A GPS Tracking Application with a Tilt- and MotionSensing Interface
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Abstract: Combining GPS tracks with semantic annotations is the basis for large data
analysis tasks that give insight into the movement behavior of populations. In this paper,
we present a first prototype implementation of a GPS tracking application that aims at
subsuming GPS tracking and manual annotation on a standard mobile phone. The main
purpose of this prototype is to investigate its usability, which is achieved by a tilt- and
motion-sensing interface. We provide a GPS diary function that visualizes GPS
trajectories on a map, allows annotating the trajectory, and navigating through the
trajectory by moving and tilting the mobile phone. We present the design of our
application and report on the very first user experiences.

1 Introduction
The analysis of the movement behavior of people can serve as the basis for the
understanding of the habits of a city’s or a country’s population. In the AGMA project
(financed by the Arbeitsgemeinschaft Media-Analyse e.V., ag.ma), Fraunhofer IAIS
applies data-mining techniques to calculate the reach and gross contacts of poster
networks based on GPS trajectories collected by over 30.000 test persons [AG07].
Currently, the test persons collect GPS trajectories with dedicated GPS devices,
download them from the devices to a PC at home, and send them to a central collector,
where they are manually entered into a database. A copy of this database is installed in
the Fraunhofer IAIS computing cluster, where the highly computing intensive datamining process is carried out [We08].
Beside information about the physical movements obtained by GPS devices, semantic
information such as means of transportation or purpose of the trip is of high interest.
Several research projects have investigated the automated derivation of semantic

information from GPS trajectories, for example [Li07]. Our approach relies on the
manual annotation of GPS trajectories in order to get training data for subsequent datamining algorithms. So far, we have developed an (off-line) annotation tool that allows
for visual browsing and annotating past GPS trajectories on a PC [Gu08].
In this paper, we present a first prototype implementation of a next-generation GPS
tracking application that aims at subsuming GPS tracking and manual annotation on a
standard mobile phone. The main purpose of this prototype is to investigate its usability
and how and whether the test persons would accept it. Therefore, the user interface
design was of main interest. We believe that a sensing-based interface can substantially
contribute to achieving these design goals. We provide a GPS diary function that
visualizes GPS trajectories on a map, allows annotating the trajectory, and allows
navigating through the trajectory by moving and tilting the mobile phone. The idea of
using tilting of a device as a means of input has been around for quite some time
[Rek96,HP+00,CC+07]. Here, we specifically focus on continuous movement along
GPS traces for revisiting past locations, defining split points between different sections,
and annotating these sections.

2 System Design
This section describes the main aspects of the system and interface design. The system is
implemented in Java 2 Microedition and has been tested on Nokia N95 mobile phones
running Symbian S60. Although the N95 has a built-in GPS receiver, we used an
external Nokia LD-3W Bluetooth GPS receiver for its better performance in terms of
sensitivity to GPS signals and time to compute a position fix. The N95 contains a camera
and a 3-axis accelerometer, which provide the raw data for the tilt- and motion-based
interface. The access to these sensors is encapsulated in a separate process (“SensorServer”) implemented in C++. This generic server makes the sensor data available via a
local socket and can also be the used in other applications.
The core of the GPS tracking application consists of “GPS-Diary” and “GPS-Monitor.”
The GPS-Diary is the basic part of the application. It allows users to record, visualize,
and annotate GPS trajectories. The Nokia sports tracker application [NO08] has similar
goals, but (currently) does not visualize GPS trajectories on a map. Also, the Nokia
sports tracker always records GPS tracks under a single label, whereas our application
allows assigning different labels to different segments of a track. In particular, users can
split the GPS trajectory into user-defined segments and can annotate the segments with
user-defined labels. In addition, users can browse through the history of GPS tracks. The
GPS-Monitor implements the client/server part of the GPS tracking application. It is
intended to replace the central database repository for GPS tracks being analyzed in our
computing cluster.
Figure 1 depicts the overall architecture and the individual components of the GPS
tracking application. The GPS-Diary is a single process (Java Midlet) consisting of three
different threads of control, whereby the main thread “User Interaction” starts and stops
the other two threads according to the user commands. In particular, the thread “GPS
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Figure 1: Overall architecture

Parser” runs while GPS tracks are recorded and the thread “Sensor Listener” runs while
the user chooses to navigate a recorded track. The update rate depends on the selected
sensor(s). For the accelerometer it is about 40 Hz, for the optical flow algorithm it is
about 15 Hz. Regarding the interface to the user, the basic function of these components
is to adjust the displayed map in such a way that the focus of interest is in the center of
the mobile phone’s display.

(a) Main menu

(b) Tracking view

(c) Mode view

Figure 2: GPS-Diary interface

Figure 2 shows the main interaction components of GPS-Diary that a user encounters
when recording GPS tracks. In the main menu of the application, shown in Figure 2(a),
the user selects “Tracking”. Consequently, a tracking view as shown in Figure 2(b) will
display the GPS track of the user on a picture of his/her current location. In our current

implementation, the picture is taken from a static background image map of the area of
our institute (originally taken from a free map of the city of Bonn under
stadtplan.bonn.de). In general, image maps can be taken from cartographic material
stored on the phone’s mass media storage or from online image map sources. The color
of the displayed GPS track encodes the mode with which the segment of the track is
annotated. The user can change the mode as shown in Figure 2 (c), resulting in a
different color to be used for the current GPS track segment.
The sensing part of the interface allows navigating through the GPS traces by moving or
tilting the mobile phone as shown in Figure 3.
When the user selects “Trace Back” in the main menu of the application (Figure 3(a)),
the last recorded GPS track, including the color-coding of the segments which represent
the different annotation modes, will be displayed as shown in Figure 3(b). The user can
virtually “walk back” on the trace by tilting the mobile as pointed out in Figure 3(b).
Alternatively, the user can select the camera as the input device and use optical flow for
trace navigation. Both alternatives will move the focus of interest, which is a point in
time on the GPS track, (denoted as a red dot) forth and back on the GPS track. The
display will adjust automatically such that the focus of interest remains in the center of
the display. This navigation method is the basis for further extensions that will make it
possible to insert new segment split points and changing or extending the annotation of a
segment (as done in our PC-based implementation of the annotation tool [Gu08]).

(a) Activation

(b) Trace view

(c) Tangible interaction

Figure 3: The tilt- and motion-controlled interface

The technical basis for the trace navigation is the sensor server depicted in Figure 1. It
provides a socket-based interface for accessing the raw sensor values of the current
phone orientation based on the accelerometer and the moving direction of the phone
based on the computed optical flow.
For each of the three axes of the Nokia N95 accelerometer, an acceleration of 1G (axis
oriented towards gravity) produces a sensor value in the range from -56 to 56. There is
considerable noise in the sensor readings (see Figure 4, left). Thus, the values are
smoothed with a Savitzky-Golay filter. From the smoothed raw values the inclination is
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Figure 4. Smoothed sensor values (left). Mapping tilting angle to scrolling rate (right).
The horizontal display axis (x-axis of the accelerometer) is not affected by this normal
reading inclination. Thus, we map the amount of tilting of the x-axis to movement along
the GPS trace. The velocity of this rate-controlled interface is not mapped linearly, but is
based on a double S-curve (see Figure 4, right). This allows for precise control and slow
movement when the device is tilted slightly (around -5° to +5°) and fast scrolling further
up the S-curve. Suitable parameters for the curve have been determined in extensive
pilot testing. As an alternative to rate-controlled tilting input the user can also choose
optical flow input [Ro04]. The algorithm computes the relative movement between
successive camera frames and updates the position on the GPS trace accordingly. In
order to ensure the predictability of the interface, the GPS trace is not just played back as
recorded, but rather each update covers a distance that corresponds to the current
scrolling speed. A simple playback of the trace positions would mean that the scrolling
depends on the movement velocity when the trace was recorded. The scrolling might
even stop at a point of zero velocity, which is clearly undesirable.

3 Conclusions and Further Work
The users have reported a slight preference for using the inertial sensor for map
navigation rather than the camera-based optical-flow sensor. Although the sensors
exhibit no performance difference regarding the responsiveness of the application, the
inertial sensor works properly under a wider range of conditions. The camera-sensor
depends on texture of the visible image. It turned out that horizontal movements of the
mobile phone with the camera pointing towards the ground (for instance while walking
outdoors) mostly did not generate sufficient or at least somewhat unpredictable optical
flow. The camera-sensor worked fine when holding and moving the mobile phone
vertically (probably due to the change of the horizon that induced a strong optical flow).

The GPS tracking application developed so far shows sufficient functionality for
recording, annotating, and storing short trajectories (locally and on a central server). This
allowed us to carry out the experiments regarding the user interface, but does not yet
fulfill the requirements for GPS data collection in a large scale. Efficiency and security
considerations regarding the storing and transmission of GPS trajectories will have to be
taken into account. Regarding the interface, standard features known from commercial
handheld GPS devices (e.g. the Garmin HC series), such as automatic orientation of the
map, should be added.
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