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Bus Bunching Prediction and Transit Route Demand Estimation Using Automatic Vehicle Location Data
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The availability of massive passive transit data has provided a variety of feasibilities for the
public transit operators to deliver better service that is of high reliability and characterizes users’
demand. Among these data sources, Automatic Vehicle Location (AVL), Automatic Fare Collection
(AFC) and Automatic Passenger Counting (APC) data are commonly used, and they are playing
significant roles in different aspects of improving transit services. AVL data contain the
spatiotemporal coordinates of the transit vehicles which not only offer service reliability metrics,
but also indicate the general traffic condition. AFC and APC data are presenting passenger demand
patterns, including boarding flows, alighting flows, passenger loads and, in case of AFC only,
origin-destination (OD) flows.

AVL data are easier to obtain compared to AFC data. Existing literature shows the effectiveness
of AVL data in predicting future arrival times and headways, and providing useful inputs for the
models to control bus vehicles in terms of operation velocity and headway in real time. However,
the methodology for using bus AVL data to estimate demand has been fairly undeveloped.

This research has two main objectives. Firstly, it aims to illustrate the characteristics of bus AVL
data, reviewing the conventional applications which are using this data source to make predictions
on various items of operators’ concern and further extend the existing literature by taking bus
bunching as the prediction object. Secondly, it proposes an innovative idea and a novel
methodology to estimate bus route OD flows using the bus AVL data as the main data source. It
expands the potential of bus AVL data in inferring passenger demand beyond the design purpose of
the AVL system. This can help those operators that have limited access to AFC and APC data.

The thesis is organized as follows.

Chapter 1 Introduction

Chapter 1 describes the background and motivation of this research. It reviews three typical
massive passive transit datasets: AVL, APC and AFC. It then summarizes the characteristics of AVL
data, including strengths and shortcomings. Then it illustrates objectives and contributions of the
thesis as well as thesis outline.

Chapter 2 Literature review

Chapter 2 reviews existing literature including a broad range of related aspects: 1) Studies using
AVL data; 2) Studies combining AVL data with APC/AFC data; 3) Studies on bus bunching
problem: corrective and predictive models; 4) Studies on OD estimation, in particular for public
transport. Many of them employ AFC, APC and traditional survey data as the main data source, and
some of them involve AVL data to enrich the model input or to solve the technical problems for
which AVL data is more suitable. Finally, 5) Studies on passenger load and crowding level
estimation and prediction are discussed. Overall, the literature review illustrates that bus bunching
prediction and route demand estimation using AVL data are important research directions.

Chapter 3 Bus bunching prediction

Chapter 3 develops a bus bunching prediction methodology based on logistic regression and AVL
data. It also introduces two existing methods using linear regression and support vector machine as
the benchmark. The difference between the newly developed method and benchmark methods is
that the former one directly computes the probability of a bunching event to occur while the latter
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ones compute the future headways and then judge if a bunching event is going to occur. A
comprehensive comparison is elaborated to display the advantages of the new method. The data of
a busy circular bus line in Kyoto City are used for the case study.

Chapter 4 Demand estimation using bus AVL data

Chapter 4 proposes a methodology to estimate OD flows using bus AVL data as the main data
source. A basic dwell time model is implemented to capture the connections between time
components provided by AVL data and passenger flows. Considering the under-specification of this
estimation problem, Bayesian inference is conducted to estimate the parameters and Markov Chain
Monte Carlo (MCMC) methods are used as the solution algorithm. Estimation performance by
using bus AVL data is compared with that by adding boarding or alighting counts data to the model
input. The AVL data and AFC data are collected in the same observational period to validate the
methodology.

Chapter S Complex dwell time models

Chapter 5 discusses complex dwell time models that consider the effect of different payment
methods, in-vehicle crowding and bus bunching. In addition, it investigates the improvements that
are made by implementing complex dwell time models on the demand estimation, compared with
the performance in Chapter 4 based on a basic dwell time model. The data used for this study are
based on Kyoto City. In January 2019 an onboard survey was conducted on three lines, collecting
data on dwell time, how many people board and alight as well as which payment methods they use.
With this data also the effect of shortening the time people require for payment on the service
performance can be evaluated.

Chapter 6 Conclusions

Chapter 6 summarizes main findings of this research. The chapter also points out the limitations
in the proposed bunching prediction tool and demand estimation methodology. Finally, it provides
future research directions in light of the contributions of this research.
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