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Although pedestrians have high priorities on the crosswalk in Japan, according to the
annual report of National Police Agency of Japan, approximately 20% of the total
number of traffic accidents occurred during pedestrians walking on the crosswall at
signalized intersections. One of the reasons can be considered as the conflict risk

- between pedestrian and turning vehicle, which can be considered as one of the most

cominon safety problems at signalized intersections in Japan.
The separated traffic signal controls of pedestrians can be’ utilized for

eliminating the pedestrian-vehicle conflicis, One of the separated traffic signal
| controls of pedestrians is to provide an exclusive signal phase (EPP) for pedestrian

movements by stopping all the vehicular movements. However, a long EFPP results in

- long waiting time for all the users and low capacity for vehicles. Thus, how to optimize

pedestrian signal phasing and its length has been one of the important concerns of
traffic engineers. Recently, the Leading Pedestrian Interval (LPPI) which provides
several seconds of pedestrian green time before adjacent turning vehicle’s green time,
has heen experimentally introduced in Japan as a safety measure for pedestrians.
Since LPI will decrease the capacity of turning vehicles, sometimes the early

- pedestrian red time (EPR) can be utilized when vehicle volume is high. From the
viewpoints of safety and operational performance, in general LPI and EPR can be

located between concurrent pedestrian phase (CPP) and EPP. However in Japan, it is

still unclear where the LPI can be apphied to and its appropriate length considering
characteristics of intersections. ] ‘ )

Therefore, this study aims to develop a methodology for investigating the
rational traffic signal phasing schemes, by using crossing pedestrian flow models at
the signalized crosswalks, congidering the safety and operational performance.
Finally, compared with several signal phasing schemes which are CPP, EPP, LPI and
EPR by conducting a case study on typical situations at signalized intersections,
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the suitable traffic signal phasing schemes is recommended based on the traffic
conditions in Japan.

In Chapter 1, an overview of pedestrian safety problem on the crosswalk
of signalized intersection was given, and it is found that there are few studies
forcing on the separated traffic signal controls for pedestrians which is one of the
safety measures. Then, the objective of this study was described.

In Chapter 2, the literature of existing methodology of signal setting, the
analysis of road user behavior and the relationship between the signal control
and intersection performance were introduced. There is a lack of evaluation
method of signal phasing schemes considering pedestrian crossing maneuvers,
and the index of safety evaluation is also unclear. After understanding the
limitation of the existing methodology, the art of this research which was to
develop a methodology for investigating the rational traffic signal phasing
schemes, by using crossing pedestrian flow models at the signalized crosswalks,
considering the safety and operational performance, was also clarified.

In this study, two methods which are pedestrian walking speed model and

pedestrian presence probability model were proposed to represent the pedestrian

maneuver, considering signal timing, crosswalk geometry and pedestrian volume.

In Chapter, 3, pedestrian walking speeds during PG and PFG which are utilized
for estimatiﬁg the necessary crossing time for designing the length of each phase
are analyzed and modeled considering crosswalk length, pedestrian signal
| timing and pedestrian demand. In general, PG was much longer than necessary
pedestrian crossing time. The speed models were utilized for pedestrian signal
phase design in Chapter 6.

In Chapter 4, pedestrian presence probability model was developed as a
new methodology which can dynamically represent the time and position during
pedestrian crossmg progress can be represented by only 1nputt1ng some basic

variables: elapsed time of PG, pedestrian red time, crosswalk length and

pedestrian arrival rate. This methodology can represent the ciueuing pedestrian

platoon discharge on the crosswalk as PG proceeds. It can be utilized for

evaluating the pedestrian safety with conflict vehicles which was also influenced

by pedestrlan number in the conflict area, since the probablhty of pedestrian’

1n51de/outs1de of the confhct area can be estlmated especzally for LPI. By
utilizing the methodology proposed in this study, they can be easily represented
without running a simulator. Especially, it is useful at the planning stage when

only a few basic variables are known.
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The left-turning vehicles maneuvers were also analyzed in Chapter 5
considering pedestrian influence under four categories: head leading, leading, |
following and overtaking vehicles. Regarding the head leading vehicles, speeds
Cin LPI intersection are higher than those in CPP intersection, since they can
easily start turning with few pedestrians (Chapter 4). Furthermore, the influence
- of LPI on the capacity of shared left-turning lane was quantitatively analyzed by
using a traffic simulator. In addition, the specific behaviors which are overtaking
| behavior and early startup behavior were also analyzed. The overtaking ratio
- was modeled and it was indicated that overtaking ratio has a positive
relationship with outflow lanes and pedestrian volume, and CPP will easier
- result in the overtaking behavior than EPP and LPIL.

: In Chapter 6, based on pedestrian presence probability distribution model
' which was developed in Chapter 4, a surrogate safety measure called pedestrian
exposure time was proposed for quantitatively evaluating the pedestrian-vehicle
conflict risk level. In conjunction with the existing operational performance
I measure which are road user delay, degree of saturation and flow ratio, a new
methodology was proposed for evaluation of pedestrian phasing schemes.
Furthermore, a case study was carried out to investigate several pedestrian
signal schemes which were CPP, EPP, LPI and EPR, especially the effective
application range of LPI. Moreover, a recommendation to signal setting planners
- of the traffic signal phasing schemes for the intersections where the conditions
of geometry, sighal length and traffic volume are similar with the intersection in
the case study.
: Finally, Chapter 7 summarizes research conclusions and major findings,
as well as provides some recommendations for pedestrian signal setting. The

limitations and future researches were discussed.
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