
✁✄

3rd International Conference on Road and Rail Infrastructure
28–30 April 2014, Split, Croatia

Road and Rail Infrastructure III
Stjepan Lakušić – editor

Organizer
University of Zagreb

Faculty of Civil Engineering
Department of Transportation



✁✄
3rd International Conference on Road and Rail Infrastructure
28–30 April 2014, Split, Croatia

TiTle
Road and Rail Infrastructure I I I, Proceedings of the Conference CeTRA 2014

ediTed by
Stjepan Lakušić

iSSN
1848-9850

PubliShed by
Department of Transportation
Faculty of Civil Engineering
University of Zagreb
Kačićeva 26, 10000 Zagreb, Croatia

deSigN, lAyouT & CoveR PAge
minimum d.o.o.
Marko Uremović · Matej Korlaet

PRiNTed iN ZAgReb, CRoATiA by 
“Tiskara Zelina”, April 2014

CoPieS
400

Zagreb, April 2014.

Although all care was taken to ensure the integrity and quality of the publication and the information herein, 
no responsibility is assumed by the publisher, the editor and authors for any damages to property or persons 
as a result of operation or use of this publication or use the information’s, instructions or ideas contained in 
the material herein.
The papers published in the Proceedings express the opinion of the authors, who also are responsible for their 
content. Reproduction or transmission of full papers is allowed only with written permission of the Publisher. 
Short parts may be reproduced only with proper quotation of the source.



Proceedings of the  
3rd International Conference on Road and Rail Infrastructures – CeTRA 2014
28–30 April 2014, Split, Croatia

Road and Rail Infrastructure III
Editor 
Stjepan Lakušić
Department of Transportation
Faculty of Civil Engineering
University of Zagreb
Zagreb, Croatia



 4

✁✄
3rd International Conference on Road and Rail Infrastructure
28–30 April 2014, Split, Croatia

oRgANiSATioN
ChAiRmeN

Prof. Stjepan Lakušić, University of Zagreb, Faculty of Civil Engineering 
Prof. Željko Korlaet, University of Zagreb, Faculty of Civil Engineering

oRgANiZiNg CommiTTee

Prof. Stjepan Lakušić
Prof. Željko Korlaet
Prof. Vesna Dragčević
Prof. Tatjana Rukavina
Assist. Prof. Ivica Stančerić
dr. Maja Ahac
Ivo Haladin
dr. Saša Ahac
Josipa Domitrović
Tamara Džambas

All members of CeTRA 2014 Conference Organizing Committee are professors and assistants of the Department 
of Transportation, Faculty of Civil Engineering at University of Zagreb.

iNTeRNATioNAl ACAdemiC SCieNTifiC CommiTTee

Prof. Vesna Dragčević, University of Zagreb
Prof. Isfendiyar Egeli, Izmir Institute of Technology
Prof. Rudolf Eger, RheinMain University
Prof. Ešref Gačanin, Univeristy of Sarajevo
Prof. Nenad Gucunski, Rutgers University
Prof. Libor Izvolt, University of Zilina
Prof. Lajos Kisgyörgy, Budapest University of Technology and Economics
Prof. Željko Korlaet, University of Zagreb
Prof. Zoran Krakutovski, University of Skopje
Prof. Stjepan Lakušić, University of Zagreb
Prof. Dirk Lauwers, Ghent University
Prof. Zili Li, Delft University of Technology
Prof. Janusz Madejski, Silesian University of Technology
Prof. Goran Mladenović, University of Belgrade
Prof. Otto Plašek, Brno University of Technology
Prof. Vassilios A. Profillidis, Democritus University of Thrace
Prof. Carmen Racanel, Technical University of Civil Engineering Bucharest
Prof. Tatjana Rukavina, University of Zagreb
Prof. Andreas Schoebel, Vienna University of Technology
Prof. Mirjana Tomičić-Torlaković, University of Belgrade
Prof. Audrius Vaitkus, Vilnius Gediminas Technical University
Prof. Nencho Nenov, University of Transport in Sofia
Prof. Marijan Žura, University of Ljubljana



uRbAN TRANSPoRT 903

TeSTiNg A miXTuRe model foR The diSTRibuTioN 
of ARRivAl Time of uRbAN RAilwAy TRAvelleRS

Kazuyuki Takada1, Yuzo Takanami2, Makoto Fujiu3

1 Tokyo Denki University, College of science and Engineering, Japan 
2 Tokyo Denki University, Graduate School of Science and Engineering, Japan
3 Kanazawa University, College of science and Engineering, Japan

Abstract

Recently the evaluation of the travel time reliability has become great concern in transporta-
tion planning and many studies have investigated the travel time reliability. However most 
of them have focused on the reliability regarding road transports. Then the reliability of rail 
transport is focused on in this study. Authors have already investigated the departure time 
decision of railway users in Tokyo Metropolitan area (TMA) and developed a model describing 
a spare time for not being late behind the desired arrival time by considering the heteroge-
neity of the distribution of the late arrival. In order to estimate the coefficients of the model, 
we set a strong condition that the railway users in TMA recognized that the delay of arrival time 
obeyed exponential distribution. However the difference between the desired arrival time 
and the actual arrival time does not always obey exponential distribution. Then, we started 
the research to ease this strong condition by adopting the mixture distribution model. There 
are few studies investigating departure time decision dealing the mixture model. An internet 
survey was conducted to collect the data for the study. The question items are name of origin 
and destination stations, travel path, departure time, desired arrival time, required travel 
time, distribution of arrival time and socio-economic attributes.

Keywords: urban railway, reliability of travel time, mixture distribution model 

1 Introduction

Reliability of travel time is one of the important factors affecting mode choice and route choice 
behaviour. Recently, many studies have investigated variability of travel time and engaged 
in developing methodology to evaluate economic value of the travel time reliability. Most of 
them have focused on the reliability of road traffic. Meanwhile, research on the travel time 
reliability of railroad and air transport which operates based on the planned timetable has 
not sufficiently advanced so far.
We have investigated the travel time reliability of the railroad from the point of departure time 
decision of railroad users [1-4]. As the results of our previous studies, it becomes clear that 
railroad user prepares buffer time to deal with the delay of railroad. Furthermore, it indicates 
that the buffer time is influenced by several factors such as travel distance, usages frequency 
of railroad, and number of times of transfer.
In order to analyze the departure time choice behavior, we set a strong condition that the ra-
ilway users recognized that the delay of arrival time obeyed exponential distribution. However 
the difference between the desired arrival time and the actual arrival time does not always 
obey exponential distribution. Then, we got to work on research to ease this strong condition 
by adopting the mixture distribution model. There are few studies investigating departure 
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time decision dealing the mixture model. The contents of this paper is as follows. In chapter 2, 
the data used for the analysis is descrived. In the chapter 3, the charactoristics of the differen-
ce between the desired and realized arrival times is examined. In chapter 4, Gaussian Mixture 
Model (GMM) is applied to estimate the probability density function of the difference between 
the desired and realized arrival times. In chapter 6, the results of this paper is summarized.

2 DATA

A web survey utilizing the internet was conducted in this study. The respondents were moni-
tors of the Macromill, INC. summary of the survey was shown in table 1.

Table 1  Summary of web survey.

Conditions of the respondents Resident area: Tokyo, Kanagawa, Saitama, and Chiba prefectures 
Age: over 15 years old  
Occupation: Yes 
Other condition: person who uses railway more than 5 days in a week

Date 2012.March,26-28
Number of respondents 1700
Valid respondents 1418

2.1 Measurement of accuracy of arrival time

Table 2 shows the question about desired arrival time and Table 3 shows the question about 
the arrival situation. Data of the frequency of difference from the desired arrival time was 
produced by these questions. Data format is shown as table 4. 

Table 2  Inquiries about desired arrival time 

Question 1. What time is the most desired arrival time at the station of the destination?

Table 3  Inquiries about the arrival situation

Question 2-1. How many times do you arrive at the station within two 
minutes difference from the desired arrival time?
Answer: ( ) time(s) out of ten times

Question 2-2. How many times do you arrive at the station more than 
2 minutes before the desired arrival time?
Answer: ( ) time(s) out of ten times

Question 2-3. How many times do you arrive at the station more than 
2 minutes after the desired arrival time?
Answer: ( ) time(s) out of ten times

Question 3-1. Your answer of the Question 2-2 is ( ) time(s). Well then how many times do you 
arrive at the station more than 5 minutes before the desired arrival time?

Question 3-2. Your answer of the Question 2-2 is ( ) time(s). Well then how many times do you 
arrive at the station more than 10 minutes before the desired arrival time?

Question 4-1. Your answer of the Question 2-3 is ( ) time(s). Well then how many times do you 
arrive at the station more than 5 minutes after the desired arrival time?

Question 4-2. Your answer of the Question 2-3 is ( ) time(s). Well then how many times do you 
arrive at the station more than 10 minutes after the desired arrival time?
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Table 4  Data format of arrival situation

ID Early arrival Late arrival
More than 
10min.

 5 min. to 
10 min.

2 min. to 
5 min.

Within 
2 min.

2 min. to 
5 min.

5 min. to 
10 min.

More than 
10min.

1 1 1 1 2 3 0 2
2 0 0 2 3 5 0 0
3 0 2 2 2 2 2 0
… … … … … … … …
1313 0 0 1 8 1 0 0
1414 0 0 0 4 3 2 1

3 Characteristics of the difference between the desired and realized 
arrival times

3.1 Patterns of the difference between the desired and realized arrival time

The difference between the desired and realized arrival time was analyzed. After examining 
the data regarding the difference, it became clear that there were six, from (a) to (g), patterns 
as shown in the Figure 1. 

(a) symmetric pattern
 (449/1418 cases)

(b) late arrival pattern 
 (434/1418 cases)

(c) early arrival pattern
 (41/1418 cases)

(d) on schedule pattern
 (333/1418 cases)

(f) Uniformly symmetric
 pattern (31/1418 cases)

(g) Nondesrict pattern
 (130/1418 cases)

Figure 1 Patters of the difference from the desired arraival time.
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4 Methodology

4.1 Mixture distribution model

Mixture distribution is the distribution that mixed plural distribution. The probability density 
function of mixture distribution is written in (1).

  (1)

where:

M number of mixture components;
h (x;ωm) component distribution;
θ π ω= ≤ ≤{( ), } :m m M, m 1  parameter of distribution associated with component i, observation i;

πm mixture weight and it satisfies πm
m

M

=
=
∑ 1

1

.

In this study, Gaussian mixture distribution that is most general mixture distribution, is appli-
ed as the component distribution as shown in (2). 

  (2)

where:

φ(x;μm,Σm) Gaussian distribution;
μm mean of component distribution;
Σm variance of component distribution.

By estimating the maximum likelihood estimators of the all parameters, the shape of the 
mixture distribution is obtained. However the number of component distribution, M, is un-
known so that the M is estimated by EM(Expectation-Maximization) algorithm. 

4.2 Estimation results

The results of parameter estimation is described in this section. A table in the Figure 2 shows 
the estimated parameters such as weight, mean and variance. The number of components is 
four and each component is indicated by different colours. The graph shows the probability 
density function of each component. Furthermore, the probability density function of mixture 
distribution is shown by the black broken line. 
Reproducibility of the estimated mixture distribution is confirmed. Figure 3 shows the result 
of comparison between the histogram of the observation and the estimated probability of 
mixture distribution. As seen in the figure, the reproducibility of the mixture model to the 
observation is high. 

p( ) h( ).x; x; mθ π ω=
=
∑ m
m

M

1

h( ) ( ).x; x; m mθ π ϕ µ=
=
∑ m
m

M

,Σ
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Figure 2 Density functions of component distributions and mixture distribution

Figure 3 Reproducibility of the estimated mixture distribution
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5 Conclusion

Our previous studies regarding departure time decision of railway users, there was a strong 
condition that the railway user recognized that the delay of arrival time obeyed exponential 
distribution. However the difference between the desired arrival time and the actual arrival 
time does not always obey exponential distribution. Then, we commenced the research for 
easing this strong condition by appling the mixture distribution model.
In this study, we confirmed the availability of the mixture model which can consider the arrival 
situation such as arrival on time, arrival early and arrival late. The estimated mixture distribu-
tion can explain the characteristics of the arrival situation.
In this study, Gaussian distribution was applied to all component distribution. However, as 
shown in the Figure 1, there are several patterns in arrival situation. To consider this diversity 
of the arrival situation, we study the availability of mixture model that applied different dis-
tribution to component distributions.
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