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Abstract

As for the situation of road traffic accidents in Japan in 2011, fatal and injury
accidents were 690,000 cases, and the number of casualties was 860,000
persons. The number of traffic accidents has been declining, but is still
significant. Promoting more efficient and effective efforts to reduce traffic
accidents is also important for roads leading to tourist sites (hereafter, roads
to tourist sites) to provide safety and comfort.

Trunk roads which play essential roles as roads to tourist sites also account
for approximately a half of fatal and injury accidents. The Ministry of Land,
Infrastructure, Transport and Tourism designates intersections and road
sections of uninterrupted flow on trunk roads with higher rate of or higher
frequency of fatal and injury accident as "accident-prone points," and has
promoted countermeasures. In order to estimate project effects, the number of
fatal and injury accidents and the rate of fatal and injury accidents are used
as indicators. Considering the scarcity of traffic accident, I believe that it
takes at least several years to confirm the effects of the measures. No method
has been established yet to evaluate the effects within several months after
implementation of measures.

In recent years, efforts to use data such as locations, speeds, and so on from
vehicles on roads have been advanced as vehicles are considered as sensor on
road, so-called probe-cars. Understanding of the occurrence of accident
avoidance behaviors such as sudden braking (rapid deceleration behavior) of
vehicles by using this probe information would be useful for analyzing the
effects of road traffic safety measures or grasping dangerous points.

With these backgrounds, this study used a large amount of probe information
collected by automobile manufacturers, and focused on the rapid deceleration
behaviors as one of vehicle accident avoidance behaviors to analyze the
relation to traffic accidents. In addition, I suggest new evaluation indicators
to assess measures for reducing rapid deceleration behaviors, and confirmed
their validity. Index values before and after the implementation of road safety
projects were compared. Furthermore, as a preventive road traffic safety

measure, | suggest the idea of countermeasures for points with a higher



potential risk of traffic accidents by using the data of rapid deceleration
behaviors. Based on the idea of measures for points with potential risk of
traffic accidents, I selected locations with the potential risk of traffic accidents
as a model from the roads to tourist sites, and implemented the road safety
measure. By analyzing the occurrences of rapid deceleration behaviors before
and after the measure, I confirmed the applicability of the evaluation
indicators to the measure as well as the effectiveness of the measure itself.
The results are shown below:

In the chapter 2, I analyzed the occurrences of traffic accidents in Japan. Also,
I summarized the development status of ITS technologies in Japan and other
countries including collection techniques of probe information.

In the chapter 3, I reviewed previous studies. A common issue to previous
studies was that their findings had not been considered universal due to lack
of enough probe information, limitation to specific type of vehicles or driving
characteristics. This study has been innovative for using a great amount of
information collected by automobile manufacturers, enabling to replicate
general traffic conditions.

In the chapter 4, I analyzed the relationship between rapid deceleration
behaviors of vehicles obtained from the probe information and the number of
traffic accidents. And I found correlation between the occurrences of
deceleration at a certain threshold speed and higher and the number of fatal
and injury accidents. According to our validation as well as findings from the
previous studies, I defined the deceleration speed more than 0.3G as the rapid
deceleration behavior. With this definition, I found high correlation in
occurrences between the fatal and injury accidents in 10km mesh in Aichi
prefecture and the sudden braking. Furthermore, similar to the Heinrich's
law established in the area of labor accidents, I confirmed that rapid
deceleration was closely related to both serious and minor accidents.

In the chapter 5, I confirmed the validity of project evaluation for road traffic
safety measures based on factor analyses of rapid deceleration. As evaluation
indicators of the road traffic safety measures, I suggested the number of rapid
deceleration behaviors, strength of rapid deceleration behaviors, maximum

deceleration speed, average strength, and speed before rapid deceleration. As



the result of project evaluation of road traffic safety measures at the selected
point using these indicators, I confirmed that the number of rapid
deceleration behaviors, the strength of rapid deceleration behaviors, and the
speed immediately before rapid deceleration changed after implementation of
the measure, and found them statistically significant. Thus, the study
demonstrates the applicability of these evaluation indicators.

In the chapter 6, I selected a model point to implement the measure against
potential risk of accident focusing on rapid deceleration, and implemented the
measure to analyze the effect. When selecting the model point, I focused on
the roads where few safety measures have been implemented but the traffic
demand has been increased. From the probe information, I selected locations
with large differences in the rate of probe-cars to all traffic between on
weekdays and on holidays, and selected a model point from the places where
rapid deceleration frequently occurred. I implemented the measure of alerting
drivers by road signs, and confirmed the effect of providing information for
reducing rapid deceleration for three months after implementation of the
measure. Confirmed effect includes reduction in the number of occurrences of
rapid deceleration and decline in deceleration behaviors of high strength was
found statistically significant.

In the chapter 7, I summarized the results of this study as well as the
challenges and the potential development in the future. Specifically, it is
necessary to use the evaluation indicators of rapid deceleration behaviors to
as many as possible cases continuously and on a long-term basis to examine
the effectiveness in detail. I need to implement the measure in many model
areas with an emphasis on the high potential risk of accidents suggested this
time, and believe it is necessary to confirm the effect of road accident
reduction. I need to analyze the characteristics of rapid deceleration
behaviors on the roads to tourist site, and recommend the necessity to suggest

measures to materialize safe and comfortable sightseeing.
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Measures of... 1982 2(]00 20(]5 2009 2010

.. Individual Congestion

Yearly delay per auto commuter (hours) 14 35 39 34 34
Travel Time Index 1.09 1.21 1.25 1.20 1.20
Commuter Stress Index - -- 1.29 1.30
“Wasted" fuel per auto commuter (gallons) 6 14 17 14 14
Congestion cost per auto commuter (2010 dollars) $301 $701 $814 $723 $713
... The Nation’s Congestion Problem

Travel delay (billion hours) 1.0 4.0 5.2 4.8 48
“Wasted” fuel (billion gallons) 04 1.6 2.2 1.9 1.9
Truck congestion cost (billions of 2010 dollars) - -- - $24 $23
Congestion cost (billions of 2010 dollars) $21 $79 $108 $101 $101

.. The Effect of Some Solutions
Yearly travel delay saved by:

Operational treatments (million hours) 8 190 312 321 327

Public transportation (million hours) 381 720 802 783 796
Fuel saved by:

Operational treatments (million gallons) 1 79 126 128 131

Public transportation (million gallons) 139 294 326 313 303
Yearly congestion costs saved by:

Operational treatments (billions of 20108%) $0.2 $3.1 $6.5 $6.7 $6.9

Public transportation (billions of 2010%) $6.9 $12.0 $16.9 $16.5 $16.8
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