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Abstract—It is interesting to extract and analyze the regu-
larities of the passengers’ behavior such that the government
can provide public transportation support with quality control
sufficiently and consistently . This study adopts the previous
work that is a scalable approach based on Hadoop MapReduce
programming model to extract maximal repeats from tagged
sequential data and meanwhile to compute class frequency
distribution of these maximal repeats, where the types of classes
are derived from the tags attached with each of sequences
according to users or domain experts in advance. In this study,
experimental resources of sequential data contain the records of
bus traffic data in 2015 and are authorized by the Taichung city
government officially. Each record for one passenger includes two
pair of timestamp and bus-stop representing for when and where
that passenger on and off the bus, respectively, and the sequence
of ordered bus-stops within his/her trip. Most of all, the types
of tags for each of sequences include the types (CardType) and
identification (CardID) of electronic card, the identification of bus
route (RouteID) and the bus (BusID) that carried that passenger.
Therefore, it is highly expected that the combination of these tags
will provide many kinds of class frequency distribution and one
can inspect the behaviors of buses and passengers from various
points of view.
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I. INTRODUCTION

For monitoring public transportation system in modern and
metropolitan cities nowadays[5], it is usual that there are
electronic devices deployed to collect the positions of vehicles
and electronic tags attached individually to record the trips
of passengers as time passes. Above information are usually
collected as logs with timestamps like sequential data such
that the government or transportation companies can monitor
the flow of vehicles or passengers efficiently. With these huge
amount of sequential data collected for a long time period,
it is desired and attractive to have a scaleable approach to
find out the repeats (or regularities) from these sequential

data and then to inspect the schedules of vehicles and the
behaviors of passengers such that the authorities can modify
improper schedules and improve the efficiency of vehicle
usages. Therefore, it is highly expected to have an efficient and
scaleable approach to extract the repeats from these sequential
data and to observe the frequency distribution of these repeats
for further researches.

This study adopts the scalable approach [9] to extract
maximal repeats [1] from a huge amount of tagged sequential
data. In [9] for extracting maximal repeats, Wang proposed a
scalable approach based on Hadoop MapReduce programming
model [6] to overcome the computational bottleneck of using
single computer with external memory[7], [8]. There were
many experiments in diverse applications with a huge amount
of tagged sequential data, such as textual data for trend
analysis [9], genomic sequences for biomarkers identification
[11], [13], timestamped gantry sequences for significant travel
time intervals [12], the sequences of product traceability for
quality control[10].

The remainder of this study is organized as follows. Section
II briefly describes how to use the scalable maximal repeat
extraction approach to compute the statistics of passengers
according to different fixed-length time intervals. Section III
gives the experimental results by selecting one bus trip for
example. Section IV show the conclusions and discussions.

II. METHODS

Figure 1 gives the conceptual diagram of processes to
analyze the regularity within bus passenger trips. This paper
adopts the scalable approach developed in [9], the rectangle
with red dashed-box as shown in Fig. 1, to extract the behavior
patterns of bus passengers within local electronic bus system
in Taichung, Taiwan. The input of above approach consists
of tagged sequential data that are the sequences of bus stops



Fig. 1. The conceptual diagram of processes to analyze the regularity within
bus passenger trips

within each of passenger trips in ”Bus Traffic Data”; each
of those sequences are attached with the tags including,
”CardType”, ”RouteID” and ”TimeStamp”, as shown in Fig.2;
the output of that approach is the class frequency distributions
of maximal repeats extracted from those tagged sequences,
where the classes are derived from the tags. Note that above
scalable approach developed in [9] was based on Hadoop
MapReduce programming model

To illustrate the input of sequences, for example as shown
in Fig.3, the first row contains the field names of one record,
and the last two rows are two records with values in order as

Fig. 2.

Fig. 3. Example of tagged sequential data: one fields list with two sequences
with tags in the front.

corresponding field names in the first row. Note that the last
item of each sequence is the list of bus stops, separated by ”#”,
of one passenger trip. The output generated by the maximal
repeat extraction , for example as shown in Fig.4, in which
contains ”One Maximal Repeat” with meta data and class
frequency distributions that separated by ”##”. The details of
these class frequency distribution are illustrated in Section III.

III. EXPERIMENTAL RESULTS

In this study, the experimental resources are collected from
the Taichung Bus Electronic Tag (e-Tag) system during the



Fig. 4.

Fig. 5. A web site (http://titda.asia.edu.tw/) constructed for illustration.

year ”2015”. Recently, there were studies based on these data
[3], [2], [4]. To solid the contribution of this work, there is a
web site (http://titda.asia.edu.tw/) constructed for illustration.
For example, as shown in Fig.5, one can have a query with
the input as ”RouteID=300” and two bus stops, the beginning
(Providence University) and the ending stops (Taichung Train
Station), then the web system will output the statistics of the
number of passengers in that trip according to different types
of classes as follows.

Fig.6, first of all, gives the number of passengers according
to the ”CardType” in Fig.5. It is obvious that the type

Fig. 6. The number of passengers according to the ”CardType” in Fig.5

Fig. 7. The number of passengers according to the ”WeekDay” in Fig.5

”CardType”=”全票”(full fare) achieved the highest percentage
”88.5%”. Secondly, Fig.7 shows the number of passengers
according to the ”Weekday”. One can find that the numbers of
passengers in the weekend (Friday, Saturday and Sunday) were
the top 3 within the weekday comparison. Similarity, Fig.8 and
Fig.9 give the numbers of passengers according to the types
of classes as ”24 hours/per day” and ”Month”, respectively.
One can observe the frequency distribution of passengers as
to different fixed-length time intervals. For domain experts, it
is desired to combine different tags as new class to inspect
specific frequency distribution on purpose in the future if
necessary.

IV. CONCLUSION AND DISCUSSION

This study provides fundamental experiments to survey the
statistics of passengers in the local electronic bus system data



Fig. 8. The number of passengers according to the ”24 hours/per day” in
Fig.5

Fig. 9. The number of passengers according to the ”Month” in Fig.5

in Taichung, Taiwan. With the scalable approach [9] to extract
maximal repeats and meanwhile to computer class frequency
distributions of these repeats from tagged sequences, consist-
ing of bus stops list of each of passenger trips, where the
types of classes are derived from the tags, e.g. ”CardType”,
”RouteID” and ”Timestamp”, one can observe the frequency
of passengers according to what types of classes are selected
for observation.

Indeed, there are rooms to further extend the strength of
this study by combining different tags arbitrarily, e.g. ”Card-
type+Weekday” or ”RouteID+24 hours/per day”, to define
specific class frequency distribution of patterns (bus stops
list) for observation on purpose if necessary. This study can
provide diverse frequency distribution of bus passengers for
observation as long as someone desires. These experimental

results are not allowed to be opened globally and publicly due
to these information of electronic e-tags gathered from bus
passenger trips is authorized by Taichung local government
so far. It is expected that the strength of this study can have
more influences for improving the efficiency of bus traffic
transportation or for helping the government or bus company
to adjust their bus schedule if above restriction of using these
e-tags data can be removed and more public opinions or
experts are involved with.
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