ryeng, 2019). When the driver is familiar with the

route, he/she adapt his/her behaviour to the well-known environment.

The hypothesis is that when the driver becomes familiar with the route or
with the situation, automatic processes rather than controlled ones mainly
govern his/her behaviour. In other terms, the drivers could pre-determine
both longitudinal and transversal behaviour without adapting them to the
actual traffic conditions. Sometimes the driver becomes familiar with the
irregularity or anomalies of a specific road segment, such as patch or potholes

position on the pavement or other kind of peculiarities.

Lap 3 Familiarity
. col:::lc:::listZd

Lap?2

.Lap 1

Figure 1-Outline of the familiarization process, which concludes
after 4 laps



Problem statement and objectives

Drivers’ route-familiarity has been mainly treated in the literature with two
different approaches: (i) distance-based and (ii) frequency-based. The first
considers drivers as familiar whether their residence and the location of the
studied scenarios are in the same country or state, while unfamiliar people
are mainly foreigner or unfamiliar with the location. The second is considered
in this study: the user becomes familiar with a given route by driving several
times on it. The definition of the number of drives to consider the driver
familiar is not an easy task. Daily, weekly, and monthly driving distributions

have been explored in the research.

Martens et al. founds that the trend of the route-familiar drivers is to reduce
their glance duration at traffic signs (Martens & Fox, 2007). They involved
forty-two drivers who drove nineteen times on the same route in five separate
days. They found that familiarity influences the cognitive ability of drivers
by making people less prone to correctly process the external sensory

information, and this leads to inattention and mistakes.

The frequency-based approach was adopted by Yanko et al. who carried out
three experiments involving sixty drivers (Yanko & Spalek, 2013).
Participants drove four times on the same route to become route-familiar.
Once the driver is route-familiar, he/she becomes less embedded in the

environment and finds difficulty in considering a correct margin of safety.

There is not a standard number of participants which should be involved in
the study to have significant results regarding the influence of the familiarity
on the driving tasks. In the on-road test performed by Colonna et al., the
experimental protocol considered six days of testing instead of just one

(Colonna, Intini, Berloco, & Ranieri, 2016).

2.3 Surrogate Safety Measures

The assessment of the safety level is a complicated task, and usually it is
evaluated through crash data statistics. However, some researchers consider
the crash frequency to be the worst indicator of safety because of important
limitations related to them. The crashes represent only the tip of the iceberg
of the traffic events distribution, and the situations representing significant
risk that do not lead to a collision are not detected. The spectrum of the traffic

events describing the relationship between the severity and the frequency of
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road users interactions is usually represented by the “safety-pyramid”
(Hyden, 1987). This representation allowed to consider the road events like
conflicts and undisturbed passages (normal traffic process) that are more
frequent than road crashes (Figure 2).

One of the main limitations of the crash data is related to their analysis. This
methodology is subject to the phenomenon of regression-to-the-mean (RTM)
effect, which requires several manipulations and a huge database (in time or
space) to deal with it properly. The RTM effect is a statistical phenomenon
related to the random fluctuation in crash numbers. The roads with a
significant amount of crashes in a specific period are likely to have fewer
collisions during the following period just because of this fluctuation. This
phenomenon could lead to an overestimation of the effects produced by the

countermeasure, in particular for road having a high number of crashes.

Furthermore, crashes are rare events, that need to be reported into official
statistics by police officers. The crash event underreporting characterizes
most of the official databases, so it is difficult to have accurate and reliable
data, which in turn might lead to poor or wrong conclusions. The typical

mixed spectrum of traffic also represents an issue because not all the

A
A
'\

Figure 2-"Safety-pyramid"’ describing the possible interactions between road users (Hyden 1987)




Problem statement and objectives

accidents between road users are documented in the databases (e.g., the

collision between a pedestrian and a biker).

Hence, surrogate safety measures (SSM) can be alternatively used to
investigate the interactions between different road users (Wu, Radwan, &
Abou-Senna, 2016) (Saulino, Persaud, & Bassani, 2014). The SSM evaluates
the crash risk in a traffic event considering vehicle trajectories, speeds, and
accelerations. These measures overcome the limitations due to the use of
crash data. A SSM must be sensitive to the analysed traffic event and to the
adopted countermeasures, so the safety improvement can be evaluated in a
corrected way. The use of driving simulators has been already validated
using surrogate safety measures (Yan, Abdel-Aty, Radwan, Wang, &
Chilakapati, 2008).

To further explain the reason why surrogate safety measures have been
adopted in this research, it is necessary to introduce the concept of traffic
conflicts and crash-nearness. A traffic conflict is the situation in which road
users follow trajectories that will lead them to a collision with a high
probability of injury. This definition was formulated in the Dutch method of
the traffic conflict technique (Horst & Kraay, 1986), in which both the
imminence of the crash and the consequence for the involved users are
included. Applying this definition to DP interaction, a conflict is a small
separation between the two users and an evasive manoeuvre is necessary to

avoid the collision.
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If the driver carries out a late evasive manoeuvre, a near-collision event may
occur. The crash nearness is related to the concept of road user’s separation,
which is the event that could have generated a damage but did not because
of an effective emergency manoeuvre or a lucky coincidence. Even if near
crashes do not produce material damage or injuries, they can create a feeling
of unsafe conditions and anxiety in the road users. Moreover, these events
are more frequent than collision and this overcome one of the main
limitations of the crash data. The analysis of the near crashes might involve
the concept of risk perception and allow to better evaluate the effectiveness
of the adopted infrastructural countermeasures. Many surrogate safety
measures have been used in the literature to express the crash nearness
between the road users. In this study, (i) the minimum instantaneous
time-to-collision (MTTC), (ii) the post-encroachment time (PET), (iii) the
maximum deceleration (MaxD), and (iv) the maximum speed (MaxS) within
100 m before the crosswalk to evaluate the driver’ response have been

adopted.
Minimum time-to-collision

TTC is a surrogate safety measure, which has been widely used in the
research field to evaluate the road users’ safety (Wang, Cheng, Li, André, &
Jiang, 2019). FHWA manual defined TTC as the time that remains until a
potential collision between two road users, would occurred whether their
trajectories and speed difference do not vary (U.S. Department of
Transportation, 2008). It is a temporal proximal indicator, meaning that it
expresses the distance between the road users in terms of time. The
measurement of the TTC is based on the prediction of a hypothetical crash if
both the road users maintain the same trajectory and speed. It allows to assess

the severity of a conflict and the probability of a collision.

The instantaneous measurement of the TTC (ITTC) allowed to correctly
detect the end of the driver’s evasion manoeuvre during a conflict event
(Tarko, 2020). It appeared clear as this manoeuvre comes to the end when the
minimum value of the instantaneous TTC (MTTC) is achieved. A conflict
event finished when the ITTC value increases and rises above the critical
threshold. Typically, this SSM is automatically computed through SSAM

(Surrogate Safety Assessment Model) that is a software application able to
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identify, classify, and evaluate traffic conflicts from microscopic traffic
simulation models. The estimated TTC is based on the current location and
speed of the two vehicles and it is evaluated at each time step. The default

critical threshold adopted to identify a conflict event is equal to 1.5 s.

Post-encroachment time

FHWA manual defined PET as the time discrepancy between the moment an
“offending” road user passes out of the point of potential collision and the
moment of arrival at the same potential collision point by the "conflicted"
road user. The minimum possible value of PET is equal to zero that
corresponds to a collision. This variable has been already considered in
literature both for vehicle-vehicle conflict events (Saulino, Persaud, &
Bassani, 2014) and for DP interactions (Wang, Cheng, Li, André, & Jiang,
2019).

The nature of this measure could lead to misleading evaluation of the hazard
because it is a post-event observation. It is possible to have a situation in
which the driver manages to complete the evasive manoeuvre thanks to a
strong deceleration when he is at a close distance from the pedestrian. To

reach the potential conflict point the driver must restart from a standstill and
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Figure 4-Definition of the TTC and PET in the time-space domain referring to the case in
which the pedestrian reaches the conflict area earlier than the vehicle (with evasive
maneuver) . (A) is the beginning point of the evasive maneuver, (B) is the potential conflict
point, (C) is the actual at the potential conflict point of the second road user.
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a considerable amount of time may pass. The time elapsing is clearly the
observed PET. Even if the measure returns a high number, it does not reflect
the high risk and probability of collision between users. It appeared as a good
measure to count collisions but might not be an adequate measure to quantify
the experienced risks by the users. The SSAM software adopt 5 s as critical
threshold to detect traffic conflicts, and this study has been carried out

consistently to this value.

2.4 Mid-block crosswalk designs

Crosswalks are dedicated to the pedestrian's circulation and allow a safe
movement from one side to the other of the roadway. Road engineers must
design them to limit any negative consequences (injuries and fatalities) using

such facilities.

The crash statistics confirm that mid-block crossings are more critical than
crosswalks at intersections (ASAPS, 2019). (Bella & Silvestri, 2015) (Bella &
Silvestri, 2016) analysed the drivers’ speed behaviour at the mid-block zebra
crossings. They considered four treatments for the mid-block crossing area:
(i) the baseline condition, i.e. no treatment; (ii) the parking restriction; (iii) the
advanced yield marking; and (iv) the curb extension. These countermeasures
were selected out of the ones analysed in the literature (Pulugurtha,
Vasudevan, Nambisan, & Dangeti, 2012); (Zegeer & Bushell, 2012) because of

their low cost, easiness of installation and effectiveness.

In this study, two layouts among the above-mentioned four have been
selected accordingly to the published findings. (Bella & Silvestri, 2015) (Bella
& Silvestri, 2016) indicates that the curb extension improves the visibility of
the pedestrian and promotes the decrease in speed of the drivers allowing
yield to a pedestrian and avoid abrupt evasive manoeuvre. Experimental
evidence reveals that this countermeasure (i) reduces pedestrian exposure,
(ii) increments the number of drivers that yield to pedestrians (Randal, 2005),
and (iii) significantly reduce the operational speeds of vehicles (Replogle,
1992).

From this literature review, the main factors affecting the DP interactions at
mid-block crosswalks are (i) the driver behaviour, and (ii) the pedestrian risk

acceptance. However, the outcomes from previous studies do not account for
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the familiarity factor, either route or situational. In particular, the situational
familiarity has never been considered as an experimental factor, and this
support the decision to investigate this effect on driver behaviour and

countermeasures effectiveness.

2.5 Objectives of the study

This study aims at investigating the DP interaction at unsignalized mid-block
pedestrian crossing. This research investigates the effects of two different
unsignalized mid-block crosswalk layouts, (i) the linear sidewalk (baseline)
and (ii) the curb extension (Figure 6).

In addition to route-familiarity, which has been addressed in past research,
the situational familiarity was investigated too. Drivers are intended to be
familiar with the situation when they are accustomed to a specific
circumstance, which in this study is interaction with pedestrians. The
experimental activity aimed at examining the driver behaviour after (i)
repeated exposure to DP interactions and (ii) in the first exposure after several
missed DP interactions at mid-block crosswalks. The hypothesis is that
driver’s familiarity with route and situation contributes to generating a wider
spectrum of behaviours, which could significantly affect the pedestrians'
safety. The aim is to assess if the curb extension, rather than baseline
condition, is still significant in reducing the risk of pedestrians when

negotiating the road crossing even considering the familiarity factor.
in 1] Ik P = . ]

(a) (b)

Figure 5- View of the baseline (a) and curb extension (b) mid-block crossing in the virtual environment.
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Chapter 3

Methodology

3.1 Design of the experiment

A multi-level factorial experiment involving mid-block pedestrian crossing
layouts, pedestrian time gap acceptance, and driver familiarity was designed.
The term “multi-level” suggests that the factors did not have the same
number of levels. The combination of the three experimental factors provide
eighteen different configurations. Baseline (linear sidewalk) and curb
extension are the two investigated mid-block pedestrian crossing designs and
were embedded in an urban neighbourhood. Unfamiliarity, route-familiarity,
and situational-familiarity were the three involvement types. Three different

pedestrian time gaps (4, 6 and 8 seconds) were adopted.

The experimental activity was carried out in the Road Safety and Driving
Simulation laboratory of the Department of Environment, Land and
Infrastructure Engineering (DIATI) at the Politecnico di Torino. The lab is
equipped with a fixed-base driving simulator with a three-screen view that
allows a 130° view. Four urban road scenarios were designed, and each
participant drove just in one of them. Each of the four scenarios include
different combinations of the experimental factors. The detailed description

was included in the dedicated paragraph (Road Scenarios).

The experiment required a 20-minute drive for each participant. The limited
time spent at the simulator was adopted to mitigate any possible unpleasant
sickness effects given by the simulation, and to be compliant with the
anti-covid19 standards. Participants were asked to fill a questionnaire before
the experiment.

Fifty-two drivers divided into four groups and stratified for age and gender
were involved. Drivers completed five laps of the circuit, four of which allow
them to accomplish the assigned familiarization process. The choice of the
laps number was made in accordance with the results found by Yanko et al.

(Yanko & Spalek, 2013) and the harmonized methodology proposed by Intini
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et al. (Intini, Colonna, & Ryeng, 2019). At the end of the driving session,
participants were asked to fill the post-drive questionnaire to check any
simulation sickness effect and eventually exclude those data from the final

processing.

Two different analyses were carried out. The first involved the interaction
plots, which exhibit the effects of the experimental factors on the measured
variables. The second was performed through the calibration of some
mixed-effects models to include both fixed and random effects on the driver

outputs.

3.2 Experimental factors

The multi-level factorial experiment was based on three independent factors:
(i) mid-block pedestrian crossing layouts, (ii) pedestrian time gap acceptance,
and (iii) driver familiarity (Figure 7).

These might be called controlled variables, which were varied in the
experiment to produce a response in the observed variables that depict driver
behaviour. The structure of the experiment requires the study of eighteen
combinations obtained from the different levels of the independent factors.

The mid-block pedestrian crossing treatment factor has two configurations,

LEVELS:
Unfamiliar
Route-familiar /—\
Situational-familiar ’
Familiarity
Y4
iy

Experimental
factors

LEVELS:
Linear sidewalk
Curb Extension

Pedestrian

Mid-block

LEVELS: time gap
4 seconds acceptance treatments
6 seconds

8 seconds

Figure 6-Outline of the experimental factors
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the linear curb (baseline) and the curb extension. Unfamiliarity,
route-familiarity, and situational-familiarity are the three conditions in which
the drivers were involved. Three different values of pedestrian time gap
acceptance to model their crossing behaviour (4, 6 and 8 seconds) were

adopted. They are explained in detail in the following subsections.

3.2.1 Mid-block pedestrian crossing

The investigated mid-block pedestrian crossing layouts were the linear
sidewalk (baseline) and the curb extension. The first one is the most used
pedestrian crossing configuration in Italy, and it does not involve any
protection for pedestrians. The second is the countermeasure found to be
most effective in two studies by Bella and Silvestri (Bella & Silvestri, 2015)
(Bella & Silvestri, 2016).

Baseline layout
This layout (Figure 7) includes two lanes 3 m wide for the circulation of
vehicles, two parking lanes of 2.20 m in width, two sidewalks 2 m wide, and

a vertical signal to indicate the crosswalks location.

The strips of the crosswalks have been designed accordingly to the Italian
Highway Code, which establish that they must be 1.5 meters long, 0.5 meters
wide and spaced 0.5 meters one from another (Ministero delle Infrastrutture
e dei Trasporti, 1992).

Ze—— 2 —

€

—Z—T—¢¢

Figure 7-Baseline mid-block pedestrian crossing layout
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Furthermore, in the proximity of the crosswalk two bulky vehicles were
positioned to reduce the visibility of the pedestrian from the driver point of

view.

Curb Extension

The geometry adopted for this layout is consistent with the Italian Policy,
which requires a trapezoidal shape for the extension. The basic idea behind
this layout is to improve the visibility for both the pedestrian and the driver.
According to the ACI guidelines (Automobile Club d'Italia (ACI), 2011), the
width of the sidewalk shall be of 1.5 m as a minimum, the length with a
minimum of 2 m, and the width at least equal to the crosswalk. The final
geometry was based on the case studies of Venice (Comune di Venezia, 2007)
and Portogruaro (Portogruaro, 2007). The geometry adopted is shown in
Errore. L'origine riferimento non e stata trovata.: 2 m wide sidewalk, 2.2 m
of curb extension, and 12 m of crossing area. Small poles 0.9 meters high have
been placed on the edges of the trapezoid to provide protection for

pedestrians and to prevent cars from getting onto the sidewalk.

3.2.2 Pedestrian time gap acceptance

Modelling the driver-pedestrian interactions is not an easy task because of
the difficulty in replicating a human-like behaviour. In this research, the
pedestrian time gap acceptance (risk acceptance) concept was considered.
Three time gaps of (i) 4, (ii) 6, and (iii) 8 s were adopted. The selected speed

for pedestrians was set equal to 1.1 % which was already considered in the

| £ » | A
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—
e — Em
1 —
—
w CIB =
S8 CIB : LD
. 3 B |

Figure 8-Curb extension mid-block pedestrian crossing layout
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study of (Wu, Radwan, & Abou-Senna, 2016). With this speed value, the
pedestrian needs 2 s to reach the vehicular lane along the crosswalk. In the
baseline condition, this distance was on the asphalt pavement surface, while
with the second layout on the sidewalk extension. To avoid the

administration of an order effects, two different interaction sequences were
provided: crosswalk No. 1, 3, and 6, and No. 2, 4 and 5.

The DP interaction was controlled through a fix-time trigger as per the

following formula:

D

Triggerinresnola = V_h [s]
ve

where:

— Ds the distance between the vehicle’s bumper and the pedestrian;
Vyen is the actual vehicle speed.

Finally, the DP interactions always involve the pedestrian coming from the

right-side, which is the more hazardous.

3.2.3 Driver familiarity
Two kinds of driver familiarity were explored: (i) the route and (ii) the

situational one.

According to Intini et al. (Intini, Colonna, & Ryeng, 2019), a frequency-based
approach for the route-familiarisation process was adopted. Participants
drove four times along the same track to reach a route-familiar condition. The

whole procedure was carried out without interacting with other road users.

Furthermore, the situational familiarity was accomplished by introducing
three DP interactions for each turn, in which pedestrians cross the roadway
in the mid-block sections. In the second, third and fourth lap, pedestrians
crossed whenever the vehicle was about 70 m far from the mid-block
crosswalk. The crossing action was governed through a fixed-space trigger
installed in the virtual scenario. This methodology allows a constant
tamiliarization process for all drivers, regardless of their driving behaviour
or adopted speed. In the experiment, pedestrians crossed also from the left,
in pairs or at different speeds. This was done so as not to produce a systematic

DP interaction.
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3.3 Road Scenarios

One of the core parts of this work was the design of the scenario in which the
drivers have been involved. The length, the shape of the circuit and its
surroundings were designed to make drivers familiar with the route and the
situation, to limit the driving sessions to reduce any simulation sickness, and
to replicate a typical urban setting. Four different scenarios were designed.

The common characteristics of the rectangular-shaped tracks (Figure 9) are:

e 6 mid-block pedestrian crossing areas;

e “urban-canyon” with surrounding building;

e rectangular shape and 1.6 km in length;

e distance between consecutive pedestrian crosswalks of 200 m;

e two intersections regulated with stop signal;
e posted speed limit of 50 kTm according to the Italian regulations;

e two cars and five pedestrians moving in each mid-block crossing area
to reproduce a typical urban traffic;

e the driven vehicle was isolated in the lane.

o m—
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Figure 9-Top view of the experimental urban track
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The track is made up of two legs 500 m long and other two 300 m long. The
crossing zone were distributed along the track to comply with the distance of
200 m between consecutive crossings. A street view of the road scenario is

shown in the Figure 10-Street view of the urban scenario.

To reproduce the urban environment, we needed to include other road users
besides those needed for the tests. Five pedestrians per crossing were
included to replicate pedestrian traffic along the sidewalks. Furthermore, two
cars per crossing were included in the opposite lane to simulate city traffic.
Therefore, there are thirty pedestrians and twelve cars that travel along the
road scenario without interacting with the driver. The road users' behaviour
was modelled through SCANeR™studio, which has a specific language
called MICE to make users interact together. The implementation of the

environment and the scripts were reported in the appendix (Scenario codes

(MICE language).A). The vertical and horizontal markings have been installed

following the standards specified for urban areas. Blue parking areas,
horizontal markings, stop, posted speed limit, crosswalk signals are some of
them. In particular, the posted speed limit signal was included at the

beginning of each leg of the scenario, to remind the speed regulations during

Figure 10-Street view of the urban scenario
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the duration of the drive. The following sub-sections explain in detail the

structure of each scenario.

Scenario 1

Route-familiarity and baseline mid-block pedestrian crossing are the two
pillars of this scenario. In this road scenario, drivers undergo the route
familiarity process. This process mainly consists of driving around the
neighbourhood four times without any interactions with pedestrians. To
make the driving more lifelike, we decided to make some pedestrians cross
at the intersections. However, these road users do not interact with drivers
because they start crossing the road when the vehicle is 150 meters away from

the intersection and having only a visual function.

After driving four laps around the city block, drivers were considered
familiar with the road (frequency-based approach). In the fifth lap, we
observed the driver behaviour during the first exposure to a DP interaction
at the mid-block crosswalks. The investigated crosswalk layout was the linear
sidewalk, and it was reproduced in all the six mid-block locations. The Table

1 summarized the combinations included on this scenario.

Table 1-Scenario 1 combinations

Mid-block layout Familiarity Ped. time gap acceptance Lap
Baseline Route 4 seconds 5
Baseline Route 6 seconds 5
Baseline Route 8 seconds 5
Scenario 2

The second scenario involved the same mid-block layout as the first (linear
curb), but in this instance, drivers were subjected to the process of becoming
tamiliar both with the road and the situation. Route-familiarization process
is the same as seen in the first scenario and it is reproduced here as well. To

recap, the drivers travel the same road four times to be familiar with it.

The distinction with the previous configuration lies in the inclusion of the
concept of familiarity with the situation. This process is accomplished
through the introduction of three DP interactions per each lap, where

pedestrians cross the roadway in the mid-block sections. The investigated DP
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interaction were approached by drivers in the first and last lap of the scenario.
Those DP interactions were the same for both the laps, and this has been done
to investigate a possible shift in driver’s response between an initial situation
(unfamiliar) and the final stage (route and situational familiar). The Table 2

illustrates the investigated combinations.

Table 2-Scenario 2 combinations

Mid-block layout Familiarity Ped. time gap acceptance Lap
Baseline Unfamiliar 4 seconds 1
Baseline Unfamiliar 6 seconds 1
Baseline Unfamiliar 8 seconds 1
Baseline Route and Situational 4 seconds 5
Baseline Route and Situational 6 seconds 5
Baseline Route and Situational 8 seconds 5

Scenario 3

This scenario was designed to afford investigation regarding route-
familiarity under curb extension mid-block crossing layout. The purpose of
it is to represent a kind of safe island for pedestrians, improving drivers'

visibility of the pedestrians. The procedure for road familiarization is the

same as in scenario 1, in which drivers are required to drive four times

Figure 11-Frames of the dsiged scenarios
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around the road scenario before being exposed to DP interactions. The Table

3 shows the analysed configuration of the interactions.

Table 3-Scenario 3 combinations

Mid-block layout Familiarity Pedestrian time gap acceptance Lap
Curb extension Route 4 seconds
Curb extension Route 6 seconds 5
Curb extension Route 8 seconds

Scenario 4

The latter scenario allowed to analyse the remaining combinations. Route and
situational familiarity are both considered with curb extension as mid-block
pedestrian crossing layout. Familiarity with the situation is achieved as
explained for scenario 2, in which the driver started to interact with
pedestrians from the first lap. The curb extension, as in scenario 3, follows the
Italian custom of having a trapezoidal design shape. The Table 4 exhibit the
obtained combinations.

Table 4-Scenario 4 combinations

Mid-block layout Familiarity Pedestrian time gap acceptance  Lap
Curb extension Unfamiliar 4 seconds 1
Curb extension Unfamiliar 6 seconds 1
Curb extension Unfamiliar 8 seconds 1
Curb extension Route and Situational 4 seconds 5
Curb extension Route and Situational 6 seconds 5
Curb extension Route and Situational 8 seconds 5

3.4 Participants

The participants (drivers) were chosen from external volunteers, professors,
students, and employees of the Politecnico di Torino. All drivers took part in
the activity voluntarily and without receiving any monetary compensation.
The number of people involved is 52 and they were randomly distributed
across the four designed scenarios. The drivers have been stratified by age
and gender to have a good sample and an acceptable distribution of drivers
among the four groups. Moreover, the drivers having a driving license for
less than three years were excluded, consistently with the concept that

unfamiliarity is different to unexperienced driver.

22



Methodology

For each of the four designed tracks the number of involved drivers is equal
to thirteen. This number allowed having thirteen observations of each
measured variable for each combination. The age range of the sample is 23 to
60 years old and the mean driver age was about 36 years old. Age distribution

by age and gender was summarized in the pie charts (Figure 12).

To test the goodness of fit between subgroups, f-tests and t-tests were
conducted on the age characteristic per each couple of groups. The f-test is a
preliminary test used to figure out whether two populations of data have
equal variance. It was also needed to decide which t-test to use. If the p-value
resulting from the f-test is lower or equal to 0.05, means that the populations

have equal variance.

The t-test allowed to estimate the probability of obtaining a difference
between the averages at least as large as that observed when the null
hypothesis is true. This probability is expressed by the p-value, and if it is
higher than 0.05 means that the discrepancy between the means of the two
groups is not statistically significant. Mean values and the standard deviation
can be represented through interval plots (Figure 13). The p-values of all t-
tests are well above the 0.05 significance threshold, so all the drivers were
considered (Table 6).

Driver classes by Gender Driver classes by Age

8%
31%

EM mF W<25 m25-45 m45-64

Figure 12-Pie charts describing the sample age distribution in terms of gender and age

Table 5-Age means and standard deviations of each group

Age
Group Mean Std Dev
1 35.31 11.24
2 36.46 10.08
3 36.23 11.58
4 37.69 12.43
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Table 6-P-values of the T-tests and F-tests for each couple of groups

Age
Group F value p-value (f test) t value p-value (t test)
1-2 1.24 0.36 -0.28 0.79
1-3 0.94 0.46 -0.206 0.84
1-4 0.82 0.37 -0.513 0.61
2-3 0.76 0.32 0.05 0.96
2-4 0.66 0.24 -0.277 0.78
3-4 0.87 0.41 -0.31 0.76

Interval Plot of Age
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Individual standard deviations are used to calculate the intervals.

Figure 13-Interval plot of the drivers' age stratified by group

3.5 Experimental protocol

Driver recruitment

The starting step was driver recruitment, which initially involved drivers
who had participated in previous experiments. They received an invitation
email (Appendix K) asking for their availability to be involved and contacted
for scheduling an appointment. It contained as attachments the presentation
of the experiment (Appendix L), anti-covid19 procedure for laboratories and

information for guests and visitors (Appendix M).

Age, average mileage driven in a year, number of incidents in which you have
been involved, familiarity with driving software (i.e. videogame), and use of
the contact lenses are some of the required information. If the driver is used
to wearing contact lenses, he is asked to do so during the experiment to be
able to replicate the actual situation more faithfully. A further question in the

questionnaire concerns the weekly driving frequency. This request serves as
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a filter for the final definition of the sample, and it was decided to select
people with similar driving frequency to have as homogeneous a sample as
possible. The detailed questionnaire has been included in the appendix L.
Given the difficulty determinates by the actual moment in finding drivers
and the need to increase the sample size, new participants were invited
through a google form which was forwarded to the internal staff of the

university.

The participants were contacted by phone or WhatsApp message after giving
their willingness to take part in the experiment. During the phone call, a day
and time for the driving session were agreed upon, it was reminded to always
wear a mask, and it was suggested that participants not consume coffee or
similar beverages in the two hours before the drive, so as not to affect their
perceptions and create possible discomfort. Appointments were reported on
the Google Calendar cloud platform so that all students using the laboratory
were known about them and the number of people within the room was

limited.

Furthermore, to guarantee access to people who do not work at the
Politecnico, it was necessary to inform the logistics office of the university
through an email containing the name, surname, email, and access time of
the participants. Once permission for access was granted, the logistics office
sent an email to each driver communicating that authorization to take part in

the experiment had been obtained.

Pre-guide session

When participants arrived at the laboratory, they were asked to sanitize their
hands with gel and fill out some questionnaires. The first is the one regarding
the anti-covid19 regulations, which was used for contact tracing and must be
kept for 15 days (Appendix M). The second is the one containing the
presentation of the research activity and the personal information of the
participant (Appendix L). If the driver has already completed this form and
emailed it, she/he is not required to fill it out again. The last one is the pre-
guide questionnaire, which contains some questions concerning health
conditions, medication intake and food ingested in the previous hours
(Appendix N).
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Training Scenario

This session aims to acclimate the drivers, to adapt themselves to the physical
feelings involved in driving the simulator and to embed them safely in the
virtual environment. The trial scenario about 2 km long and it is necessary to
increase driver confidence with the equipment of the driving simulator,
which is represented by the steering wheel, gearbox, and pedals. Participants
were involved in a usual situation for them, since drivers have been seated in
an ordinary car seat including belt and are required to use a six-speed manual
transmission. As the instrumentation is commonly used, no long training
time is required so two or three minutes of driving session are considered
congruous. It was observed that only two drivers did not complete the
training phase because they experienced simulation sickness. They were

replaced with participants with similar characteristics.

Experimental session

If the driver did not feel any disease after the training session, he started the
test phase. The participant drove 5 laps on the randomly assigned scenario.
During the simulation it was not necessary to communicate with the driver,
as directions were provided on the screen through arrows implemented with
a proper code (Figure 14). A message indicating to park the car on the right
was displayed to notify the driver of the end of the experiment. During the

driving session we turn off the lights to give a context and to delete source of

Figure 14-Indications displayed through arrows on the three screens
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possible distraction for the driver. The audio level has been kept the same for

all the experiments (35%).

Post-drive questionnaire

At the end of the drive, the participant was asked to complete a post-drive
questionnaire. It was written based on an experiment previously conducted
by Tenca (Tenca, 2019). It is intended to collect information regarding
simulation sickness and the driving experience. Feelings, consequences of
experience, immersion, and presence are the four sections into which the
questionnaire is divided. Responses to this form were provided based on a 4-
point Likert scale (Appendix O). The driving simulator was sanitized at the

end of each experimental session so that the tests could be safely conducted.

3.6 Observed measures

Four surrogate safety measures i.e., (i) minimum instantaneous time to
collision (MTTC), (ii) post encroachment time (PET), (iii) maximum car
deceleration (MaxD) and (iv) maximum car speed within 100 m before the

crosswalk (MaxS) were used to evaluate the driver’s response.

3.6.1 Minimum instantaneous time to collision

The TTC is a surrogate safety measure which is used to evaluate the crash
nearness between two road users. In this study an instantaneous calculation
of the time-to-collision (ITTC) was adopted, meaning that the distance
between the potential collision points and the users’ speed difference have

been computed at each instant.

Figure 15-Outline of the ITTC calculation
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The equation that allowed to compute the ITTC is the following one:

ITTC(t) [s] = m

Where:

— D is the current distance between the potential collision points (on
car’s bumper and pedestrian).
— [[AV]| is module of the actual relative speed difference of the road

users.

To detect the end of the driver’s evasive manoeuvre, it has been decided to
consider the minimum value of the ITTC (MTTC). The MTTC has been
already proposed as surrogate safety measure for traffic events (Hayward,
1971) (Wu, Radwan, & Abou-Senna, 2016). A low MTTC value corresponds a

high probability of a collision between road users.

The computational procedure has been implemented in the SCANeR™
studio software through a script embedded into the main code (Appendix A).
The post-processing phase has been carried out in Matlab® to build the
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Figure 16-MTTC experimental graph for undisturbed passage, conflict, and collision events
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graphs and highlight the MTTC values. Those minimum values were
extracted and saved in Excel sheets to be analysed (Appendix B).
Furthermore, the SSAM default threshold to classify the observed traffic
events were adopted (Figure 16):

e if the MTTC > 1.5 s, event is classified as an undisturbed passage
e ifthe 0 < MTTC < 1.5 s, event is classified as a conflict

e if the MTTC < 0 s, event is classified as a collision

3.6.2 Post-encroachment time

The second considered SSM was the post-encroachment time (PET). It is a
measure of crash nearness, but differently to the TTC, it is a post-event
observation. This variable has been already considered in the literature both
for vehicle-vehicle conflict events (Saulino, Persaud, & Bassani, 2014) and for
DP interactions (Wang, Cheng, Li, André, & Jiang, 2019). The PET was
computed as follow (Figure 17):
PET[s] =t, — t;

where:

— t, is the arrival time of the second user at the potential conflict point;

— t; is the time at which the first road user left the potential conflict

point;

To carry out the PET calculation, we decided to implement in the virtual
scenario some detection areas at the potential conflict areas (mid-block

crossings). These areas match the portion of the crosswalks that are in the

(€Y (b)

Figure 17-Example of PET observation. (a) describe the moment at which the pedestrian left the conflict
point (t1), (b) represents the arrival of the driver at the same point (12).
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car's lane of responsibility. This operation allowed collecting images from the

simulation when the two road users are inside the conflict area.

To save and extract the images and the corresponding simulation time it was
necessary to use the “TimeMarker” function. Through this tool, it was
possible to obtain the images in which the users were inside the conflict areas
with a sampling time equal to 0.1 seconds (Appendix A). The images
referring to the same traffic event were superimposed through a Matlab®

code (Appendix B), to assess the location of the potential conflict point.

Similarly to what has been done for MTTC observations, three categories for
the traffic events were identified:

e If the PET > 5 s, event is classified as an undisturbed passage.

e Ifthe 0 < PET < 5 s, event is classified as a conflict.

e If the PET = 0 s, event is classified as a collision.

3.6.3 Maximum Deceleration of the vehicle

FHWA defined MaxD as the maximum instantaneous deceleration rate of the
vehicle observed during the conflict event (U.S. Department of
Transportation, 2008). This surrogate safety measure has been used in
previous study (Wu, Radwan, & Abou-Senna, 2016), in which the
deceleration is evaluated during the DP interaction event. Max deceleration

should change accordingly to the different drivers” behaviour, particularly if
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Figure 18-Experimental graph of the vehicle acceleration within 100 m the
crossing area
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the driver adopts a much higher speed than allowed, he will have a more
rapid deceleration, representing a potential danger to other road users. It is

usually adopted to measure the conflict severity.

The data were acquired through the SCANeR™ studio software. We wrote a
code by which the acceleration is detected from the moment in which the car
is 100 meters from the crossing, with a time frequency of 0.1 seconds (10 Hz).
The data were extracted in csv format and post-processed in Matlab® to get
the minimum acceleration and plot the graphs. The Matlab® and the MICE
(e.g. SCANeR™ studio language) code for obtaining the data can be found in
the attachment (Appendix A, B).

3.6.4 Maximum Speed of the vehicle

The maximum speed is a surrogate safety measure which is as the maximum
speed of the vehicle during the conflict event. This value is extracted from the
car speed profile that is recorded when a vehicle is 100 m away from the
crossing area. This variable is used to denote the severity of the potential
resulting collision whether the traffic event led to a collision instead of a near
miss, meaning that the higher the maximum speed, the higher the severity of

the conflict.

The data were recorded through the SCANeR™ studio software. The vehicle
speed was detected from the moment at which the car was 100 meters from

the crossing area. The data were extracted in csv format and post-processed
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in Matlab® to get the maximum speed and plot the graphs. The Matlab® and
the MICE (e.g. SCANeR™ studio language) code for obtaining the data were
included in the attachment (Appendix A, B).

3.7 Analysis methods

Two different analysis were carried out. The first with interaction plots
exhibited the effects of the experimental factors on the measured variables.

The second was performed through the calibration of mixed-effects models.
Interaction plots

The interaction plots revealed as the experimental factors differently impact
on the observed measures. Interaction plots allowed to understand if there is
a possible interaction between the considered fixed factors. These plots refer
to the mean values of the observed variable and supported in assessing the
effect of the different levels of the independent factors. The graphs must be
interpreted observing the trends of the lines connecting the mean values. If
the lines are not parallel, it means that the effect of one fixed variable depends
on the other one. When a possible interaction between the variable is found,

it is necessary to adopt a model to further investigate it.

MTTC, PET, MaxS, MaxD are the four measured variables and is obtained an
interaction plot for each of them. These plots were obtained through Minitab,
that is a statistical software for data analysis, statistical and process

improvement.

The interaction plots allowed us to perform a graphic analysis on the
observed measures. Those graphs have been obtained through Minitab,
which is widely used statistical software. Whether the lines are not parrallel
it means that the effects of one independent factor depend on the other one.
The software generates a report card at the end of the analysis which helps
the users to interpret the results. An example of the output is shown in Figure
20.
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Mixed-effects model

The linear mixed effects model (LMM) allowed to do a step ahead in the data
analysis with respect to the graphic analysis. The main reasons to adopt this
model are: (i) inclusion of at least one random factor, (ii) the observed
variable must be continuous, (iii) and the data sample must be random. It is
an extension of the typical linear model (e.g. linear regression or fixed effects
ANOVA) and is used for more complex experimental designs. Its choice is
due to the multi-level design of this experiment, which requires an analysis
on the considered factors and on the effect that their interaction might

produce on the observed measures.

This model includes both fixed and random effects. Fixed effects are
parameters that are investigated and does not vary (independent variables).
But the main advantage of this model is that it explain the variation in the
response which is not only explained by the fixed factors. Random effects

associated to personal characteristics may be included in the model. In this
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study the identification factor (ID) of the test driver was . The ID acts as an
anchor for repeated measures, and it allowed to associate each observation to

a given driver. This represents the random factor in the investigated models.

A linear mixed-effects model for each of the four observed variables was
titted. These models were obtained through Jamovi (ver. 1.16.13), which is an

open source statistical software. The variables included in the model are:
e Test Driver ID (TD ID);
e Test Driver Age (quantitative variable), (TDAge);
e Test Driver Gender (categorical variable), (TDGen);
e Mid-Block layout (categorical variable), (MidB);
e Familiarity (categorical variable), (Fam);
e Pedestrian time gap acceptance (categorical variable), (PTGA);

e MTTC, PET, MaxS, MaxD (observed variable)

The quantitative variables are continuous, while the categorical are used
whether the measure is expressed in levels. To fit the LMM it was used a
restricted-maximum likelihood (REML) approach, which perform the
estimates through a likelihood function measuring the goodness of fit of a
statistical model to the database. The equation 3.1 shows the general LMM
formulation, where independent factors, their combinations, and random

factors were considered:

Y ~1 + Fixed Factors + Combination of Fixed factors + Random Factors + Errors (3.1)

The dependent variable (Y) is the observed one (i.e. MTTC, PET, MaxS or
MaxD). The experimental factors (i.e. Familiarity, Mid-block layout,
Pedestrian time gap acceptance), the test driver gender and age were
considered as fixed factors. The random variable (cluster) was the test driver
ID. The model allowed to evaluate the significance of each factor and of their
combinations through “p-value” observations. The selected confidence
interval is 95 % (a = 0.05), and whether the p-value associated to the factor

is lower than «, the factor had a significant effect on the output.
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At the end of the analysis the model summary shows how well the model fits
the data. The model summary results gave some important information on
the outcomes. It contains the R-squared factor, that is the percentage of
variation in the response explained by the model. The linear mixed-effects
model includes two R-squared factors: (i) the marginal and (ii) the conditional
one. The R-squared marginal (3.2) is the proportion of total variance
explained through fixed effects, while the R-squared conditional (3.3) refer

both to fixed and random effects.

or
2 _ fixed
RMarginal - 0'2 + 0_2 + 0_2 (3.2)
fixed random g(error)
2 2
R2 _ Ofixed + Orandom (3 3)
Conditional — :

2 2 2
Ufixed + Orandom + Gg(error)

The model summary reports other two important results, which are the
Akaike’s information criterion (AIC) and the Bayesian information criterion
(BIC). The AIC (equation 3.4) provides a measurement of quality of the
estimation, considering both the complexity of the model and the goodness
of fit. The BIC (equation 3.5) is a criterion devoted to the selection of a model
among a set of different parametric model. The model with lower AIC and
BIC values is the preferred one. Both attempts to resolve the possible
overfitting problem caused by the addition of many parameters in the model.
Their formulas include a reward (negative function) for the goodness of fit,
and a penalty (positive function), which is regulated by an increasing
function of the number of estimated model parameters. The penalty aims to
discourage overfitting and promote model parsimony. The equations pointed
out that the penalising term is higher in the BIC than in AIC:

AIC =2k —2In(L) (3.4)
BIC = kIn(n) — 2In(L) (3.5)
where:

— kis the number of parameters estimated by the model;
— L is the maximized value of the likelihood function;

— nis the sample size;
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After fitting the LMM, the Holm post-hoc test on the significant factors to
contrast the issue of the multiple comparison was carried out. This method
allowed to control the probability that one or more Type I error occur, which
is the rejection of a true null hypothesis. The tables containing the post-hoc

test results were included in the Annex H.

The mean values of each combination were plotted in the interval plots to
display the model results. This is a graphic way to show the difference among

the several investigated configurations.

3.8 Driving Simulator

The experiment was carried out through the use of a driving simulator. It is
a research tool that investigate some aspects of the road infrastructure field
and to explore some psychological discomfort. Many factors belonging to the
reality could be replicated and controlled in the virtual environment: weather
conditions, daytime, vibration deriving from the pavement texture, vehicles’
technical characteristics, pedestrian model, and ADAS are some of them.
Driving simulators has been widely adopted in the scientific research field

and documented in the literature.

The DP interaction topic has been already investigated in several researches
by using this tool. Results have shown that the virtual environment could
represent a useful and safe tool to test the driver’” behaviours approaching
pedestrian crossing, and to explore the countermeasures’ effectiveness. (Bella
& Silvestri, 2015) (Chrysler, Ahmad, & Schwarz, 2015).

The driving simulator installed at the Road Safety and Driving Simulation
laboratory was used. The laboratory is located within the Department of
Environmental, Land and Infrastructure Engineering (DIATI), where
research activities on geometric design of infrastructures with the aim of

improving safety for road users are carried out. The driving simulator is of
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the fixed base model. The software and hardware components are provided

by the French company AV Simulation.

3.8.1 Hardware

The driving simulator is of the 3-screen system and consists of three
computers that allow to model and interact with the virtual environment. The
main computer (superior) is in charge of running the scenarios and recording
the output data. Its features are to have an Intel Xeon 3.70 GHz processor (E5
1620 v2), an 8 Gb RAM, a 512 Gb Hard Disk and a graphics card NVIDIA
GTX 780 Ti. The other two computers are dedicated to putting scenarios on
screen. The first (visual) is used to carry out the three-screen simulation, and
its characteristics are quite analogous to those of the previous one. The last
computer is dedicated to performing the activity with virtual reality, but it is
not actually used in this experiment. The audio system consists of a
subwoofer (Dolby Surround 5.1), which is located under the seat, and four
speakers, two located on its sides and two on the side screens. It allows the
reproduction of engine noise and sounds due to what is on the road

environment.

Figure 21-Politecnico di Torino driving simulator
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The central part of the instrumentation is what lets drivers interact with the

virtual environment, it is showed in the Figure 21 and in detail listed below:

e Three 32” Full HD Samsung LCD 16:9 screens that allow the virtual
environment to be displayed. The field of view provided to drivers is
130°.

e Steering wheel with force feedback simulating pavement roughness
and impacts, and includes two paddles that operate the turn signals,
headlights, and windshield wipers.

e 9" screen representing the car's dashboard.

e Manual six-speed gearbox.

e The clutch, brake, and throttle pedals.

e Hand panel that has buttons for the ignition, horn, and handbrake.

e Seat that is the same as a real car seat, which can be translated and

reclined.

3.8.2 Software

The software employed is SCANeR™ studio version 1.9. It is a software suite
dedicated to driving simulation and provides all the necessary tools to build
a virtual environment that can give the driver an immersive and realistic
experience. It consists mainly of five modules each with a distinct function:

(i) terrain, (ii) vehicle, (iii) scenario, (iv) simulation, and (v) analysis.

The terrain module is dedicated to the geometric modelling of the route and
allows the insertion of elements that are part of the road environment, such

as signs, parked cars, buildings, barriers, and vegetation.

The vehicle module controls the performance of the vehicle even if our

university is not licensed to use it.

The scenario module allows to manage the entities included in the virtual
environment. It is used to manage autonomous vehicles, sampling rate and
script execution. Scripts are written in the language specific to this software
(MICE), and extensive use is made of it in this thesis. These are used to give
directions to drivers while driving, model pedestrian behaviour during the
simulation, and quantify some of the observed variables. There are also traffic

tools called triggers that allow you to manage parts of code or make events
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happen during the simulation. You can also adjust the weather conditions

and time of the simulation to your preference.

The simulation section controls the events during the driving, in which is
possible to enable or disable some sub-module. We displayed on the three
screen the cockpit of the Renault scenic to better involve the drivers in the
virtual scenario (Figure 22). It was done through the visual module, in which

we attach the selected cockpit.

The function of the analysis module is to extract data mainly in csv format,

and build graphs based on them.

Figure 22-Renault scenic cockpit displayed on the three-screen driving simulator
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Chapter 4

Results and Discussion

4.1 Traffic events classification

This first rough analysis allowed to classify events according to the MTTC
and PET critical thresholds. The traffic events can be classified as undisturbed

passage, conflict, or collision.

Four bar charts exploring all the possible combinations are plotted. The
graphs related to the time to collision observations point out that the conflict
and collision events occur only when the pedestrian time gap acceptance is
equal to 4 seconds (Figure 23 and Figure 24). The curb extension layout
provides a strong decrease in the number of dangerous events. The collisions
occurred with this countermeasure were only two, while without any
treatment (baseline) seven crash events were counted. Moreover, the
sidewalk extension does appear to prevent the collisions related to the
unfamiliarity effect on the drivers” behaviour. The situational-familiarity

effects were limited, but not eliminated.

Figure 25 and Figure 26 show the events frequency about PET observations.
The number of collisions is clearly consistent with the one counted in MTTC
measurements. This allowed to assess that the MTTC and PET observations
were consistent among them and properly recorded. The conflict events were
significantly more than in the MTTC graphs giving a different event risk
evaluation for the road users. It is due to the different nature of the
observations and to the different critical threshold values. PET is a post-event
observation and sometimes it does not reflect the experienced risk by the
users or the collision probability. It is considered as a good measure to count
collisions but might not be an adequate measure to quantify the users
perceived risks. The different mid-block layouts do not appear as

significantly effective in reducing the number of conflict events.
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Figure 23- Traffic event classification according to the MTTC thresholds and baseline mid-block layout
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Figure 24-Traffic event classification according to the MTTC thresholds and curb extension mid-block
layout
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Figure 25-Traffic event classification according to the PET thresholds and baseline mid-block layout
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Figure 26-Traffic event classification according to the PET thresholds and curb extension mid-block layout
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4.2 Interaction plots

MTTC interaction plot (Figure 27) shows that the effects of the pedestrian gap
acceptance factor depend both on mid-block pedestrian crossing design and
on familiarity. It does not appear to be an interaction between familiarity and
mid-block pedestrian crossing designs factors, because the lines are almost
parallell among them. Anyway, it can be evidenced a difference in the means
of the MTTC across the levels of this independent variables, meaning that
they can affect the MTTC but their influence is independent from the other

fixed variable.

The graph referred to PET means (Figure 28) points out that the effects of the
pedestrian time gap acceptance factor depend on mid-block pedestrian
crossing design. Familiarity and mid-block do not interact and the mean
values do not change significantly across mid-blocks. However, PET means
are different among the familiarity levels. Familiarity and pedestrian time
gap acceptance also exhibit only a change in the MTTC average but without

interacting with each other.

MaxS interaction plot (Figure 29) reports no interaction between mid-block
pedestrian crossing designs and pedestrian time gap acceptance. Focusing on
these two variables, it shows a change in the means across the mid-block
levels but not in the other one. Moreover, it does not appear to be an
interaction between familiarity and pedestrian time gap acceptance, but just
a change in the MaxS average across the familiarity levels. The last
comparison is related to familiarity and mid-block designs. No interaction is
showed between them, but a significant variation of the mean across their
levels. The last observed variable is MaxD (Figure 30). Its plot shows that an
interaction between familiarity and mid-block designs factors does not
appear. The mean values change significantly only across mid-block levels.
Pedestrian time gap acceptance and mid-block designs do not interact among
them. Anyway, the MaxD means significantly vary across the level of both
the fixed factors. The last combination regards familiarity and pedestrian
time gap acceptance factors. No interaction is showed, but just a variation in

the averages among the pedestrian time gap acceptance levels.
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The analysis of these plots allowed to have a graphic evaluation of the
interactions among the experimental factors and of theirs on the measured
variables. For a more advanced analysis, the data modellling was used to
further investigate the interactions. The linear mixed-effect model (LMM)

was used.
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4.3 Linear Mixed-effects Models

Minimum time to collision

The output of the LMM with the MTTC is summerized in Table 7. The
R-squared marginal shows that 65% of the variation in the response is
explained through the fixed variables. This percentage increase till 75%
whether the sum of the random variance components is included in the
R-squared calculation (R-conditional). Being a behavioural model on driver
response, it can be considered a remarkable result since more than 50% of the
response variation is explained thorugh the considered factors. The
R-conditional is higher than the marginal one, meaning that the driving

behaviour of participants explain the MTTC model variance for an additional
10%.

Results show that (i) mid-block layouts, (ii) familiarity, and (iii) pedestrian
time gap acceptance were relevant for the MTTC model. The Table 8 shows
that familiarity (p-value = 0.013), pedestrian time gap acceptance
(p-value <0.001), and mid-block layout (p-value = 0.007) were significant for
the model response. Furthermore, the older the driver the higher the MTTC
(p-value =0.016 and coefficient estimate = 0.0172). In other terms, older
participants were more cautious than the younger ones in the DP interaction.
The effects produced by the pedestrian time gap acceptance factor depend
both on mid-block pedestrian crossing layout and on familiarity, which is
consistent with the findings of the graphic analysis (interaction plot). This
means that the variables interacted among them producing a significant effect

on the model response.

The post-hoc test on the familiarity levels shows that the effect on MTTC
produced by route-familiarity is significantly different respect to
unfamiliarity (p-value = 0.045) and situational-familiarity (p-value = 0.011)
effects, generating MTTC lower mean values than the others (Appendix C).
The combinations which consider a PTGA equal to 4 s and the baseline layout
stressed this difference. The mean MTTC associated to the situational
familiarity (2.08 s) is twice the one found for route-familiar drivers (1.04 s).
Moreover, according to MTTC means, the unfamiliar drivers were more

cautious (1.23 s) in this configuration with respect to the route-familiar one.
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The mid-block layout significant is confirmed by Holm test (p-value = 0.007).
The MTTC mean values related to the curb extension layout are significantly
higher than those found with the linear sidewalk. The most notable results
are related to a PTGA equal to 4 s, for which the curb extension generated a
higher MTTC mean value for each type of familiarity. The MTTC mean
passed from 1.04 s of the baseline to 1.77 s of the curb extension, which is
above the critical threshold that identify a conflict (1.5 s). This
countermeasure produced similar effects also for unfamiliarity (from 1.23 s
to 2.28 s) and situational-familiarity (from 2.08 s to 2.85 s) conditions. The
levels of the PTGA generate significant different effects among them (p-
value <0.001). As we expected, a PTGA equal to 4 s generated the lower
MTTC mean values (1.88 s) with respect to 6 s (3.46 s) and 8 s (4.28 s).

The interval plots revealed, as we expected, that the curb extension brings
benefits in terms of reducing the risk of a potential collision, since the
difference in the MTTC mean values between the two layouts appears to be

significant across all the combinations (Figure 31). A further general trend
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Figure 31-LMM interval plots of MTTC (Familiarity ID 1 = Unfamiliarity, ID 2= Route, ID 3 Situational)
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was produced by the route-familiarity factor, that for each combination

generated lower MTTC mean values.

Focusing on the plot referring to PTGA equal to 4s, which appears to be the
most relevant, the baseline layout combined to the route-familiarity provided
the lower value of MTTC. This result is consistent with our hypothesis that
the linear sidewalk leads to more hazardous DP interactions. The higher level
of pedestrian accepted risk (4 s) stressed the low effectiveness of this mid-
block configuration. The higher effectiveness in terms of safety of the curb
extension layout has been revealed by the observation of the same plot. An
increasing trend of the MTTC mean values can be noticed across all the
familiarity levels. Among the different familiarity levels, the situational one
generates a higher value of MTTC, meaning that it results in a more prudent
driver’ behaviour. The unfamiliarity condition made the drivers significantly
less aggressive when approaching to the pedestrian crossing than the route-
familiarity. However, driver’s unfamiliarity appeared to be more hazardous
than situational-familiarity for pedestrians at crossings. The plots for PTGA
equal to 6 and 8 s did not show a significant trend across the combinations.
Anyway, the curb extension layout generated a smaller benefit with respect

to the baseline condition.

Table 7-MTTC mixed effect model summary

Model Info
Estimate Linear mixed model fit by REML

AIC 579.533

BIC 742.697

LogLikel. -264.97
R-squared Marginal 0.647
R-squared Conditional 0.756

Converged yes

Table 8-Fixed Effect Omnibus tests of the MTTC mixed-effects model

Fixed Effect Omnibus tests

F Num df Den df P

Test Driver Age 6.24 1 46.6 0.016

Mid-block layout 7.98 1 46.5 0.007

Familiarity ID 4.63 2 76.7 0.013

Pedestrian Time Gap Acceptance 250.74 2 1732 <.001
Mid-block layout *¢ Pedestrian Time Gap Acceptance 6.01 2 1732 0.003
Familiarity ID * Pedestrian Time Gap Acceptance 4.59 4 173.2  0.002
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Table 9-Random factor tests for the MTTC mixed-effects model

Random Components

Factor Name SD Variance ICC p-value
Test Driver ID (Intercept) 0.456 0.208 0.308 <0.001
Residual 0.684 0.467

Note. Number of Obs: 234
Post-encroachment time

The PET model summary (Table 10) showed a R-squared marginal equal to
0.25, meaning that the 25% variance in the database is explained through the
tixed variables. This percentage increases till 45% whether the sum of the
random variance components is included in the R-squared calculation
(R-conditional). The R-conditional is about twice the marginal, meaning that

the variation explained by the random effects (drivers ID) is significant.

Two out of the three fixed experimental factors resulted as significant for the
PET model (Table 11). The familiarity (p-value = 0.004) and pedestrian time
gap acceptance (p-value < 0.001) factors appeared to affect PET observations.
This results revealed that the different level of risk accepted by the virtual
pedestrians and the three familiarization process affect the PET response
model. The mid-block curb extension layout did not produce a significant
beneficial effect in terms of safety (p-value = 0.310) and the PET mean value
is about 4.5 for both configurations. This post-event observation appeared as
not able to capture the effectiveness of the curb extension layout. The
different interactions among the factors were found as not significant for this
model. This result did not confirm the one assessed through the interaction
plots, where the PTGA and mid-block layout factors appeared as interacting

among them.

The interval plots (Figure 32) showed a general small upward trend in PET
averages across mid-block levels, still demonstrating a small benefit
generated by the curb extension countermeasure. The graphs referring to
PTGA equal to 4 and 6 seconds looks like not significantly different among
them. The higher PTGA (8 s) generated larger PET as one can expected.
“Unfamiliar” drivers appeared to be more cautious than the familiar ones for
all the PTGA levels. The situational and route familiar drivers produced a

similar response among them.
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The post-hoc test on the familiarity levels confirmed that the effect on PET
produced by unfamiliarity factor is significantly different with respect to
situational-familiarity (p-value = 0.005) effects. The unfamiliar drivers were
more cautious than situational-familiars according to the PET mean values.
The difference between route-familiarity and unfamiliarity is about to be
significant (p-value = 0.053), while it does not appear any difference among
route and situational familiarity (p-value = 0.990). The PET mean values
pointed out that the most hazardous situation for the pedestrians refer to a
PTGA equal to 4 s and the baseline layout, in which the unfamiliar drivers
had a more prudent behaviour (4.03 s) than the ones familiar with route and
situation (2.65 s and 3.61 s). The PET mean values for all the combination were
included in the Appendix C.

The PTGAs equal to 4 s and 6 s do not appear as significantly different among
them (p-value = 0.115), with mean PET values about 4.3 s. The differences
across the other levels resulted as relevant (p-value <0.001), in particular the
PTGA equal to 8 s produce a higher mean PET value (5.3 s) than the others.

Table 10- PET mixed effect model summary

Model Info
Estimate Linear mixed model fit by REML

AIC 848.305

BIC 958.371

LogLikel. -375.534
R-squared Marginal 0.25
R-squared Conditional 0.452
Converged yes

Table 11-Fixed Effect Omnibus of PET mixed effect model

Fixed Effect Omnibus tests

F Num df Den df P
Familiarity ID 5.82 2 74.9 0.004
Pedestrian Time Gap Acceptance 29.52 2 176.0 <.001

Table 12-Random factor test for PET mixed-effects model

Random Components

Groups Name SD Variance ICC p-value
Test Driver ID (Intercept) 0.748 0.56 0.269 <0.001
Residual 1.232 1.518

Note. Number of Obs: 234
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Maximum car speed

The MaxS model summary (Table 13) showed a R-squared marginal equal to
0.22, meaning that the 22% variation in the response is explained through the
controlled variables. This percentage significantly increase till 82 % whether
the sum of the random variance components is included in the R-squared
calculation (R-conditional). The huge difference pointed out the very

significant impact of the drivers” behaviour on the model response.

Model results revealed (Table 14) that all the three experimental factors
significantly affect the MaxS outputs. Mid-block layout and pedestrian time
gap acceptance factors had the same p-value (0.009), while familiarity has
even lower value (p-value <0.001). Mid-block layout and familiarity factors
seem to interact with each other, meaning that this combination produce an
effect on the MaxS (p-value = 0.017). It means that the effect of one fixed
variable depends on the other one. This result was not consistent with the
tinding of the graphic analysis, which did not show an interaction between

these factors.

51



Results and Discussion

The post-hoc tests on the familiarity levels revealed that the effect on MaxS
generated by unfamiliarity significantly differs with respect to situational-
familiarity (p-value <0.001) and route-familiarity (p-value =0.006) effects.
The route-familiar driver had a more aggressive behaviour approaching the

mid-block crosswalks, and the higher mean MaxS was recorded with the

baseline layout and PTGA equal to 4s (57 kTm).

The median PTGA (6 s) produced significantly different effects with respect
to 4 s (p-value =0.014) and 8 s (p-value = 0.027) values. The mean MaxS

showed that drivers had a similar behaviour approaching the mid-block

crosswalks whenever PTGA was equal to 4 s or 8 s (51 kTm )- APTGA equal to

4 s induced driver to adopt a lower mean MaxS (48 kTm ).

Observing the interval plots containing the mean values, it is possible to
notice a significant downward trend of the speed values across the mid-block
levels (Figure 33). It demonstrates the effectiveness of the curb extension
layout with respect to the baseline configuration. The designed
infrastructural countermeasure promoted a more cautious drivers behaviour
when approaching the crossing area. The most evident effect of this
countermeasure is appreciated by looking at the measures associated with
unfamiliar drivers. The discrepancy between the averages of MaxS measures
is the largest among those observed. Route-familiarity appeared to generate
a more aggressive behaviour of the drivers with respect to the other
tamiliarity levels for every combination. The situational familiarity generated
a beneficial effect compared to the familiarity with the route, meaning that

the driver maximum adopted speed was lower.

Table 13-MaxS mixed effects model summary

Model Info
Estimate Linear mixed model fit by REML

AIC 1550.13

BIC 1552.223

LogLikel. -672.461
R-squared Marginal 0.224
R-squared Conditional 0.818

Converged yes
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Table 14-Fixed Effect Omnibus test of MaxS mixed effect model

Fixed Effect Omnibus tests

F Num df Den df p
Mid-block layout 7.36 1 45.8 0.009
Familiarity ID 16.82 2 73.9 <.001
Pedestrian Time Gap Acceptance 4.88 2 177.1 0.009
Mid-block layout *¢ Familiarity ID 4.28 2 73.9 0.017

Table 15-Random factor test for MaxS mixed-effects model
Random Components
Groups Name SD Variance ICC p-value
Test Driver ID (Intercept) 8.21 67.4 0.765 <0.001
Residual 4.55 20.7

Note. Number of Obs: 234
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Figure 33-LMM interval plots of MaxS (Familiarity ID 1 = Unfamiliarity, ID 2= Route, ID 3 Situational)
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Maximum car deceleration

The MaxD model summary (Table 16) shows the model estimations. The R-
squared marginal pointed out that 28.5% of the variation in the response is
explained through the fixed variables. This percentage becomes 45% whether
the sum of the random variance components is included in the R-squared
calculation (R-conditional). These results was consistent with the outcomes
found for the other LMM, where R-conditional was larger than the marginal.
This finding revealed that the human (driver) factor strongly affects the

model responses.

The fixed effect omnibus tests revealed that familiarity (p-value = 0.519) does
not appear to be an effect on the MaxD values, and the interval plots support
this statement (Figure 34). Mid-block layout (p-value = 0.046) and pedestrian
time gap acceptance (p-value<0.001) factors were both found as significant
for this model (Table 16). Higher the pedestrian time gap acceptance, and
higher the instantaneous maximum deceleration values (i.e. less severe DP

interaction).

It may be observed that the curb extension layout promoted a less severe DP
interaction with respect to the linear sidewalk configuration. This can be
inferred from observation of the interval plots that exhibit an increasing trend
between the baseline condition and the improved condition. The lines
referring to the different familiarity levels are almost superposed for all the
combinations, and it is consistent with the non-significance of this factor on
the MaxD model response. It means that the drivers, among the familiarity
levels, had a similar deceleration rate across all the drive for each PTGA. The
higher mean MaxD observation was found for a PTGA equal to 4 and

considering the linear sidewalk crosswalk layout (-6.3 g). This result pointed

out the low effectiveness of the baseline condition on pedestrian protection.
The Holm post-hoc tests confirmed the significance of mid-block

(p-value = 0.046) and pedestrian time gap acceptance (p-value<0.001) factors.

The mean MaxD value associated to the curb extension (-4.5 g) is higher than
the baseline layout (5.3 sﬂz)’ pointing out that this design promoted less severe

DP interactions.
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The levels of the pedestrian time gap acceptance generate significant different
effects among them (p-value <0.001). According to the mean PET values, the

lower PTGA (4 s) induced drivers to a stronger deceleration rate (-6 522) with
respect to 6 s (5.1 522) and 8 s (3.8 522)' As we expected, a more imprudent

behaviour of the pedestrians generated a more severe conflict, and require a

strong evasive manouvre of the drivers.

Table 16-MaxD mixed effects model summary

Model Info
Estimate Linear mixed model fit by REML

AIC 882.598

BIC 987.388

LogLikel. -390.043
R-squared Marginal 0.336
R-squared Conditional 0.492

Converged yes

Table 17-Fixed Effect Omnibus tests of MaxD mixed effects model

Fixed Effect Omnibus tests

F Num df Den df p
Mid-block layout 4.195 1 50.8 0.046
Pedestrian Time Gap Acceptance 54.536 2 182.9 <.001

Note. Satterthwaite method for degrees of freedom

Table 18-Random factor test for MaxD mixed-effects model

Random Components

Groups Name SD Variance ICC p-value
Test Driver ID (Intercept) 0.743 0.552 0.235 <0.001
Residual 1.342 1.8

Note. Number of Obs: 234
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4.4 Post-guide questionnaire analysis

The post-guide questionnaire (Appendix O) was written based on a previous
experiment conducted by Tenca (Tenca, 2019). It is intended to collect
information regarding simulation sickness and the driving experience.
Feelings, consequences of experience, immersion, and presence are the four
sections. Responses to this form were provided based on a 4-point Likert scale

and the resulting graphs were included in Appendix I.
Feelings

This section is devoted investigating the drivers’ feelings during the driving
experience. The results reveal that the almost all drivers were comfortable
(87%) and they were in full control of the situation (96%). Although driving
tive times around a neighbourhood can be a nerve-wracking experience, the
90% drivers didn't have that kind of feeling.
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Consequences of the experience

This second part of the questionnaire allowed to detect possible simulation
disease experienced by the drivers. Nausea, general discomfort, blurred
vision, and fatigue are some of the checked conditions. In general, it can be
observed that most drivers reported mild or no discomfort. The 15% of the
drivers’ sample reported a general disease, which may be related to the
repeated turning maneuvers required by the presence of the intersections, or
the frequent braking they had to do. Being a fixed-base simulator, the braking
maneuver may cause discomfort to the driver (especially to novices), as they
cannot perceive the lateral or frontal acceleration that they would experience

in the real environment.
Immersion

In this section drivers were asked to give a feedback about the realism of the
virtual scenario and about the immersiveness of the experience. The
participants found the virtual environment to be highly realistic, especially
the roadway (92%), vertical (94%) and horizontal (98%) markings. The
presence of vehicles was considered by 87% of the sample to be good or
excellent, which is an important indicator of how well we were able to
recreate a credible urban environment. The correspondence between the real
vehicle and the driving simulator was positively rated by the drivers.
Truthfulness of on-board instrumentation (90%), gearbox(79%), steering
wheel (63%) and throttle (81%) received positive appreciation from the
participants. It must be noticed the negative rank given to the brake pedal
perception, which was judge significantly far from the real one by the

majority of the drivers (79%).
Presence

In this part of the questionnaire, drivers were asked to evaluate to what extent
the simulated driving experience can be compared to the real one. Most
drivers felt physically involved (96%) and stimulated (90%) by the virtual
environment, and found a similar level of engagement (81%) as in the real
world. The 65% of the drivers affirmed that they felt involved enough to not
know what was going on around them. This allowed to check that they were

properly isolated from the external environment.
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Chapter 5

Conclusions

This study aimed at investigating the effects of two different unsignalized
mid-block pedestrian crossing designs, (i) the linear sidewalk, and (ii) the
curb extension, on driver-pedestrian (DP) interaction. The hypothesis is that
the sidewalk extension better protects the pedestrian with respect to the
baseline condition, by promoting a more cautious behaviour of drivers.
However, the drivers negotiating a crosswalk can be influenced not only by
the infrastructural solution of the crossing area, but also by other several
factors. The effects of drivers’ familiarity and pedestrian risk acceptance on
drivers’ behaviour approaching the two investigated mid-block layouts were

investigated.

The hypothesis about drivers’ familiarity is that it promotes a wide spectrum
of behaviours, which in turn can significantly affect the safety of pedestrians
at mid-block crossings. This research aims to investigate two types of
tamiliarity: (i) the route and (ii) the situational one. Although the route
familiarity has been investigated in the literature through naturalistic and
simulation studies, there is a lack of knowledge about the effects of familiarity

in the DP interaction.

Both familiarization process took place according to a frequency-based
approach. Drivers route-familiarity was achieved by repeating four times the
track containing the same mid-block layout without interacting with
pedestrians. Drivers situational familiarity is accomplished through repeated
exposure to DP interactions at mid-block crosswalks by interacting with
pedestrians at three out of six crossings in each lap. This study investigated
the driver behaviour in (i) unfamiliar conditions, (ii) after repeated exposure
to DP interactions, and (iii) in the first exposure after several missed DP

interactions at mid-block crosswalks.

A multi-level factorial experiment was designed to manage three

experimental factors: (i) mid-block crosswalk design, (ii) driver’ familiarity,
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and (iii) pedestrian time gap acceptance. The experimental activity was
carried out through the fixed-base driving simulator of the Road Safety and
Driving Simulation (RSDS) laboratory of the Department of Environment,
Land and Infrastructure Engineering (DIATI) at the Politecnico di Torino. The
driving sessions involved fifty-two participants (drivers), which were

stratified by age and gender in four different groups.

Four different driving scenarios were designed, and drivers were asked to
complete five laps around one of them. The road scenarios were specifically
designed to investigate the DP interactions in an urban neighbourhood
implemented in the driving simulation environment. Three different
pedestrian time gap (risk) acceptance (4, 6 and 8 s) were adopted. The goal is
to have a wide spectrum of possible pedestrian behaviour, from that of more
cautious (8 s) to that of more imprudent ones (4 s). The pedestrians crossed
the road regardless the driver behaviour, so the drivers need to properly react

to avoid collisions.

This study aimed at measuring the severity of traffic conflicts related to the
risk of a collision. The two dimensions allowing to evaluate both aspects and
to quantify the traffic conflicts are the (i) collision proximity and (ii) the
intensity of the evasive manoeuvre. For this purpose, four surrogate safety
measures were adopted: (i) the minimum instantaneous time to collision
(MTTC), (ii) the post encroachment time (PET), (iii) the maximum car
deceleration (MaxD) and (iv) the maximum car speed within 100 m before
the crosswalk (MaxS). Two analyses were carried out for each observed
variable. The first was a graphic analysis through interaction plots. The
second was performed calibrating a linear mixed-effects model for each
observed variable. Furthermore, Holm post-hoc test on the significant factors

was carried out to contrast the issue of the multiple comparison.

Results pointed out that the curb extension layout significantly improve the
pedestrian safety, showing more evident and positive effects on MTTC and
MaxS. This conclusion is also supported by the lower number of reported

collisions with this layout respect to the baseline.

The familiarity factor was found significant for the MTTC, PET and MaxS.
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The MTTC and MaxS model outcomes showed that route-familiarity led to
more aggressive driving behaviour than the other familiarity levels. The
LMM models revealed that situational familiarity positively affects the
driving behaviour. The repeated exposition to DP interaction across all the
driving session represents a continuous stimulus for drivers, which made the
drivers always focused on their tasks. They appeared more prone to safely
interact with pedestrians with respect to the route familiarity condition. The
continuous exposition to the DP interaction limited the mind-wandering
effects produced by the route-familiarity which made driver more

aggressive.

Further studies need to focus on different familiarization processes. This
procedure could take place across a week or a month instead of being
completed in the same driving session and could be interesting to investigate
their possible effects on the driver’s behaviour. Further investigations on
pedestrian modelling in the virtual environment are needed. To model more
properly the pedestrian behaviour could be possible to perform some on-field
observation regarding the time gap acceptance at unsignalized mid-block
crossing. Further works are needed to investigate the safety of different VRUs

in the urban environment, such as cyclists and two-wheelers.
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Appendix

A. Scenario codes (MICE language).

The rule “Indicazione 1” allowed us to display a green arrow on the screens

to indicate the driver the road.

¥ W

Rule Indicazione 1

=

IF

isTriggeredByVehicle (Indicazionel, [0] SmallFamilyCar)

L B THEN setimage (70, 30, 10, 15, GPS/right.png, ONALLCHANNEL, 8)
The following rule was necessary to communicate to the simulation software
at which lap the driver was approaching. When the car passed through the
installed trigger, we add 1 to the counter. (lap number)

Lap => Count 1 more (Cross3)

isTriggeredByVehicle (Cross3, [0] SmallFamilyCar)

| L 4 Counter3 + 1
~ B THEN doDebug (Lap =,

BECOMES TRUE

Counter3)

L B THEN exportChannel (86, Counter3)

The “Delete pedestrian” rule allowed us to eliminate virtual pedestrian

when they are not anymore necessary for the simulation purposes.

¥ & Rule Delete Pedestrian Blocco 2 Lap 1
IF [ Coun

- & counte

v &

¥ 1 Rule OnBlocco2

I~ = IF isTriggeredBy
{~ W THEN setActivation
=B THEN s

& THEN

- & THEN

=B THEN :

=B THEN s

~®& THEN
- & THEN
B THEN
- B THEN
& THEN
L & THEN

setActivation
setActivation
tActivation
tactivation

= 1 ] AND [ isTrigg

eredByVehicle (OffBlocco2, [0] SmallFamilyCar) ]

allFamilyCar)

'ehicle (OnBlocco:

([75] Ped10_Blocc

([68] Ped2_Blao

([67] Ped8_Blocc

([66] Ped7_Blocco:

([65] Pedd_Blocc

([101] Macc

([13] MacchinaBloc

([14] Ped1_Blocc

([15] Ped2_Blocc

([16] Ped3_Blocc

([17] Ped4 Blocc _
([18] Ped5_Blocco2, ON)
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The “Off Blocco” rule was necessary to turned off the vehicles and the
pedestrians of a specific crossing block. Furthermore, it allowed us to reset
the position of the road users when the test drivers are far from them. This
allows to replicate the same scenario across all the laps.

¥ i Rule OffBloccod
IF isTriggeredByVehicle (OffBloccod, [0] SmallFamikyCar)
THEM setaActivation ([86] Ped10_Bloccod, OFF)
THEM setActivation ([84] Ped9_Bloccod4, OFF)

]
3]
]
]

THEN setictivation ([83] Pedg Bloccod, OFF)
THEMN setaActivation ([82] Ped7_Bloccod, OFF)
THEN tactivation ([81] Peds& EIIGL.|:04,. OFF)
THEN setActivation (25, OFF)

THEN s tivati OFF)

THEN setActivation ( OFF)

THEN setActivation (28, OFF)

THEMN setActivation | OFF)

THEN setActivati |[4D] Macchina_2_Blocco_d4, OFF)
THEN setActivation (30, OFF)

THEN resetPosition ([84] Ped9_ Bloccod)
THEN resetPosition ([83] Ped8_Bloccod)
THEN re ([82] Ped?_Bloccod)
THEN iti

THEN

THEN

THEN

THEN

THEN

THEN

THEN

THEN

The rule governing the pedestrlan Vlslblhty allowed us to make the
pedestrian visible for the driver when the vehicle is about 150 meters from
the crossing area. Counter 2 variable was necessary to display the
pedestrian if the lap counter was equal to 1.

¥ 1 Rule Visibility Ped Cross 2 Lap 1
¥ & IF [ Counter2 1 BECOMES TRUE ]

L % counter2 = 1 BECOMES TRUE
"~ B THEN setVisibility ([70] PedestrianCross2_Lapl, ON)
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PET trigger activation rule was necessary to communicate to the system that
since the driver was in the first or the fifth lap, the triggers which identified
the conflict areas must be turned on.

¥ i Rule PET Trigger Activation
v & IF ; . = 1] OR [ Counterl = 5 ]

(PetTrigg oM)
( ' ON)
ON)
ON)

This rule allowed us to give the input to the pedestrians when the assigned
time risk acceptance was reached.

v ] PedestrianCross4_Lapl) 1 AND [ is d ([72] estrianCross4_Lapl) ISFALSE ] AND [ [ TTC4_Lap1 [TimeToCollisiond_Lapl.inc] <= 4 ] OR [

eedOfMyVehide [TimeToCollision4_Lapl.inc] <= 5 ]

The time marker rule is necessary to extract and save the images, regarding
both the road users, when they were inside the conflict area.

| yWehicle (PetTrigger2, [0] SmallFamilyCar)
cer (Vehicle, Time second Crossing area, Pet2)

The following rule allowed us to display on the central screen the indication
about the end of the scenario. The drivers were invited to park on the right

side of the carriageway.
1 Rule Parking

PARCHEGGIA SULLA DESTRAI, LEFTS)
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B. Matlab® codes.

This section contains the Matlab® codes that were used for the post-
processing step.

The following codes are dedicated to the minimum time to collision detection
and plot. An example of how the work was done is given (test driver 2). The
code is repeated in almost the same way for the other test drivers.

These strings allow to set pedestrian speed and the time to cross the lane.

PedSpeed=1.1; %m/s

ParkLen=2.2; %m

Lanewid=3; %m

ParkTime=ParkLen/PedSpeed; %Tempo impiegato dal pedone dal marciapiede alla fine
dell'area di parcheggio

LaneTime=Lanewid/PedSpeed; %Tempo impiegato dal pedone per percorrere 1'intera
corsia

This section considers the test drivers which face the first crossing order.
These are the thresholds which determine the pedestrian crossing. If the
driver was subjected to a different scenario the crossing orders are changed.

TTC_Soglial_ID1=8; %s
TTC_Soglia2_1D1=4;%s
TTC_Soglia3_ID1=6; %s

The following code string allows to import the Excel file related to the test
driver 2 and that has been extracted from SCANeR™ Studio.

%load excel file TD 2
TD2_TTC_Lap5=x1sread('Base(R)\TD_2\TD2_TTC_Lap5.xTIsx"',1);

The following code allows to consider only the time window in which the
pedestrian is inside the conflict area and to take the minimum value of the
time to collision. This area can be seen as the portion of the zebra crossing
which is located on the lane occupied by the car. This code is repeated for
each crossing zone.

69



Appendix

%per TTC2

TD2_Pos_Start8_2=find(TD2_TTC_Lap5(:,2)<TTC_Soglial_ID1);
TD2_Tempo_Start=TD2_TTC_Lap5(TD2_Pos_Start8_2(1,1),1);
TD2_Tempo_Enter=TD2_Tempo_Start+ParkTime;
TD2_Tempo_End=TD2_Tempo_Enter+LaneTime;
TD2_Pos_Enter8_2=find(TD2_TTC_Lap5(:,1)<=TD2_Tempo_Enter);
TD2_Pos_End8_2=find(TD2_TTC_Lap5(:,1)<=TD2_Tempo_End) ;
TD2_TTC2_Lap5=TD2_TTC_Lap5(TD2_Pos_Enter8_2(end, 1) : TD2_Pos_End8_2(end,1),2);
TD2_minTTC2_Lap_5=min(TD2_TTC2_Lap5);
TD2_Pos_Min2=find(TD2_TTC2_Lap5==TD2_minTTC2_Lap_5);
TD2_X_min2=TD2_TTC_Lap5(TD2_Pos_Min2,1)+TD2_TTC_Lap5(TD2_Pos_Enter8_2(end,1),1);

This section is dedicated to the plot of the results. The minimum value is
highlighted by a red dot.

plot(TD2_TTC_Lap5(:,1),TD2_TTC_Lap5(:,2),"b™)

hold on

plot(TD2_x_min2,TD2_minTTC2_Lap_5, "or")
x1ine(TD2_Tempo_Start,"--r","Pedestrian Start Crossing")
x1ine(TD2_Tempo_Enter,"--","Pedestrian Enter")

x1ine(TD2_Tempo_End, "--","Pedestrian Exit") %--Dashed, -.Dash-dot, :Dotted

xTabel('Time [s]")

ylabel('Instantaneous TTC [s]')
x1im([TD2_Tempo_Start-5 TD2_Tempo_End+5])

ylim([-1 12])

hold off

title ("TTC 2 Lap5™)

grid on

set(gca, 'xtick', [TD2_Tempo_Start-5:2:TD2_Tempo_End+5])
set(gca, 'ytick',[-1:2:12])

Published with MATLAB® R2020a.

The previous procedure is repeated for all the test drivers. The code and the
graphs are included in the specific appendix.

The following codes are related to the maximum speed measures. An
example of how the work was done is given (test driver 2). The code is
repeated in almost the same way for the other test drivers.

0/0/0/0/0/0, 0/0/0/0/0/0/0/0/0/0/0/0/0/0/0/0,
0/0/0/0/0/0/0/0. D 1

TD2_cCarSpeed_Lap5=x1sread('Base(R)\TD_2\TD2_CarSpeed_Lap5.x1sx"',1);

KRNI NINJAL L raversamento 2%%x%x%x%x%xirriirk
TD2_DistPos2_Lap5=find(TD2_CarSpeed_Lap5(:,5)<=100 & TD2_cCarSpeed_Lap5(:,5)>=-10);
TD2_Speed2_Lap5=TD2_CarsSpeed_Lap5(TD2_DistPos2_Lap5,2);
TD2_MaxSpeed2_Lap5=max(TD2_Speed2_Lap5);
TD2_Pos_Max2_Lap5=find(TD2_cCarsSpeed_Lap5(:,2)==TD2_MaxSpeed2_Lap5);
TD2_x_Max2_Lap5=TD2_Carspeed_Lap5(TD2_Pos_Max2_Lap5,5);
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This section is dedicated to the plot of the results. The maximum value is
highlighted by a red dot.

%rappresentazione grafica
plot(TD2_CarSpeed_Lap5(:,5),TD2_CarSpeed_Lap5(:,2),'g")
hold on
plot(TD2_x_Max2_Lap5,TD2_MaxSpeed2_Lap5, 'ok")
set(gca, 'Xdir', 'reverse')

xlabel('Distance to Crossing Area [m]')
ylabel('car speed [km/h]")

title('Test Driver 2, Car Speed Crossing 2')
x1im([-10 100])

y1im([0 80]1)

Tegend('Speed Lap5', 'MaxS')

grid on

hold off

The following codes are related to the maximum deceleration measures. An
example of how the work was done is given (test driver 2). The code is
repeated in almost the same way for the other test drivers.

K%I676%6%60676%6060676%66616%I6TD  1%6%%6676%969676%669676%66%6

%6760696266760606 766762696 76066TD  2%6060676%69606676676%6676%6
TD2_Acceleration_Lap5=x1sread('Base(R)\TD_2\TD2_Acceleration_Lap5.x1sx"',1);

KK KRe6 e BAT L raversamento 2%%%Jel6x%x%%%0606
TD2_DistPos2_Lap5=find(TD2_Acceleration_Lap5(:,5)<=100 &
TD2_Acceleration_Lap5(:,5)>=-10);
TD2_Acceleration2_Lap5=TD2_Acceleration_Lap5(TD2_DistPos2_Lap5,2);
TD2_MinAcceleration2_Lap5=min(TD2_Acceleration2_Lap5);
TD2_Pos_Min2_Lap5=find(TD2_Acceleration_Lap5(:,2)==TD2_MinAcceleration2_Lap5);
TD2_X_Min2_Lap5=TD2_Acceleration_Lap5(TD2_Pos_Min2_Lap5,5);

This section is dedicated to the plot of the results. The minimum value is
highlighted by a red dot.

%rappresentazione grafica
plot(TD2_Acceleration_Lap5(:,5),TD2_Acceleration_Lap5(:,2),'g")
hold on
plot(TD2_x_Min2_Lap5,TD2_MinAcceleration2_Lap5, 'ok")
set(gca, 'Xdir', 'reverse')

x1abel('Distance to Crossing Area [m]')

ylabel('Car Acceleration [m/sA2]'")

title('Test Driver 2, Car Acceleration Crossing 2')
x1im([-10 100])

ylim([-8 3])

Tegend('Acceleration Lap5', 'MaxD")

grid on

set(gca, 'ytick',[-8:2:3])

hold off
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The following code is necessary to extract and saved the minimum values
directly in the excel sheet.

filename='Base_R_Lap5_MTTC4sec.x1sx";
writematrix(Base_R_Lap5_MTTC_4sec,filename, 'Sheet',1)

filename='Base_R_Lap5_MTTC6sec.x1sx";
writematrix(Base_R_Lap5_MTTC_6sec,filename, 'Sheet',1)

filename='Base_R_Lap5_MTTC8sec.x1sx";
writematrix(Base_R_Lap5_MTTC_8sec, filename, 'Sheet',1)

The following code was used to superpose the images referring to the
arrival time of the vehicle and pedestrian at the conflict point.

%# some image

I = im2double( imread('FotoPed.PNG') );

Z = im2double( imread('FotoCar.PNG') );

%# I create here a random mask (gaussian centered in middle of image)
%# show image and mask separately

subplot(121), imshow(I)

subplot(122), imshow(z)

%# show overlayed images

figure, imshow(1), hold on

himg = imshow(z); set(hImg, 'Alphabata', 0.75);
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C.Mean values of the observed variables

Table 19-Mean MTTC observations for each combination

Mean MTTC

Mid-block layout Familiarity ID Pedestrian Time Gap Acceptance MTTCIs]

1.23
3.6
4.16

1.04
3.12
3.78

Baseline 2

2.08
3.48
4.37

2.28
3.75
4.77

1.77
3.37
4.31

Curb Extension 2

2.85
3.42
4.27

W N R|WDNRR[WDNRWLNDNRWLWNRWNR=

Table 20--Mean PET observations for each combination

Mean PET

Mid-block layout Familiarity ID Pedestrian Time Gap Acceptance PET(s]

4.03
4.54

2.65
4.26
4.7

Baseline 2

3.61
3.72
5.37

4.82
4.38
5.26

4.25
4.23
5.16

Curb Extension 2

3.62
3.74
5.18

WD N P[NP RGN RIONRIWN =
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Table 21-Mean MaxsS observations for each combination

Mean MaxS

Mid-block layout Familiarity ID Pedestrian Time Gap Acceptance MaxS[km/h]

50.4
50.1
51.5

57
54.9
57.3

Baseline 2

52.1
51.2
54.1

421
40.7
42.5

53.5
48.1
49.8

Curb Extension 2

49.2
46.7
47.4

W N RP|W N RPRPIWNRWLGQNRWQNRWQNR

Table 22-Mean MaxD observations for each combination

Mean MaxD

Mid-block layout Familiarity ID Pedestrian Time Gap Acceptance MaxD[m/s"2]

-6.3
-5.52
-4.66

-6.31
-5.92
-3.48

Baseline 2

-6.28
-4.98
-4.22

-5.64
-4.53
-3.35

-5.79
-5.41
-3.91

Curb Extension 2

-5.85
-4.37
-3.26

W N R[WLWNR[WLWNRWODNRWONDRWQONDR
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D.MTTC graphs
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Test Driver 6, TTC 4 Lap5

Test Driver 6, TTC 2 Lap5
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Test Driver 10, TTC 4 Lap5

Test Driver 10, TTC 2 Lap5
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TTC 3 Lap5
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Test Driver 5, TTC 3 Lap5

Test Driver 5, TTC 1 Lap5
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Test Driver 9, TTC 3 Lap5

Test Driver 9, TTC 1 Lap5
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Test Driver 49, TTC 3 Lap5

Test Driver 49, TTC 1 Lap5
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Scenario 2.
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Test Driver 14, TTC 4 Lap1

Test Driver 14,TTC 2 Lap1
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Test Driver 16,TTC 4 Lap1

Test Driver 16,TTC 2 Lap1
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Test Driver 20,TTC 4 Lap1

Test Driver 20,TTC 2 Lap1
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Test Driver 11,TTC 3 Lap1

Test Driver 11,TTC 1 Lap1
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Test Driver 15, TTC 3 Lap1

Test Driver 15, TTC 1 Lap1
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Test Driver 18,TTC 4 Lap §

Test Driver 18,TTC 2Lap 5
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Test Driver 44,TTC 4 Lap 5

Test Driver 44,TTC 2 Lap §
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Test Driver 13,TTC 3Lap 5

TTC 1Lap 5
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Test Driver 17,TTC 3Lap 5

Test Driver 17,TTC 1Lap 5
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Test Driver 43,TTC 3Lap 5
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Scenario 3.
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Test Driver 22,TTC 2 L.

11%3 UBLIS3PA

I3 uensepad

bBuissoin LeIg UBLiSapad

1
ol

~ 0 )

[s] 1L shosuejuesu|

X3 ueLysapad

Buissi0 LelS Ue|

1
ot

~ 0 )

[s] DLL shosueuBisU|

3
-1
787.391

863899 865899 867.899 869899 871899 873899 875899 877899

793391 795391 797.391 799.391 801.391

791.391

789.391

Time [s]

Time [s]

Test Driver 22,TTC 5Lap 5

[1x3 uelisepad

[s] DLL shosueuEIsU|

-1
888.511 B90.511 892511 894511 B896.511

900511 902.511

898.511

Time [s]

Test Driver 24,TTC 4 Lap 5

Test Driver 24, TTC 2 Lap 5

[1x3 ueLysapad

183 uelseped

L L L L
~ o ) -

[s] DLL snoaueueisu|

1
ol

-1
817.867 819.867 821.867 823867 B825.867 B827.867 820.867 831.867

1x3 uBLiSapad

J8ju3 uelasepad

Buissain Lels uey

1
ol

~ 0 © -

[s] DLL shosueueisu|

-1

745005 747.005 749005 751006 753005 7550056 757005 759005

Time [s]

Time [s]

TIC 5Lap 5

Test Driver 24,

[1x3 ueiysapay

sz uelasepad

Buissain LUels uelisapsd

1
9
7
5
3
,

-1

[s] 1L shosueueisu|

844 499 B46499 B48.499 850499 852499 854499 856499 858499

Time [s]
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Test Driver 26,TTC 4 Lap 5

Test Driver 26,TTC 2 Lap 5

131U3 URLISapad

BuissoiD 1UEIS UBIISApad

1

[s] 0L L snoauejuElsSu|

[ ux3 uesapag

18jU3 uepsapad

Buisseio 1eis ueyfsapad

- @ ~ w ) -

[s]DLL shosueuElsu|

1

774129 776129 778129 780129 782129 784129 786129 788129

706616 708616 710616 712616 714616 716616 718616 720616

Time [s]

Time [s]

Test Driver 26,TTC 5Lap 5

X3 UBINSApad

[s] DLL snoauEuESU|

-1
797834 799834 801834 803834 B05834 BO7B34 B09.B34 811834

Time [s]

Test Driver 28,TTC 4 Lap 5

Test Driver 28,TTC 2 Lap 5

X3 uBlsapad

131u3 uRIsapad

BuissaiD 1URIS UBLISApad

i
9
;
5
3
i

-1

[s] DL snoauEjuE)SU|

%3 uBnsapad

Jgu3 uensapad

bBuissoi) pelg uBLiSdpad

L
- @ ~ 0 ) -

A

[s] DL shosuejuBSU|

617207 619207 621207 623207 625207 627207 629207 631207

576261 577261 579261 581261

573261

671261

567 261 569261

Time [s]

Time [s]

Test Driver 28,TTC 5Lap 5

[1x3 uensapad
1813 ueIasaped
Buissaip el uBLSapad
I I I L I L
- = ~ w ) - -

[s] DLL shosuejuelsu|

63071 63271 63471 63671 63871 64071 64271

628.71

Time [s]
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Test Driver 30,TTC 4 Lap 5

Test Driver 30,TTC 2Lap 5

[ ux3 uesapag

12jU3 uepsapad

BuissuD 1ElS uBllSaped

1
9
7
5
3
1

1

[s]DLL shosueuElsu|

UBLISPad

- @ ~ w ) -

1

[s] DLL snoauguElSU|

813784 815784 B17.784 B819.784 B21784 823784 825784 827.784

735749 737749 739749 741749 743749 T45749 747749 749749

Time [s]

Time [s]

[1x3 ueisapad

J3|U3 uBISapad

BuIss0iD 1URIS UBLISapad

Test Driver 30,TTC 5Lap 5

L L L
- @ ~ 0 ) -

-1
841951 843951 845951

[s] DLL snoaueuEsU|

851951 853951 855951

849951

847951

Time [s]

Test Driver 46, TTC 4 Lap 5

Test Driver 46,TTC 2Lap 5

X3 ueLsapad ]

18ju3 ueisapad

BuissiD LElS uelnsapad

1
9
7
5
3
1

-1

[s]DLL shosueuElsU|

[1x3 ueisapad

J3|U3 uBISapad

Buissoin URIS UBIgSapad

L
- @ ~ 0 ) -

-1

[s] DLL snoaueuEsU|

697192 699.192 701192 703192 705192 707192 709.192 711.192

633583 635583 637583 639.583 641583 643583 645583 647 583

Time [s]

Time [s]

Test Driver 46,TTC 5Lap 5

[1x3 uelseped

181u3 ueSapad

BuissoiD JelS Uelisepad

3
9
7
5
3
,

Bl

[s] DLL snosuejuesy|

722292 724292 726292 728292 730292 732292 734292 736292

Time [s]
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Test Driver 21,TTC 3Lap 5

Test Driver 21,TTC 1Lap 5

L1x3 uesa pag

12jU3 uepsapad

BuissouD 1els uemsapad

[s]DLL shosuejuEsu|

-1

Lix3 ueLsapag

131U3 URLISapad

BuissoiD 1UEIS UBIISApad

- 3 ~ 0 o -

[s] 0L L snoauejuElsSu|

-1

624182 626182 628182 630.182 632.182 634182 636182 638.182

667.187 660.187 671.187 673.187 675187 677.187 679.187 681.187

Time [s]

Time [s]

Test Driver 21,TTC 6 Lap 5

[11x3 uBlISapad

Jalu3 uellsapay

fuissoin pels ueEBpay

L L L L
~ ") ) -

L
- @

-1

[s] DLL snoaueuBlSU|

745387 747.387 749.387 751.387 753.387 755.387 757.387 759.387

Time [s]

Test Driver 23,TTC 3 Lap 5

Test Driver 23,TTC 1 Lap 5

[1x3 uBLsapad

J3u3 uBLSapad

Buiss0iD URIS UBLISapad

1
ol
7

[s] DLL snoauejuesU|

0 ™ -

R

[1x3 uelseped

181u3 ueSapad

BuissoiD JelS Uelisepad

[s] DLL snosuejuesy|

Bl
588478 590478 592478 594478 596478 598478 600478 602478

64955 651565 65355 65555 65755 65955 66155

647 55

Time [s]

Time [s]

Test Driver 23,TTC 6 Lap 5

11%3 UBLISApad

I3 ueisapad

Buissoin pejg Ul

- @ ~ 0 ) -

B

[s] DLL shosuejuesu|

723383 725383 727.383 729.383 731383 733383 735383 737383

Time [s]
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Lux3 ueLsepag

131U3 uBLISapad

BuissoiD 1Ue1S UBIISapad

Test Driver 25,TTC 3Lap 5

[s] DL snosuejuE)su|

[ ux3 uesapag

12jU3 uepsapad

BuissuD 1ElS uBllSaped

Test Driver 25, TTC 1Lap 5

[s]DLL shosueuElsu|

1
487.337 489.337 491337 493337 495337 497.337 499337 501.337

546.366 548.366 550366

536.366 538.366 540366 542366 544.366

Time [s]

Time [s]

Test Driver 25, TTC 6 Lap 5

X3 UBLISBpad

18U3 uBLSapad

BuissoiD 1UE1S UL

- @ ~ w )

[s] DLL snoauguElSU|

1

598418 600418 602418 604418 606418 608418 610418 612418

Time [s]

Test Driver 27, TTC 3 Lap 5

Test Driver 27,TTC 1Lap 5

[1x3 ueLISapad

ESUENTENECLER

fiuissoiD el uBLsapag

1
ol

[ ") )

[s]DLL shoaueueEsu|

1
-1

[1x3 ugsapag

18u3 uelsapag

BuisseiD 1elS uellsaped

[s]DLL shoaueuesu|

1
1
820.388 831.388 833388 835388 B37.388 830388 841388 843388

905.889 907.889 009.889 911.889 913.889 015.889 017.880 919.889

Time [s]

Time [s]

Test Driver 27,TTC 6 Lap 5

[1x3 uensapad

Jgu3 uesaped

L L L L L L
- @ ~ 0 © -

e
1004.35 1006.35 1008.35 1010.35 1012.35 101435 1016.35 1018.35

[s] DLL shosuejuelsu|

Time [s]
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Test Driver 29,TTC 3 Lap 5

Lix3 ueLsapag

131U3 URLISapad

[s] 0L L snoauejuElsSu|

Test Driver 29,TTC 1Lap 5

- @ [ ) )

[s]DLL shosueuElsu|

Bl
675094 G77.994 679.094 661994 683994 685994 667994 689.994

739512 741512 743512 745512 747512 749512 751512 753512

Time [s]

Time [s]

Test Driver 29,TTC 6 Lap 5

1x3 uBLiSapad

J8ju3 uelasepad

Bussain Lels uey

L L L L L L
- @ ™~ 0 ) -

[s] DLL shosueueisu|

-1
821739 823739 825739 827739 829739 831739 833739 835739

Time [s]

Test Driver 45,TTC 3Lap 5

Test Driver 45, TTC 1Lap 5

FERINEL]

181u3 uBLISapad

Buissoin 1e1S uBLISapad

1

[s] DL snoausjuElsu|

1X3 uBLISapay ]

19U3 uelsepad

Buisseso 1eiS uelsepad

1
9
.
5
3
1

B

[s]DLL shoaueuesu|

709339 711.339 713339 715339 717.339 719339 721339 723339

650.709 652.709 654.709 656.709 658.709 660.709 662.709 664.709

Time [s]

Time [s]

Test Driver 45, TTC 6 Lap 5

[1x3 uelseped

BuissoiD Jelg uejpdepad

- @ ™~ 0 )

[s] DLL snosuejuesy|

79439 79639 79839 80039 80239 80439 80639

79239

Time [s]
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[1x3 ueLsapad

18U3 uBLSapad

Test Driver 51,TTC 3 Lap 5

L L L
- @ ~ w ) -

e
689.643 691643 693643 695643 697643 699643 701643 703643

[s] DLL snoauguElSU|

[ ux3 uesapag

TTC 1Lap 5

- | 183 ueisapag

BuissuD 1ElS uBllSaped

Test Driver 51

1
9
7
5
3
1

-1

[s]DLL shosueuElsu|

631.569 633.569 635.560 637.569 639.569 641560 643.569 645.569

Time [s]

Time [s]

Test Driver 51,TTC 6 Lap 5

[1x3 ueLsapad

18U3 uBLSapad

Buissoiq 1UEIS UBLISApad

9t

~ w )

[s] DLL snoauguElSU|

1

768.987 770987 772987 774987 776.987 T778.987 780987 782987

Time [s]
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Scenario 4.

Test Driver 32,TTC 4 Lap 1

Test Driver 32,TTC 2 Lap 1

%3 uBLISapad

J3u3 uBISapad

bBuissoin LeIg UBLiSapad

L L
) -

4
ol
7
5

El
142012 144012 146012 148012 150012 152012 154012 156012

[s] 1L shosuejuesu|

1x3 uelsaped

181u3 uBINSapRd

Buissoi) pelg ey

- @ ~ 0 =« -

e

47.843

[s] DLL snosuejuesy|

51.843 53.843 565843 57843 69843 61843

49.843

Time [s]

Time [s]

Test Driver 32,TTC 5Lap 1

%3 uelsapad

191u3 uBINSapad

BuissoiD el UB|saps

i
9
7
5
3
i

-1

[s] D.LL snosuBjuElSU|

183241 185241

179241 181241

177 241

171241 173241 175241

Time [s]

TTC 4Lap 1

Test Driver 34,

ap1

Test Driver 34, TTC 2 L.

[1x3 ueLysapad

18ug uelsepad

BuISSQI1D WelS UelIsapad

1
ol
7
5
3

[s] DLL snoaueuesu|

1
-1

ux3 uepnsapad

Buissai) 1UBIS UB|fSapad

[s] D.LL snosuEUE)SU|

5
-1
439856 459856 470856 490855 51.9855 63.9856 559856 679855

140593 142,593 144593 146.593 148593 150593 152.593 154.593

Time [s]

Time [s]

ap1

Test Driver 34, TTC 5 L.

L1x3 uelasepad

181u3 uBLISapad

Buissoin 1eIg uBlSapad

- =Y ™~ w =

[s] DLL snosuejuElsSU|

Kl

177211 179211

173211 176211

171211

165211 167211 169211

Time [s]
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Test Driver 36,TTC 4 Lap 1

Test Driver 36,TTC 2 Lap 1

| ux3 uelysapad ]
18lu3 uelsapad
Buissoi0 LIS UBI]Sapad
- Y ~ I @ - -
[s] DLL shoaueuElSU|
| ux3 uelysapad ]
18lu3 uelsapad
Buissoin LelS UBIFSapad
. L L . L .

- @ [ ) ) -

[s] DLL shoaueuElSU|

P
43836 45.836 47.836 49.836

12433 12633 12833 13033 13233 13433 13633

12233

53.836 55.836 57.836

51.836

Time [s]

Time [s]

Test Driver 36,TTC 5Lap 1

[3x3 uelisepad

131U3 UBIISApad

BuissoiD UeIS UBLsapad

[s] DLL snosuejuelsu|

-1
145572 147572 149572 151572 153.572 185572 157572 150.572

Time [s]

p1

Laj

Test Driver 38,TTC 4

Test Driver 38, TTC 2 Lap 1

X3 uBINSapad iy

131U uBIsapad

Buissoi) 1UEIS UBLISApad

i
9
7
5
3
1

-1

[s] 0L snoauEBuE)SU|

1x3 uelsaped

181u3 uBINSapRd

Buissoi) Leig ey

- @ ~ 0 =« -

-1

38.062

[s] DLL snosuejuesy|

117225 118225 121225 123225 125225 127225 128225 131225

52.062

50.062

46.062 48.062

40.062 42062 44.062

Time [s]

Time [s]

Test Driver 38, TTC 5Lap 1

L1x3 uelasepad

181u3 uBLISapad

Buissoin 1eIg uBlSapad

[s] DLL snosuejuElsSU|

1
139.841 141841 143841

151841 153 841

147 841 149.841

145 841

Time [s]
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Test Driver 40,TTC 4 Lap 1

Test Driver 40,TTC 2 Lap 1

Lux3 uewy

1
1
158.007 160.087 162.097 164097 166.087 168097 170087 172.097

[s]DLL shosueuElsu|

[1x3 ueLsapad

- @ ~ w ) -

B
574175 531175 611175 63.1175 651175 67.1175 69.1175 711175

[s] DLL snoauguElSU|

Time [s]

Time [s]

Test Driver 40,TTC 5Lap 1

Lix3 ueLsapag

18U3 uBLSapad

BuissoiD 1UEIS UBIISApad

- @ ~ n )

[s] 0L L snoauejuElsSu|

-1
187054 189.054 191054 193.054 195054 197054 199.054 201054

Time [s]

|13 ueLsapag

TTC 4Lap 1

Test Driver 48,

7
5
3
1

-1

[s]DLL shoaueuesu|

|13 ueLISa pag

Test Driver 48, TTC 2 Lap 1

18U3 ueLse pag

BuissoiD 1elg uBlSsapad

7
5
3
1

-1

[s]DLL snoauejue)su|

89.3175 91.3175 93.3175 953175 97.3175 99.3175 101.3175103.3175

30.6075 32.6075 34.6075 36.6075 38.6075 40.6075 42.6075 44.6075

Time [s]

Time [s]

Test Driver 48,TTC 5Lap 1

Lix3 ueinsapad

191u3 uBINSapad

Buissoin Ue1S uBLISapad

- ) ~ [ B -

-1
113817 115817 117817 119817 121817 123817 125817 127817

[s] DL snoauBjuElsu|

Time [s]
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Test Driver 31,TTC 3 Lap 1

Test Driver 31,TTC 1 Lap 1

Lix3 ueLsapag

131U3 URLISapad

- 3 ~ 0

o

[s] 0L L snoauejuElsSu|

Lux3 ueLsepag

[s]DLL snoaueuElsu|

-1
27.9255 209255 31.9255 339255 35.9255 37.9255 39.9255 41.9255

113155 115155 117155 119155 121.155 123155 125155 127155

Time [s]

Time [s]

Test Driver 31,TTC 6 Lap 1

X3 ueLjsapad

181U3 uepsapad

Buissoio Lels uey

- @

~ w I -

[s]DLL shosueuElsU|

-1
219.816 221816 223.816 225816 227816 220816 231816 233816

Time [s]

[11x3 ueliseped

Test Driver 33,TTC 3 Lap 1
3
=
w
=
a
7
@
8
o

[s] D11 snoaueuE)sU|

181U UBLISapad

BuissouD el uBsapad

Test Driver 33,TTC 1 Lap 1

3
5
-1

[s]DLL snoaueuElsu|

109.365 111.365 113.365 115365 117.365 119.365 121.365 123.365

46617 48617

36.617 38.617 40617 42617 44617

34617

Time [s]

Time [s]

Test Driver 33,TTC 6 Lap 1

Lix3 uelasapad

181u3 ueINSapad

BuissoiD 1e1g Ul

™~ ) B -

-1

208232 210232 212232 214232 216232 218232 220232 222232

[s] DLL snoauejuelsu|

Time [s]
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Test Driver 35, TTC 3Lap 1

Test Driver 35, TTC 1Lap 1

L1x3 uesa pag

181U3 uBpISapad

BujssouD 1ejs uesapad

1

[s]DLL snosuejuesu|

[ux3 ueisapad ]
lgu3 uelysapag
Buisseio 1eiS uelsapad

- Y ~ r @ - -

[s]DLL shosueuElsu|

104.997 106997 108997 110997 112997 114997 116.997 118997

26267 28267 30267 32.267 34.267 36267 3B.267

24.267

Time [s]

Time [s]

Wx3 uesapad

Test Driver 35, TTC 6 Lap 1

1813 uBsapad

Buissoi) 1elg uefisapad

~ 0 ) -

-1
212769 214759 216769 218758 220759

[s] DLL snosuejuesu|

222769 224759 226.769

Time [s]

Test Driver 37,TTC 3 Lap 1

Test Driver 37,TTC 1 Lap 1

[s] DLL snosueuEsU|

%3 uBLSapad 1
1813 uBIsapad
Buissoin LS uBIlSapad

- @ ~ w ) - -

[s]DLL shosueuEISU|

100208 102208 104.208 106.208

94.208 96.208 98.208

92.208

30.807 32807 34807 36.807 38.807 40.807 42807

28.807

Time [s]

Time [s]

Test Driver 37,TTC 6 Lap 1

Wx3 uelsapad

Buissoin ueig uey

- ) ™~ ) B

[s] D.LL snosuejuElsSU|

-1

185982 187982 189982 191982 193982 195982 197982 199982

Time [s]
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T X3 ueusapag ]
L
E
5 | 18103 UBL)S3|
glaavemsees /]
]
2L 1
T
m Buissoin 1UBIS UBINSapad
) R e e i R O
e

. L L . L .

- o - o = - -

[s] 0L L snoauejuElsSu|

T B3 ueusa pe, ]
-
E
5 | 181U UBL)S3|
glaawemsEed T
]
2L 1
T
m Buissou 1UBIS UBINSapad
77 R i R S
e

[s]

.
5
3
i

-1

L1 SNOBUEUEISU|

100129 102128 104129 106129 108.129 110129 112129 114129

31.4255 33.4255 354255 37.4255 39.4255 41.4255 43.4255 454255

Time [s]

Time [s]

[1x3 ueLysapag

Test Driver 39,TTC 6 Lap 1

18u3 uelsapag

BuisseiD 1els uesaped

~ ) =)

[s]DLL shoaueuesu|

1
194.502 196.502 198.502 200.502 202.502 204502 206.502 208.502

Time [s]

Test Driver 47, TTC 3 Lap 1

Test Driver 47, TTC 1 Lap 1

X3 UBISSpad

1313 URINSapad

Buissai 1EIS UBISapad

- 3 ~ 0 B -

-1
105314 107314 109314 111314 113314 115314 117314 119314

[s] DL snoauEuElSU|

X3 ueLjsapad

1813 uesapad

BuissouD LEIS uBIISapad

1
9
7
5
3
1

-1

[s]DLL shosueuElsU|

44766 46766 48.766

38.766 40.766 42.766

34766 36.766

Time [s]

Time [s]

Test Driver 47, TTC 6 Lap 1

[31x3 uBlISapad

Jau3 uelsapad

Buissoig pelg ueigéapad

- @ ~ " )

[s] DLL snoauejuesu|

-1
199771 201771 203771 208771 207771 209771 211771 213771

Time [s]
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Test Driver 52,TTC 3 Lap 1

Test Driver 52,TTC 1 Lap 1

[1x3 ueLsapad

- @ [ w ) -

1
69.1475 71.1475 73.1475 75.1475 77.1475 791475 811475 831475

[s] DLL shoaueuElSU|

[1x3 ueLsapad 1

18U3 uBLSapad

Buissoiq 1UEIg UBIISApad

- @ ~ w ) -

1

[s] DLL snoauguElSU|

152295 17.2295 19.2295 21.2295 232295 252295 27.2295 292285

Time [s]

Time [s]

Test Driver 52,TTC 6 Lap 1

X3 UBISSpad

1313 URINSapad

BuIssaID 1UEIS UBL

- ) ~ w0 B

[s] DL snoauEuElSU|

i
-1

136287 138287 140287 142287 144287 146287 148287 150287

Time [s]

.N [ux3 uesapag 1
<
E
J | 181U3 UBLSa|
gfjsuavemseesd . /|
]
2L 1
~
m BuissouD) 1UBIS UBLSapad
) R i D O
&
. L L .
= > - o = - -
[s]DLL snoaueuElsu|
M 11%3 uelysapad
o
£
gpoagwesseed /]
5
2z
=
.D.. Buissaln Lelg UBLESpad
) PR A g E S R
2
. . L . L

L
- @

~ 0 ) -

el
900327 902327 904327 906327 908327 910327 912327 914327

[s] DLL snoauejuesu|

980844 982844 0984 844 986844 988844 990.844 992.844 994 844

Time [s]

Time [s]

Test Driver 32,TTC 5Lap 5

[1x3 uelseped

181u3 ueSapad

BuissoiD JelS Uelisepad

[s] DLL snosuejuesy|

e
1006.57 1008.57 101057 101257 101457 1016.57 1018.57 1020.57

Time [s]
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Test Driver 34,TTC 4Lap 5

Test Driver 34, TTC 2Lap 5

Lux3 ueLsepag

131U3 UBLISapad

[s] DL snosuejuE)su|

L1x3 uesa pag

~ w0 )

[s]DLL snosuejuesu|

930646 0932646 934646 936646 938646 940646 942646 944 646

85328 85528 85728 85928 86128 86328 86528

851.28

Time [s]

Time [s]

TTC5Lap5

Test Driver 34,

Lix3 ueLsapag

131U3 URLISapad

Buissoiq 1UEIg uBIISApad

- 3 ~ 0 o

[s] 0L L snoauejuElsSu|

-1

951266 953266 955266 957266 950266 961266 963.266 965266

Time [s]

X3 UBISSpad

Test Driver 36,TTC 4 Lap 5

181U3 uBLISApad

~ n ) - -

[s] DL snoauEuElSU|

[1x3 ueIysapag

TTC 2Lap 5

Test Driver 36,

5 | 193 ueisapag

BuissoiD 1l uesapag

7
5
3
1

1

[s]DLL snoauejue)su|

82712 82912 83112 83312 83512 83712 838.12

82512

753.753 755.753 757.753 759.753 761.753 763.753 765.753 T767.753

Time [s]

Time [s]

Test Driver 36,TTC 5Lap 5

11%3 uBliSapad

i
9
7
5
3
4

Kl

[s] DL snoausjuElsu|

844 636 846536 848536 850536 852536 8546536 856536 B58.536

Time [s]
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Test Driver 38,TTC 4 Lap §

Test Driver 38,TTC 2Lap 5

[1x3 ueLsapad

1gu3 uelsapad

- @ [ w ) -

[s] DLL shoaueuElSU|

B
791357 793357 795.357 797357 799.357 801357 803357 805357

Lix3 ueLsapag

[s] 0L L snoauejuElsSu|

-1

722414 724414 726414 728414 730414 732414 734414 736414

Time [s]

Time [s]

Test Driver 38,TTC 5 Lap 5

X3 ueLjsapad

181U3 uepsapad

Buissaio 1eis uelsapad

1
9t

~ ) )

[s]DLL shosueuElsU|

-1
808 961

814961 B16961 818961 820961 822961

812.961

810.961

Time [s]

%3 uBLISapad

Test Driver 40,TTC 4 Lap 5

I3 uensepad

bBuissoin LeIg UBLiSapad

~ 0 )

[s] 1L shosuejuesu|

P
89112

[11x3 uelisepad

Test Driver 40,TTC 2Lap 5

1A1U7 UBIISApad

Buissoin pe1g uBIpSapad

~ T =

[s] D11 snoaueuE)sU|

-1

89512 89712 89912 90112 90312 90512

893.12

822904 824904 826904 828904 830.904 832904 B834.904 B836.904

Time [s]

Time [s]

Test Driver 40,TTC 5Lap 5

[1x3 uBLsapad

- @ ~ 0 ™

[s] DLL snoauejuesU|

gl
913248 915248 917248 919248 921248 923248 925248 927248

Time [s]
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Test Driver 48,TTC 4 Lap 5

Appendix

Test Driver 48,TTC 2Lap 5

[1x3 ueLsapad

L L L L L L
- @ ~ w ) -

e
685372 6687.372 689372 691372 693372 695372 697372 699372

[s] DLL snoauguElSU|

Lux3 ueLsepag

131U3 uBLISapad

BuissaiD 1/E1S UBL

L L L L L L
- @ ~ w0 ) -

-1

[s] DL snosuejuE)su|

Time [s]
Test Driver 31,TTC 3Lap 5

Time [s]

BuIss0iD URIS UBLISapad

Test Driver 48,TTC 6 Lap 5

FO7277 709277 71277 713277 715277 TAT277 T19277 T2277

63595 63795 63995
-1

[s] DL snoausuElsU|

633.95
Time [s]

631.95
Test Driver 31,TTC 1Lap 5

62995

62595 62795

L1x3 uelsepad

181u3 uBSapRd

BuissoiD WelS uelisapad

Time [s]

[s] oLL snosuejuesu|

876488 878488 880488 882488 884 488 886488 B888.488 890488

Test Driver 31,TTC 6 Lap 5

13 ueIsapad

J8ju3 ueasapad

822888 824888 826.888

Time [s]

[s] 1L shosueuBISU|

812888 B814.888 B816.888 B818.888 820888

1
9
7
5
3
1

-1

L1x3 uelasepad

181u3 uBLISapad

Buissoin 1e1g uBl

) ) -

-1

954 721 956721 958721 960721 962721

[s] DLL snosuejuElsSU|

966.721 968.721

964 721

Time [s]
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Lux3 ueLsepag

Test Driver 33,TTC 3Lap 5

131U3 uBLISapad

BuissoiD 1Ue1S UBIISapad

[s] DL snosuejuE)su|

856129 B858.129 860129 862129 864.129

[ 1x3 ueLsapag

Test Driver 33,TTC 1Lap 5

18jU3 uepsapad

Buisseio 1eiS uelsapad

[ ) )

[s]DLL shosueuElsu|

866.129 868.129 870129

79388 79598 79798 79998 80198 80398 B0598

79198

Time [s]

Time [s]

X3 uelsapad

Test Driver 33,TTC 6 Lap 5

1313 uRIsapad

Buissai 1EIS UBisapad

[s]

D11 SNOBUEUEISU|

-1

841285 943285 945285 947285 948285 951285 953.285 955285

Time [s]

w

g o

o«

B

¥ | 191uT ueIsapay

«

g

Zt

:

S [buissoio yeig veimsepag
g |Pueoweis wsose
=

ol

~ ") )

[s] DLL snoaueueISU|

-1
950.149 961.149 963.149 965.149 967.149 969.149 071.149 973.149

Test Driver 35, TTC 1Lap 5

%3 uBINSapad

Jgu3 uesapad

ot

~ 0 )

[s] DLL shosueuEBISU|

-1

889722 891722 B893.722 895722 B897.722 899722 901722 903722

Time [s]

Time [s]

Test Driver 35,TTC 6 Lap 5

L1x3 ueinsapad

181u3 uBINSapad

- 3 ~ [ B -

-1

1062.69 106469 1066.69 1068.69 1070.69 107269 107469 107669

[s] DL snoauBjuElsu|

Time [s]

112



Appendix

Test Driver 37,TTC 3Lap 5

Test Driver 37,TTC 1Lap 5

L1x3 uesa pag

181U3 UBpISapad

BujssouD 1ejs uesapad

[s]DLL snosuejuesu|

Lix3 ueLsapag

18U3 uBLSapad

BuissoiD 1UEIS UBIISApad

- @ ~ w )

[s] DLL snoauguElSU|

1
1

800262 802262 B804 262 B06262 B0B262 810262 812262 814262

740752 742752 744752 746752 748752 750752 752752 754752

Time [s]

Time [s]

Test Driver 37, TTC 6 Lap 5

[31x3 uBlISapad

Jau3 uelsapad

Buissoiq pelg ey

1
ol

~ o ) -

-1
905393 907.393 909.393 911.393 913393 915393 917.393 919.393

[s] DLL snoauejuesu|

Time [s]

Test Driver 39,TTC 3 Lap 5

Test Driver 39,TTC 1Lap 5

1
827323 829323 831323 833323 835.323 837323 839323 841323

[1x3 ueLisa pad 1
19)U3 UBSapag
Buissoin 1BIS UBISapad

. . L .

= @ ~ ) ) -

[s] DLL snoaueuEsU|

11%3 uellsapad
18)u3 UBLISapad
Buissaln Lelg UBLISapad

. . L

4
ol
7
5
3
1

[s] DL snoauBjuE)sSU|

El

769302 761302 763.302 765302 767302 769302 771302 773302

Time [s]

Time [s]

Test Driver 39,TTC 6 Lap 5

[1x3 uensapad
1213 ueIAsaped
Buissaip el uBlgSapad
I I I L I L
- = ~ w ) - -

[s] DLL shosuejuelsu|

92682 92882 93082 93282 93482 93682 93882

924 82

Time [s]
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Lux3 ueLsepag

Test Driver 47,TTC 3Lap 5

131U3 uBLISapad

BuissoiD 1Ue1S UBIISapad

[s] DL snosuejuE)su|

Lix3 ueLsapag

Test Driver 47,TTC 1Lap 5

131U3 URLISapad

BuissoiD 1UEIS UBIISApad

[s] 0L L snoauejuElsSu|

i
-1

T27.041 729.041

725.041

715041 717041 719041 721041 723.041

67893 68093 68293 68493

67293 67493 67693

67093

Time [s]

Time [s]

Test Driver 47, TTC 6 Lap 5

X3 UBISSpad

1313 URINSapad

Buissain 1EIS uBdsapad

- 3 ~ 0 B

[s] DL snoauEuElSU|

-1
779478 781478 783478 785478 7B7.478 789478 701478 793478

Time [s]

Test Driver 52,TTC 3 Lap 5

Test Driver 52,TTC 1 Lap 5

X3 uBInsapad i
d8lu3 uelisapad
BuissoiQ LelS UBLlSapad

= @ ~ w0 © - -

[s] DL shosuejuBSU|

X3 uelsapad 4
18ju3 ueInsapad
Buissol) LejS uelLisapad

. .

[s] DLL snosuejuesu|

669327 671327 673.327 675327 677.327 679327 681327 683.327

62258 624568 626,58 62868 63058 63258 63458

62068

Time [s]

Time [s]

Lix3 ueLsapag

,TTC 6 Lap 5

Test Driver 52,

131U3 URLISapad

BuissoiD 1UE1S UL

[s] 0L L snoauejuElsSu|

-1
745041 747041 749041 751041

041 757.041 759.041

755

753.041

Time [s]
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Appendix

E. PET results.

This attachment includes tables containing PET results for each scenario. The
green cells indicate that the “safe” traffic event, the red highlights crashes.

. LAP5
Scenario 1 -
Crossing_ID
TD | At conflict point 1 2 3 4 5 6
PedTime 09:22.294 - 10:10.594 - - 11:11.093
1 VehTime 09:26.094 - 10:14.393 - - 11:14.993
PET 03.800 - 03.799 - - 03.900
PedTime - 09:27.093 - 10:25.992 | 10:45.842 -
2 VehTime - 09:31.143 - 10:25.992 | 10:50.642 -
PET - 04.050 - |Go60NN  o04.800 -
PedTime 09:23.892 - 10:11.341 - - 11:14.240
3 VehTime 09:28.492 - 10:14.741 - - 11:17.641
PET 04.600 - 03.400 - - 03.401
PedTime - 12:49.794 - 14:01.094 | 14:21.694 -
4 VehTime - 12:54.294 - 14:04.844 | 14:24.794 -
PET - 04.500 - 03.750 03.100 -
PedTime 10:05.341 - 10:57.740 - - 12:09.240
5 VehTime 10:10.490 - 11:00.540 - - 12:13.289
PET 05.149 - 02.800 - - 04.049
PedTime - 07:52.004 - 08:39.994 | 09:00.893 -
6 VehTime - 07:56.544 - 08:39.994 | 09:07.393 -
PET - 04.540 B @ R -
PedTime 12:12.143 - 13:12.292 - - 14:36.742
7 VehTime 12:15.793 - 13:16.793 - - 14:41.592
PET 03.650 - 04.501 - - 04.850
PedTime - 12:59.094 - 14:17.244 | 14:43.893 -
8 VehTime - 13:07.194 - 14:21.643 | 14:51.294 -
PET - 08.100 - 04.399 07.401 -
PedTime 10:23.140 - 11:21.439 - - 12:41.489
9 VehTime 10:27.190 - 11:25.740 - - 12:46.838
PET 04.050 - 04.301 - - 05.349
PedTime - 09:05.489 - 09:57.338 | 10:15.138 -
10 VehTime - 09:09.989 - 09:57.338 | 10:18.388 -
PET - 04.500 B 0 R -
PedTime 09:52.842 - 10:46.042 - - 11:56.391
41 VehTime 09:54.142 - 10:49.641 - - 12:00.740
PET 01.300 - 03.599 - - 04.349
PedTime - 09:51.544 - 10:55.095 | 11:17.543 -
42 VehTime - 09:58.294 - 10:58.794 | 11:22.543 -
PET - 06.750 - 03.699 05.000 -
PedTime 08:21.696 - 09:04.000 - - 10:01.594
49 VehTime 08:21.696 - 09:06.895 - - 10:04.395
PET | o000 - 02.895 - - 02.801
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Scenario 2 LA.P 1
Crossing_ID
TD At conflict Point 1 2 3 4 5 6
PedTime 00:31.350 - 01:21.349 - - 02:40.148
11 VehTime 00:31.350 - 01:25.398 - - 02:44.548
PET - 04.049 - - 04.400
PedTime - 00:43.899 - 02:03.498 | 02:27.948 -
12 VehTime - 00:51.149 - 02:09.398 | 02:32.147 -
PET - 07.250 - 05.900 04.199 -
PedTime 00:28.149 - 01:26.549 - - 02:46.147
13 VehTime 00:35.249 - 01:30.149 - - 02:53.098
PET 07.100 - 03.600 - - 06.951
PedTime - 00:58.799 - 02:18.598 | 02:41.748 -
14 VehTime - 01:05.850 - 02:22.098 | 02:47.298 -
PET - 07.051 - 03.500 05.550 -
PedTime 00:33.099 - 01:38.448 - - 03:04.146
15 VehTime 00:37.349 - 01:42.547 - - 03:09.296
PET 04.250 - 04.099 - - 05.150
PedTime - 00:34.399 - 01:24.448 | 01:41.148 -
16 VehTime - 00:40.998 - 01:24.448 | 01:45.048 -
PET - 06.599 - 00.000 03.900 -
PedTime 00:39.199 - 01:44.698 - - 03:15.247
17 VehTime 00:44.349 - 01:49.648 - - 03:20.547
PET 05.150 - 04.950 - - 05.300
PedTime - 00:59.849 - 02:07.898 | 02:33.298 -
18 VehTime - 01:03.649 - 02:11.798 | 02:37.598 -
PET - 03.800 - 03.900 04.300 -
PedTime 00:37.848 - 01:48.997 - - 02:57.196
19 VehTime 00:44.448 - 01:53.597 - - 03:03.746
PET 06.600 - 04.600 - - 06.550
PedTime - 00:53.399 - 02:17.898 | 02:49.298 -
20 VehTime - 01:01.249 - 02:24.248 | 02:54.047 -
PET - 07.850 - 06.350 04.749 -
PedTime 00:23.449 - 01:04.099 - - 01:58.348
43 VehTime 00:26.950 - 01:07.999 - - 02:04.197
PET 03.501 - 03.900 - - 05.849
PedTime - 00:38.349 - 01:59.648 | 02:23.747 -
44 VehTime - 00:45.749 - 02:05.798 | 02:29.647 -
PET - 07.400 - 06.150 05.900 -
PedTime 00:27.500 - 01:22.990 - - 02:35.348
50 VehTime 00:27.500 - 01:28.249 - - 02:39.148
PET | 00000 | 05.259 - - 03.800
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. LAP 5
Scenario 2 =
Crossing_ID
TD At conflict Point 1 2 3 4 5 6
PedTime 11:55.741 - 12:49.390 - - 14:07.290
11 VehTime 11:59.591 - 12:52.441 - - 14:12.690
PET 03.850 - 03.051 - - 05.400
PedTime - 11:48.490 - 12:50.588 | 13:18.788 -
12 VehTime - 11:52.739 - 12:58.938 | 13:22.738 -
PET - 04.249 - 08.350 03.950 -
PedTime 11:49.343 - 12:41.792 - - 13:51.892
13 VehTime 11:52.243 - 12:45.592 - - 13:57.542
PET 02.900 - 03.800 - - 05.650
PedTime - 11:53.491 - 12:55.791 | 13:17.641 -
14 VehTime - 11:58.441 - 12:59.541 | 13:21.740 -
PET - 04.950 - 03.750 04.099 -
PedTime 11:46.486 - 12:45.985 - - 14:04.934
15 VehTime 11:50.636 - 12:48.734 - - 14:09.283
PET 04.150 - 02.749 - - 04.349
PedTime - 08:56.440 - 09:56.889 | 10:14.639 -
16 VehTime - 09:02.440 - 10:00.238 | 10:19.638 -
PET - 06.000 - 03.349 04.999 -
PedTime 12:22.689 - 13:16.288 - - 14:32.987
17 VehTime 12:24.939 - 13:20.289 - - 14:39.587
PET 02.250 - 04.001 - - 06.600
PedTime - 11:31.444 - 12:38.744 | 12:57.794 -
18 VehTime - 11:38.295 - 12:41.944 | 13:01.994 -
PET - 06.851 - 03.200 04.200 -
PedTime 10:30.640 - 11:21.990 - - 12:32.589
19 VehTime 10:33.589 - 11:25.489 - - 12:39.488
PET 02.949 - 03.499 - - 06.899
PedTime - 13:08.238 - 14:17.087 | 14:42.587 -
20 VehTime - 13:13.788 - 14:20.687 | 14:46.387 -
PET - 05.550 - 03.600 03.800 -
PedTime 08:23.892 - 09:03.690 - - 09:59.939
43 VehTime 08:24.292 - 09:06.840 - - 10:03.240
PET 00.400 - 03.150 - - 03.301
PedTime - 13:19.686 - 14:35.484 | 14:59.084 -
a4 VehTime - 13:26.036 - 14:39.534 | 15:02.734 -
PET - 06.350 - 04.050 03.650 -
PedTime 10:39.194 - 11:30.794 - - 12:36.343
50 VehTime 10:43.293 - 11:34.144 - - 12:39.993
PET 04.099 - 03.350 - - 03.650
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Scenario 3 LAP >
Crossing ID
TD | At conflict point 1 2 3 4 5 6
PedTime 10:33.142 - 11:15.791 - - 12:35.091
21 VehTime 10:33.142 - 11:19.141 - - 12:40.940
PET - 03.350 - - 05.849
PedTime - 13:17.094 - 14:33.644 | 14:58.193 -
22 VehTime - 13:22.895 - 14:38.693 | 15:02.743 -
PET - 05.801 - 05.049 04.550 -
PedTime 09:57.744 - 10:56.044 - - 12:12.343
23 VehTime 10:04.294 - 11:00.243 - - 12:18.143
PET 06.550 - 04.199 - - 05.800
PedTime - 12:34.736 - 13:47.534 | 14:14.235 -
24 VehTime - 12:39.286 - 13:52.135 | 14:19.234 -
PET - 04.550 - 04.601 04.999 -
PedTime 08:17.047 - 09:04.996 - - 10:08.095
25 VehTime 08:20.396 - 09:08.096 - - 10:12.345
PET 03.349 - 03.100 - - 04.250
PedTime - 11:56.339 - 13:03.638 | 13:27.588 -
26 VehTime - 12:01.939 - 13:08.888 | 13:31.988 -
PET - 05.600 - 05.250 04.400 -
PedTime 13:58.840 - 15:14.638 - - 16:54.138
27 VehTime 14:04.989 - 15:18.438 - - 16:58.537
PET 06.149 - 03.800 - - 04.399
PedTime - 09:37.943 - 10:26.092 | 10:38.242 -
28 VehTime - 09:41.043 - 10:26.092 | 10:40.542 -
PET - 03.100 - 02.300 -
PedTime 11:25.590 - 12:28.138 - - 13:51.187
29 VehTime 11:31.339 - 12:32.889 - - 13:54.937
PET 05.749 - 04.751 - - 03.750
PedTime - 12:26.444 - 13:44.494 | 14:12.644 -
30 VehTime - 12:34.333 - 13:47.745 | 14:16.791 -
PET - 07.889 - 03.251 04.147 -
PedTime 10:59.990 - 11:58.089 - - 13:21.938
45 VehTime 11:05.140 - 12:03.789 - - 13:27.839
PET 05.150 - 05.700 - - 05.901
PedTime - 10:43.191 - 11:46.890 | 12:12.039 -
46 VehTime - 10:47.940 - 11:52.640 | 12:16.839 -
PET - 04.749 - 05.750 04.800 -
PedTime 10:41.143 - 11:38.393 - - 12:58.642
51 VehTime 10:45.594 - 11:43.243 - - 13:04.092
PET 04.451 - 04.850 - - 05.450
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Scenario 4 LA.P 1
Crossing_ID
TD At conflict Point 1 2 3 4 5 6
PedTime 00:37.746 - 02:02.848 - - 03:49.598
31 VehTime 00:44.049 - 02:08.199 - - 03:54.309
PET 06.303 - 05.351 - - 04.711
PedTime - 00:57.448 - 02:31.697 | 03:00.696 -
32 VehTime - 01:01.448 - 02:34.647 | 03:04.546 -
PET - 04.000 - 02.950 03.850 -
PedTime 00:44.499 - 01:59.049 - - 03:38.048
33 VehTime 00:49.999 - 02:02.499 - - 03:42.248
PET 05.500 - 03.450 - - 04.200
PedTime - 00:53.699 - 02:30.098 | 02:54.897 -
34 VehTime - 01:01.149 - 02:36.048 | 03:00.498 -
PET - 07.450 - 05.950 05.601 -
PedTime 00:34.049 - 01:54.647 - - 03:42.545
35 VehTime 00:40.448 - 02:00.897 - - 03:48.595
PET 06.399 - 06.250 - - 06.050
PedTime - 00:53.649 - 02:12.148 | 02:35.348 -
36 VehTime - 00:58.749 - 02:17.148 | 02:39.547 -
PET - 05.100 - 05.000 04.199 -
PedTime 00:38.599 - 01:42.049 - - 03:15.798
37 VehTime 00:44.699 - 01:47.899 - - 03:21.648
PET 06.100 - 05.850 - - 05.850
PedTime - 00:48.000 - 02:07.149 | 02:29.699 -
38 VehTime - 00:54.049 - 02:10.449 | 02:33.498 -
PET - 06.049 - 03.300 03.799 -
PedTime 00:41.299 - 01:49.648 - - 03:23.946
39 VehTime 00:44.998 - 01:52.597 - - 03:28.098
PET 03.699 - 02.949 - - 04.152
PedTime - 01:06.799 - 02:47.897 | 03:16.946 -
40 VehTime - 01:12.998 - 02:51.247 | 03:20.896 -
PET - 06.199 - 03.350 03.950 -
PedTime 00:44.050 - 01:54.499 - - 03:29.198
47 VehTime 00:48.750 - 01:57.649 - - 03:34.498
PET 04.700 - 03.150 - - 05.300
PedTime - 00:40.399 - 01:39.148 | 02:03.598 -
48 VehTime - 00:45.499 - 01:44.898 | 02:07.549 -
PET - 05.100 - 05.750 03.951 -
PedTime 00:24.499 - 01:18.089 - - 02:25.399
52 VehTime 00:28.099 - 01:22.648 - - 02:29.648
PET 03.600 - 04.559 - - 04.249
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. LAP 5
Scenario 4 =
Crossing_ID
TD At conflict Point 1 2 3 4 5 6
PedTime 13:42.644 - 14:46.243 - - 16:04.193
31 VehTime 13:47.894 - 14:51.143 - - 16:09.193
PET 05.250 - 04.900 - - 05.000
PedTime - 15:09.537 - 16:30.185 | 16:55.884 -
32 VehTime - 15:14.435 - 16:34.185 | 16:59.634 -
PET - 04.898 - 04.000 03.750 -
PedTime 13:21.594 - 14:25.643 - - 15:50.743
33 VehTime 13:25.744 - 14:28.643 - - 15:55.743
PET 04.150 - 03.000 - - 05.000
PedTime - 14:20.589 - 15:39.988 | 16:00.688 -
34 VehTime - 14:28.339 - 15:44.188 | 16:06.188 -
PET - 07.750 - 04.200 05.500 -
PedTime 14:59.331 - 16:08.830 - - 17:52.378
35 VehTime 15:02.881 - 16:12.580 - - 17:56.628
PET 03.550 - 03.750 - - 04.250
PedTime - 12:43.489 - 13:54.888 | 14:14.288 -
36 VehTime - 12:48.238 - 13:57.837 | 14:18.387 -
PET - 04.749 - 02.949 04.099 -
PedTime 12:30.544 - 13:29.993 - - 15:15.143
37 VehTime 12:34.095 - 13:32.544 - - 15:19.243
PET 03.551 - 02.551 - - 04.100
PedTime - 12:11.993 - 13:20.892 | 13:38.442 -
38 VehTime - 12:17.893 - 13:23.642 | 13:42.192 -
PET - 05.900 - 02.750 03.750 -
PedTime 12:48.588 - 13:56.587 - - 15:33.885
39 VehTime 12:51.088 - 13:58.938 - - 15:38.635
PET 02.500 - 02.351 - - 04.750
PedTime - 13:52.636 - 15:00.884 | 15:23.034 -
40 VehTime - 13:57.636 - 15:03.434 | 15:26.883 -
PET - 05.000 - 02.550 03.849 -
PedTime 11:20.293 - 12:04.393 - - 13:08.992
47 VehTime 11:24.694 - 12:07.344 - - 13:12.843
PET 04.401 - 02.951 - - 03.851
PedTime - 10:35.694 - 11:34.993 | 11:56.993 -
48 VehTime - 10:40.993 - 11:38.543 | 12:00.643 -
PET - 05.299 - 03.550 03.650 -
PedTime 10:29.844 - 11:18.643 - - 12:34.043
52 VehTime 10:33.494 - 11:23.143 - - 12:40.792
PET 03.650 - 04.500 - - 06.749
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F.

Max Deceleration graphs.
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Car Acceleration [m/sz]

Car Acceleration [m/sz]
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Test Driver 6, Car Acceleration Crossing 4
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Test Driver 10, Car Acceleration Crossing 2

Test Driver 10, Car Acceleration Crossing 4
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Car Acceleration [mfsz]
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Car Acceleration [m/sz]

Test Driver 5, Car Acceleration
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Car Acceleration [mfsz]

Car Acceleration [mlsz]
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Car Acceleration [m/sz]
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Scenario 2
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Car Acceleration [mlsz]

Car Acceleration [mfsz]
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TD20, Car Acceleration Crossing 2

TD20, Car Acceleration Crossing 4
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TD15, Car Acceleration Crossing 1

TD15, Car Acceleration Crossing 3
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Car Acceleration [mfsz]

Car Acceleration [mﬂsz]
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Car Acceleration [mﬂsz]
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G.Max Speed graphs
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Test Driver 16, Car Speed Crossing 2

Test Driver 16, Car Speed Crossing 4
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Test Driver 19, Car Speed Crossing 1
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Car Speed [kmvh]

Car Speed [km/h]

Test Driver 21, Car Speed Crossing 1

Test Driver 21, Car Speed Crossing 3
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Test Driver 25, Car Speed Crossing 1

Test Driver 25, Car Speed Crossing 3
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Test Driver 29, Car Speed Crossing 1

Test Driver 29, Car Speed Crossing 3
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Car Speed [km/h]

Test Driver 51, Car Speed Crossing 1

80

60

o
3

S
S

w
&

Test Driver 51, Car Speed Crossing 3

80

)

70 60 50 40 30 20
Distance to Crossing Area [m]

80 T T
bl 70
1 60
o 1 =
50
£
B
1 2 a0
=3
)
P 5
g0
bl 20
1 10
. L . L L L L 0 L .
70 B0 50 40 30 20 10 -10 100 90 80
Distance to Crossing Area [m]
Test Driver 51, Car Speed Crossing 6
80 T T T T T T T T T
Tor 7]
60 bl
=
50 1
£ o
B
@ 407 gl
Q.
o
& L 4
3 30
20 1
10 1
0
100 90 80 1Y 60 50 40 30 20 10 o -10

Distance to Crossing Area [m]

170



Appendix

Scenario 4

Test Driver 32, Car Speed Crossing 2

Test Driver 32, Car Speed Crossing 4
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Car Speed [kmvh]

Car Speed [km/h]

Test Driver 36, Car Speed Crossing 2

Test Driver 36, Car Speed Crossing 4
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Car Speed [km/h]

Test Driver 40, Car Speed Crossing 2

Test Driver 40, Car Speed Crossing 4
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Test Driver 31, Car Speed Crossing 1

Test Driver 31, Car Speed Crossing 3
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Car Speed [km/h]

Car Speed [km/h]

Test Driver 35, Car Speed Crossing 1
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Car Speed [km/h]

Test Driver 39, Car Speed Crossing 1

Test Driver 39, Car Speed Crossing 3
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Car Speed [km/h]

Test Driver 52, Car Speed Crossing 1

Test Driver 52, Car Speed Crossing 3
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H. Post-hoc tests results

Table 23-Post-hoc test on familiarity factor (MTTC model)

Post Hoc Comparisons - Familiarity ID

Comparison

Familiarity Familiarity Difference SE t df Pholm

Route - Unfamiliar -0.381 0.163 2335 66.4 0.045

Route - Situational -0.491 0.163 3015 66.4 0.011

Unfamiliar - Situational -0.111 0.116 0 951_ 180.0 0.343
Table 24-Post-hoc test on mid-block layout factor (MTTC model)
Post Hoc Comparisons - Mid-block layout

Comparison

Mid-block layout Mid-block layout Difference SE df Pholm

Baseline - Curb Extension -0.425 0.151 -2.82 46.9 0.007
Table 25-Post-hoc test on pedestrian time gap acceptance factor (MTTC model)
Post Hoc Comparisons - Pedestrian Time Gap Acceptance

Comparison
Pedestrian Time Gap Pedestrian Time Gap Difference SE ¢ daf phoim
Acceptance Acceptance

6 seconds - 8 seconds -0.821 0.116 -7.0 180 <.001

4 seconds - 6 seconds -1.585 0.116 -13.6 180 <.001

4 seconds - 8 seconds -2.406 0.116 -20.6 180 <.001
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Table 26-Post-hoc test on familiarity factor (PET model)

Post Hoc Comparisons - Familiarity

Comparison
Familiarity Familiarity Difference SE t df Pholm
Route - Unfamiliar -0.62963 0.278 -2.2647 67.8 0.053
Route - Situational 0.00350 0.278 0.0126 67.8 0.990
Unfamiliar - Situational 0.63313 0.198 3.1909 180.0 0.005
Table 27-Post-hoc test on pedestrian time gap acceptance factor (PET model)
Post Hoc Comparisons - Pedestrian Time Gap Acceptance
Comparison
Pedestrian Time Gap Pedestrian Time Gap Difference SE t df phoim
Acceptance Acceptance
6 seconds - 8 seconds -1.135 0.198 -5.7 180 <.001
4 seconds - 6 seconds -0.314 0.198 -1.5 180 0.115
4 seconds - 8 seconds -1.449 0.198 -7.3 180 <.001
Table 28-Post-hoc test on mid-block layout factor (MaxS model)
Post Hoc Comparisons - Mid-block layout
Comparison
Mid-block layout Mid-block layout Difference SE t df Pholm
Baseline - Curb Extension 6.53 241 271 46.6 0.009
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Table 29-Post-hoc test on familiarity factor (MaxS model)

Post Hoc Comparisons - Familiarity

Comparison
Familiarity Familiarity Difference SE t df Phoim
Route - Unfamiliar 7.24 2.330 3.11 50.5 0.006
Route - Situational 3.35 2.330 1.44 50.5 0.157
Unfamiliar - Situational -3.89 0.730 -5.33 178.0 <.001
Table 30-Post-hoc test on pedestrian time gap acceptance factor (MaxS model)
Post Hoc Comparisons - Pedestrian Time Gap Acceptance
Comparison
Pedestrian Time Pedestrian Time Gap Difference SE ¢ df Phoim
Gap Acceptance Acceptance
6 seconds - 8 seconds -1.826 0.730 -2.5 178 0.027
4 seconds - 6 seconds 2.098 0.730 2.8 178 0.014
4 seconds - 8 seconds 0.272 0.730 0.3 178 0.710
Table 31-Post-hoc test on mid-block layout factor (MaxD model)
Post Hoc Comparisons - Mid-block layout
Comparison
Mid-block layout Mid-block layout Difference SE t df Pholm
Baseline - Curb Extension -0.558 0.273 -2.05 479 0.046
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Table 32-Post-hoc test on pedestrian time gap acceptance factor (MaxD model)

Post Hoc Comparisons - Pedestrian Time Gap Acceptance

Comparison
P ian Ti P ian Ti
edestrian Time edestrian Time Difference SE t df Phoim
Gap Acceptance Gap Acceptance
6 seconds - 8 seconds -1.307 0.213 -6.1 180 <.001
4 seconds - 6 seconds -0.907 0.213 -4.2 180 <.001
4 seconds - 8 seconds -2.214 0.213 -10.3 180 <.001
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I. Post-drive questionnaire graphs
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Immersion
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J. List of participants

TDID Gender Age DT""“Q license Average annual mileage N° of crashes
achievement (year)
1 M 29 2009 5000 0
2 F 34 2005 18000 1
3 M 23 2015 500 0
4 M 25 2013 1000 0
5 F 26 2013 500 0
6 F 30 2008 10000 1
7 M 46 1992 9000 5
8 M 41 1998 20000 1
9 F 54 1991 10000 0
10 M 57 1993 10000 0
41 M 28 2011 15000 3
42 M 39 1999 30000 0
49 M 27 2010 1000 0
11 M 30 2008 10000 0
12 F 25 2014 10000 1
13 M 24 2015 40000 1
14 M 30 2009 5000 0
15 F 43 1995 4000 0
16 F 33 2005 6000 1
17 M 46 1992 10000 0
18 F 52 1986 10000 0
19 M 52 1987 20000 2
20 M 38 2001 12000 3
43 M 29 2010 15000 0
44 M 45 1994 30000 1
50 M 27 2011 35000 0
21 F 25 2013 500 0
22 F 31 2007 10000 1
23 M 23 2016 10000 1
24 M 38 2000 10000 0
25 M 26 2012 10000 1
26 M 30 2009 10000 0
27 M 28 2011 10000 0
28 M 49 1990 20000 1
29 F 45 1993 20000 2
30 M 60 1979 12000 0
45 F 40 1998 5000 0
46 M 49 1989 25000 0
51 M 27 2011 10000 0
31 M 25 2013 1000 0
32 F 25 2013 500 0
33 F 36 2002 850 0
34 F 23 2016 2000 0
35 M 38 2001 3000 0
36 M 31 2008 5000 4
37 M 57 1982 30000 0
38 M 53 1986 25000 3
39 M 31 2008 10000 0
40 M 59 1980 20000 3
47 F 38 2000 5000 1
48 M 46 1992 20000 2
52 M 28 2010 10000 0
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Questionnaires

K. Invitation email

Carissimi,

vi scrivo per coinvolgervi in alcuni esperimenti di guida che stiamo per far partire in questo
periodo.

Ben conscio della situazione generale, vi chiedo se comunque siate disponibili per
supportarci nelle ricerche che prevedono anche la redazione di due tesi di laurea.

Seguiremo rigorosamente i protocolli per I'accesso ai locali, e la postazione di guida sara
sanificata prima che voi entriate in laboratorio.

Per voi e sufficiente che indossiate una mascherina, il gel sanificante per le mani lo
forniamo noi.

In allegato, oltre alla presentazione dell’esperimento, trovate le disposizioni del
Politecnico (per visitatori e ospiti, per I'accesso ai laboratori).

Come specificato nel documento di presentazione dell’esperimento, qualora disponibili &
sufficiente un “Rispondi” positivo a questa e-mail.

Sarete poi chiamati da Alberto Terrafino o Francesco Angioi (in CC) per definire giorno e
ora a voi piu comodi.

Vi ringrazio in anticipo per la disponibilita.
Cordiali saluti ---

Marco

Marco Bassani

Office +39 011 0905635
Lab +39 011 0905607
Mobile +39 335 1300230

marco.bassani@polito.it
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Questionnaires

L. Presentation of the experiment

POLITECNICO
M TORIND

Dparirania & ingegrans del Avtscin. cel Tarmiorn 4 dells nfast s
Laboraton & Soueess Sradale & Srsiasone

Cone: fluca degh A, 38 - W1, Farma

sl 311SEEEE, 1 00, e bemariipalic

prol. Narco BASSAN
PRESENTAZIONE DELL"ATTIMITA' Dl RICERCA
T, movamire M0

Gerflimimola

i contattn i quanto componente del gruppo di fes! drwer che suppora e affvith del Lsboralono of Sicusrea Sodels &
Simudsrione of Guida del Politecnica di Tering ([Dipardimento dilngegneria dellAmbiente, del Terionoe dele Inkasruure
- DIATI}.

W& prossimi mesi abbiamo in programma alouni esperimenti che necessitana del tuo supporio. La Sperimerniazions in
ogpetio preweds che in giomi & onn & e pi comod b possa wenie in ahoralono per un bempo non supsrione ai tenta

rrarnsh

Be tu fossi b infa a ipare, ti chiedersi cort i restibuirmi via email § due moduli di pagina 2
& Ycompitati (i campi s [ iempire diret con Adobe Acrobat Reader - Compiia & firmal.

Wel caso § avessi gis compilati te non & o e i i iihiamo bisogno solo

di un fuo messaggio di conferma di partecipazione.

Qualom disponibie, f chisdersi di saguire aloune il raccomandasion che froverai nel questionaria Stessa, oosi da non
alierane 'esiln deilesperimento. Al dcevimenio dela s doumentazions o messaggio di acceazions, sani contakiain
{slefonicaments da uno dei dus shudenl per definire | detiagl d=lappuriamenin:

= Francesco Angioi (islefona: 342-1240428)
= Alberto Terrafing (ielefona: 351-2034174)

| dasfi rancolti saranna diffusi in fama aggregata & del o anonima (v, “Informativa sl privecy”. pagina 4] | risultaf
saranno divulgati per S0l soopi scenfiic Senza fini di lucm, & polranno essers presantali in comegni, pubblical su tesi d
Laurea, o in arficol d fiste scendiiche sempre in forma aggregata & igoosaments anonima.

L'acoesso & Pdliecnion & ai locall del Laboraiorn § sard oonsenfiln solsmenis S accompagnain/a da personale
adnvizzaia Tirasmetio copia del documenio rkasciato dal Poliecnios par Maccesss & laboraion dal fiol: PROCEDLRA
PERIL DONTRASTO E IL CONTENMENTO DELLA DIFFUSIONE DEL ©OWID 197,

Preciso, mfne, che b parfecparions & quests afvits & del o volontana, & non & soggetis ad alcun compensa.
Ti ingrazio in anfipa per ['atensione the prasteni & quests indafva, & delia genfle dsponbith che: o vormai nsanvans,

o
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POLITECNICD
DI TORIND

Dpmrrmes & rgaoraw Sal’ Artards dul [ardore o Sala isheeraers
Corso Dwcy degh Aarerz M - W11, Tore:
Tad J17282EE LE-13N0X Tarca a ey pada

QUESTIONARID PER ATTRYTA' DI RICERCA COM LSO DEL SIMULATORE Cd GANDA

Sessa Ow OF

Anna di nascits

Livedlo di isnuzions [0 oz media infrions [ iquaificy professionse risnnale
[0 diploma scucle supedor [ lowres 1 vello o diploma universitaria
O lanrea 2* livelio o veochio crdinamena
O specisizrarionimaster ot lausa 2* el loidofinete

Anna di conseguimento delia paisne & guida

kmn penoons i un amo jredia)

i” o incidient in cui & & sa coimolti

Famikarith con Fusa di software di guida o= videogiochi) O=x Owo

Uiz disposiivi per ks comezione viswa? Oz Omo

S 5i, quali? O oectisi O Lenti a contatis
Precederti epsodi di o epietiche? Ou Owo

| epiessin in tratamenio farmacalogica|

Raccomandazioni da sequire prma di efiettuare be guide al smuitore:

se wtiizri lenti a contattn, per cortesia indossale il giome dell esperimestn,

consuma pasti joolazione o pranco) leggesi prima della guida,
mon assumene bevande alcoliche elo eccitanti (caffi, emengy drink, o simili] almenc 4 ore prima.

Il sofnacritio si mnde disponibile & & fstusre I'addestramenio & i test con il simulsions o guida pressa il Leboralono &
Sicurerrs Siradale & Simulsriooe o Guida - DIAT] fngressa 2, piano iermencl

igomo lunedi - marbedi ~ menooledi - giovedi - venerdi  alleare 9-12 12-15 15-18  oppure

lgomo lunedi - maredi - menooledi - giovedi - venerdi  alleoe 8- 12 12-15 15-18  oppre

lgome lunedi - maredi - menodledi - giovedi - venendi  aleom 0-12 12-15 15-18

foorchio o Saatans d grama o Mirase prolal)

Luogoedsts ... ... Fama
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POLITECMICD

DI TORIND

Dyrtract 8 ngagras dall Antants, dal [ariors § dala (ko
Ciorac e dagh Rearerz, 34— 1130, Torire

Tl 17158880, 1581 30040, marca S maraipolia

Informativa resa ai sensi degli articoll 13-14 del GOPR 2016570 |Ganeral Dats Protection Regulstian|

Dl S,

i chll it 13 ol Rigoamanty UE 2016E79 ad in rilizions: sl infoemdioni o o i et in posiriie, ai B el 1okia uld pursand &
N SN i & o cad i siinkaa
1. FIMALITA DEL TRATTAWENTO

| e A L bl Sarmnns oBRTnal o S0 oF e SoslBan Sotlanients & Sa Sulln o WAl 6 COMNLEG o ST O
utialin (Y £ AN SRChe b ol Jlrll i GSaTE

L MODALITA DEL TRATTAMENTO

| FalSarvaenio o 438 533 flruat: s drrarh 52 o Pk s infoerainct | dak i

achind arlaces S in aehiv SRR 1N ogni case | NN da Gl Bxwah con sifarman el ali Iralid indeal 4 con

ol chw poraniscn b sy o B ieererirr da doll imedesini, Al o o oo ad msede Faleanew la
dasiona @ chirasiona Faceoiss non auiorizzan o d batiavenk 1 lorr sl knaih sela ecla.

1. CORFERBIENTO DEIDATI

1 conbasimants da da pr b Brali 5 £ ol punie 1 s chbga & § i el g ok o el aid
-

4. COWURBCATIONE E DIFFLESIOME OS] DA

| il Wil S s i i Sl auiorizaal dearcaind, Rnotah & neatel do IElaTenin. in og o, § Gl lomill non SaSNNG
o ETasiCaTions fd @ ofissing. Com euvesss all i 162 el Rugoiamans UE 1 201657, "La finaild Slatisica ioyalca ¢ J iy
il Siarishotg AN S S0 110 a4 el (I Fad ASwalals 0] 0 il N Sidte LTI @ SOERgng

" -

5. TITOLARE DEL TRATTAMENTO

0 Bt ol Wl chil chall it & 1 ol blaa'es Bunea, Poilecse of Todas, Dipaivails & |agegaeds dull Arbasii S0 Tomisss &
il Indesiain, covss Dued dagh Abears, 24 - 10128 T

&. DIRITT DELLINTEREESATD

i Lia vk & chingli artoesll dail 15 2l 22 : LE i 209575, i gl &
) chia Saarna, dail s e A "
Iy ol e b il gl bais e e v L il 0, quisel posiiteie, | perodn o cOnSataIEE

£ Ol e G i sl 6 Bl

Pubt ewarclan i Ges Gl oon oWest seil ivile o o del weleealn, alindiem mel pancsheneralieslie f anseN
Tins Duriea® e code .

T — [ aearp—

oo i ..

o e el ot CRlTinisTnalied ol

O s il st 0 MOM ispiima i i kv K vl Wi il i i & vl sl i
o | DT il U isposia Al

O st § consanis T MOM ssprin i oo a Valimann i isallal Sl apefends & guild ol 4 dia o sbbicaness s i d
Laeeiaa blagamaie a/o pubitivaros scinlichs in T 2 0 & 0s Amanis aniTa.
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M. Anti-covid19 prevention rules

POLITECHICO
O ToRIs0

#0OgnunoProteggeTutti

MISURE DI PREVENZIONE

51 INFORMA CHE:

in presenza di febbre > 37 5°C efo 3l sintomi influenzalil (es. tosse, rinomea, difficolta
respiratorie) & obbligatonio per chiungue rmaners al propro domiclio & chiamare il propric
medico di famigia e Nautorits sanitaria;

& vietato laccesso 3 chiunque sia entral in contatio negli ultimi 14 gioni con persone
risultate postve al winus SARS CoV-2;

alingresso cella sede & NEcessano presentarsi munit di mascherina e sotioporsi alka
misurazione dells temperatura corporea. Mel caxso in cui guesta risulti =37 5°C efo sano
present sintomi influenzall, Faccesso alla sede Sard Negatn,

mel ca50 in cui ka febbre o | sintoms influenzall 5 manfesting SUCCESSVamente N MQresso
nella sede. & NECESSANo POrsi in isclamento ¢ chiamare i numero di emergenza interno
per Famvamons delle comemte procecure o nlervents

per aiutare 3 combaens Mepiderma & COVID-10, é stata creats TAPP Immuni, che invtiams
3 SCANCINE & MANbEnenE Mt durante tutts Ly permanenza allintena dele sedh dell Aleneo,

ALL'INTERNO DELLA SEDE E FATTO OBBLIGO DI

Indossare sempre |2 maschernng negh SpaD oMU & n tulhe b STUXDONI i COMPAEEnza
allinbermo dei koo,
rispettare la distanza di sicurezza di 2 metn laddove possibde in funpone dell'attivita svolta
& comungue nelle ares Comun & PASSAET & N Ca50 d Acoodament;
fispettare, ove presente. L segnaletica onzzontale a pawments ndicante i dietanzaments
o
fispattare le indicason nportate ned cartelli informatie & | messaggl trasmess! dai monitor
e tramite Gffusionse sonora;
ossenvare comportamenti comett sul planc dellligiene, n particolanre
= segnalare al numero  emergenza ntemo della Portnena eventuali sfuazioni
anomale rscontrate (es. siuanon i afollamento, presenza di persone con sndom
influenzali. mancato nspetio delle nomme @ igene, etc. |
o lavare frequentements e mani con acgua & sapone 0 con | prodofti a base alcolica
present nei dispenser dslocat nelle ares comuni;
o ewitane di toccarsi occhi, naso e bocca con le mani;
= fossire efo stamutire coprendo bocca e naso con un fazaolefto o con la piega del
gomitor;
segnalare al numero di emergenza interno della Portineria eventuali stuazioni anomale
riscontrate (es. situazioni di afiollamento, presenza di persone con sintomi influenzali,
mancato rispetic delle norme di igiense, e )
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#OgnunoProteggeTutti

ATTO DI IMPEGNC E DICHIARAZIONE

Il sothorscritho

Mato a i

Residerts 3

Documento identita n riasciao da

DICHIARA

+ Ol AWer Preso WEONE, O IVET COMPREso € O Mocerare be misure di sicurezza & wela dela
salute sdobate dal Pobitecnios;
Sl IMPEGMA,

ad adobare, durante |3 permanenzy nele sed dell Ateneo, Wi b misure & contenimenio
necessane ala prevencions ¢ conterimento del contago da COVID- 19

Il Softoscritto, CONSapavol dille CONEQUENIE DNl Previie m CIS0 i oM ADION! Mendao Ji
sensi degh artt 47 & T8 del DPR £453000.

dichiara 3otto |a propna responsabilita

di Non essere soRopoSto ala mesura della Quarantena N Quants contatto strelic & caso
confermate COVID- 19 o per mgresso | nentro recents dal sstern:
di non essere soRopoSto ad solamento domecikare fiduciano N quanto rsultato positvo alla
reerca del wius SARS-COV.2

«  di non presentare febbre > 37 5 *C o wntomatciogia samilanfiuenzale (ad es. osse, alterata
percezions dei sapor & degh odon, drsturbi mtestnall, ecc |

La presente Dchiarapone vene riascata guale mrsura d prewenoone comelata con
Femergenza pandemica del SARS CoV 2
Allega copia fotostatica ded documento & identita

FIRMA

1 Politecnice di Torino, in qualita & Ticiare del trattamento, i informa che fratiers | twoi dati personali
per la finalita istilumonale connessa allevento nonche per |3 prevenzione dal contagio da COVID-18
in conformita i al Regolamentc BU 2018872 (GDPR) e al Dlgs 196/2003 e smi. ("Codice
Privacy™). | dati rilasciati con i presente module wemanno consenvati per 1 tempo sirettamente
necessano alle attwita di contact tracing.

Linformativa completa & disponibile alla pagina: www._polio. t/privacy

190



Questionnaires

PRO-
POLITECNICO DI TORIND ==
PROCEDURA PER IL CONTRASTO E IL CONTENIMENTO DELLA 1
DIFFUSIONE DEL COVID 19 MEL POST LOCKDOWN ==
el 2E/0S/ 1020
LABORATORI
L T s R Pag. 15

Irdicare pli acrrgiment meresar e devwons exsere sSottan per i ooetrazm & i conteniments della
diffusiore del COVID-15 durarte |3 npress praduale delie amvita prezmo | @boraton del Politecnico di
Tarirs.

CAMPO DI APPLICATIONE

hmum*nﬂhmm-w-ﬂmifmmmmn
laverativa prezse | laberater gell universica dal 10 sevtemibre 220 & fine &

PRECAUZICNI IGIENICHE PERSOMALI DURANTE LE ATTIVITA IN LABORATORIO
E abbigatoria che e persone che Sesigene ITTi 0 [MBOTIONO BEOTING TUTIE i Precaulion: gieniche
previzie i fini cel corteriments gel contage, & i partaliane
7 MAPTENETE. Ove Possinle O3 UMD & WiT OFEEAIZITVE, 13 CNIBAID INETRETIONAlE Minima O dus
LR
¢ lewvare frequentements be man, Corme € PAESCTITION manerisl, con BEGUB & ZNpOnE O ifienizzate
con il liguido 3 base slcolic in dotasons:
£ non toccers occhi, naso & booc con g mask

¢ starmutice ofo tosmre coprende Raso & BOCEs 0on wn Bmclene mitando il contarto delle man con
I MECrEsiOn MEpEratOriE BE ROn R 3 depos Done v faitoletto, Sarnytire nelly piega intetn dal
fomite:

¥ indatare la mascherne cherurgecs SRt = SOTAI0NE 1A DuTHE M FTulbon & COMBPESEATE O DI
perzone allinterno di uno Sesso laborstono

& La maschering chirurfica non dirve essere ndossaty te |3 lvoratone ficheede Mo di DPI delle vie
respiratone specificn per e coer asoni effettuate

Y Proweedere al reambio &erm all inteme de ocal almeno ogre orae. ad e aprenda e fi
o le porte. owe non presente sdones mmgianto & vertiaoene meccanazata.

PULIZIA E SAMNIFICATIONE DELLE ATTREZZATURE E DEGLI UTENSILI D4 LAVORD

La pulza e la sanificaoone 3 mizo twno delle sttrecature & delle postasion comani di Bvoro nei
laboratori & 2 carion dell operatore che stiaza ka postasone.
¥ A inizio turno, il lvoratore deve effettuare b pulizie & In snificazione delle superfic toomte pia di
freguente, ad esempio banooni da lIvoro. manigie dei csoetti. rubinett & Gvanding, pulsantiens =
quadri di do delle 3t e utensl manush evertuzie fasters & mouse oe CatHvits e
¥ La pulizia deve esere effettusta mon | comuni detergenti gia I utiizzo presso @ laboratorio, la
sanificazions potra essere operats oon k3 sohoione di sloool etiico 3l 70% wiv [fornita dal
Politernion) dai pazsre oon panno in microfibrafcarts ascugamani. Le sttrecsture elettroniche
devono essere pulite sernnde specifiche prooedune riportate in Allegeto &
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PRO-
POLITECNICO DI TORING O oD LAB
PROCEDURA PER IL DONTRASTO E IL CONTENIMENTOD DELLA 2
DIFFUSIONE DEL COVID 19 NEL POST LIDCKDONWN =
el 2E/05/2020
LABDRATORI
[ Pag. 13

v E corsigliabie tenare un regivtro dells senificarion periadche eFfettuate in borstors oui diversi
operaTon.
u Emrmpmnﬁﬂimmm:wﬂdﬁdpﬂmmiﬁdi
|lzboratorio (3 esempn guanti per aite temperature, CEschetti ¢ oorchiall | protettvi, Scarpe
antiinforiunisoohe, ecc
VERIFICA E CONTROLLD
I:. i FEnEere Soapeniml & bEn vnna o e

Le isruzioni operatve & corremio w0 delie apparecchuature o laboratorio.
Le infagrafiche relative alle "M o el i o Conadd 1597

| RADRL. i lwveraten, g BLS, | servse prevenzssne & proterane od | Metcs Competente verificans &
segralang eventual situazen: di ren adeguatezzs 3l catore & livere £ 3l enpene
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PRO-
POLITECNICO DI TORIND | s,
PROCEDURA PER IL CONTRASTOD E IL CONTENIMENTOD DELLA a2
DIFFUSIONE DEL COVID 19 NEL POST LOCKDOWN s
el 2B 082020
LABORATOR]
reTe Ao oee § MRS Pag. 33
ALEGATD A
Pulizia ¢ disines = " P

Spegnere 'amrezarura e scoilegacta dall aimestazione Won pulire [ atmerzatura mentre & accesa o
comungue alimentaa.

. Imurradine: il panmo con 3 selurione sicookc. | panme deve exere umido, ma non deve poccoiane.

ATTENIONE: Non spruzsane guid dirersamants sul grereczeTure.

. Pazsare delicatamente i pamne inumidite sulls superfice da pulire. Evitare che Mumidits penetri

all’ interma, pir MOn CALIENE d3nn

Azzigurars che bt JupeTici 1aN0 COMTRMETRME TIE BACUTIE DNMA O BCCEnDEre [ aTtreIzaturs dopa la
pulizia. Nessuma Taecis o umeditd deve emere woibde sulle superfic dell atreszaturs prema
Lavar ke mmard dopo bver termondto i3 dandenong

Arpgg e fh dmbetrn 50 Surens cha So 1) dtnd st

Iztruziom per la manipolaione adurs dells solurone alicokis
B irmpartante marpolicn 13 sohuinnt Jiooics = et Hw

Ewitare il cortatmo con palle, occhi & mduments

Terre lontsno dalle fort & calore & grdone

Utilizzare in presenis 6 uns verbissone sdegusta

Conzervare in un haogo fresco & ben ventilato. Conservare i contenitone ben chiuse.
In eazo di contatto con Malcal, lvare scouratamente |3 pefle con 2cGua & sapone

e

A
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PRO-
POLITECMICO DI TORING =
| PROCEDURA PER IL CONTRASTO E IL CONTENIMENTO DELLA e i3
DIFFUSIONE DEL COVID 19 NEL POST LOCEDOWN )
MISITAT COU ABDRATORI ESTERMI
T Peaored 8 Pesateow Fag. 473

Indicare gli acoorgiment mecesmri che devono exsere adotiat per i contrasto & i contenimentn della
diffusiore del COVID-19 durante [a ripresa graduabe dele aoivita cel Poizecncs & Toring € in particolane
per quarts riguarda ingresss o vistaoon, epr e oollaberatoni externi, presss e sedi del Poliecnics di
Taorima.

CAMPO DI AFPLICATIONE

La presente procedurs & valids per tutt | visitateri, pli copiti ¢ | collaboraton estern (nel sepuito: Visitaror)
che farno ingresse all'interne ce localh del Polrecnao & Toring gal mese di seriembre 2020 finc »

ATTIVITA PRELIMINAR

Accaaso Vizrearors
Il comentte | referemts imtems del Politsonics gel Viptorers, prebmaarmerte 3il3 duts o 028130, & TR0
'8

= iakee B Vidtators o 3 2o Diters @ Livors. ove preente. 1 preseete procedurd & | informative
tMpﬂMtﬂh" SERraaelg B bk

H'I'] 1 I"I'.l

= comumicare 13 richiesty & scceso del Vistetors iviando und e-mad 3 pervisio lopimes@polite it
entro il venerdi antecedents. Aduindo nome & Cofrome il Vi tEione & pErodo pef @ Gulle nE &
richissto [ sccesso.

+  aeguisife e conservace per M0 porm dalla data dell scoeize. [ Informetheg ¢ dichiorasrone per
Fhadents ¢ oRpTET Comilata ¢ Fetiosc 2t dal Vintetore nel porne € S0DEI0.

MODALITA DI INGRESSD
I Visitotore dowrd sccedere 3lla sede & efettuabone dell attrita, inducata dal prope contatto intema,
attraverso uno dei varchi apert e presdiat. | G eenco e Aportato 3 pag ) del VADEMECLM “Minwre
organizrative logistiche per Pesercizio delfe ottiwitd in presense”. contultabibe 3l link
hitps:/fwww. coronavirus. polite. it oontent/ downboad, B09/S 17 1 Fie,/ V ADEMECUMS 20E% J0PLANIMIETRIE.
pdf.
Gli operatori della Portineria 3 presidio degh ingress provvederanng a-

effettuare i o dells a memo O dispositive termoscanner, senza

mﬂm:mﬁhﬁqﬂmnﬁmw
3 37,5 'C, non sard consentite [soeso sl intermo dei ol del Poftecnon.

richiedere di esibore ln el & i - E 3 sl zooesso imviats dal Servizio Logstica.

IMPORTANTE: Ciascun Vistotore € tenuto a presentars ol controlio della tempersturs dototo di

194



Questionnaires

PRO-
POLITECNICO DI TORING ==
i | PROCEDURA PER IL CONTRASTO E IL CONTENIMENTO DELLA e nt 3
e DHFFUSIONE DEL COVID 19 NEL POST LOCKDOWRN )
VISITAT OO ABORATOR] ESTERMI
e Feroore f FoSEnTw P 273

PRECAUTIONI MGIEMICHE PERSOMALI DURANTE LA PERMANENTA AL POLITECNICD

| Vistatori sono terut & ropemare e presoizens oel Poltermics & del propris Datore di Lavero, ove
presente, & ad adotitare wite k& precuziond igeniche previste ai fini del comenimento del contagio. in
partionlare:

¥

Nelle aree ad usa comune del Politecnics & Toring € in presenza o aie persane 3l interno delia
sty owale indossare SEMPRE la maschenine chinergaos propria o fomita dal proprie Damre di
Larvmres.

martenere, ove possibile dal pumto & vista erpanizzative, |3 distanza interpersonabe minima i 2
metri, in particolare nelle aree & transito ¢ negh accodamenti

loware frequentements be man, oMY 83 PRESCTESON Munmtenali 00 REGUD & SIPONE,

utilizzare freguentementes | memi detergenti per e man messi 3 daposizens dal Poliveenace in
PR SLIPENIET PR IDAD EOMun

nan tocoars eochi, Nio & BOCC con by man

starmutire 6o todtre COPRERdS Nlse § BOCC) con un Rizelenio svando il contame dele man Con
W SETEIOR PEIERTIIONE. 3E AOA 3 BB B B0 st ot FREINIETIO. STRRUTieE relll SeEED iRl Ol
emre.

witane adie b ement

Spostament interni

"

| Wigrtaean ammeis ad arrare 3 Polteonas o lrewtare g 1 Wi mi Eregeth pau brew
pEF FAEpWOPEfE W propTw pomadeers o livero, Ael ropemio delle RdCEDen & PREVERIDNE &
sicurezza formite dal Poltecncs.

Le aree di transito, stri ¢ corradol dEvend eitene mantenuti il pa pocsibile lier. Va mamendta n
o £330 18 ditands Wb perionake & 1 metn

L impiego degh sscentor Seve essere | g pomsdbeie vtito & comungue lrmatato sd | perzons per
woita.

Ecorsentta 13 sosta e orn mtermi ale sl nel ropetio dells distenos mterpersonele di 2 metni
& senza obblige & wbl@e di maschering

w

| visitator possono wtilizzare | pErvizi igeerec mess 3 d i da! Poltecnico. Tad ambienti sono

puliti & sarsficati con periodicts pormaliers dal servico o pulice dell keneo.
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PRO-
POLITECNICO DI TORINO Ly
'dl PROCEDURA PER IL CONTRASTO E IL CONTENIMENTO DELLA i
WISITAT OOl ABORATOR] ESTERMI
e PO § T P 373
ACCBSSO aree rstonn snack
L accesso alle aree ristorn [ snack & consentits 3 fronte:
*  della limiazione ded tempo & sosm sl iy inile peT prek e la bevanda/fsmack;
«  del it della  dets interpersonale & 2 mewi ta ke persone in cvertuale

Mcodaments, seguends [ wpeita segnalanons mdios & pavments.

£ Mon & consentits |3 onsumazone Sela bevanda/tnack nelle vitinanze des distribunon

¢ A sguite del prefieve della bevanda/mnack & mecezmng sllomenarn deli'sres per evitare
Base b aTEan

¢ Devone esere sempre naperate b dmeste d mourems munime indgate tramite segnaletica
DNITOATILE 3 pdvirre e

GESTIONE DI UNA PERSONA SINTOMATICA IN ATENED E MONITORAGGID DEI CASI

Il Vigirators cha doweize mandenine cn oetone reonduciad B CoViD-19 durame 3 20 permanenza
presio || Peliecmen doeve:

durne comunmazone 3 propre Detore di lewors (one preseste| ¢ 303 Portinene/comarns

It dal Polttonts com enaf 3000 1 2ropnd STvabont ¢ palEons

POTE N Pl

IFEOECE COITRTIITETIE L) maihet Ay

sntenders Fantervento dell oo 3ot po 4 Pttt 3000 ORETEINE
Il Politecrice attivera bt procedure & v o Protocolo & Gestone & Cas Confermati ¢ Sospem & CoViD 19
nelle auie uriverstare & negli tpa & Atenet ConTultabde 3l nk
hitpsUwew corengvirus poite ) ooentent, oo o, 05 506 Mkmmﬂ&:ﬂm
VIO 10 IOFASEY firale pof.
Il Politecnica e il Vistetore o i mo Datore & Lavoro [ove presente} dovranne callaborare con le Autorita
sanitarie per |a definizione degli & i “oontatt strett dela persona presente i Ateneo che sia stata
risontrata positiva al COVID-19. Gd 3 fire & permetere ale Jutosth i applicase le necessane e
opportune misure di guarartera. Mel perode dellindagine, § Poltecnioo latr impedira agli
evertuali possibili “contatt Srett” di ertrare 0 Ateneo | pecongo le indcanion del Autorita santaria

VERIFICA E CONTROLLD

| referenti interni e il Servizio prevensione & protesione del Polftecnico verifiono e segnalano eventuali
situazioni di non adepuatena 3l datore o [voro.

AGGIRMNAMENTO DELLA PRESENTE PROCEDURA

La presente procedurs sara aggioemata in oo d intenvenute modifiche ai dettami normativi nazienali efo
loli & in funzione delll evoluzione epideminiogca dell emerpenzs.
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Questionnaires

Pre-guide questionnaire

scow, | POLITECNICO
Y4.7.%  DITORINO

QUESTIONARIO PER ATTIVITA' DI RICERCA CON L'USO DEL SIMULATORE DI GUIDA

QUESTIONARIO PRE-GUIDA

TN A OO e e T e i s -+ | B R
T o e P e e S s e i e
E in buona saluts? sl OnNo
I e 4t e = R gl NI St e e M B A D e
Ha assuntc medicinali nelle ulime 24h7 Oal Ono
Se 51, quah? (& suficente |a categona)
E affetio da malatiis croniche (asma, disbste, ansia, allergia. )? Osl Ono
Se s, quah? (& suficente |a categona)
(uanto tempo fa ha consumato Fultimo pasto? ... OB 0 e e _minuti
Come defmirebbe il pasto consumato? [ Leggero [0 Ordinano [ Abbondante
Ha aszunio bevande alcobiche nelle due ore precedent la guida? Osl Omo
Ha aszunto bevande eccitant (caffs, energy drink) nelle 2 ore precedent la quida?

Osl NG
Utilzza dizpositivi per la cormezone visiva? sl OO NG
Attualmente i indozza? [ CNO
Se si, quali? 1 Occhizh [JLenti a contatto

We work on reads fo save ives
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O.Post-guide questionnaire

. POLITECNICO
FL2./% | DIToRINO

QUESTIONARIO PER ATTIVITA' DI RICERCA CON LUSO DEL SIMULATORE DI GUIDA
QUESTIONARIO DI POST-SIMULAZIONE

SENSAZIONL Durante la guida nell’ ambients wriuale si & senfito:

- A suo agio O per nulla Olieve O moderato O intenza
- In grado di controllare |2

situazione & le proprie azioni [ per nulla O lieve O moderato O inten=o
- Pienc di energia O per rulla Olieve O moderato O inten=o
- Neroso O per nulla O lieve O moderato O intenzao
- Conla mente che vagava O per nulla O ligve O moderato O inten=ao

Sarebbe dizposto a confinuars la guida ora?
Osl COno
Se 51, per quanto tempo?
O <15min [ < 30min [ = 45min O=1h

CONSEGUENZE DELL’ ESPERIMENTO. Indicare == attuslmente percepisce uno o pid dei seguents sintomi:

- Generale disagio [ per nulla lieve [ moderato [ intensa
- Fatica [ per nulla Olieve O moderato O intensa
- Ma ditesta O per rulla Clieve O moderato [ inten=a
- Btanchezza visiva [ per rulla Olieve [ modesatn [ intenzo
- Difficolta nella messa afucco [ per nulla [ligve O moderato [ inten=a
- Incremenio di safvazions O per nulla [ligve [ moderato [ intenszo
- Incremenio di sudorazaone O per nulla Olieve O moderato O intenza
- MNaus=za O per nulla [Clieve [ moderato [ inten=a
- Difficolta di concentrazione O per nulla Olieve [ moderato [ inten=a
- Intontimento O per nulla [Olieve O moderato O intenza
- Migione offuscata O per nulla Olieve [ moderata [ inten=a
- Capogiro (a occhi apert) O per nulla Olieve O moderato O inten=a
- Capogiro (a occhi chiusi) O per nulla O lieve [ moderato [ intenzo
- Nertigini O per nulla Olieve O moderato O intenzo
- Bensibilita di stomaco O per nulla Olieve [ moderato O intenza
- Disturbn digestivi O per nulla Olieve O moderato O inten=a
RO S B o P R B R e
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L

IMMERSIONE. Ezprima un giudizio sulla veridicita dello scenario stradals:

[a]
[a]

Qualita delfimmagine pessimo O sufficiente. [ buona [ ottimo
Cormspondenza lla realta
o Ambiente esterno alla strada [ pessimo O sufficiente. [Jhbuono [ ottimo
(2diici, panorama, vegetazione)
o Margini stradal [ pessimo [ sufficients. [buono [ othimo
o SBede stradale [ pessimo [ sufficiente.  [Jbuono [ ottimo
o SBegnaletica orizzontsle [ pessimo [ sufficient=. [ buono [ ottimo
o Segnalefica verticale [ pessima [ sufficiente. [ buono [ ottimo
o Presenza di altn veicol [ pessimo [ sufficiente [ buona [ ottimo

Esprima un giudizio sullinterazone con 1 dispesiiivi audio-wsna & meccanici:

[a]

o0 00 o000

Riproduzione del campo visive [ pessima O sufficiente. [Jhbuono [ ottimo
Percezione degh specchietti [ pessima [ sufficiente [ buona [ ottimo
Vendicita deglh effett sonon [ pessimo O sufficiente [ buono [ ottimo
Yendicita defla stumentamone diborde [ pessimo [ sufficients [ buona [ ottimo
Rlizposta del volants [ pessima [ sufficient=. [ bucno [ ottimo
Rlizposta del cambio [ pessima [ sufficient=. [ bucno [ ottimo
Percezione dell'acceleratore O pessima O sufficiente [ buono [ ottimo
Percezione del freno [ pessima [ sufficiente. [ buono [ ottimo

PRESENZA. E lo stato di coscisnza legato & “senso di trovarz I, & 1l senso peicologico di trovarsi nell’ ambients
wirtuale. Risponda al ssguent quesit;

Si & zentito fizicamante insshito nell ambients wrtuale?
Ot nulla [Jpoco []abbastanza [Jmeito

Si & zentito stimolato dall'ambients virtuale?
et nulla [poca [ abbastanza O moito

Derante la quida. si & sentito coinvolio come se fosse dentro 'ambients virtuale & non stesse guardando uno
scherme o utilzzando le componentl del simulatore?
Cper nulla Opoco [ abbastanza mota

Durante la guida, si € sentito coinvolic & punte tale da non sapere cosa stesse accadendo atiorno & se7
Cper nulla Opoco [ abbastanza O melto

Durante la guida, si & sentto coinvolio dall' ambients wirtuale al punto da perdere la cognizions del tempa?
[mE Opoco [ abbastanza O maito

Quanto pensa siaduratalaguida? ..

Di quali elementilstrument si & serito per valutare la velocta di marcia?

O Contachilometn [ Ogagettilevent & lato della sirada
[0 Rumore dal motore [1 Mon ho prestato attenmaone alla velocta
[ Al s s
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