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Abstract 
We present a lightweight, non-hindering and 
highly mobile real-time monitoring system for 
surveying patients or athletes while performing 
outdoor activities, e.g. sports. Monitoring athletes 
or patients while performing outdoor activities is 
of interest in biomechanics, sport research and 
rehabilitation. We implemented the surveying 
application with Java ME on a standard cell 
phone with GPS and a Bluetooth headset. The 
system is capable of recording real-time 
information about the physiological state of the 
user, his GPS position and speed. At the same 
time it can query the subjective perception of the 
user by asking questions via the headset. 
Feedback about the usability of the system was 
collected in three psychological studies, showing 
the high user acceptance and reliability of the 
system. The collected data was visualized with 
GERVIT using Google Earth, incorporating the 
subjective user state into the visualization. 
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1. Introduction 
The subjective feeling of patients during 
rehabilitation or of athletes performing sports is 
an important feedback to the physician or trainer 
[1]. Using this information the rehabilitation or 
training performance can be analyzed and 
optimized. The subjective feeling of users is also 
of great importance in product testing and 
perception research, where it can be used to 
improve the appearance, functionality, handling 
and ergonomics of the training devices. 
 
The monitoring of the physiological state and the 
subjective perception is a relatively easy task 
when it is performed in a controlled hospital or 
lab environment [2]. The physiological state is 
monitored and the physician or trainer can 

interview the subject about his feelings or 
perception in regular intervals. However, this is 
very hard to achieve while performing outdoor 
activities.  
 
The goal of this work was to develop a universally 
usable embedded mobile system capable of 
recording the physiological state and additionally 
interviewing the subject in regular intervals and 
recording the answer. As the device had to be 
used during outdoor activities like running, the 
main focus was to provide a lightweight and non-
hindering system. To provide this system, we 
implemented a software solution tailored to the 
task of online surveying and data recording [4]. In 
this paper we give further implementation details 
on the system and evaluate usability results from 
additional studies that employed the system. 
Moreover, we provide further visualization results 
by using GERVIT [5] and Google Earth. 
 
Previous work mainly focuses on wireless 
transmission of health and sports data [3]. These 
systems have been applied to monitor the heart 
rate of athletes during shell rowing [11] or to 
transmit the heart rate and location of athletes via 
GPRS to a media server for enriching the TV 
experience when viewing sports events [5]. 
Compared to our approach these systems suffer 
from a limited transmission range or rely on the 
mobile phone network. Information is lost when 
the devices looses connection, which is not the 
case with our work. Other approaches employ 
data loggers to record data about athletes or 
patients. The system presented in [9] was 
designed to log GPS and physiological 
information of bikers. It uses a similar approach 
of visualizing the results in Google Earth. 
However in contrast to our system, it does not 
provide any information about the subjective 
perception of the athlete. It is also not 
implemented on a smartphone with specifically 
tailored software as in our case. 
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2. Methods 
We used a standard mobile phone with Java 
capabilities (J2ME), an inbuilt GPS receiver and 
BluetoothTM connectivity to collect perception 
feedback and physiological data. The system 
guided the subject during outdoor activity and was 
capable of giving instructions. The perceived state 
of the subject was acquired using an automated 
interview system during the run. The system was 
capable of asking predefined questions, like “Do 
you feel good?”. The answer of the subject was 
then recorded on the mobile phone for offline 
evaluation or forwarding to a remote examiner. 
 
To provide a solution for the tasks stated in the 
previous section we decided to build a software 
application running on a broad variety of mobile 
phones. The Java Platform, Micro Edition (Java 
ME, [10]) was chosen as the development 
environment for this task, as it is pre-installed on 
many current phone models. Additionally Java 
ME provided a great variety of APIs to interface 
with the phone hardware (e.g. GPS and headset) 
as well as file-system routines to record the data 
on a memory card. Software development was 
done using NetBeans 5.5 with mobility pack. 
 
The following sections include a description of 
the hardware used for development and 
implementation details of the software. This 
includes the XML configuration options, the GPS 
recording format, the audio system for playback 
and recording, as well as the graphical user 
interface. 
 
2.1 Mobile Phone Hardware 
As Java ME was chosen as the programming 
platform, the software is only able to run on 
mobile phones supporting this platform. The 
minimum hardware requirements for Java ME are 
specified in the Connected Limited Device 
Configuration (CLDC) by Sun [5]. Additionally 
the devices may support a variety of profiles, 
which are specified in Java Specification Requests 
(JSR). Every phone must at least support the 
Mobile Information Device Profile (MIDP), 
which provides basic APIs for user interaction, 
security management and file access. Besides the 
MIDP the software presented in this paper also 
uses the following additional profiles, which are 
required to run the software: Mobile Media API 
(JSR 135) for playing and recording sound files, 
File Connection API (JSR 75) for file handling, 

Bluetooth API (JSR 82) for Bluetooth 
connectivity and Location API (JSR 179) for 
position determination. 
 
The minimum requirements to run the software 
are that the phone supports the Java Platform, 
Micro Edition with a CLDC 1.1 compatible 
hardware, MIDP Version 2.0 and the stated APIs 
(JSR 135, 75, 82 and 179). This includes most 
current phone models. For development and 
testing we selected a small sub-set of phones from 
different manufacturers. Additional constraints 
included that the devices weigh less than 130 
grams, have a decent battery capacity of over 4 
hours of active use and a memory card slot to 
store the recorded data. For development and 
debugging it was also necessary that the 
manufacturer provided the necessary SDKs and 
device emulators. Selected models included the 
Sony Ericsson W850i, Nokia N70, Nokia E50 and 
Nokia 6110 Navigator (see Figure 1). 
Additionally a standard Bluetooth headset and an 
external GPS receiver for phones without an 
internal receiver were used. 
 

 
Figure 1: The four mobile phones used for development 
and testing. From left to right: Sony Ericsson W850i, Nokia 
N70, Nokia E50 and Nokia 6110 Navigator. 
 
2.2 Software Architecture 
The main goal when designing the mobile phone 
software was to provide a flexible system that can 
be easily extended when necessary. It was 
therefore decided to split the application into 
building blocks according to the main tasks: 
  

• Acquisition and recording of the 
current GPS position and speed 

• Playback of questions and recording 
of the answers via headset 

• Providing a graphical user interface 
(GUI) to start and stop the recording 

• Providing a flexible configuration of 
questions and recording times 
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worten auf die Fragen aufzeichnen zu können. Der Speicherplatz kann intern, also fest einge-
baut, oder extern in Form einer Speicherkarte vorliegen. Hinsichtlich der Softwareschnittstellen
müssen zumindest CLDC 1.1, MIDP 2.0, Mobile Media API, FileConnection API und Bluetooth
API vorhanden sein, um in Dateien aufnehmen und eine Verbindung zu einem über Bluetooth
angebundenen GPS-Gerät aufbauen zu können.

2.2.2 Vorstellung der verwendeten Geräte

Die ersten zwei gewählten Geräte waren das Nokia N70 und das Sony-Ericsson W850i. Wesent-
lich später hinzugekommen sind die beiden weiteren Nokia-Telefone 6110 und E50, um weitere
Testobjekte zur Verfügung zu haben und die Location API einzubauen. In diesem Kapitel soll
nur auf die für die Studienarbeit relevanten Eigenschaften der vier vorgestellten Geräte einge-
gangen werden. So ist allen Mobiltelefonen ein Laufwerk für Speicherkarten gemein. Nur beim
Nokia E50 liegt keine Karte bei. Auch gibt es bei keinem Gerät eine Limitierung der Heap- und
Jar-Dateigröße, außer dem zu Verfügung stehenden Speicher. Alle Geräte basieren auf CLDC
1.1 und MIDP 2.0.

Bild 2.9: Sony Erics-
son W850i
([ses06], S.8)

Bild 2.10: Nokia
N70

[nok07b]

Bild 2.11: Nokia
E50

[nok07b]

Bild 2.12: Nokia
6110 Navigator

[nok07b]
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The architecture of the software can be seen in 
Figure 2. As the architecture was chosen in this 
way it can be easily extended by additional 
building blocks, which might include additional 
sensors or actors. The implementation of the four 
parts is explained in the sections below. 
 

 
Figure 2: The architecture of the mobile phone software is 
divided into 4 parts: XML Configuration, Audio System, 
GPS Recording and Graphical User Interface (GUI) 
 
2.3 XML Configuration 
To be able to use the system in a variety of 
scenarios and studies, it was necessary to provide 
an easy way to specify the questions and when 
they are asked. This configuration was done using 
an XML configuration file on the mobile phone, 
which specified the location of the question WAV 
or MP3 files, the time points to ask the questions, 
the length of the recordings and information about 
the storage location. Figure 3 shows an example 
configuration, which plays an announcement 
without recording at the beginning and two blocks 
of two questions each. 
 

 
Figure 3: An example XML configuration file specifying 
an introduction without recording and two blocks with two 
questions each. 
 
As the JSR for XML parsing (JSR 172) is not 
supported directly by most current phones, a small 
XML-parser had to be developed for this task. 
The implemented parser supports reading basic 
XML documents like the configuration file. Data 
fields are not supported by the parser 
implementation, as they were not used in the 
configuration file. 

 
2.4 GPS Recording 
The recording of the GPS information is an 
integral part of the software. If enabled in the 
GUI, the software acquires the GPS data from the 
receiver using either the Location API (for mobile 
phones with internal receiver) or the Bluetooth 
API (for external receivers). The data is received 
and stored in the NMEA (National Marine 
Electronics Association) GPS format [7], which 
contains the position, altitude and various 
parameters on the precision (see Figure 4).  
 

 
Figure 4: The NMEA GPS format 
 
The data is recorded with a frequency of 1 Hz, 
which is precise enough to record the position and 
speed of runners. Additionally the data stream is 
converted on the fly to the KML (Keyhole 
Markup Language) format used by Google Earth. 
 
2.5 Audio System 
The main task of the software is to ask the user 
questions and record the given answers. We 
employed the Java Mobile Media API for this 
task. The system automatically determined 
weather a headset was present and used it for 
playback and recording. The questions itself have 
to be provided as WAV or MP3 files and entered 
into the configuration file, together with the time 
when they should be played. After starting the 
system, the files are then read from the file system 
and played at the specified time points. 
Overlapping questions are automatically resolved 
by playing them in sequence (see Figure 5).  
 

 
Figure 5: Overlapping questions are played consecutively 
in the order of specification. 
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herrschen. Um eine einfach zu bedienende Benutzerschnittstelle zur Verfügung zu haben, war es
zusätzlich nötig eine Erweiterung der grafischen Benutzerschnittstelle vorzunehmen.

Bild 3.1: Struktur der Implementierung

Die Software wurde grob in zwei Schritten erstellt. Anfangs war noch kein Softwarezertifikat
für Java vorhanden. Das hatte zur Folge, dass nicht ohne die Sicherheitsfragen von JavaME in
normale Dateien gespeichert werden konnte. Um die Fragen während der Onlinebefragung zu
umgehen, war es nötig ein Speichersystem aufbauend auf der RMS API zu entwickeln. Später
war das Zertifikat verfügbar. Somit war es nicht mehr nötig dieses Speichersystem zu verwenden.
Es konnte dann auf das normale Dateisystem zugegriffen werden.

Der grundsätzliche Aufbau wird am Bild 3.1 deutlich. Er wird in diesem Kapitel noch genau
beschrieben.

3.2 XML-Parser

Für das Einlesen und Auswerten der Konfiguration und dem zusätzlichen Speichern von Zusatz-
informationen fiel die Wahl auf das Format XML. Die Java Platform, Microedition beinhaltet
einen ereignisgesteuerten Ansatz zum parsen von XML-basierten Medien, die Webservices API
(JSR 172). Diese Schnittstelle ist allerdings nicht auf jedem Mobiltelefon installiert. Aus diesem
Grund habe ich mich dazu entschlossen den Parser selbst zu erstellen.

Dieser baut aus einem XML Dokument einen Baum mit derselben hierarchischen Struktur
auf. Jeder Knoten des Baumes, also jedes XML Element kann beliebig viele Attribute und wei-
tere Elemente enthalten. Kommentiert werden kann sowohl zwischen den Elementen als auch
innerhalb der Tags. Datenfelder unterstützt der Parser hingegen nicht, weil sie weder bei den
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eine per Kabel angeschlossene oder über Bluetooth emulierte serielle Schnittstelle gesendet. Die
normale Schnittstellengeschwindigkeit ist 4800 bit/s.

Die NMEA Daten werden als einzelne Datensätze weitergereicht, die jeweils maximal 80
Zeichen lang sind und aus druckbaren ASCII Zeichen mit zusätzlich carriage return und line
feed bestehen. Sie beginnen immer mit ’$’ gefolgt von einer zwei Zeichen langen ”talker ID“
und einer drei Zeichen langen ”sentence ID“. Die ”talker ID“ beschreibt den Typ des Daten
übertragenden Gerätes, im Fall eines GPS Gerätes also GP. Die ”sentence ID“ definiert die zu
erwartende Struktur der direkt folgenden Daten.

Beispielhaft ist in Bild 3.9 der Datensatz $GPGGA gezeigt. Dieser und $GPRMC werden
als Einzige im NMEA Parser (vgl. 3.7.2, S.46) verarbeitet, da sie ausreichend sind, um Position,
Geschwindigkeit und Gültigkeit anzeigen zu können. Andere – für GPS Empfänger relevante
NMEA Sätze – beschreiben Empfangsqualität, empfangene Satelliten ($xxGSV) oder liefern
redundante Informationen.

Bild 3.9: $GPGGA Datensatz mit Position, Anzahl empfangener Satelliten und Genauigkeit

3.7.2 NMEA Parser

Der Parser wird durch die zwei Klassen NMEAParser und NMEAReader realisiert [Ben97]
[wik07c]. Letztere liest die Rohdaten aus einem InputStream ein und übergibt sie dem Par-
ser als komplette Sätze. Um ressourcensparend arbeiten zu können, wird nicht jeweils ein ein-
zelnes Zeichen ausgelesen, sondern ein Puffer benutzt. Anstatt auf genügend verfügbare Daten
zu warten, die den Puffer füllen, wird je nach momentan verfügbarer Anzahl von Zeichen aus
dem InputStream gelesen. So wird der Puffer entweder gefüllt oder nur soviel gelesen, wie
verfügbar ist. Dies minimiert das Risiko, dass die NMEA Daten erst dann ausgewertet werden
können, wenn schon teilweise neuere im Puffer sind. Bei jedem Füllen des Puffers werden die
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used this option to capture the breathing noise of the runner in order to be able to deter-
mine the respiratory frequency. 

Audio capabilities 

The audio part supports threaded playing and recording in order to allow for example 
seamless position information storing even during question units. The configuration is 
done in one single XML file. In case there is an overlap of sound files, i.e. in the event 
that the combined playback and recording duration is longer than the span to the desired 
start of the next unit, this overlap is automatically resolved. Figure 4 illustrates this fur-
ther. The order of the question units in the configuration file defines the precedence for 
the overlap resolution. 

 

Figure 4. Overlap resolution. Audio files are played in the order that is defined in the configuration file. 

The audio codec is automatically selected dependent on the sound files to play. For re-
cording, we used a codec suited for speech. We found that a bit rate of 128 kbit per sec-
ond with a sample rate of 8 kHz was sufficient for our purposes. 

GPS Integration 

GPS integration was an integral part of the software development in order to have ac-
cess to speed, altitude and position information. The software works for phone models 
with integrated GPS like the Nokia 6110 Navigator as well as with an external GPS re-
ceiver (e.g. a Nokia LD-3W) connected via Bluetooth. The GPS data is sent in an inter-
val of approximately one second, which is sufficiently precise for the purpose of re-
cording running position information. Each sample consists of longitudinal and latitu-
dinal position information, speed of movement, altitude, time information and various 
precision and validity parameters. 

The data is stored in the original NMEA (National Marine Electronics Association) 
format (Langley, 1995), as well as directly converted to the KML (Keyhole Markup 
Language) format used by Google Earth. This conversion allows for a quick and easy 
method of visualizing the run. Run parameters like speed and psychological state can be 
represented as height above ground (see Figure 5 in the results section) or color coded. 

Graphical User Interface 

The GUI that we developed extends the limited window manager provided by Java ME. 
It allows changing several configuration options, to connect to the internal or external 
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After playback the user is given some time and 
the answer is stored on the file system as a WAV 
file. When the questions overlapped the system 
automatically ensures there is enough time for an 
answer. Recording is performed with a bit rate of 
128 kbps with 8 kHz sampling rate, which was 
sufficient for the purpose. The recording can also 
be turned off in the configuration file, e.g. for the 
purpose of announcements, to give instructions or 
simply to play music. 
 
2.6 Graphical User Interface 
The graphical user interface or GUI is usually 
crucial for the acceptance of a mobile application. 
In this case however it was one of the goals that 
the system did not require any interaction with the 
user. We therefore did not employ a complicated 
GUI but focused on displaying only the most 
basic information as text. 
 
The GUI that was implemented uses the Java ME 
window manager and is able to display simple 
text messages as well as menu items. It allows to 
change various options (e.g. select the internal or 
external GPS receiver) and to display status 
information (like the current GPS position). Such 
status information is very important in the field to 
check whether the system is ready or not. Once 
the recording has been started, no further user 
interaction is required. 
  
3. Experiments 
The system we presented in this paper has been 
successfully used in a series of psychological 
studies performed in different countries around 
the world. While details of these studies are 
beyond the scope of this paper, the main 
objectives were to acquire information about the 
subjective feeling of athletes while performing a 
recreational run. 
 
The studies included three locations with a 
different number of runners participating: 
Portland, Oregon, USA (84 runners), Los 
Angeles, California, USA (61 runners) and near 
Heilbronn, Germany (286 runners). The 
participating athletes were all frequent 
recreational runners and had to perform a one-
hour run while being asked questions by the 
system. The running speed and route during the 
run were completely left to the participants, as the 
GPS allowed for a reconstruction of those 
parameters. For data collection we chose a 

Bluetooth headset and the Nokia 6110 Navigator 
cell phone, as now additional GPS receiver was 
required using this phone. The phone was fixed to 
the upper arm of the participant for optimal GPS 
reception. The system was configured to play a 
short introduction explaining the questions to the 
participants. Then questions were asked in sets of 
eight questions each. The questions included were 
designed to assess the subjective psychological 
state of the runner, including questions like “Do 
you feel motivated?”. After each question the 
participants had time to give an answer on a scale 
from 0 (not at all) to 6 (extremely). After the first 
question unit the runners were asked to start their 
run. During the run the same eight questions were 
repeated in intervals of 5 minutes. The order of 
the questions was changed in each unit. In total 13 
question units with eight answers were recorded 
for each participant.  
 
4. Results and Discussion 
We used the data collected in the psychological 
studies to evaluate the usability and reliability of 
the system. Data collection could be performed on 
all three locations without any technical problems. 
The system was easy to use and did not pose any 
usability problems to the people conducting the 
studies. After data collection the answers were 
transcribed manually and checked for missing 
answers or GPS problems. Table 1 gives an 
overview over the collected data and how much of 
the data could be used for each study. 
 
 

Location Subjects 
Audio 

samples 
usable 

GPS 
samples 
usable 

Heilbronn 286 96.6 % 98.5 % 
Los Angeles 81 93.7 % 98.4 % 
Portland 84 94.3 % 98.4 % 

 431 95.7 % 98.4 % 
Table 1: The subjects and the usable audio and GPS 
samples for each data collection location. 
 
The mobile surveying system proved to be highly 
reliable in practical use. From the 431 total 
participants only 9 people (2.1%) had to be 
excluded due to problems with the speech 
recording, while only 4 subjects (0.9%) had gaps 
in the GPS data. From the remaining 44824 audio 
samples only 1080 samples (2.4%) contained no 
answer or too much noise. 
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Missing GPS data was mostly due to a lost signal 
during the run and only occurred seldom. The 
main reason for unusable audio files was usually 
not noise as one might speculate, but most often 
that the recording did not contain any answer 
from the subject. This was mainly due to the fact 
that the runners had answered before the 
recording had started, where they should have 
waited for the signal. The situation was improved 
later in the study by reducing the time between 
question and answer recording. If the runner did 
answer the question properly the signal was 
almost always understandable. 
 
The acceptance of the system by the athletes 
participating in the studies was also very high. 
The majority of participants stated that the 
equipment was not hindering for their activity. 

Less then 5% of the subjects found the device 
distracting or uncomfortable. 
 
As the GPS data was collected during the run, it 
was possible to calculate the running speed and to 
visualize the path using Google Earth. As one 
goal of the studies was to develop a better 
understanding of the changes in motivation during 
the run we additionally employed GERVIT [5], a 
tool for visualization of other variables together 
with GPS data. With this tool it was possible to 
visualize the changing motivation of the 
participants during the run (see Figure 6 and 7). In 
the figures the changing color represents the 
perceived fatigue of the subject. Additional data, 
e.g. heart-rate can be easily integrated into the 
visualization. 

 
 

  
Figure 6: Visualization of a one-hour long example run in Portland, Oregon, USA (left) and Heilbronn, Germany (right) using 
GERVIT and Google Earth. Height represents speed, while color indicates the perceived fatigue ranging from yellow (not at 
all) to red (very). 
 
  

    
Figure 7: Visualization of a two different example runs in Los Angeles, California, USA using GERVIT and Google Earth. 
Height represents speed, while color indicates the perceived fatigue ranging from yellow (not at all) to red (very). 
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5. Summary and Conclusion 
We presented an embedded solution for real-time 
remote monitoring of physiological state and 
subjective perception for use in outdoor activities. 
The evaluation of the system in a major 
psychological study showed a high user 
acceptance and the practical usability of the 
system. The system showed an overall reliability 
of 96% for the audio and 98% for the GPS 
information. In addition to the data collection 
system we presented an easy visualization of the 
collected data together with terrain data and maps, 
which can be used to observe the changes in 
motivation during the run. 
 
Future work will focus on an extension of the 
system and further applications. As the system is 
highly modular it will be straightforward to 
integrate further sensor like heart-rate sensors or 
accelerometers. As the system is easy to configure 
with different questions, an adaption of the system 
to other applications or studies is possible without 
difficulty. Such applications might include the 
surveying during training, rehabilitation or mobile 
healthcare scenarios. Because of the 
implementation on a Smartphone, the system can 
also be extended to react to changes in the user 
state and to give instantaneous feedback to the 
user. 
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