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Abstract

Recently, tracking-type travel data collection methods using mobile communication instruments have developed rap-
idly. The detailed and accurate travel data are useful for understanding travel behaviour and evaluating the actual effects
of transport policy such as traffic demand management. This paper studies a simple index of a tourist behaviour using
tracking data collected with a mobile instrument. Based on the proposed index and actual data collected in Kobe, cluster
analysis is applied to find the topological characteristics of tourist behaviour.
© 2006 Elsevier Ltd. All rights reserved.
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1. Background and research objectives

The behavioural data of individual travellers in urban areas are essential for travel demand analysis and
prediction required in the planning and management of urban transport systems. However, behavioural sur-
veys based on questionnaires are not always sufficient for measuring microscopic travel behaviour in space-
time dimensions. Recently, mobile communication technologies have advanced rapidly. They have a great
potential to be used as survey instruments for observing individual travel behaviour. As discussed in the sec-
ond chapter, various data collection instruments have become available for travel data collection.

The travel behaviour data collected using mobile instruments is sequential ‘dot’ in space-time dimensions.
Each dot has longitude, latitude and time of day labels. The approach for travel behaviour analysis involves
transferring ‘dot’ to ‘trip’, and then applying traditional analytical tools such as trip based models. However,
the original characteristics of the dot data may be lost in this data transfer process. Therefore, it is necessary to
analyse the dot data in their original form.
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In addition to understanding travel behaviour, the detailed and accurate characteristics of dot data are use-
ful for evaluating the effects and performance of transport policies such as traffic demand management. It is
also very important to develop analytical tools for dot data directly so that the original location characteristics
of each dot might be retained to the maximum extent. This implies that the topological characteristics implic-
itly involved in the dot data should be fully analysed.

Tourist behaviour involves a continuous trip and is more complex than ordinary commuting or shopping
behaviour. The trajectory of a tourist route contains various items of information that could be used for devel-
oping travel guidance policies and marketing services. This paper studies a simple index of tourist behaviour
using tracking data collected with a mobile instrument. Based on the proposed index and actual data collected
in Kobe, cluster analysis is applied to find the topological characteristics of tourist behaviour.

2. Travel data collection with mobile instruments

Various mobile communication tools can be used for travel data collection: these include GPS (Global
Positioning System), cellular phones (including personal handy phone systems or PHS), RF (radio frequency)
ID tags, etc. GPS-based travel data collection systems have been available since the middle of the 1990s. Zito
et al. (1995) applied GPS to ‘travel time survey by floating vehicles’. D’Este et al. (1999) developed a GPS-
based system to measure the performance of traffic systems. Murakami and Wagner (1999) studied the results
of a GPS-based experiment for 100 households in the USA. Draijer et al. (2000) showed the results of a pilot
study of a GPS-based behavioural survey for all travel modes in the Netherlands. Doherty et al. (2001)
described a comprehensive approach that combined GPS and GIS (Geographic Information Systems) technol-
ogies with a recently developed computerized activity scheduling survey. Wolf et al. (2001) demonstrated that
it would be feasible to derive the purpose of the trip from the GPS data by using a spatially accurate and com-
prehensive GIS. Forrest and Pearson (2005) found that the number of trips in the GPS data was much greater
than the number reported in the computer-assisted telephone interview (CATI) data. Wolf (2004) presented an
overview of the recent applications of various location collection technologies in travel behaviour surveys and
technology trends for the future.

Although GPS-based travel data collection systems are suitable for monitoring vehicular traffic, it is not
always applicable for observing human behaviour since the GPS requires an open sky environment to detect
signals from multiple satellites. This problem may be resolved if auxiliary signal transmitters are distributed in
the areas where satellite signals are not available. Apart from GPS-based studies, Asakura et al. (1999), and
Asakura and Hato (2001) investigated the application of a cellular phone named personal handy phone system
(PHS) to monitor individual travel behaviour in Japan. Further review of the data collection methods using
mobile instruments can be found in Asakura and Hato (2004). The Global System for Mobile Communication
(GSM) based tracking methods have been developed in Germany. Wermuth et al. (2003) used GSM for auto-
matic location positioning and developed a computer-assisted data collection method named ‘tele travel sys-
tem (TTS)’. Kracht (2004) explained how the parallel use of GPS and GSM tracking technology could
produce reliable tracking results. Portable electronic devices equipped with GPS/GSM were used to conduct
real-time on-site interviews with the respondents.

Recent technologies in GPS assisted cellular phones enabled development of various data collection meth-
ods. Ohmori et al. (2006) presented the results of an activity diary survey using a GPS mobile phone. Hato
(2006) developed a wearable data collection instrument named mobile activity loggers (MoALs) supported
by GPS cellular phones. Itsubo and Hato (2006) examined the effectiveness of a travel data collection system
using GPS equipped cellular phones combined with a web diary. As a result of these developments, mobile
communication instruments will be very essential for travel data collection and analysis in the near future.

3. Analysis of tourist behaviour using a route topology index

The dot data of travel behaviour obtained with mobile communication instruments has more detailed
space-time information than trip data. It is possible to apply traditional trip-based travel behavioural models
after transferring dot data to trip data. Asakura and Hato (2004) proposed the ‘stay-and-move’ identification
and ‘route identification’ algorithms as data transfer tools for dot data. However, the detailed and original
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information of dot data may be lost through the data transfer process. In particular, the location specific infor-
mation of dot data such as spot speed and its fluctuations will not be retained in the trip data. A sequence of
dot data represents the trajectory of a traveller in space-time dimensions. Since the transferred trip data can be
interpreted as a rough approximation of the continuous movements of a traveller; detailed topological char-
acteristics of the trajectory could not be analysed by using trip data. It is necessary to develop methodologies
for analysing the travel behaviour by using dot data directly.

A ‘travel tour’ is a sequential and complex movement of a tourist in space. It is desirable to describe the
tour route as a whole without breaking the tour into independent trips. The movement of a tourist in space
has its own topological characteristics. Thus, it is necessary to consider the topological aspects of a tour route
when we analyse the travel behaviour of the tourist. In the following sections, a simple index is proposed for
describing and analysing a tour route. The topological aspects of a tour are included in the index.

3.1. Route topology index

A tour route is assumed to start from a specific point and finish at the same starting point after travelling in
the tour area. One of the simplest shapes of a tour route is a circle. When a circular route is observed at a
specific point in the area, one of the three relations can be observed between the circular route and the obser-
vation point. A ‘reference point’ term is used instead of the specific point in the following sections of this
paper. The first case is that the direction of the circular route is in a clockwise direction around the reference
point. The second case is that the direction of the route is in an anticlockwise direction around the reference
point. The third case is that the reference point is not located within the internal area of the circular route.

In order to identify these three possible cases, we propose a route topology index (RTI). It is defined as +1,
—1 or 0 for each of the above three cases. The RTI value depends on the reference point that can be located at
any place in the area. In order to describe a more complex tour route, the RTI can be evaluated at multiple
reference points. The RTI vector of a tour route is then introduced. The ith element of the RTI vector denotes
the RTI for the ith reference point. For example, the RTI of the tour route shown in Fig. 1 changes to —1, 0,
+1, —1 and —1 for reference points from 1 to 5, respectively. Then, the RTI vectoris R = {—1, 0, +1, —1, —1}.
When the route does not make a circuit, the route topology index could be defined as the cumulative angle of a
tour route rotating around a reference point.

3.2. Clustering tourist behaviour

The route topology index can be used to evaluate the similarity and the dissimilarity of tour routes among
different tourists. The difference between two tourists A and B is defined as
D’ = ||Ry —Rg|| = > _(rai — rs:)’ (1)

1

R = {ra;} and Rg = {rg;} denote the RTI vectors for tourists A and B, respectively. This index is called ‘dis-
tance’; however, this has no unit like metres. The element of the vector is the RTI of the ith reference point.

The distance defined by Eq. (1) is used for the clustering method when there are a certain number of tour-
ists. This study adopts a hierarchical clustering method proposed by Johnson (1967). For the initial setting, the
distance between each pair of tourists is calculated. The pair of tourists with the minimum distance consists of

RTI, =—1
RTl, =—0
RTI, =+1
RTI, =— 1
RTI, =—1

@ Reference point

Fig. 1. Route topology index.
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Fig. 2. Schematic explanation of a dendrogram.

the first (lowest) cluster. The average of the two RTI vectors of the tourists in the first cluster is calculated.
This represents the updated RTI vector of the first cluster. The next step is to calculate the distance between
each pair consisting of the first cluster and/or the rest of the tourists. The pair with the minimum distance is
chosen as the second cluster. This procedure is repeated until all the tourists are included in one cluster (the
highest cluster). A dendrogram is drawn to recognize clusters and visualize its similarity. The dendogram
describes the similarity among travellers and clusters by a tree whose lowest branches represent each traveller
and the highest root shows the highest cluster. The distances where clusters are formulated are shown as the
height of the nodes where two lower branches merge. An example of a dendrogram is shown in Fig. 2. When
the RTI vectors of some tourists are similar, these tourists will be grouped in the lower cluster. This implies
that the clustering would be equivalent to finding the market segment of tourists who have shown similar tour-
ing behaviour. If there is a cluster that involves many tourists in a relatively lower stage, this cluster indicates a
large group of tourists that show a similar sightseeing pattern. Thus, dominant touring movements in the areca
could be identified in this manner.

Clustering of sub-areas is also possible. A sub-area is assumed to correspond to a reference point. The dif-
ference between two sub-areas is evaluated similar to Eq. (1) and spatial clustering becomes possible.

4. Kitano area tourist survey and analysis
4.1. Location positioning test and tourist survey

The proposed method was examined in an actual urban area. Kobe Kitano, a popular sightseeing area, was
chosen as the test site. The test site area was approximately 300 m x 300 m. Although this area may not be
substantially large, it includes many sightseeing spots, and the area is suitable for a half-day travel experiment.
Detailed results of the location positioning test were presented in Asakura and Iryo (2005). A wearable data
logger named personal activity monitor (PEAMON) was developed by the authors and was used as the data
collection instrument. PEAMON recorded the signal strength of the neighbouring base stations and their
identification numbers in a sequence of time. The data collection interval was set at 15s. The location of
the position was calculated by using the signal strength pattern. This procedure was described in Asakura
and Iryo (2005). In order to evaluate the location positioning error, a test walker with PEAMON was asked
to move in the area along the predetermined route and time. The dot data obtained by the test walker and this
predetermined trajectory (true data) were compared. The averaged error distance of the location positioning
test was 28.8 m. Table 1 shows the distribution of the error distance. The error distance that was less than 40 m
was approximately 80%. The performance of the location positioning method was almost satisfactory when we
applied this method to trace the movement of tourists in the area.

When we evaluate the route topology index of a tourist by using his/her dot data, it is not always necessary
to replace an observed dot on a corresponding road section. This is because the route topology index for a
reference point represents the relation between the location of the reference point and the direction of a tour
route. Thus, it is sufficient to know whether the direction of the tour route around the reference point is clock-
wise or anticlockwise. This implies that the map matching of dot data to a road map is not always necessary.



688 Y. Asakura, T. Iryo | Transportation Research Part A 41 (2007) 684-690

Table 1
Distribution of error distance in the field test
Error distance (m) Number of observation Frequency (%) Cumulative frequency (%)
0-10 94 18.2 18.2
10-20 114 22.1 40.3
20-30 119 23.0 63.3
30-40 74 14.3 77.6
40-50 51 9.9 87.5
50-60 23 4.4 91.9
60-70 27 5.2 97.1
70-80 4 0.8 97.9
>80 11 2.1 100
Total 517 100
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Fig. 3. Example of a tour route.

However, in the following case study, the dot data were replaced by the nearest road links or sightseeing facil-
ities in order to evaluate other tour characteristics, such as travel distance and staying time at facilities. The
map matching methods proposed by previous studies (Asakura and Hato, 2004; Marchal et al., 2005) could be
applied.

A one day travel survey in the Kitano area was carried out in November 2003. The tourists selected were
56 pairs of female students. They were asked to carry the mobile communication instrument during the tour.
Fig. 3 shows the tracking route of an example pair. In addition, the arrival and departure times at each
location in the area and passing time at the intersection are also shown in the figure. ‘In’ and ‘out’ indicate
their arrival and the departure times, respectively. This pair walked a distance of 1700 m and visited four
locations. The staying time at those locations was 38 min, and the time spent for moving from one location
to another was 53 min. For all the pairs, the average distance travelled, the average staying time and the aver-
age number of visited spots facilities in the area were 2105 m, 207 min and six locations, respectively.

4.2. Clustering behaviour of tourists with RTI

When we apply the clustering method using a route topology index (RTT), it is necessary to first allocate
reference points in the area. Two different allocation patterns have been examined — one is a grid and the other
is a polygon (street block). In this paper, the results of polygonal allocation are shown because it would be
more appropriate to reflect the characteristics of each block. There were 21 street blocks in the area, and
the average size of the block was approximately 70 m x 70 m. The route topology indexes are calculated at
all reference points.
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Fig. 4. Cluster analysis dendrogram based on the route topology index.

Fig. 4 depicts the dendrogram from the cluster analysis. A dendrogram is defined as follows: the vertical
axis indicates the distance defined in (1). When the threshold distance is set at 10, two major clusters A
and B are found. Cluster A involves 16 tourists and cluster B involves 28 tourists. Only 5 tourists are not
involved in these two major clusters. Fig. 5 shows the typical tour routes that belong to cluster A and B,
respectively. The direction of almost all the tour routes in cluster A is in an anticlockwise direction and these
tour routes have a relatively larger loop. The direction of the tour route in cluster B is generally in a clockwise
direction and smaller loops are included in the tour route. Some of the tour routes in cluster B just show a
simple out-and-back travel without a loop.

Cluster analysis using route topology index is used to understand the topological similarity of tour routes
between tourists. It is possible to identify some groups of tourists with similar routing strategies. The tourists
within a cluster may have the similar preference of sightseeing behaviour. Thus, the proposed method would
be applicable to understand the implicit routing characteristics of tourists. The example also indicates that the
representative tour routes and their topological characteristics can be identified through the cluster analysis.

This would be useful to discuss the travel information systems for tourists, such as the location of the route
guidance in the area.
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Fig. 5. Typical tour routes in clusters A and B.
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5. Discussion

This paper discussed how dot data of travel behaviour can be analysed. The location characteristics of tra-
vel routes were partly reflected in the proposed route topology index. Although the reference points should be
carefully allocated, the RTI vector appears to be useful for describing a complex tour route. For future
improvement, time-based information could also be reflected in the RTI. For example, the product of spot
speed and the angle of a loop around a reference point would serve as an improved index.

For marketing purposes, it would be interesting to find the hidden behaviour of tourists, for example, shop
A is always visited after a sightseeing visit to location B. Other statistical methods using the RTI would be
more useful to explain such tendencies of the tourists. The index and analytical method studied in this paper
could be extended to travel behaviour analysis for evaluating the effects of transport policies.
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