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ABSTRACT:

The aim of this paper is to express the application of tracking technologies in Urban Design and Planning. Tracking technologies can
be used to monitor different user groups in different occasions. Since 2005, TU Delft has explored and developed two types of re-
search using GPS to collect spatio-temporal data in urban environments : (1) visitors of city centers and (2) households in specific
district, specific street or specific types of buildings. The collected data can be used for analyzing, visualizing and understanding how

the city functions and how people perceive the city.

1. INTRODUCTION
1.1 GPS-tracking

Can GPS-technology change the world? Probably it is not the
technology itself, but unforeseen applications of the technology,
which enables new features, offers new methods for research,
enables collection of new types of information, or results in im-
proving collection by up scaling the number of respondents and
duration of collection. The application of new methods might
lead to innovative or better insights, or validate current expec-

tations.

The Global Positioning System (GPS) was originally developed
for orientation (knowing where you are) and navigation (kno-
wing were to go). Today, providing Location Based Services
(LBS) is an important feature of GPS. Nevertheless, GPS can
also be used for collecting spatio-temporal data by retrieving
the sequence of positioning data in space and time saved on a
GPS device. In this case the GPS device is used as a data log-
ger. This is called GPS-tracking (Spek et al, 2008).

1.2 Time geography
This paper is building on earlier studies on developing the exis-

ting concept of time geography in order to better understand the
logic of visitor activities in time and space (Hégerstrand, 1970).

Whyte (1988) used time-lapse photography to chart the ana-
tomy of the city. Previous research shows the value of analysing
visitor behaviour using a Global Positioning Systems (GPS)
tracking system (Harder Hovgesen et al., 2008).

Compared to existing methods, GPS tracking contains added
values like providing accurate and valid information of quanti-
tative spatio-temporal data. Therefore, it makes a clear contribu-
tion to the lack of knowledge about processes (movement pat-
terns of people) while it improves static and dynamic
visualisation. Changes in behaviour can be measured before,
during and after investments in public space. Tourist behaviour
in time and space - or geovisualisation - is extensively discussed
by (Shoval & Isaacson, 2010).

2. MAKING THE CASE

What is the use of collecting spatio-temporal data? As Urban
Designers we would like to know more about actual processes
in the city and understand better the behaviour of its visitors and
inhabitants. Traditional methods are available. Firstly, traditio-
nal mapping techniques give insight in the programme and net-
work the city offers. The programme consists of the buildings
and functions inside them, most important are the attractors and
the landmarks. The network consists of the public space and in-
frastructure. Together programme and network form the frame
of our movement: the programme as initiator, attractor, the net-
work enabling the necessary movement between origin (home)
and destination (attraction). Based on the analysis of the mor-
phology, exploring the form of our city, we can expect some
movement patterns.

Figure 1. Tracking results of Tracking Delft: track and destinations. (left) visitors from parking garages, (middle) inhabitants of city

centre, (right) inhabitants of surrounding district
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Figure 2. Tracking results of Tracking Delft (kernel density) based on origin of the visitor: unfamiliar - familiar.

Secondly, observation of visitors can be used to learn more
about actual behaviour. Traditional techniques for this are mo-
nitoring specific locations, describing behaviour, counting
people. These techniques are limited to a location, lack spatio-
temporal information and don’t provide ‘the full story’.
Thirdly, interviews and diaries can be used to collect the spatio-
temporal component and provide background information, e.g.
on the expectations and experience. Unfortunately, we cannot
fully trust the information in diaries and questionnaires provi-
ded by the participants: our brain has its limitations and people
tend to give the ‘best’ answer.
Tracking technologies have added value to these methods by
delivering accurate and reliable information on the actual acti-
vities of the respondents in space and time: based on space and
time, travelled route, destination(s) and duration of stay and
movement are collected. Last but not least, tracking technolo-
gies directly deliver spatial outcomes, which can easily be pre-
sented on maps or used for other types of static and dynamic vi-
sualisations.

3. METHOD(S)

3.1 Data collection

At the moment, GPS is the most accurate and reliable source for
outdoor collection of spatio-temporal data on an urban scale.
Other technologies are less accurate, more expensive, and less
frequent or require equipment to be installed in the build envi-
ronment. For GPS-tracking, only a high-sensitive receiver is
needed.

Within the method developed GPS-tracking method, TU Delft
distinguishes two types of research: (a) Visitors and (b) Inhabi-
tants. These types differ in way of working, duration and target
groups. Both types of researches have their own goal (Spek et
al, 2009).

3.2 Visitors (pedestrians)

The research on Visitors concerns the collection of tracking da-
ta from an access or entrance point into a city, event or attrac-
tion. Access points can be parking garages, bicycle storages,
railway stations and public transport stops, or in the case of an
event or attraction the gates. Most convenient are parking gara-
ges, as people have to return to their car. From the access point,
participants carry a GPS device during their walking trip. After
the trip, the GPS is returned and a questionnaire is taken to col-
lect additional, background information.

3.3 Households (all modes)

The research on Households concerns the collection of tracking
data with as base the participant’s home during a dedicated pe-
riod of time. The participants can be selected based on specific
households situations and on spatial requirements, such as dis-

trict, street or building. For several days, the participants carry
the GPS device with them during all outdoor activity. Every ti-
me the participant leaves the house and returns after an activity
is defined as a round-trip. One participant produces multiple
trips during the research period. Every part of the trip between
destinations is defined as a leg. For every leg the mode of trans-
portation can be determined.

During the research, the participant is responsible for charging
and switching on the device. Further, the respondent will have
to fill in a diary. After a specific number of days, the GPS devi-
ces are picked up and additional data is collected during an in-
terview.

3.4 Retrieving and Processing

In both types of research, the GPS device is handed to partici-
pants. Data retrieval will take place after returning the device.
In the next step all data is cleaned and validated. A tripdatabase
including all trip-related information will be build. The database
will be connected to the spatio-temporal data using the TRIPID
field.

3.5 Analysis, Visualisation and conclusions

After the spatio-temporal data is joined with the background in-
formation, queries and calculations can be performed to analyze
the data. A clear research question is essential to select the ap-
propriate attributes and context information. The context can be
defined based on the theoretical framework of the research
question. The data can be analyzed on an individual level (per
track) or on a generic level (per set based on a query). Conclu-
sions can be drawn by comparing different attributes, by equa-
ting different themes or by confronting parts of the dataset with
exogenous data sources.
4. APPLICATION

This research was initiated at TU Delft in 2005 as part of the
Spatial Metro project. Here GPS-tracking was introduced as a
method to evaluate the effectiveness of investments in public
space by observing and measuring behaviour of pedestrians vi-
siting the city centre. In 2007 research was carried out in the
historic city centres of Norwich (UK), Rouen (F) and Koblenz
(D) resulting in astonishing outcomes regarding behaviour of
tourists. Further, a pilot on households was initiated in three
specific districts of Almere (NL), showing the inefficiency and
incompetence of the frame (public space and infrastructure).

In 2009 over 300 pedestrians were tracked in the city centre of
Delft (see Fig. 1 & Fig. 2) and twenty households were tracked
in Rotterdam Charlois in the framework of Assisted Living.
This resulted in the definition of specific returning types of user
patterns.

In 2010 eighty people living in designated districts in Delft par-
ticipated (see Fig. 1). The research resulted in a good overview
of different user groups and their contribution to the city.
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Finally, in 2011 GPS-tracking was used to collect spatio-
temporal data of inhabitants of high-rise buildings in Rotterdam
(see Fig. 3). The results show the contribution of this group to
the activities offered in the city centre.

5. RESULTS

In this paragraph we would like to generically emphasize on the
results of applying tracking technologies in city centres and on
households by TU Delft for several years now.

The first conclusion is that the different sets of data result into a
rich source for data mining. Not only can the spatio-temporal
information be analyzed and evaluated (Al) within the frame-
work of the city itself, but also (A2) externally by comparing
the results of different cities for specific aspects. In this case the
context is different: different street pattern, different location of
attractions, different landmarks.

A second crossover can be made by (B) comparing the results
of different user groups within one city. Here the frame is equal
(same city centre), only a variation of users has been followed.
Finally, in the High-rise project three distinctions can be made
based on the building and on the participants: (C1) inhabitants

vertheless, there are also some limitations: collection, proces-
sing and the significance of results.
6.1 Collection

The way of distributing and returning the GPS devices is time
consuming and risky: will all devices be returned? How is a re-
presentative user group selected? A good point is that the col-
lection of data is during a fixed timespan: all data is collected at
the same dates during the same conditions. The experiment is
fixed in place and time. Another advantage is the easy collecti-
on of (essential) background information.

6.2 Processing

At the moment retrieving and validating the tracks is a time
consuming part of the processing. This part can be optimized by
developing tools for automatically classifying, cleaning and
splitting of tracks and for recognizing stops and destinations.
Manual work has to be reduced to a minimum.

6.3 Results

The sample of participants has to be taken into account in rela-

Wi

Figure 3. First tracking results of Tracking High-rise, Rotterdam, May 2011: (left, top) regional pattern, (left, bottom) (inter-) natio-
nal pattern, (right) clusters of participating Highrise buildings (black dots).

of high-rise versus ground allocated housing; (C2) comparison
between towers based on spatial aspects (the frame) and (C3)
comparison between different lifestyle groups, e.g. depending
on age, income, rental or owned apartment, duration of inhabi-
tance.

6. CONCLUSIONS & FUTURE SCOPE

In our opinion GPS-tracking technology can contribute to tradi-
tional mapping, analysis and collection techniques. GPS-
tracking is a complementary method, providing more accurate
and reliable information about activity patterns of humans. Ne-

tion to the whole population. The main question is how much
data is required to produce reliable results. By carrying out re-
search from one or two access points, or from a minimal num-
ber of households in a district, street or building, the value of
the outcomes is relatively low in respect to the context. To pro-
duce more significant results, especially in the case of sub sam-
pling, larger datasets are required. Therefor, processing of the
data has to be optimized, and developing new ways of collec-
ting are essential.
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6.4 Future: iPhone, Smartphone, regular phone?

In the (near) future distributing and collecting devices for GPS-
tracking might be history. Already some smartphones have the
ability to function as a GPS-logger and provide the data
wireless. Unfortunately, an issue is the battery capacity of
Smartphones, especially while using GPS: the battery drowns in
2-3 hours. Real-time collection is not necessary for the design
process. However, it could improve the efficiency of processing
by automatically filling the database. Further, wireless collecti-
on enables extending the duration of the research. New ways to
reach participants will be needed.

A second improvement would be using the features of a
smartphone, by having it operating as interactive tool. This way,
response on specific behaviour, e.g. visiting a specific location,
could be generated. With data mining and location-based servi-
ces in the background, the smartphone could even intervene, not
only requesting feedback but also by providing feedback.
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