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Abstract: Motor-vehicle accidents have caused many safety concerns ever since cars have been on the road. With the
implementation of cooperative and automated vehicles (CAVs) merging into the current crosswalks, signals, and concrete rules,
the vehicle-pedestrian interactions create noteworthy safety issues. Through observational findings, intersections with higher
signage and pedestrian signals had less likely of a chance for pedestrians to run into an altercation when compared to
intersections with just crosswalks and no pedestrian signals. This research presents an optimization framework and an analytical
solution with field observations to study whether the implementation of more pedestrian signals could have a great effect on
vehicle/pedestrian incidents. The research implements the integrated methods of case studies, modeling and simulation using
mathematical and statistical software on correlations and probabilities. This study adds minimal interference to the observations
as they naturally occur. The study setting is non-contrived and maintained as natural environment. The collected data is
continuous time series and measured using Chi-Square for analysis. After the identification of possible interactions between
CAVs and pedestrians based on the data surveyed around the Illinois State University (ISU), this study finds that the safety of
pedestrian relies on the intersection design of signs and signals more than the intelligence of CAV's (significance level = 95%).
This paper also discusses law enforcement and autonomous driving as a means of lowering pedestrian incidents at intersections.
The developed mathematical analysis model and simulations help to verify the influences of transportation signs and
intersection designs. The investigation innovatively demonstrates the feasibilities of different methods to protect the pedestrian
safety while they enter intersections. The findings from this research can provide decision support for future transportation
design and implementation rules of CAVs.
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are able to distinguish the pedestrians who attempt to enter
the intersections or roads in front of the vehicles from some
Pedestrians face dangerous situations while crossing ©neS Who plan to wait for the bus or read on cell phones.
intersections [1, 2]. The risks are caused both by the However, for the CAVs using machine learning algorithms, it
pedestrians  themselves and  the perceptions  of is difficult for them to pass a sidewalk full of pedestrians and
machine-learning techniques [1]. Tt is highly possible for distinguish at a glance if any of them are preparing to step in
pedestrians to pose the challenges for cooperative and e road [1, 2]. Increased safety measures would help to
automated vehicles (CAVs) or self-driving cars, because Mitigate the dangerous situations [3, 4]. The purpose of this
other cars mostly behave in predictable ways or follow traffic §tu§y 1s to ma}(e Suggest%ons on how tq decrease. pedestrian
rules carefully, but pedestrians can be rather erratic [2]. They incidents. Particularly, this research designs and implements
can move in irregular directions, at any time, and without 20 optimization framework and an analytical solution with
warning [1, 2]. Researchers made the assumptions that 1icld —observations for intersection design of mixed
pedestrians understood the behaviors of other people when  transportation with human and vehicles.
they approaching intersections [1-3]. For human drivers, they This research implemented the mixed methods of case

1. Introduction
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studies, modeling and simulation using mathematical and
statistical software on correlations and probabilities. After
literature review and methodology design, the data was
collected from three intersections which had different levels
of signage and signals around a college town in Illinois, U.S.
This study added minimal interference to the observations as
they naturally happened. The study setting was non-contrived
and maintained as natural environment. The collected data is
continuous time series and measured using Chi-Square for
analysis. The assumption is that the intersections with less
signage would have less driver compliance than those with
traffic lights and pedestrian signals [4-6].

The variables in the study include the vehicles as the
dependent variable and the situations of signage and
pedestrian decisions as the independent variables [6, 7]. In
addition, this research assumes that all vehicles are driving at
approximately the speed limits of the particular city [5-7].
With some intersections being very busy, the authors
accurately conducted the research only on the busiest side of
the intersection. Hence the recorded traffic data would reflect
the accurate situation. The traffic volumes are gathered from
the Illinois Department of Transportation [3]. Another
assumption is that the drivers are at fault once the pedestrian
is in the intersection. The entire time frame of the study is 16
weeks long. The focus is the traffic situations of Normal,
Illinois, which has 20,635 students [4]. This research
assumes that half of the students walk to school, which is the
foundation of the pedestrian volumes calculation. As
explained in Section 4 “Data Analysis”, the authors built
mathematical models and performed simulations to study the
relationships between accelerations, speeds and risks under
different intersection designs. The findings from this research
provide decision support for the engineers and designers of
transportation systems when they search for solutions to meet
the challenges of the implementation of CAVs [1, 2].

2. Literature Review

Recent studies about pedestrian safety around the country
focus on how to prevent casualties [5-7]. Researchers
analyzed the different safety elements including rapid
flashing beacons, flashing yellow beacons, and high visibility
crosswalk marking [5]. The implementations of these
elements had significant increases in pedestrian safety. The
analysis of the before-after crash patterns showed a reduction
in the pedestrian crash severity after the installation of the
crosswalk enhancements [5]. Approximately 93% of
participants in a study noticed the difference between
pedestrian countdown signals and standard pedestrian signals
[6]. The participants stated that they prefer the pedestrian
countdown signal and feel safer when they could ascertain
the time left for crossing the roads. This shows that the
increased implementations of signs and visible signals for
pedestrians and drivers can lower crash severity and help
pedestrians feel safer [5, 6]. This research implements
simulations for the pedestrian safety analysis at intersections
with intention to show if signs and signals can lower

pedestrian severity risk. This study also helps to make
recommendations for future safety upgrades at intersections.

There are different solutions for pedestrian safety. A safety
upgrade implemented in New York City allowed pedestrians
a head start before the lights turn green [7]. The New York
City transportation officials said that the head-starts were in
the range from 7 to 11 seconds, with more time allowed for
wider streets. The Transportation Department analyzed the
head-start situations in 104 intersections and published a
report in 2016 [7]. It found that after giving pedestrians
head-starts, there was a significant decline in fatalities and
severe injuries to pedestrians. This would also be cost
effective because it would only require little programming.
Other operative upgrades included single-lane roundabouts,
sidewalks, exclusive pedestrian signal phasing, pedestrian
refuge islands, and increased intensity of roadway lighting
[8]. Retting et al. also suggested that promising upgrades
included advance stop lines, in-pavement flashing lights, and
automatic pedestrian detection at walk signals [8].
Researchers also suggested eliminating intersections at all
costs [9]. They stated that local authorities should improve
walkability by providing more sidewalks and separating
travel lanes for motorized traffic and pedestrians in the areas
with different land uses. Compact development might be able
to support the creation of a safe walking environment [9].

For pedestrian safety, more lighting might be promising to
reduce pedestrian crashes [8]. The simulations of visual
impairments and glare situations showed that improved lighting
designs could significantly reduce the frequencies of emergency
braking [8, 9]. Drivers could recognize pedestrians early and the
distances at which the drivers first recognized them increased
noticeably [9]. The enhanced lighting designs around
intersections could help drivers to see the pedestrians that might
otherwise be hard to recognize. This is also significant because
although the highest frequencies of pedestrian crashes were
during day time, the fatal and severe injuries were more
associated with darkness [10]. During this study, the authors
evaluated the sites during day time because of observation and
survey limitations; but lighting around intersections is still a
crucial factor in evaluating pedestrian safety.

The future is slowly adapting with the introduction of
autonomous electric vehicles [1, 2]. There is an increasing
amount of electric vehicles taking the road, some of which are
driving autonomously [1, 2, 11, 12]. Driverless vehicles or
CAVs can see in spots that a driver may not see. These CAVs
can make quick and calculated decisions whereas a human
might not be as fast. For example, Gilmore stated that with the
automated light vehicles on guided routes, it would be safe,
low-polluting, space-saving, and fuel-efficient [11]. According
to the National Highway Traffic Safety Administration, the
automated vehicles’ potential to save lives and reduce injuries
is rooted in one critical and tragic fact: 94 percent of serious
crashes are due to human error [12]. Automated vehicles have
the potential to remove human error from the crash equation,
which helps to protect drivers and passengers, as well as
bicyclists and pedestrians [12]. Although this is still years away,
it is possible that pedestrians would be much safer due to
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autonomous vehicles.

Automated and cooperative vehicles (CAVs) also have
ethics to deal with [13]. For example, people need to answer
this question. With the choice of making multiple decisions
that a human would not have time to react to, how does the
car decide what action to take? Take an example when a
pedestrian walks out and in front of a vehicle, the driver
might have no time to react. Self-driving cars have the
potential to make a better decision than a fast-impulsive
human-decision that the driver must make in a split second.
With that being said, what if there was a situation where a
crash was not avoidable? Should the car always be
programmed to minimize the number of deaths or always be
programmed to save the passengers at all costs? People need
to identify the ethical values, considerations, and principles
that are best suited to on this pressing ethical issue [12, 13].
Nyholm and Smids suggested thinking about how to specify
and adopt those values, considerations and principles to the
problem of how self-giving cars ought to be programmed to
react to accident scenarios [13]. In other words, there is still a
lot of work to do. This shows that even though self-driving
cars can be safer, they will still never be 100% safe because
of unpredictable situations. Although self-driving cars are
still up and coming. Within the near future, self-driving cars
would become prevalent, which urges people to deal with the
ethics of dangerous situations needs in depth [12, 13].

Enforcement and education of pedestrian laws should be
serious enforced. Possible strategies for prevention included
the improved enforcement of pedestrian right-of-way laws,
changed vehicle design with modification of the environment
(particularly in urban areas), and improved training programs
for children [14]. Introducing new means of communicating
pedestrian safety and enforcement could decrease pedestrian
incidents. There was a positive association between road safety
education and participants’ road crossing behaviors [15]. This
means that people with higher knowledge of road laws have
safer road crossing behaviors and is another reason why
pedestrian education could greatly reduce pedestrian crashes
[14, 15]. For example, a study was conducted at the Johns
Hopkins University Arts and Sciences campus that evaluated
student pedestrians [16]. The results showed that as well as
upgrading engineering methods, education and enforcement
were also big parts of traffic safety. The effective ways to help
education at a university level would be to have mandatory
pedestrian safety session at new student orientation as well as
develop a communications campaign on pedestrian risks to
improve awareness and knowledge about how to travel safely
as a pedestrian. Moreover, for enforcement around campus the
university should increase traffic law enforcement especially
around the beginning of the year in addition to the installations
of speed cameras to reduce traffic speed [16]. More traffic
cameras could also be beneficial in decreasing vehicle speeds
as well as better enforcement especially during the beginning
of the year.

With the understanding of multiple methods to increase
pedestrian safety, there is still knowledge gap of quantitative
evaluations of whether the implementation of more
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pedestrian  signals could have a great effect on
vehicle/pedestrian incidents. Furthermore, there should be an
optimization framework and analytical solutions with field
observations to study the systematic approach for the
evaluations. The previous studies provide theoretical
foundation for the identification of interactions between
pedestrians and vehicles, especially the unpredictability of
the possible behaviors of pedestrians. These pedestrian
behaviors become the possible improvements for the designs
of automated transportation systems.

3. Methodology

This research uses an observational design. The units of
study are the interaction of vehicles and pedestrians as well
as signage levels while crossing marked intersections. Figure
1 shows a brief model of the research methodology.

Research Problem: Due to the limited police enforcement,
warning signs, and increased traffic, pedestrians face threatening
situations when trying to aoss streets around streets.

Research Strategies: Data Collection:

Mixed Methods of Case Observaions: The researchers
Studies, Modeling and | observe pedestrians as they
Simulation, together with cross the streets.

Laboratory Experiment. Simulations: mathematical and
statistical software simulaion
on correlatons and
probabilities.

Extent of Researcher
Interference:

Minimal.

Researchers will study
events as they naturally

Sampling Design:
Continuous Time Series data

occur.
- Measurement:
Study Setting: Operational definition and use

Non-contrived. H—
Field study on natural
environment.

of Chi-Square to analyze data

Time Horizon:

One-shot data: data is collected
between certain day-times.
This is a small time frame.

Unit of Analysis:
Dyad. 3 groups of the
pedestrian, vehicle and
signal designs

Data Analvsis:

Task 1: Identi fication Task 2: Task 3: Design
of Interaction. Evaluation. Guidelines.
Pedestrian Behavior Detailed Methods to
Analysis; Applicable simulation lower

laws; Possible and analysis; pedestrian
Improvem ents. List of tests. incidents.

Figure 1. Research Methodology.

The study was conducted at three different intersections
around the campus of Illinois State University in 2018. All
intersections have different levels of signage and
enforcement. In this study, an infraction is a mean to describe
how many times a possibly harmful situation occurred at the
defined intersection. A harmful situation is a violation of
pedestrian laws in Illinois. A list of pedestrian laws is listed
as follows (from cyberdriveillinois.com).
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A driver must come to a complete stop (and yield):

When a pedestrian is in a marked crosswalk.

On school days, when children are in close proximity to a
school zone crosswalk.

When a pedestrian is in an unmarked crosswalk on the
driver's side of the roadway and there are no traffic control
signals.

When making a turn at any intersection.

When making a lawful turn on a red light after coming to a
complete stop.

After coming to a complete stop at a stop sign or flashing
red signal at an intersection.

When a pedestrian enters a crosswalk before the traffic
light changed.

When a pedestrian is walking with a green light, to a
walking person symbol or a walk signal.

When a pedestrian is leaving or entering a street or
highway from an alley, building, private road or driveway.

When a pedestrian is entering an intersection with a
flashing yellow arrow. (Bicycle and Pedestrian Safety, n.d.)

During data collection, the authors counted an “instance”
as when a pedestrian was in the intersection and the vehicle
on the opposite side of the street (a.k.a. the “far-side™). If
there was more than one pedestrian traveling the same way at
the same time in the intersection, this was only counted as
one instance. The authors marked a “1” in a notebook if a
vehicle attempted or did cross the street while the pedestrian
was already in the crosswalk. The “1” is an “infraction”. A “0”
showed that the vehicle stopped and yielded to the pedestrian
(no infraction). The data were then put into Excel and
Minitab to evaluate the data further. Each sample was
gathered on the same day of the week at the same time. After
all the data from all three intersections were gathered, a
Chi-Square test was used to evaluate the differences. The
population and samples were random pedestrians and
vehicles that crossed the intersection at the designated time
of each observation. The randomness makes the data valid as
well as the data being categorical. All the data in this study
are categorized into mutually exclusive categories with no
overlap.

The sites that were picked were based on annual average
daily traffic data from the Illinois Department of
Transportation [3] as well as intersections identified as heavy
in vehicle and pedestrian traffic. Sites were also chosen with
different levels of signage to help differentiate between the
intersections. While doing early research it seemed that
intersections with traffic lights and pedestrian light tended to
have much higher compliance than those with just stop signs.
Although environmental conditions, traffic, and pedestrian
flow can change over time, these factors were also identified
during each sample observation. The situation that a car
crosses or attempts to cross an intersection while a pedestrian
is present in the crosswalk, does not mean that it would
always result in an accident. Not all pedestrian accidents are
the fault of the driver. This study focuses on the vehicle and
how they impact the pedestrian. This is due to the Illinois
Department of Transportation City summary crash report

from Normal, Illinois. It finds that of the 19-total number of
persons involved in pedestrian crashes in 2016, 14 of them
were crossing with a signal [17].

Figure 2 shows a challenging situation for the coordination
between CAVs and pedestrians. In this research, the
increasing number of CAVs N(t)EN, where t € R is the
time of CAVs entering the intersection. When a vehicle
reaches the intersection at some instant t, the proposed
optimization framework assigns a unique identity i = N(t) + 1
that is an integer showing a first-in-first-out (FIFO) queue for
the vehicle. The number N(t) can be reset only if no vehicles
are inside the intersection. Assume N(t) = {1,..., N(t)}, for the
queue at the intersection. Each vehicle i,1 € N(t), is a point
mass moving along a specified lane with a state equation

X = f (¢t x,up) (D
x;(t)) = x? (@)

Where t € R+ is the time, x;(t), u;(t) are the state of the
vehicle and control input, toi is the time that vehicle i enters
the intersection, and xoi is the value of the initial state.

4. Data Analysis

This study was conducted for the purpose of determining
which intersections have higher driver-pedestrian compliance
when walking across the street with different signal design
and to examine pedestrian driver interactions. The
observational research method was used. Data were collected
through the observations. In November of 2016, a total of 15
number of “infractions” were sited across all 3 intersections
examined as seen in Table 1. To put this into perspective
Normal had 16 pedestrian crashes in 2016 that involved 19
people total. One of these crashes was a fatality. The ages of
these people also sparked an interesting light on the topic. 9
of the 19 people involved in the 16 crashes were of
pedestrians ages 18-24 [17]. Again, every instance that was
observed does not 100% correlate to a pedestrian crash but
these instances that were observed were all unlawful and
potentially harmful to pedestrians.

The two sites without traffic lights or pedestrian signals had
the highest share of incidents. All the observations were made
on Thursdays from 1:00 PM -1:30 PM. The day of the week
and time were all the same at each location to mitigate
variation in pedestrian flow, vehicular traffic, lighting, and
signal timing. The authors recorded the data of each
intersection which including the system at which the traffic
flow were regulated, whether that be by a stop sign or traffic
signal. Other factors examined at each was if the intersection
had signs stating that there was a crosswalk, painted marking
on the ground, and other environmental factors. If a marked
crosswalk was present, then the condition of the sign and paint
were recorded. The posted speed limit was recorded but no
means of measuring speed was used in this study. The
pedestrian flow was examined for 30 minutes at each location
and recorded with a notebook. Age and sex were excluded
from the research. Pedestrian flow although was not accounted
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for, seemed to be relatively similar for all intersections.

lllinois State
University

Figure 2. Coordination between Cavs and Pedestrians.
4.1. Intersection A

This intersection was located at South University St and
West College Ave as shown in Figure 2. This intersection had
the lowest amount of infractions due to several factors. The
number of infractions is seen in Table 1. The date of
observation was on 11/1/2018. The weather conditions were
slightly cloudy with a slight wind. The temperature was 45
degrees. Road conditions were average with slight potholes
in the crosswalk. Tactile Paving for the visually impaired was
also identified but only on the southeast corner of the
intersection. This intersection had street lights that allowed
the vehicles to see each corner of the intersection at night. As
stated earlier, because of the high traffic volumes and the
inability to gather information from all 4 sides of the street,
the authors focused on only one side. In this case, the authors
focused on the south side of the intersection. This side has 3
lanes. The northbound lanes have a left-hand turn lane and
another that goes straight. The southbound lane is only one
lane. The crosswalk was hatched with thick white lines on all
4 sides. The signage and signal design had traffic lights and
pedestrian lights. No signage was present to notify the
presence of a crosswalk. The posted speed limit was 30 mph
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but 20 mph on school days while children are present. This
intersection while observed had 98% driver compliance.
Because of the pedestrian lights and traffic lights, vehicles
and pedestrians were more inclined to follow the rules. Out
of the 42 possible instances, there was one Infraction at this
intersection during the observations. This one infraction
observed was due to a driver doing a right on red while a
pedestrian was crossing the intersection.

4.2. Intersection B

This intersection was located at South University St. and
West Beaufort St. This intersection had the highest amount of
infractions due to several factors. The number of infractions
is seen in Table 1. The date of observations was on 11/8/2018.
The weather conditions were slightly cloudy with a light
wind. The temperature was 36 degrees. Road conditions were
average with slight potholes in the crosswalk and road.
Tactile Paving for the visually impaired was also identified
but only on the southwest, northeast, and southeast corners of
the intersection. There were street lights, but it was hard at
night to adequately see each corner of the intersection.
Because of the high traffic volumes and the inability to
gather information from all 4 sides of the street, the authors
focused on only one side. In this case, the authors focused on
the west of the intersection. This side has 4 lanes. The
eastbound lanes have 2 lanes and the westbound also has 2
lanes. The crosswalk was 2 thick faded white line with no
hatches. There was only presence of the crosswalk on the
west and north side of the intersection. The signage and
signal design had just stop signs and no mention of a
crosswalk even though there was one there. The posted speed
limit was 30 mph. This intersection while observed had 19%
infraction rate. Out of the observed 53 incidents, a total of 10
infractions were accounted. This is the highest out of all the
sites tested. This high infraction rate could have to do with
this intersection being 4 lanes which gives the driver “extra
space” even though the pedestrian is still in the crosswalk
and they must still stop and yield to them. The likelihood of a
pedestrian-vehicle collision increases with the number of
lanes and road width [18]. This means that even though it
seems safer to cross it is more often not.

4.3. Intersection C

This intersection was located at South Fell Ave and West
North Street. This intersection had the highest amount of
infractions due to several factors. The number of infractions is
seen in Table 1. The date of observations was on 11/15/2018.
The weather conditions were wet and cloudy with a
temperature of 28 degrees. Road conditions were great with no
potholes. Tactile paving for the visually impaired was also
identified on all corners of the intersection. This intersection
had street lights that allowed the diver to see each corner of the
intersection at night. Because of the high traffic volumes and
the inability to gather information from all 4 sides of the street,
the authors focused on only one side. In this case, the authors
focused on the north side of the intersection. This side has 3
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lanes. One northbound lane, and 2 southbound lanes one being
a left-hand turn lane. The crosswalk was 2 thick faded white
line with hatches. There was only presence of the crosswalk on
the west and north side of the intersection. The signage and
signal design were a 4 way stop with stop signs and no
mention of a crosswalk even though there was one there. The
posted speed limit was 30 mph.

This intersection while observed had 8% infraction rate.
Out of the observed 52 incidents, a total of 4 infractions were
accounted. This is lower than Intersection 2 but still much
higher than intersection 1. Table 1 shows all the infractions
vs intersection. Intersection A had the lowest number of
infractions with 1 observed. Intersection B had the highest
number of infractions with 10 observed. Intersection C was
the 2nd highest with 4 infractions observed. Using Minitab
and Chi-Square, this research tests the association to
determine whether two categorical variables are associated,
specifically, whether pedestrian safety at different
intersections depends on the intersection design. Table 1
shows the cross-tabulation in Chi-Square. Figure 3 shows the
results from Matlab.

Table 1. Chi-Square Tests.

Intersection Infractions No Infractions Total
A 1 41 42

B 10 43 53

C 4 48 52
All 15 132 147

AccoRraton (nvs®) ) Speea prs)

Figure 3. Risk level, vehicle acceleration and speed.

Figure 4 shows the results from Minitab. For this data, the
Pearson Chi-Square statistic is 7.505 (p-value = 0.023) and the

likelihood ratio Chi-Square statistic is 7.895 (p-value = 0.019).

Both p- values are less than the significance level of 0.05.
Thus, the variables are associated and the safety of the
pedestrian varies depending on the intersection design. The
association between the variables is statistically significant. A
significance level of 0.05 indicates a 5% risk of concluding
that an association between the variables exists when there is
no actual association.

et columy

4 4 52
16.694

All 15 132 147

Expected count

Likelihood Ratic

1 cell(s) with expected counts less than

Figure 4. Chi-Square Test for Association.

5. Discussion

Even though traffic engineers have good intentions, the
results suggest that crosswalk markings alone do not do
enough to protect against pedestrians when crossing an
intersection. Both intersections without pedestrian lights had
a higher overall risk than that of the intersection with lights
and other safety factors. Several study limitations should be
kept in mind. First, this was an observational study, not a
controlled experiment. The authors attempted to measure
several relevant factors, but also other unmeasured site
characteristics cannot be ruled out. Despite using vehicular
flow data from the Illinois Department of Transportation, the
pedestrian flow and vehicular traffic flow were important
factors that could not be gathered. Pedestrian and vehicle
count observed during the time interval on the same weekday
and time of day may be the best indicator of long-term use
levels but should be explored further. This is especially true
during the summer when most students are not present.

A second limitation is that the study involved only three
intersections. Although this study was focused on student
safety around campus, the findings may not necessarily apply
to other intersections. Nonetheless, student pedestrians are a
known high-risk group in the area, and it is plausible that
similar results relate to other intersections. Third, the study
had limited ways to measure differences in the effects of
specific crosswalk marking patterns. Forth this study was
very limited in time and longer observational periods could
be beneficial as well as videotaping.

Pedestrians may make unpredictable decisions to travel
across roads. Nearly 40% of pedestrians incorrectly believed
that traffic must stop for a pedestrian who is on the curb
waiting to cross at a marked crosswalk [19]. Pedestrian
education certainly needs to be increased and blame cannot
be put solely on the driver. Older pedestrians tend to be more
cautious than younger ones by waiting for longer gaps in
traffic, but that this safety advantage was more than offset by
their slower walking speeds [20]. This would all be mitigated
with a use of more traffic signals and lights. Although this is
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not feasible at every single intersection, this also suggests
that pedestrian education could be beneficial to helping
pedestrian cross safely.

Although intersections were only observed that had traffic
signals, pedestrians are still vulnerable at crossing locations
where vehicles are accustom to proceed without interruptions.
A pedestrian can enter the intersection with the legal right of
way, but many drivers may be used to not stopping.
Pedestrian safety depends deeply on the driver’s alertness
and how they follow the law. When a traffic signal or stop
sign is present, pedestrians have a much stronger guarantee
that traffic will stop and allow them safe passage [21]. This is
true but pedestrian, as seen in the results, are still vulnerable
at intersections that are marked especially ones that have
limited signage.

Additional study could be done on the exact engineering
practices of the signal design. More research could help
explain uncertainty about the safety and effectiveness of
different crosswalk markings, signage and signals as a
preventative safety measure. This study finds that signal design
is defiantly important at controlling vehicle and pedestrian and
the enforcement must be consistent. Maintenance of the
intersections could also help decrease pedestrian vulnerability
as almost all the crosswalks observed had worn paint and lots
of potholes. This goes for many of the intersections around
ISU, not just the 3 observed in this research.

Self-driving cars promise to be safer and more effective at
making decisions because of sensors and the ability to
communicate other variables more effectively but this is still
years away, and much work needs to go into the technology
as well as the ethics in self-driving cars. The crosswalks
without a traffic signal were associated with increased risks
when compared to intersections with pedestrian signals and
traffic lights. Increased pedestrian education could be
beneficial. The implementation of different engineering
methods, education and enforcement would all help ISU
intersections be safer.

6. Conclusion

This research presents an optimized design of protocols for
automated transportation systems with the focus on
pedestrian-safety-related services. The proposed optimization
framework is an analytical solution with field observations to
study whether the implementation of more pedestrian signals
could have a great effect on vehicle/pedestrian incidents.
Based on literature data and field observations, the authors
built models to simulate the pedestrian-vehicle interactions at
different intersections. The mathematical and statistical
analyses on the correlations and probabilities of accelerations,
speeds and risks showed that this framework is effective in
providing the insights for the designs of automated
transportation systems. The limitations of this research
include the observation duration and the simulation
environments. To validate the generality of the framework,
further research can be conducted on the investigation of how
to help CAVs to choose the access modes to intersections.
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