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ABSTRACT

One of the key advantages of Level 4 automated buses is the potential for unmanned
operation. To achieve this, two essential tasks must be addressed: controlling the bus
and ensuring passenger safety. This study focuses specifically on passenger safety
and the development of a safety system for automated buses. Initially, we investi-
gated the tasks typically performed by bus drivers by observing their actions from
when a passenger boards to when they disembark. For each task, we utilized bowtie
analysis, examining them from five perspectives: hazard source (cause), prevention
of occurrence, hazard source (consequences), impact mitigation, and harm. Tasks are
categorized into three situations: door opening and closing, driving, and when start-
ing. In each situation, every task is analysed using bowtie analysis. This approach
results in a visual representation of tasks with identified threats, consequences, miti-
gations, and preventive measures. We will show a comprehensive explanation of all
results and discussions derived from the analysis, utilizing real recorded driver’s data
to enhance clarity. The primary challenge in developing the system to manage these
tasks instead of relying on a bus driver lies in determining how the system will interact
with passengers and the extent to which it can ensure passenger safety through the
passenger safety system.
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INTRODUCTION

Japan became one of the world’s most rapidly aging societies (United Nations,
2019; United Nations, 2019), also Asian countries have same tendency. Traf-
fic accidents, which caused by elderly drivers, are becoming social issues, and
the number of elderly drivers who return their driver’s license is increasing
(Japan Plans New Driver’s License System for Elderly as Accidents Surge,
2019). In urban area, efficient public transportation is available, but in rural
area it is difficult to travel anywhere without driving car. Useful mobility
service should be provided for elderly people in rural area.

In Japan, level 4 automated bus operations are expected for providing use-
ful mobility especially in rural area (United Nations, 2019). The benefit of
level 4 automated bus is that unmanned operation can be achieved. To real-
ize unmanned operation in the bus, it is necessary to handle two tasks, one
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is about controlling the bus, the other is about providing passenger safety in
the bus.

This study focuses on passenger safety and development of the passenger
safety system in bus. Firstly, we investigated the bus driver’s tasks by observ-
ing the driver’s actions until a passenger gets on and off the bus. In addition,
we asked the driver about what he looked at, how he confirmed, and what
he did in each task. We employed bowtie analysis for each task. In the bowtie
analysis, all tasks were analysed from five perspectives: hazard source(cause),
prevention of occurrence, hazard source (consequences), impact mitigation,
and harm, all tasks were analysed.

EXTRACTED TASKS OF BUS DRIVER FOR PASSENGER SAFETY
AND ANALYSED RESULT OF EVERY TASK

This study focuses on the task of passenger safety. We have been discussing
bus driver’s tasks for passenger safety with bus operators about the passenger
safety. First, all tasks were picked out from several operators, and the tasks
were divided into two groups in every situation (ordinary and emergency).
To realize the unmanned automated bus, all tasks in both situations must be
handled by from bus operator to the in-vehicle or remote monitoring system.
Normally, unnamed operation needs remote monitoring system. Also, there
is a possibility that some tasks will be removed by changing services and
operations.

We conducted a verification using bowtie to validate that the considered
system requirements mitigate hazards. In the bowtie diagram, we identified
the causes that manifest as events (hazard sources), barriers to prevent their
occurrence, as well as the consequences (hazards) and barriers to mitigate
them. The identification process was carried out based on combinations of
when hazards occur (e.g., during door opening/closing, starting, or while
driving) and what types of hazards (or undesired events) may occur (such
as safety concerns, availability issues, on-board troubles, vehicle accidents,
fires, or incidents). In all tasks, there are three situations (door opening and
closing, while traveling and on starting).

One primary challenge encountered in developing the system to assume
these tasks of the bus driver is determining the optimal interaction with pas-
sengers and assessing the system’s capacity to ensure passenger safety. This
encompasses defining the extent to which the passenger safety system can
guarantee safety while effectively engaging with passengers.

Task on the Door Closing and Opening Task

In Fig. 1, there is a potential risk of passengers falling. Specifically, we identi-
fied the risk of passengers contacting the doors or stepping off the platform.
To prevent such occurrences, essential measures include adopting non-slip
steps to prevent slipping accidents and implementing measures to enhance
the visibility of the steps. As a system requirement, we propose the installa-
tion of sensors that prevent the doors from opening or closing if a person
approaches them, thus preventing contact. As a mitigation strategy for cases
where falls occur, we envision systems such as one where other passengers
can report a fallen individual or a remote monitoring system to detect falls.
Additionally, considering assistance to the fallen individual until assistance
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arrives, the possibility of utilizing the onboard system’s announcement fea-
ture to communicate with them remotely was proposed. During door opening
and closing, issues concerning availability arise when individuals linger near
the doors or when the doors malfunction, preventing them from closing and
thus impeding vehicle operation.

Task on Starting

In Fig. 1 right, there is a potential risk of passengers falling. Specifically, we
recognize the possibility of falling due to not being seated properly when
the bus starts moving, or while attempting to find a suitable seat by moving
around. As a system requirement for preventing such occurrences, the imple-
mentation of seat occupancy sensors and movement detection sensors were
proposed. These sensors would trigger onboard announcements if they detect
situations where passengers are not seated or are moving around, thereby dis-
couraging unsafe behavior. As an additional measure, we consider conducting
periodic awareness campaigns to educate passengers about the importance of
remaining seated while the vehicle is in motion. In terms of mitigation strate-
gies for when falls occur, systems for passengers to report fallen individuals or
remote monitoring systems to detect falls could be implemented. Addition-
ally, utilizing the onboard system’s announcement feature to communicate
with fallen passengers until assistance arrives is also under consideration.

Task While Traveling

In Fig. 3 left, there is a potential risk of passengers falling. Specifically, we
acknowledge the risk of falls when passengers move around, prepare to
disembark by moving forward, or fail to hold onto handrails, thus being
influenced by the vehicle’s acceleration and deceleration. To prevent such
occurrences, essential measures involve driving with gentle acceleration to
anticipate and accommodate these unsafe behaviors. As a system require-
ment, it is conceivable to implement detection systems that individually
alert passengers when they engage in movement. As an auxiliary measure,
conducting periodic awareness campaigns to educate passengers about safe
behavior should be considered while the vehicle is in motion. In terms of
mitigation strategies for when falls occur, systems for passengers to report
fallen individuals or remote monitoring systems to detect falls could be
implemented.

In Fig. 3 right (internal issuel in the bus while traveling), there’s a poten-
tial risk of disruptions to onboard order due to internal issues. Specifically,
we recognize the possibility of altercations, incidents of harassment, or
intoxicated individuals boarding the vehicle. Implementing essential mea-
sures to prevent such occurrences proves challenging. As auxiliary measures,
we’ve considered initiatives like posting informative posters and conducting
periodic awareness campaigns. In the event of onboard disorder, mitiga-
tion strategies could involve implementing systems for passengers to report
incidents or remote monitoring systems to detect onboard troubles. Addition-
ally, utilizing the onboard system’s announcement feature to communicate
with passengers until assistance arrives is under consideration as an interim
response.
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In Fig. 4 left (internal issue 2 in the bus while traveling), there’s a risk
of passengers becoming incapacitated due to illness or injury. Implementing
essential measures to prevent such incidents proves challenging. As auxiliary
measures, we’ve considered initiatives like posting informative posters and
conducting periodic awareness campaigns. As mitigation strategies, systems
for passengers to report incidents or remote monitoring systems to detect
individuals in need of assistance or medical attention could be implemented.
Additionally, utilizing the onboard system’s announcement feature to com-
municate with passengers until assistance arrives is under consideration as
an interim response.

In Fig. 4 right (vehicle accident while traveling) there’s a risk of passengers
falling due to vehicle accident. Implementing essential measures to prevent
such incidents proves challenging. As auxiliary measures, utilizing exterior
Human-Machine Interface (HMI) systems was proposed to alert surround-
ing vehicles and enhance overall awareness. As mitigation strategies for when
falls occur, systems for passengers to report incidents or remote monitor-
ing systems to detect fallen passengers could be implemented. Additionally,
utilizing the onboard system’s announcement feature to communicate with
fallen passengers until assistance arrives is under consideration as an interim
response.

In Fig. § left (on fire in bus), there’s a risk of passengers sustaining burns
due to an onboard fire. Implementing essential measures to prevent such inci-
dents proves challenging. As auxiliary measures, we’ve considered initiatives
like posting fire prevention posters and conducting periodic awareness cam-
paigns. In the event of a fire, mitigation strategies could involve implementing
systems for passengers to report incidents or systems capable of detecting
abnormalities in the onboard environment. Additionally, considering the use
of the onboard system’s announcement feature to communicate with passen-
gers remotely, or exploring functionalities such as unlocking doors, is under
consideration as an interim response.

In Fig. 5 right (incident), there is a risk of incidents such as bus hijackings
while traveling. Establishing preventive measures for such occurrences is chal-
lenging. As mitigation strategies to protect passengers from danger, systems
allowing passengers to report incidents or remote monitoring systems are
conceivable. Additionally, considering the utilization of the onboard system’s
announcement feature is under review.
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Figure 1: Results of bowtie analysis (left: on the door closing and opening, right: on
starting).
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Figure 2: Results of bowtie analysis (left: while traveling, right: while traveling and
in-vehicle problems 2).
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Figure 3: Results of bowtie analysis (left: while traveling and in-vehicle problems 2,
right: while traveling and vehicle accident).
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Figure 4: Results of bowtie analysis (left: while traveling and in case of fire, right: while
traveling and incident).

CONCLUSION

To provide the Level 4 automation, the tasks of bus driver for passengers
are extracted. Tasks were categorized into three situations: door opening and
closing, driving, and when starting. In each situation, every task was anal-
ysed using bowtie method. This approach results in a visual representation of
tasks with identified threats, consequences, mitigations, and preventive mea-
sures. We showed a comprehensive explanation of all results and discussions
derived from the analysis. The primary challenge in developing the system to
manage these tasks instead of relying on a bus driver lies in determining how
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the system will interact with passengers and the extent to which it can ensure
passenger safety through the passenger safety system.
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