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Abstract
By using currently popular tools like blogs or wikis and services
like social networks, the users are becoming more and more involved into the production of content instead of just consuming
it. Since those tools are familiar to the users, this can be an advantage because they do not have to get used to new tools as
they can be embedded in a kind of framework. Google Wave has
the ability to integrate nearly every content that is available in
the Internet. Another advantage of Google Wave is the fact that
the collaboration part and the social part of a Personal Learning
Environment (PLE) is an already integrated functionality.
Due to the ability of modern hand-held devices to determine
its current position, the collaboration and networking factor can
be extended by location-based services. It would be easier to
communicate or to collaborate with other people if one knows
where these persons are. People might spend less time for getting
to know about the whereabouts of fellow students if they see
who is around. Some situations can be handled more easily and
effective if there is such a location-based PLE system that allows
communication and collaboration. The implementation of an
application for the Android Operating System will be focused on
location-based scenarios for higher education. Students will have
the possibility to offer help by providing skills and to receive help
by searching for close-by people, to store and to retrieve information location-based, and to participate more active in lectures.
This improves communication between students and helps them
to improve their learning.

Contents

vii

Contents

I

1

1. Introduction

3

1.1. Objectives . . . . . . . . . . . . . . . . . . . . . . . .
1.2. Approach . . . . . . . . . . . . . . . . . . . . . . . . .
1.3. Outline . . . . . . . . . . . . . . . . . . . . . . . . . .
2. Background

9

2.1. Personal Learning Environments
2.2. Google Wave as Backend . . . . .
2.2.1. User Interface . . . . . . .
2.2.2. Embedded Waves . . . . .
2.2.3. Client-Server-Protocol . .
2.2.4. Setting-up a Server . . . .
2.3. The Android Operating System .
2.3.1. Open Handset Alliance .
2.3.2. Developing for Android .

.
.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.
.

3. Determination of Positions

9
13
16
17
18
18
19
20
20
23

3.1. Global System for Mobile Communications
3.2. Global Positioning System . . . . . . . . . .
3.2.1. Calculating the Position . . . . . . .
3.3. WiFi . . . . . . . . . . . . . . . . . . . . . . .
3.4. Comparison . . . . . . . . . . . . . . . . . .
3.4.1. GSM . . . . . . . . . . . . . . . . . .
3.4.2. GPS . . . . . . . . . . . . . . . . . . .
3.4.3. WiFi . . . . . . . . . . . . . . . . . .

.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.

.
.
.
.
.

.
.
.
.
.

.
.
.
.
.

.
.
.
.
.

.
.
.
.
.

4. Survey

4.1. Structure and Setup . . . .
4.2. Participants and Duration
4.3. Results . . . . . . . . . . .
4.3.1. Mobile Devices . .
4.3.2. Internet-Access . .

4
5
6

23
25
26
29
30
30
30
31
33

.
.
.
.
.

.
.
.
.
.

.
.
.
.
.

.
.
.
.
.

.
.
.
.
.

.
.
.
.
.

.
.
.
.
.

.
.
.
.
.

.
.
.
.
.

.
.
.
.
.

34
36
38
38
39

Contents

viii
4.3.3. Collaboration-Tools and other Services
4.4. Conclusions . . . . . . . . . . . . . . . . . . . .
4.4.1. Usage of Tools and Services . . . . . . .
4.4.2. Hardware . . . . . . . . . . . . . . . . .

.
.
.
.

.
.
.
.

.
.
.
.

5. Scenarios

40
41
42
43
45

5.1. Asking Questions . . . . . . . . . . . . . . . . . . . . 45
5.2. Searching for People . . . . . . . . . . . . . . . . . . 46
5.3. Saving and Retrieving Data . . . . . . . . . . . . . . 47

II

49

6. WaveLoc

6.1. Requirements . . . . . .
6.2. Participants of WaveLoc
6.2.1. Users . . . . . . .
6.2.2. Points of Interest
6.3. Basic Functionalities . .
6.4. User Interface . . . . . .
6.4.1. Flowchart . . . .
6.4.2. Start-Screen . . .
6.4.3. Lists of Items . .
6.4.4. Users . . . . . . .
6.4.5. Points of Interest
6.4.6. Keywords . . . .
6.4.7. Friends . . . . . .
6.4.8. Favorites . . . . .
6.5. Miscellaneous . . . . . .

51

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

7.1. Requirements . . . . . . .
7.2. Functionalities . . . . . . .
7.2.1. Web-based Services
7.2.2. API-based Services
7.3. Conclusion . . . . . . . . .

.
.
.
.
.

.
.
.
.
.

.
.
.
.
.

.
.
.
.
.

.
.
.
.
.

.
.
.
.
.

.
.
.
.
.

.
.
.
.
.

.
.
.
.
.

.
.
.
.
.

.
.
.
.
.

.
.
.
.
.

.
.
.
.
.

.
.
.
.
.

.
.
.
.
.

8.1. Server-side (WaveLoc-API) . . . . . . . . .
8.1.1. Calculation of the Distance . . . . .
8.1.2. Application Programming Interface
8.1.3. Database . . . . . . . . . . . . . . . .
8.2. Client-side (WaveLoc.apk) . . . . . . . . . .
8.2.1. Helper Classes . . . . . . . . . . . .
8.2.2. Google Maps . . . . . . . . . . . . .
8.2.3. Activities . . . . . . . . . . . . . . . .
8.2.4. Service . . . . . . . . . . . . . . . . .

.
.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.
.

7. WaveLoc-API

51
52
52
53
55
55
58
59
60
61
63
63
64
66
67
69

8. Implementation

69
70
71
73
76
77

77
80
81
85
86
86
88
89
90

"Computer-Supported Learning"
Research Group LuFG Informatik 9
RWTH Aachen University

Contents

ix
8.2.5. The Backend . . . . . . . . . . . . . . . . . . . 91
9. Wave Substitution

9.1.
9.2.
9.3.
9.4.
9.5.

93

Data Flow for Embedding Services
Server-Part . . . . . . . . . . . . . .
Client-Part . . . . . . . . . . . . . .
The WaveLoc-Chat . . . . . . . . .
Conclusion . . . . . . . . . . . . . .

.
.
.
.
.

.
.
.
.
.

.
.
.
.
.

.
.
.
.
.

.
.
.
.
.

.
.
.
.
.

.
.
.
.
.

.
.
.
.
.

.
.
.
.
.

.
.
.
.
.

10. Evaluation

10.1. Usability-Tests . .
10.1.1. First Set .
10.1.2. Second Set
10.1.3. Third Set .
10.2. Final Tests . . . .

93
94
95
95
97
99

.
.
.
.
.

.
.
.
.
.

.
.
.
.
.

.
.
.
.
.

.
.
.
.
.

.
.
.
.
.

.
.
.
.
.

.
.
.
.
.

.
.
.
.
.

.
.
.
.
.

.
.
.
.
.

.
.
.
.
.

.
.
.
.
.

.
.
.
.
.

.
.
.
.
.

.
.
.
.
.

.
.
.
.
.

.
.
.
.
.

.
.
.
.
.

.
.
.
.
.

11.1. WaveLoc . . . . . . . . . . .
11.1.1. Public Data . . . . .
11.2. Google Wave . . . . . . . . .
11.2.1. Rights Management
11.3. Conclusion . . . . . . . . . .

.
.
.
.
.

.
.
.
.
.

.
.
.
.
.

.
.
.
.
.

.
.
.
.
.

.
.
.
.
.

.
.
.
.
.

.
.
.
.
.

.
.
.
.
.

.
.
.
.
.

.
.
.
.
.

.
.
.
.
.

.
.
.
.
.

.
.
.
.
.

11. Security and Privacy

99
102
103
104
105
107

108
110
111
112
112

III

113

12. Related Work

115

12.1.
12.2.
12.3.
12.4.
12.5.
12.6.

Google Maps . . . . . . .
myREIFF . . . . . . . . .
MessageParty . . . . . .
Facebook Places . . . . .
Gowalla and Foursquare
Conclusion . . . . . . . .

13. Conclusion

.
.
.
.
.
.

.
.
.
.
.
.

.
.
.
.
.
.

.
.
.
.
.
.

.
.
.
.
.
.

.
.
.
.
.
.

.
.
.
.
.
.

.
.
.
.
.
.

.
.
.
.
.
.

.
.
.
.
.
.

.
.
.
.
.
.

.
.
.
.
.
.

.
.
.
.
.
.

.
.
.
.
.
.

.
.
.
.
.
.

.
.
.
.
.
.

115
116
118
119
119
119
121

13.1. Review . . . . . . . . . . . . . . . . . . . . . . . . . . 121
13.2. Problems and Future Work . . . . . . . . . . . . . . . 123
Appendices

125

A. Bibliography

125

B. Survey-Data

133

C. Listings

145

C.1. MySQL Database of the WaveLoc-API . . . . . . . . 145
C.2. Function to calculate distances . . . . . . . . . . . . 147
C.3. Runnable Functions for HTTP-Requests . . . . . . . 148

Contents

x
C.4.
C.5.
C.6.
C.7.
C.8.

Performing HTTP-Requests
SaxParser.java . . . . . . . .
XmlHandler.java . . . . . .
friends.java . . . . . . . . . .
WaveLocService.java . . . .

.
.
.
.
.

.
.
.
.
.

.
.
.
.
.

.
.
.
.
.

.
.
.
.
.

.
.
.
.
.

.
.
.
.
.

.
.
.
.
.

.
.
.
.
.

.
.
.
.
.

.
.
.
.
.

.
.
.
.
.

.
.
.
.
.

.
.
.
.
.

149
150
151
158
169

D. Flowchart of WaveLoc

181

E. Evaluation-Data

183

E.1.
E.2.
E.3.
E.4.
E.5.

Usability Test - First Set - Suggestions . . . .
Usability Test - Second Set - Suggestions . . .
Usability Test - Third Set - Suggestions . . . .
Implemented Changes of the First Three Sets
Implemented Changes of the Final Set . . . .

.
.
.
.
.

.
.
.
.
.

.
.
.
.
.

.
.
.
.
.

183
183
183
184
187

F. Wave API Documentation

189

G. Enclosed DVD

233

G.1. Folder-Structure . . . . . . . . . . . . . . . . . . . . . 233

"Computer-Supported Learning"
Research Group LuFG Informatik 9
RWTH Aachen University

Part I

3

Chapter 1 Introduction
In Europe, the number of the Internet users rose by 297.8%
between 2000 and 2009. In 2007, 56% of the German population
used the Internet on a daily basis [64] and in 2009, 73% of the
private households in Germany were able to access the Internet
[12]. As of June 2010, 79% of the German population are Internet
users [82]. It is obvious that the Internet becomes more and more
important. And if one takes a look at the rising amount of
mobile devices that have been sold lately, one can say that mobile
applications using the Internet are becoming more and more
important. In the second quarter of 2010, the global smart-phone
shipments rose up by 43% [47] while the shipment of Androidbased smart-phones rose up by 886% in the second quarter of
2010 [14]. According to the BITKOM [9], 10 million owners of
cell-phones (including smart-phones) make use of the Internet
capabilities of their devices (as of 2010). Applications for mobile
devices are used regularly by 4 million smart-phone owners. This
shows that there is a great potential in mobile devices, especially
for those running the Android Operating System.

Mobile Internet
becoming
important

Social networks are a huge success concerning to their customers.
According to the German StudiVZ, MeinVZ, and SchuelerVZ,
they have over 16 million registered users [65] and according to
a Facebook press release, Facebook has 500 million active users
worldwide of which 50% log in on a daily basis [23]. The people
get more and more used to online networks and online tools, in
which email, instant messaging, blogs and wikis are among the
most popular services for communication and collaboration [5].

Huge success for
social networks
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Social networks
with location-based
services

Considering these two aspects – the rising sales figures of smartphones and the success of social networks – there is a great
potential in developing applications for mobile devices that enable their users to connect to each other. Due to the capabilities of modern mobile devices, the networking-factor can be extended by utilising the functionality of those devices to determine
their current position. Thus, social networks with location-based
services can be provided to enable real-time communication and
collaboration.

1.1. Objectives
Finding people with
certain skills

The main objective of this diploma thesis is to enable students to
be aware of people and events in their proximity. In this proximity, there are other students or there are certain events taking
place. While being on the campus, one does not know who the
people are that are nearby and one does not know in which fields
of study they can provide help. Thus, there is a great but rather
unused amount of knowledge that could be utilised to help other
students understanding certain topics. Since no one announces
his/her skills, it is rather uncommon for students to ask foreign
people if they could be of help. Learning might be more effective
if one would know who to ask if one has a question concerning
a certain topic. If the announcement of skills is combined with a
location-based component, one can search for certain skills, closeby people are offering. This would ease the process of getting
to know other students and this would help utilising unused
knowledge to improve learning.

Encourage
discussions and
collaboration

By giving students the possibility to gather in a virtual room
while being close by, they can exchange information about a certain topic. Such a virtual room can be used to ask questions
about a lecture, to take notes what might be of importance, or
to exchange files. This system would enable the students to
communicate with each other and to work collaboratively in
order to improve a lecture by giving suggestions, to help others
by answering questions, or to solve given tasks.

Location-based
information

The concept of a PLE enables students to define their own objectives, to document their progress, and to work collaboratively
with fellow students. By adding location-based information to
such PLEs, documents and information can be stored locationbased. Such information can be emphasised while being close by.
This enables other students to access the data which might be of
interest and which normally would not be shared with others.
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In the following, the objectives of this diploma thesis are summarised:

• Is it possible to enable students to search for others in their
proximity who can be of help concerning a certain problem?
• Is there a way to offer students a platform which can be
used for discussions concerning a lecture or a tutorial?
• Can documents and information be stored location-based
regarding an event so that they can be accessed by others
others attending the same event?

1.2. Approach
To fulfil these objectives, an application has been implemented
that can be used on mobile devices, like smart-phones employing the Android Operating System. With an infrastructure that
provides wireless connection to the Internet, the application can
also be implemented for other mobile devices such as notebooks,
netbooks, or tablet PCs.
This application, called WaveLoc, determines the current position
of the device and displays other devices in its proximity. This
functionality can be used to get to know fellow students that
attend the same lectures or tutorials. They have the possibility
to exchange information, documents, images, or other types of
files. For every event – such as a lecture or even a spontaneous gathering of students – a virtual participant of WaveLoc
can be created. This participant is called Point of Interest. It has
a specified static position that is assigned with the certain event.
Other participants, such as students or lecturers can use this Point
of Interest to store information location-based. People who are
interested in that data are able to access it not only at that location
where it has been created but everywhere else. The difference is
that this Point of Interest is automatically emphasised if it is close
the student who is using WaveLoc.

WaveLoc’s main
functionality

This system can be used to motivate the students to participate
more and actively in lectures or tutorials. There is no need to ask
questions in front of the whole class, one might be ashamed of.
Some lecture halls are also not suitable for interaction between
the audience and the lecturer just because of the measurements
of the room [11]. The comments, questions, or answers given
from the students by using WaveLoc, can be used to improve the
knowledge of the students and also to improve the lecture itself.
Often, the lecturers might not know that the students may have

Motivate students
to participate
actively
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problems understanding a certain topic because there is a lack of
feedback.
WaveLoc’s second
functionality: skills

A second utilisation of WaveLoc is that every participant is
able to offer help to others by publishing his/her skills. Other
students can now search for these skills if they have any problem
understanding a certain topic. The presented results are those
participants that are close by and that have the skills, one was
searching for. Using this functionality, students can help each
other to solve problems.

Google Wave . . .

As backend for WaveLoc, the service Google Wave1 is used to
handle the saved data. Wave is a service that enables people to
work collaboratively and to share information with each other.
Such a system can be used as a so-called Personal Learning
Environment to support the students in their learning as stated
by Speicher [62].

. . . discontinued

Due to Google’s announcement in August 2010 to discontinue the
development of Wave [70], a simple possibility has been implemented to be able to replace the backend. As of August 2010, it
is not clear how the future of Google Wave looks like. Google
announced to shut down the servers at the beginning of 2011 but
also to transfer some functionalities of Wave to other products.
Since some parts of the service have been released as open source,
there is a good possibility that similar services will be available,
developed by the open source community.

1.3. Outline
The following chapter 2 describing the background techniques
that are required for implementing the application WaveLoc. In
detail, this chapter explains what is meant by the term PLE, how
the service Google Wave can be used as such a PLE, and how to
implement applications for the Android Operating System (OS).
For a location-based service it is obviously crucial to determine
the position of the participant’s mobile devices. The techniques
to accomplish this can be found in chapter 3.
In order to deploy such an application as WaveLoc, the students
are required to own mobile devices. There is also the need that
they have mobile access to the Internet. A survey was conducted
1 http://wave.google.com
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to check, if this is the case with students of the RWTH Aachen
University. The results are presented in chapter 4.
Possible scenarios of how WaveLoc can be used in higher education can be found in chapter 5.
The second part begins by describing the functionalities of the
application WaveLoc and of the underlying Application Programming Interface (API) that is used for the communication
between the clients and the server. This can be found in the chapters 6 and 7. Details of the actual implementation of both parts
are described in chapter 8.
As mentioned, Google announced to not continue developing
Google Wave. Thus, there has to be a substitution that can replace
Wave as a PLE embedded in WaveLoc. To proof that it is easily
possible to replace Google Wave as backend of WaveLoc, a rudimentary chat was implemented that is currently used as alternative backend of WaveLoc. Chapter 9 contains detailed information about this substitution.
To check if the usability of WaveLoc is intuitive, four user-tests
have been conducted. The results of those tests and the suggested
/ implemented changes to WaveLoc can be found in chapter 10.
Chapter 11 discusses the privacy of the information, the users
provide to the proposed system and why as many information as
possible should be kept private.
The third and final part of this diploma thesis begins with the
chapter 12 describing related work and pointing out their differences to WaveLoc. These are services that also utilise the current
location of the devices to exchange information between users.
The last chapter 13 of this part contains the conclusion summarising the work and giving an outline to future work.
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Chapter 2 Background
“The most compelling argument for the PLE is to
develop educational technology which can respond to the
way people are using technology for learning and which
allows them to themselves shape their own learning spaces,
to form and join communities and to create, consume,
remix, and share material.”
—Graham Attwell
This chapter provides background information on the main three
topics on which this diploma thesis is based. First, the idea of
a Personal Learning Environment is explained. It is shown how
such a system can help the learner to organise, share, and publish
the information. Afterwards, the functionalities of Google Wave
are explained. It is shown that Wave can be used as a basis of a
PLE by extending its functionalities. At the end of this chapter,
a short introduction to the Android Operating System is given.
This is a relatively new OS (released in 2008) which is utilised
by mobile devices such as smart-phones or tablet PCs. The application WaveLoc that was implemented during this diploma thesis
runs on Android because this is a promising [14] open source
system and one can develop for it without being charged – in
contrast to developing for the iPhone [40].

2.1. Personal Learning Environments
A Personal Learning Environment is designed to enable its users
to communicate with each other and to keep track of their current
state of learning. Wilson [80] defines PLEs as a type of e-learning
system that is structured on a model of e-learning itself rather
than a model of the institution. They are concerned with the
coordination of the connections made by the learner with units

Wilson’s definition
of PLEs
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and agents across a wide range of systems and are envisaged
primarily as open systems.
The learner is responsible to document the current state of
learning as well as the objectives that have to be achieved. The
purpose of a PLE is to support the users in such a way that they
are in control of their own speed of learning and of the contents
they will learn.
There are several reasons why there is a need for a new learning
environment. Currently, . . .
there exists nearly no live-long learning process
learning is almost informal
there are different styles of learning
people have a different speed of learning or different
priorities
• there is different previous knowledge

•
•
•
•

Formal and
informal learning

The learners should also be able to define their educational
objectives on their own and to collaborate with others. This
is especially important if one considers that further learning is
rather informal than formal. Only 10% to 20% of what people
are learning at work is formal like advanced vocational training.
The rest of 80% to 90% is informal learning [77] [36]. Thus, this
informal learning should be assisted.

PLE as one
application

There is no explicit definition of the term PLE but there are
different approaches of what a PLE can look like. Van Harmelen
[72] defines PLEs as systems that help the learner to manage their
own learning and to take control over it. They are able to set their
own learning goals to be responsible for the content and the process of how it is gathered, and to communicate with others in
the process of learning. Van Harmelen [71] also tries to define
dimensions that characterise the space of PLEs. He tries to group
existing PLE systems according to their characteristics, e.g. if they
are collaborative, personalisable, or if they are open or closed
according to extensions.

PLE as collection
of tools

Existing solutions for PLE systems are for example Colloquia
[46], PLEF [15], or PLEX [57]. But those solutions are standalone
systems with no other purpose than to be a PLE. These are complete new systems, a student has to get to know. It is not that
common for a student to use such a system in his/her spare-time.
Thus, Attwell [7] proposed that a PLE should not be one piece of
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software but rather a selection of those tools and services that
can be used in the everyday-life of the learner. These tools are
e.g. blogs, wikis, social networks, social bookmarking services,
instant messaging, emails and so on. Since the learner knows
how to use those tools and systems, it is of advantage if a PLE
consists of those known applications and services. So there are
some parts, the user is familiar with. One does not need to
familiarise with a completely new system. Such a collection of
everyday-tools which a student uses for learning is seen as the
second kind of PLEs. But it can not be generalised which application exactly is part of such a PLE, it depends on the personal
needs of every user. Attwell [7] gave examples of tools like a
word processor, an email client, some audio, video, and image
editors, a weblog client and some other tools.
Attwell et al. [8] proposed a list of nine functions, a PLE should
be capable of. No matter which applications are part of a PLE:
Access/Search

for information and knowledge

Aggregate and Scaffold

by
combining
knowledge

Manipulate

to rearrange and re-purpose knowledge
artefacts

Analyse

to develop knowledge

Reflect

to seek clarification and to form and
defend opinions

Present

to show ones solution to other people

Represent

to show the deeper knowledge structures behind different artefacts

Share

to support others in their learning and
knowledge

information

and

Network with other people by creating a collaborative learning
environment
He also states that there should be no right or wrong of how a
PLE has to look like. The learner should define, which tools and
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services belong to such a system. The figures 2.11 and 2.22 show
different collections of tools and services. It only depends on who
is using the PLE.

Figure 2.1.: The Personal Learning Environment of the flickr-user
GretchensFrage

PLE for real-time
collaboration

Speicher [62, page 13] stated that presenting and representing
content is tightly affiliated to collaboration and group work.
Thus, Real-Time Collaboration has to be added to the list of
functionalities of a PLE. This enables the learners to work together on a document without being physically close by. This
functionality can be added to a PLE by using Google Wave as the
basis.

Google Wave as
PLE

For this diploma thesis, Google Wave is used as a PLE that is
embedded into WaveLoc which has been implemented during
this diploma thesis. Speicher [62] showed that Wave is capable of
being the basis to build a PLE upon. For that project, an extension
to Google Wave (see chapter 2.2) has been implemented to add
further functionalities to Wave, such as the possibility to easily
gather information and to share content. A slightly different
1 Source:

http://www.flickr.com/photos/gretchensfrage/3379888408/
http://www.dontwasteyourtime.co.uk/web-2-0/ple-personallearning-environment-whats-yours-like/

2 Source:
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Figure 2.2.: The Personal Learning Environment of David Hopkins

approach of how to implement a PLE that consists of Waves
is currently under development by Hoellger [37]. This ongoing
work also uses Google Wave as basis. The different functionalities that the user wants to add to a PLE are all embedded into
different Waves, not in just one Wave.

2.2. Google Wave as Backend
To display localised information, there needs to be a backend to
maintain all the data. Google Wave that can be used as backend
for WaveLoc, is designed for easy and extensible communication
and collaboration. The Wave developers at Google asked themselves the question “what would email look like if it was invented
today?” [33]. When email has been invented, there haven’t been
such services or applications as instant messaging, wikis or blogs
to work collaboratively when using a computer. The intention of
Wave is to combine the advantages of many popular tools that are
used today like social networks or social bookmarking services.
The participants of a wave, possibly being at different locations,
can see every change that is made to it in real-time. This allows

Collaborative work
with Google Wave
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many people to work on a document collaboratively. There are
no conflicts that might appear if a sentence is edited by more than
one person.
Explanation of
terms concerning
Google Wave

The terms Google Wave or Wave are used as synonyms for the
service or the protocol itself, while the lowercased term wave denotes a thread that contains the whole conversation between the
participants. This can be seen as an email conversation about one
topic. Other terms that are often used while speaking about Wave
are Wavelet and Blip. A wavelet can represent the whole conversation inside a wave. But there may also be private replies somewhere inside that wavelet that are also called wavelets. Thus, a
wavelet represents the conversation between a certain group of
participants and might contain other wavelets. A blip is a single
message inside the wavelets (see figure 2.33 ).

Figure 2.3.: The entities of Wave

Organising
messages

The messages are organised in a tree-like structure similar to
newsgroups. Every participant of a certain wave can reply to
every wavelet in that wave he/she is participant of, no matter
when it was written. There is no possibility to to reply to
messages of private wavelets if one is no participant. A private wavelet is a reply to a blip that can not be seen by every
participant of the wave. Such a wavelet maintains its own set of
participants, unaffected by the main wavelet.

Playback and other
features

The structure of such a wave can get very complex. To keep track
of the changes, the Playback-feature can be used. It allows its users
to skip through every revision of the current document from the
3 Source:

http://code.google.com/apis/wave/guide.html

"Computer-Supported Learning"
Research Group LuFG Informatik 9
RWTH Aachen University

2.2. Google Wave as Backend

15

creation of the first blip to the current state [78]. This is a useful
feature for users that are invited during the process of the conversation. Those users can see when a message was posted or what
was edited or deleted. The list of features that Wave offers are
not static. The functionality of Google Wave can be extended by
every participant by adding Gadgets and Robots [31]:
Gadgets Gadgets can be placed within a wave. One wave can
contain multiple instances of one gadget. They only have a
limited visibility into a wave. They can only detect changes
made by the wave’s participants. A gadget can not modify
robots.
Robots Robots act as automated participants of the wave they
were added to. They can interact with the other users or fulfil automated tasks. There can only be a single instance of a
robot in one wave but one wave might have many different
robots. A gadget can be modified by a robot.
Examples for gadgets are the Google Maps gadget which enables
the user to add a map to the wave or the Yes/No/Maybe gadget.
The latter one can for example ease and visualise a poll (see figure
2.44 ).

Gadgets

Figure 2.4.: The Google Wave-Yes/No/Maybe-Gadget

An example for a robot is the Wave XMPP Bot [76]. It can be added
to a wave as a normal participant and can also take part in the
normal conversation. This specific robot is used to send updates
of the wave via XMPP or Jabber, respectively. XMPP is an instant
messaging protocol that has been developed by an open source
community to be used for real-time instant messaging [1]. To
receive updates, the users can subscribe to that robot (see figure
2.5) by clicking on a button that is provided by the XMPP Bot.

4 Source:

http://wave.google.com/intl/en/using-wave.html

Robots
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Figure 2.5.: The Wave XMPP Bot

2.2.1. User Interface
User Interface of
Google Wave

In the User Interface (UI) of Google Wave, there are four containers that are similar to windows of a regular Operating System
that can be used on a desktop computer. They are packed full
of information (see figure 2.6). On the left, there are two containers, one for the contact-list and one for the navigation. That
navigation window takes care of the settings and the folders in
which the waves can be put. In the middle there is a container for
lists of waves. Which list is shown depends on the folder that is
selected in the navigation. By default, the inbox is displayed. All
the waves that have been altered since the last visit are emphasised by a bold title. With a click on such a wave, the content of it
is displayed on the right side of the interface. On the top of this
wave container, one can see the participants. Others can be added
at each point in time. Beneath the participants there is the conversation. This complete conversation including its participants
is called wave. The branch of the conversation that is accessible
by the participants of the wave is called wavelet. A private reply
that does not necessarily contain all the participants is also called
wavelet. A single message is called blip (see figure 2.6).

Figure 2.6.: The User Interface of Google Wave
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To create a new blip, one can click on the bottom of each message.
After that, a form is displayed that offers some buttons to style
the text and to add gadgets. Figure 2.7 depicts the functions that
can be used to create a blip. There is the possibility to add items
found via the Google Search, to add the Yes-No-Maybe gadget,
to add a Google Map, to embed a video-conference, etc., and to
style the text.
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Creating a blip

Figure 2.7.: Creating and editing a blip

2.2.2. Embedded Waves
Google Wave is not just a website to exchange information and
data. The information of a wave can be displayed on every other
website. This is done by embedding that wave into e.g. a Wordpress5 blog (see figure 2.8). Thus, a wave can be used as a backend that is responsible for the maintenance of the content. This
content is not stored on the server on which the websites runs that
embeds the wave. It is stored on the server that hosts the wave,
e.g. Google (see chapter 2.2.4). The advantage of this approach
is that the content is always kept consistent, no matter into how
many different places, a wave is embedded. If a change will be
made to a wave that is embedded into website A, this change will
be shown instantly on every other website B where this wave is
also embedded.
Another advantage is that embedded waves can be adjusted visually to fit into the design of the rest of the website. One can
change the measurements of the wave, the background colour,
and also the font-face and -size.

5 http://wordpress.org

Embedding waves
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Figure 2.8.: A wave embedded into a Wordpress blog

2.2.3. Client-Server-Protocol
Google announced in the presentation of Wave that there will
be a client-server protocol [32]. With such, there would be the
possibility to implement applications that are able to communicate directly with the Wave server without the need to use a web
interface. As of August 2010, there is no functioning version of
that protocol. Thus, there is no possibility for a client-application
that to communicate natively with a Wave server.

2.2.4. Setting-up a Server
Wave protocol

Wave is intended to be an open protocol, provided by Google.
Thus, it is possible to set up own servers that can communicate
with each other using the Federation Protocol6 . This is done by
employing an XMPP server, like OpenFire7 , that is extended by
the Google Wave Federation Prototype Server (FedOne).

Maintaining users
and data

Every Wave server can maintain its own set of users. There is no
global server that is responsible for every user that participates in
Wave. The users are maintained decentralised. But those servers
do not only manage users, they are also responsible for managing
the data of the waves their users are participating in. A copy of

6 http://www.waveprotocol.org/

7 http://www.igniterealtime.org/projects/openfire
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a wave is transmitted to all the server that are responsible for the
participants of it (see figure 2.9).

Figure 2.9.: Collaborating with Google Wave using different server

Example. A user U1 creates a wave on server S A . This wave
is now stored exclusively on that server S A . U1 now adds some
other participants of the servers SB and SC into that wave. A
copy of this is now transmitted to those two other servers. S A
still keeps the status of a master server for that wave. If any inconsistencies occur, the copy of S A is used as reference. Changes
that are made to the wave are exchanged between the servers S A ,
SB , and SC .
It is obvious that the whole content which is produced while
using Wave can be kept exclusively on one server or inside a
company, respectively. It solely depends on the participants to
control where the wave is also stored.
The interface of the FedOne is currently text-/console-based [17],
since this is intended to be a proof of concept. It is not clear if
Google will release the Graphical User Interface (GUI) of Wave
as open source and if there will be the possibility to run different
User Interfaces on an own server.

2.3. The Android Operating System
Android is a new Operating System, initially developed by the
Android Inc., a company which later has been purchased by
Google. This chapter gives a brief overview of the capabilities
and the features of Android for which WaveLoc has been implemented.
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2.3.1. Open Handset Alliance
Members of the
Open Handset
Alliance

The Android Operating System is the first project of the Open
Handset Alliance (OHA)8 . This is an alliance of 76 companies (as
of August 2010) to create open products. There are different kinds
of members, such as mobile operators, handset manufacturers,
semiconductor companies, software companies, and commercialisation companies. Examples for companies are Sprint Nextel,
HTC Corporation, Intel Corporation, Google Inc., or Wipro Technologies. Such an alliance has several advantages, like cheaper products or shorter reaction-time on customer demands.

Versions of Android

The OHA released the first Software Development Kit (SDK) for
Android in 2007. In October 2008, the first version of the Android
OS was released as open source under the Apache license, version 29 . Since then, seven further versions have been released. As
of August 2010, the current version is 2.2, also known as Froyo
which has been released in May 2010.

2.3.2. Developing for Android
Java applications
on Android

Android is built on the Linux kernel and uses the Dalvik Virtual Machine (VM)10 to run applications that are written in Java.
The Dalvik VM is developed by Google and is optimised for
low memory requirements to run performant on mobile devices
such as smart-phones. The free downloadable SDK for Android
allows anyone to implement applications for Android devices.
This operating system is designed to be used on lightweight
mobile devices, such as mobile phones or tablet PCs or even on
stationary devices such as TV sets.

Using features of
mobile devices

Using the Android SDK [4], the developer is able to implement
applications that can use the features of common mobile devices,
e.g. Wireless Fidelity (WiFi), the camera, the memory card, or
sensors like gyroscopes, accelerometres, or orientation sensors.
To be able to use a feature, the application requires the appropriate permissions. This can be done in the Manifest.xml of an
Android project. Every permission that is granted will result in
a message that is shown to the user while installing this application.
8 http://www.openhandsetalliance.com
9 http://www.apache.org/licenses

10 http://www.dalvikvm.com
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A standard Android application contains one or more activities.
Such an activity displays a window on which the developer
can put some User Interface elements, e.g. buttons, text fields,
images, or lists. The UI elements are defined in layout files that
are displayed by the certain activity class. Such an activity is
only active when it is displayed. The other ones are paused,
stopped, or destroyed, depending on the memory management
of the Android OS and how the developers have implemented
the certain applications. A detailed explanation of the lifecycle
gives the figure 2.1011 .

Figure 2.10.: The Android activity lifecycle

The biggest problem of Android developers is the segmentation.
Since there are so many different releases of the OS, it is difficult
to use new features and to implement applications for every platform version at the same time. As depicted in figure 2.11, the
API undergoes several changes, each time a new version is released. Thus, the developer has to decide for which version
he/she wants to develop. Every two weeks, the access data of
11 Source:

http://developer.android.com/guide/topics/fundamentals.html
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the Android Market is analysed to show, by how many people a
certain Android version is used. As of August 2010, more than
55% use the version 2.1 (a.k.a Eclair). And this number is rapidly
growing [6]. So it should be no great problem to develop applications that are based on Android version 2.1. According to Andy
Rubin, Vice President of Engineering for Android at Google, the
product cycle of Android will end up being once a year [48] to
reduce the segmentation.

Figure 2.11.: The amount of changes (additions, changes, removals), the
Android API undergoes from level x to level y
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Chapter 3 Determination
Positions

of

The most crucial part of a location-based application is to determine the current position of the device it is running on.
The whereabouts of a person is a private information. But
according to Smailagic and Kogan [60], the users are likely to
transmit their position, especially students seem to have only
few problems with this [73]. To determine one’s position, there
are several approaches, three important methods are described
in this chapter.

3.1. Global System for Mobile
Communications
The Global System for Mobile Communications (GSM) offers the
easiest and cheapest way for a mobile phone to determine its
position. There are several ways to locate ones position using
this system. But for most of them, additional infrastructure hardware or hardware on the client-side is required [19]. Since regular smart-phones are used, the presented methods to localise ones
position do not require additional hardware. Such devices mostly
have all the capabilities that are required to determine their positions, like GSM, WiFi, or GPS.

GSM

Cell Of Origin (COO) is the easiest way to determine the current
position of a device. It bases on the position of the Base
Transceiver Station (BTS) that is located in the centre of such a
cell. This position is assumed to be the position of the mobile
device (see figure 3.1). Since the radius of a cell can be between
some hundred metres and 35 kilometres, it is obvious that no
exact determination of the current location can be done inside a
cell (see chapter 8.2.1). The size of a cell depends on the assumed

Cell Of Origin
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amount of people that are using this BTS. In city areas, the cells
are smaller while in rural areas, the cells are larger.

Figure 3.1.: The BTS, the mobile phone is connected to, is assumed to be
its position

Cell Selector

There are two improvements to this COO approach. The first
one is Cell Sector (CS). The Base Transceiver Station utilises three
antennas transmitting on different frequencies instead of one
single antenna. The cell is now divided into three parts, each of
120 degrees. It can be determined in which of those three parts
the mobile-phone is located (see figure 3.2) by analysing the used
frequency. Thus, the positioning is three times as accurate as normal COO.

Figure 3.2.: Cell of Origin with three cell sectors, each of 120 degrees
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The second improvement is the Received Signal Strength (RSS).
The strength of the signal, the mobile-phone receives from the
BTS is used to assume a distance to that BTS. The distance can
not be determined exactly because the strength of the signal is
not that consistent. It can be blocked by objects and it obviously
is worse if the device is located inside a building than it is located
outside. By using these three methods at once, a small area will
remain, where the mobile device might be located (see figure 3.3).

25
Received Signal
Strength

Figure 3.3.: Cell of Origin with three cell sectors and an assumed signal
strength

3.2. Global Positioning System
The Global Positioning System (GPS) is a system that determines
the position of a receiver in the three-dimensional space. Between
1978 and 1985, eleven satellites of the first generation were sent
into orbit. In 1989, the first GPS satellite of the second generation
and in 1994, the 24th one was launched. The system requires 24
satellites to be fully operational which has been declared in 1996
[56, appendix B]. To determine ones position on the surface of the
Earth, at least three satellites have to be in a line of sight if one
takes into account that no errors are made (see chapter 3.2.1). In
reality this is not applicable: to determine ones position on the
Earth, four satellites are required and to determine the position
of an object with a different altitude, a fifth one is needed. 24
of those GPS satellites are required to ensure that at least four
satellites can be used to determine the position at each location
on Earth. In 2008, 32 satellites were active. The system is more

History of GPS
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robust if there are more satellites in space than needed. Also,
not every satellite that is in the line of sight can be used, only if
its elevation is greater than approximately 25 degrees (see figure
3.4) [45]. This is due to refraction effects like ray bending and
propagation delays when the signals are passing through the atmosphere.

Figure 3.4.: At least four satellites have to be in the line of sight (approx.
elevation of 25 degrees)

Military and civilian
usage

While the predecessors of GPS were solely developed as military
projects as guidance system for missiles, GPS also got a civilian
application. The part of the signal that is reserved for military use
is encrypted and allows to calculate a more exact position. The
exact accuracy is not publicly known. Until the year 2000, the
civilian part of the signal has been artificially worsened (Selective
Availability). This lead to an accuracy of the positioning of about
100 metres. After this Selective Availability was turned off, the
precision improved to about 20 metres. Currently, an accuracy of
about 5 metres can be achieved [81].

3.2.1. Calculating the Position
Asynchronous
clocks

This section explains the mathematical background on how to
calculate the actual position of one’s device [34]. As already mentioned, one requires at least three satellites to calculate the current
position if no errors were made by the device. Such an error results from asynchronous clocks. Each signal that is sent from a
satellite to the receivers describes the current time (each satellite
utilises up to four atomic clocks), the position of the satellite and
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other information that are saved on the device to ease further calculations. If a signal has been sent at time t0 and is received at
time t1 , the distance r to the satellite can be calculated as follows:
r = ( t1 − t0 ) ∗ c

(3.1)

c denotes the speed of light with which the signal is assumed to
travel. Now, the receiver knows that its position is somewhere
on the hull of the sphere around the position of the first satellite
which has a radius of r. Calculating the distance to the second one
reduces the possible position to a circle (see figure 3.5) in which
the two hulls of the spheres intersect.

Figure 3.5.: Two intersecting spheres. The possible locations are reduced
to a circle (blue).

The sphere around the third satellite now intersects the circle in
mostly two points, which are possible current positions. To determine the correct one, either the surface of the Earth is taken
as the fourth sphere or a fourth satellite is needed. Which one
of the two possibilities is used, depends on the application itself. Receivers that are build for cars or for smart-phones use
the sphere of the Earth because it is common that those devices
are used on the surface of the Earth. To get it more precise, an
ellipsoid that represents the Earth – called the WGS-84 ellipsoid
[18] – is used instead of a sphere. Other devices, such as used
in planes, might use a fourth satellite to determine their position.
That fourth sphere or ellipsoid intersects one of the two locations
(see figure 3.6) and thereby determines the exact position.

The fourth sphere
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Figure 3.6.: The remaining circle intersecting the third sphere.
possible locations are reduced to two (red dots).

Deviation due to
unprecise clocks

The

This system requires very precise clocks in every participating
device, like those that are built-in into the GPS satellites. But
such clocks employed by the receivers are mostly not that precise because atomic clocks are too expensive [68] and they are not
developed for the mass market. If one takes into account that a
small difference in the actual time and the time of the clock of the
receiver can result in a great difference of distances (assuming c to
be 300, 000 km
s in vacuum), precise timing is crucial. The deviation
can be calculated as follows:

300, 000

m
m
km
= 300, 000
= 300
s
ms
µs

(3.2)

That means that there is a deviation of 300 metres for every µs, the
current time of the receiver differs from the current time of the
satellite. Thus, there has to be another possibility to solve that
time problem. This is done by using a forth or a fifth satellite,
respectively, to calculate the difference in timing between the
satellite and the receiver. As already mentioned, the spheres of
three satellites provide two possible locations. Due to the timeinaccuracy, both of those positions might not be located on Earth.
Nevertheless, one of the two locations should be intersected by
the sphere of the fourth satellite. But this is rather uncommon due
to the timing problem. The receiver now calculates the distance d
– which represents the difference in time – between the sphere of
the fourth satellite and the nearest of the two possible locations.
Using that distance, the time of the receiver can be adjusted by an
offset tr :
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tr = d/c

(3.3)

The further determinations of the current position is made using
the adjusted time.
Apart from GPS, there are some other satellite positioning systems, like the Russian GLONASS [28], the Chinese Compass [16]
or the European Galileo [20]. But except from GLONASS, none of
the other systems is fully operational on a global basis. Compass
only works in the Chinese area and Galileo is currently being set
up (as of 2010).

Other satellite
positioning
systems

3.3. WiFi
The third variant to determine ones position that is used in this
diploma thesis is positioning using WiFi signals. There are some
approaches, like the Google Gear Geolocation API [26]. By scanning for WiFi networks, Google located WiFi access points using
their Street View cars [53]. Another possibility to track WiFi access
points is to utilise the GPS functionality of Android devices. If
those mobile devices are able to determine their exact position,
the IDs of the received access points are sent to Google to be saved
in their database. To request its current location, a device sends a
request to the Google servers. This request contains a list of the
IDs of the WiFi access points that the device currently receives.
Google now tries to find those access points in the database to
get their geo-location (longitude/latitude). Using that data, the
approximate location of the device [21] will be triangulated. This
system allows an accuracy of about 200 metres [2]. The obvious
disadvantage is that the location of the WiFi access points is not
determined exactly. It is only assumed because GPS does not
work inside of buildings.

Google’s WiFi
positioning system

Another approach, the WiFiLoc positioning system, is implemented
to determine ones indoor location using a smart-phone. This
system is specialised on indoor positioning. Therefore, a comprehensive WiFi infrastructure is needed. For this system, measured points are located in certain distances inside the regarding
building. At those points, fingerprints are taken to characterise
them according to the signal strength of the received access
points. The position at which such a fingerprint is generated
is called reference point or training point. All these data-sets of
these points together with their certain longitude and latitude are

Indoor WiFi
positioning
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stored in a database that is saved on every smart-phone that employs the system. Those phones now locate themselves by comparing the currently received signals with the fingerprints. The
fingerprint of that reference point that is most similar to the received signals is assumed to be closest to the current position.
The longitude and latitude of that reference point is provided to
the user as the result of the positioning routine. Depending on
the infrastructure and the distance between the reference points,
an accuracy of about 2-5 metres can be achieved [29].
In this diploma thesis, the WiFiLoc positioning system is used as
synonym for WiFi positioning.

3.4. Comparison
There are advantages and disadvantages in every of the three
methods to determine ones position.

3.4.1. GSM
Advantages

• No additional hardware needed
• No extra power consumption
• Available inside and outside of buildings
Disadvantages

• Not very accurate
• The telco has to provide that information

3.4.2. GPS
Advantages

• Very accurate
• The device determines the position on its own
• Available worldwide
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3.4. Comparison
Disadvantages

• Only available outside of buildings
• Additional hardware is needed
• Consumes additional power

3.4.3. WiFi
Advantages

• Very accurate
• The device determines the position on its own
• The system is implemented to determine the position inside
of buildings

Disadvantages

• A comprehensive infrastructure is needed
• Pre-computations have to be made to set up the system
• A WiFi-enabled device is needed
It is obvious that there is no best method for every situation.
Thus, WaveLoc tries to employ the best method that is available at a certain point in time. The smart-phone determines on
its own, whether GPS or GSM positioning is available. One of
those two methods is used if no WiFi positioning is available.
This method will be chosen over the other two methods since it
is more reliable inside of buildings.
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Chapter 4 Survey
At the beginning of the diploma thesis, there was a need to determine which kinds of mobile devices are owned by the students,
or if they own such devices, anyway. This question is important
because the implemented application WaveLoc bases on smartphones employing the Android OS. Another interesting subject
to determine was, how our students access the Internet with their
mobile devices. For the implementation of an application that
needs access to the Internet, it is required to know if the students
use WiFi or 3G (UMTS or CDMA2000 [58]) to go online or if their
devices are able to access the Internet at all. This is interesting
because there might be the need to provide a WiFi infrastructure
if only few students are able to access the Internet via 3G. The
last subject that had be to determined was, which kinds of tools
and services are used by our students to keep their information
organised, to share information, or to work collaboratively with
fellow students or other persons.
It is required to know if a given WiFi infrastructure is needed to
make the students use the Internet functionalities of their mobile
devices or if they handle such things on their own by concluding
a contract for a 3G data plan. To implement the right features, it
is also important to know which kinds of tools and services the
students use to adjust the application accordingly.
To determine such topics, an online survey has been conducted
using the service survey gizmo1 . It contains 23 questions about
the mentioned matter. The detailed structure is described in
the following section. After that, the results are shown and
discussed.

1 http://www.surveygizmo.com

Reasons for a
survey

Chapter 4. Survey

34

4.1. Structure and Setup
Different groups of
questions

The survey is roughly grouped into six different parts. The first
one contains personal questions, the second part deals with the
students’ use of mobile devices and how they access the Internet.
The third part is about which services, tools, and social networks,
like Twitter2 , Google Maps3 , or Facebook4 are known and/or
used by the students. The fourth part deals with which tools
and services the students use and with whom they use those
tools to work together collaboratively. The fifth part is about
Personal Learning Environments. The question is which portals
are known to the students and which of them are actually used.
Miscellaneous questions are gathered in the last part.
In this survey, not every question was mandatory. Some
questions were required for every participant.
But other
questions were simply useless to be asked, e.g. “Which mobile
Internet connection do you use and how often?” if the participant
did not own a mobile device. Such a question was not mandatory.
Since not every student at the RWTH Aachen University is
capable of speaking German fluently, an equivalent English version of the survey was set up in order to not put those students at
a disadvantage. In the following, the German questions and the
corresponding English questions are presented. The complete set
of answers can be found in appendix B:

Personal questions

• Studienrichtung
Area of study
• Fachsemester
Semester
• Geschlecht
Sex
• Geburtsjahr
Year of birth

2 http://www.twitter.com

3 http://maps.google.com

4 http://www..facebook.com
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4.1. Structure and Setup
Mobile Internet usage

• Besitzen Sie eines oder mehrere der folgenden Geräte oder
ein ähnliches?
Do you posses any of the following devices or a similar one?
• Besitzen Sie einen Laptop, ein Notebook oder ein Netbook?
Do you posses a Laptop, Notebook, or Netbook?
• Greifen Sie mit ihrem mobilen Gerät auf Internetdienste
zu? (Wie zum Beispiel StudiVZ, Facebook, Twitter, E-Mail,
Instant Messaging (ICQ, Jabber), usw.)
Do you use your mobile device to access any Internet
services? (Like StudiVZ, Facebook, Twitter, E-Mail, Instant
Messaging (ICQ, Jabber), etc.)
• Welche mobile Internetverbindungen benutzen Sie und wie
häufig?
Which mobile Internet connection do you use and how
often?
• Besitzen Sie einen Datentarif?
Do you have a data plan?

Services and tools

• Benutzen Sie die folgenden Dienste?
Do you use any of the following services?
• Welche Dienste benutzen Sie sonst noch?
List any additional social networks you use.
• Besitzen Sie einen aktiv genutzten Account bei den folgenden Diensten?
Do you have an actively used account with the following
services?
• Benutzen Sie ihren echten Namen in Sozialen Netzwerken,
also kein Pseudonym?
Do you use your real name in social networks?
• Wie viele Freunde haben Sie in Sozialen Netzwerken im
Durchschnitt?
How many friends do you have in your social networks in
average?
• Auf wie vielen Fotos wurden Sie im Durchschnitt in
Sozialen Netzwerken verlinkt?
On how many pictures are you linked in your social networks in average?
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Collaboration

• Benutzen Sie die folgenden Werkzeuge zur Zusammenarbeit?
Do you use any of the following collaboration tools?
• Welche anderen Werkzeuge zur Zusammenarbeit benutzen
Sie?
List any additional collaboration tools you use.
• Mit wem benutzen Sie folgende Werkzeuge zur
Zusammenarbeit?
With whom do you use any of the following collaboration
tools?

Personalised Internet portals

• Benutzen Sie die folgenden personalisierten Internetportale?
Do you use any of the following personalised Internet
portals?
• Welche anderen personalisierten Internetportale benutzen
Sie?
List any additional personalised Internet portals you use.

Miscellaneous

• Benutzen oder kennen Sie die folgende Dienste / Aktivitäten?
Do you use and / or know any of the following services /
activities?
• Können Sie sich unter dem Begriff ‘Personal Learning
Environment’ (Personalisierte Lernumgebung) etwas
vorstellen?
Do you know what is meant by the term ‘Personal Learning
Environment’?
• Kommentare
Comments

4.2. Participants and Duration
The survey has been started on the 14th of April 2010 and it was
planned to be finished at the 25th of April 2010. But since there
was the possibility to get a larger amount of additional data-sets,
it has been kept open until the 10th of May 2010.
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4.2. Participants and Duration
All in all, 251 students took part in that survey of which 79
students are female and 172 are male (see figure 4.1). This
corresponds to the distribution of female and male students of the
RWTH Aachen University where 32.4% of the registered students
are female and 67.6% are male [83, page 47].

37
Female and male
students

Figure 4.1.: Distribution of female and male students

246 of the students filled out the question about the area of study.
These areas can be separated in four groups (without specific
order):

•
•
•
•

Engineering Science
Mathematics, Computer Science and Natural Sciences
Humane Discipline, Social Science and Economic Science
Medical Science

If one takes the first two subject groups as technical and the last
two as non-technical, these two groups are of equal size (see figure
4.2). Unfortunately, the distribution of the students according to
their subject group does not represent the distribution of all the
students, registered at the RWTH Aachen University [83, page
32].
The distribution of the current semester of the participating
students shows that mostly newly registered students took part
in the survey (see figure 4.3). The average amount of semesters
is 4.76 and the median is at 4 semesters with a range from 1 to
20. This can also be seen in the distribution of the years of birth,
which is shown in figure 4.4. Here, the average year of birth is
1986.78 and the median is at 1987 and the range varied from 1979
to 1991. The fact that the students are mostly in an even semester
is because at the RWTH Aachen University, a student normally
begins his/her study in the winter term.

Area of study
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Figure 4.2.: Distribution of the participating students according to their subject group

Figure 4.3.: Amount of students according to their current semester

4.3. Results
There are many mobile devices owned by the students, as expected. But it was not expected that so few of them are using
online tools or services, even if these are currently popular ones,
like the micro-blogging service Twitter. The main results are described in the following sections.

4.3.1. Mobile Devices
One outcome of the survey is that over 91%, or 230 of 251
participating students, own a laptop, notebook, or netbook. 36%
of the students own a smart-phone, which is capable to access
the Internet via WiFi or 3G. These smart-phones are nearly
always owned by those students that already own a notebooklike device. Only two of the smart-phone owners do not own
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Figure 4.4.: Year of birth

a notebook. That means that about 93% of our students own a
device which is capable of accessing the Internet. Thus, there is a
great potential for establishing a system that bases on the mobile
devices of the students.

4.3.2. Internet-Access
If it comes to how our students access the Internet, it turned out
that 64% do not have a data plan to use with their mobile device.
That means that only 36%, or 82 of 229 students, pay a monthly
fee to get access to the Internet via 3G. 66 of 229 students, or 28%,
have a flat rate access to the Internet. A flat rate means that they
do not have any restrictions concerning limitations of speed or
access.
Public WiFi hotspots are rarely used. 140 of 218 students (64%)
do not use any public WiFi-hotspots at all, even if they are free of
charge. 18% of them use those hotspots about once a month. 97%
(210 of 215) do not use paid public WiFi hotspots.

Public WiFi
hotspots

At the other hand, private WiFi networks are used often. About
62% connect their devices to such networks on a daily basis. This
is also true for WiFi networks that are owned by friends. The

Private WiFi
hotspots and
Eduroam
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same applies to the usage of Eduroam5 . This is a world-wide
roaming access service developed for the international research
and education community. Every students of the RWTH Aachen
University is able to use this infrastructure to access the Internet
via WiFi. Nearly every building of the university provides access
points for students to log in into that service [49]. 68% – 156 of
228 – of the students use Eduroam on at least a weekly basis to
get a connection to the Internet.
3G usage

3G , the other main standard that enables a device to connect to
the Internet in a wireless way, is also not used very often. 138
of 210 participating students do not use this service at all or only
very rarely (less than once a month). Bizarrely, there are more
students who pay for a data-plan than students who actually use
3G.

4.3.3. Collaboration-Tools and other Services
Nearly none of the collaboration tools and services mentioned
in the survey are known to the students. Google Docs6 , Google
Wave7 , Zoho8 , Mozilla Bespin9 , SVN10 , git11 , Mercurial12 , Etherpad13 ,
Gobby14 , Collabedit15 , Teamviewer16 , CoOffice17 , and VNC are in
average unknown to 79%. Only Wikis are dropping out of this
series of services and tools. They are unknown to 38% but Wikis
are at least used by 26% on a monthly basis (see appendix B).
The question “With whom do you use the following tools of
collaboration?” (see appendix B) has shown that most of the
previously mentioned tools are not used for collaboration at all.
Only approximately 23% of the participants answered this question, the others seem not to use these tools for collaboration.
Personalised web
portals

Personalised web portals are also rarely used by the students (see
5 http://www.eduroam.org
6 http://docs.google.com

7 http://wave.google.com
8 http://www.zoho.com

9 https://bespin.mozillalabs.com

10 http://subversion.tigris.org
11 http://git-scm.com

12 http://mercurial.selenic.com
13 http://etherpad.org

14 http://gobby.0x539.de
15 http://collabedit.com

16 http://www.teamviewer.com
17 http://cooffice.ntu.edu.sg
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table 4.1). Those are one of the common approaches for managing
web-based PLEs. The data shows that most services are unknown
to the students and except from iGoogle, none is used regularly.
Tool
iGoogle
Netvibes
Symbaloo
Pageflakes
My Yahoo!
Windows Live
Personalised
Experience

unknown
31.47%
90.44%
93.63%
92.83%
41.83%
64.14%

known, but not used
53.78%
9.16%
6.37%
7.17%
55.78%
33.86%

known, and used
14.74%
0.40%
0.00%
0.00%
2.39%
1.99%

Table 4.1.: Usage of personalised web portals

Social networks like Facebook or StudiVZ18 , a popular German
social network service, are regularly used by the participants.
Approximately 42% of them visit the StudiVZ website every day
and about 29% visit the website Facebook on a daily basis. Other
reasonably known social networks were also mentioned in the
survey, these are MeinVZ19 , SchülerVZ20 , Xing21 , Jappy22 and
Wer-kennt-wen23 . But because they do not have such a degree
of popularity, they are only used by approximately 2% of the
participants on a daily basis.
Social bookmarking services like Delicious24 are used even less
(mostly far below 1% of the students use it on a daily basis, or
approximately 3% used it at least once a month), while Twitter
counts a bit more (about 6% of the students use it on a daily basis,
or approximately 15% at least once a month). And if it comes to
the question if those services are used actively, even less students
answered with “Yes” (see table 4.2).
This data has been presented at the PLE Conference 2010 in
Barcelona [3].

4.4. Conclusions
The survey showed, how our students are equipped with mobile
hardware and how this hardware is used to access the Internet. It
also showed which tools and services are used and how often.
18 http://www.studivz.de
19 http://www.meinvz.de

20 http://www.schuelervz.de
21 http://www.xing.com
22 http://www.jappy.de

23 http://www.wer-kennt-wen.de
24 http://delicious.com

Social networks
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Service
Twitter
Google Buzz
MySpace
YouTube
Google Maps
Delicious
Digg
Flickr
Dropbox
Doodle
Mister Wong
Yigg
StumbleUpon
Reddit
Technorati

Yes
11.95%
1.99%
8.76%
31.87%
13.55%
1.59%
1.20%
5.98%
10.36%
6.37%
0.00%
0.40%
1.59%
0.40%
0.00%

No
88.05%
98.01%
91.24%
68.13%
86.45%
98.41%
98.80%
94.02%
89.64%
93.63%
100.00%
99.60%
98.41%
99.60%
100.00%

Table 4.2.: Do you have an active account with these services?

4.4.1. Usage of Tools and Services
It is shown that web-based PLEs are rather utilised for networking purposes than for collaboration with other people.
These social networks are used to get to know people and to
keep in touch with friends. This is emphasised by the number of
friends the participating students have in a common social network. Most of them (approximately 32%) have between 101 and
200 friends while only 26% have less than 50 friends. According
to Facebook [23], an average Facebook user has 130 friends which
corresponds to the data of the survey.
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Oschatz [54] points out that the number of mobile users of
Facebook has been grown by 300% from 2008 to 2009. Furthermore, more than 25 million users accessed the mobile version of
the Facebook website in January of 2010. This correlates with the
fact that 184 of 229 students, approximately 80%, use their mobile
devices for social networks like Facebook or StudiVZ or for social
tools like Twitter, email or instant messaging.

Mobile use of
social networks

Today’s students prefer to rely on social networking sites and
on “traditional” and long-established ways of online communication, such as e-mail and instant messaging, for both content
sharing and collaboration. In contrast, collaborative services
and applications – such as Zoho – are used very rarely and are
unknown to the vast majority of students. Also, the use of
Web 2.0 services like Twitter is rather uncommon. Thus, it can
be stated that the PLEs of today’s students are rather focused
on facebooking25 and communication than on using collaborative
tools.

Preferences of the
students

4.4.2. Hardware
Even for a technical university, like the RWTH Aachen
University, it was not expected that approximately 93% of the
students own mobile devices which have the capability to access
the Internet. And if one considers that half of the students are
registered for a non-technical subject, 7% without any mobile
device with Internet-capabilities is very few.
Accessing the Internet via WiFi might be preferred by the
students because it is much cheaper and faster on campus and
at home. According to the survey, only 34% use 3G to access
the Internet while 36% of the students have a data plan. This
may arise from data-plans that are free of charge if they are not
used. Due to this little usage of 3G, a good WiFi infrastructure
is required to provide free Internet access to all the students. At
RWTH Aachen University, students are able to access the Internet
via Eduroam, a world-wide roaming access service for educational purpose, in nearly every building of the university. So
every student is able access the Internet with a mobile device
while being on campus.

25 Which

means social networking using websites like Facebook rather than
social micro-blogging tools like Twitter
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Public WiFi hotspots might be used rarely because of security
issues or no knowledge about their existence. If one is connected
to such a hotspot, one does not know, which transferred data is
stored by a third party or who has access to it. Also, the mobile
device mostly gives no signal when there are hotspots nearby
which can be accessed. There are some kinds of WiFi networks to
differentiate:
Password-protected network without public access Privately
WiFi network with a password that is kept secret.

used

Password-protected network with public access WiFi network that is
secured by a password. Often used at pubs or cafés to enable customers to access the network on demand.
Open network with password-protected public access Every person
can access the network but to use the Internet, one has to
enter a password in the web browser. This kind is also used
to control which person is allowed to have access to the
Internet.
Open network Here, there is no restriction who has access.
Everyone can use this network.
Mobile devices cannot differentiate automatically between those
different kinds of WiFi networks. The owner of the device has
to know that there is a hotspot around, the availability has to be
checked manually, or the mobile device itself has to know which
specific networks it can connect to.
According to the International Data Corporation [39], the vendors sold 39% more smart-phones in the last quarter of 2009 than
in the last quarter of 2008. Also, according to Ingram [38], there
will be more mobile Internet users than desktop Internet users in
2014 . Thus, it is obviously getting more common to use such
devices rather than stationary PCs. However, the potential of
notebooks and especially smart-phones is currently not fully exhausted. Only a minority of the students takes advantage of the
possibility to access the Internet at any place.
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Chapter 5 Scenarios
One can think of many utilisations of how WaveLoc can be used
in the every-day life at a university. In the following, three of
those scenarios are presented. They were developed at the beginning of this diploma thesis and represent the main aspects of this
application.
The first scenario is about how students can ask questions
during a lecture or during an exercise without feeling embarrassed because they might think that the question is stupid
[11]. The second scenario discusses how students can find other
fellow students with specific skills that are nearby to be helpful
regarding a certain problem. The last of these three scenarios
is about how achievements that are made during a class can be
stored location-based, so they can be accessed by others.

5.1. Asking Questions
The first scenario is about Anna, an MBA student, who has some
problems understanding some aspects of a certain lecture she is
currently attending. The following order of events shows what
might be the case in most classes:
1. Anna finds out that the lecturer put the current slides of the
lecture on a website.
2. She downloads them and opens the file with the appropriate program.
3. While reading, she does not understand some facts, so she
asks her neighbours if someone can explain it to her.
4. Since no one knows an answer and she does not have the
heart to ask the lecturer [11], she writes her question in an
email to the assistant of the lecturer.
5. Some time later, she will receive an answer. But this question is only answered to her, not to the other students. Since
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the lecturer does not know about the problem, he does not
explain it again. The assistant does not know that Anna is
not the only student with that certain problem.
Now this first scenario with the location-based PLE-system:
1. Anna attends a lecture and when she logs in into the PLEsystem, she sees that the current slides to the lecture are
uploaded to the wave that is associated to that lecture.
This wave is emphasised in the PLE-system because it is
currently taking place and Anna is attending it.
2. She opens the slides inside the PLE-system and while
reading, she does not understand some facts.
3. Due to her problems, she marks the corresponding lines in
the slides and asks her question directly in the wave with a
reference to the slides.
4. After a short time, there is a discussion about the problem.
Not only the students are participating, the assistants are
also writing their opinion.
5. Since many students are interested in this question, the lecturer decides to talk about it in the next lecture.
The backend, e.g. a wave, that is attached to a certain Point of
Interest such as a lecture or a tutorial can be used as a backchannel to exchange information, to ask questions, and to discuss
problems. Every participant can ask questions without feeling
embarrassed because there is no need to use real names in this
system (see chapter 11.1.1) and one does not have to stand up in
front of everyone to ask the question.

5.2. Searching for People
The second scenario is about Alex who attends a lecture and also
has some problems understanding certain aspects while learning
for a testate:
1. Alex is sitting in a learning room at the university and is
learning for a testate that is taking place in one week.
2. He does not understand one aspect and even after some
time thinking about it, he still has no clue.
3. Alex starts to write emails to his fellow students with the
question and hopes that one of them can help him with his
problem.
4. After a couple of hours he receives a poorly explained
answer to his problem.
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5.3. Saving and Retrieving Data
Now the second scenario with the location-based PLE-system:
1. Alex is sitting in a learning room at the university and is
learning for a testate that is taking place in one week.
2. He does not understand one aspect and even after some
time thinking about it, he still has no clue.
3. Alex searches for some keywords in his PLE-system to find
those people nearby, who have the ability to help him with
his problem.
4. He contacts one of them to meet with this person in a couple
of minutes.
Every student can provide some keywords using the PLEapplication that inform others, which skills they have. Each
participant of this PLE-system can now search for such keywords
to find the appropriate person that is currently nearby, who is not
occupied at the moment and might know the answer to certain
problems.

5.3. Saving and Retrieving Data
The last of the three scenarios is about Claudia who is studying
computer science and minors in electrical engineering.
1. Claudia is participating in a practical course about electrical
engineering.
2. The task of the participants is to implement a program for
an integrated circuit.
3. Since she knows a bit about integrated circuits, she is asked
by her neighbour for some help.
4. She gives him some hints on how to solve his problem.
5. After some time, another fellow student of her asks the
same thing, so she repeats her answer.
Now the third scenario with the location-based PLE-system:
1. Claudia is participating in a practical course about electrical
engineering.
2. The task of the participants is to implement a program for
an integrated circuit.
3. Since she knows a bit about integrated circuits, she is asked
by her neighbour for some help.
4. While thinking about an answer, she notices that this might
be interesting to other students, as well.
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5. She writes the answer to the question into the localised
wave of the practical course.
6. Every student takes a look at that wave periodically. Every
information that might be interesting to the whole course is
stored in there.
The backend of a certain course (Point of Interest, see chapter
6.2.2) can also be used as a centralised pool of information. The
students and the lecturer can collaboratively add, edit and delete
information if for example a wave is used as backend. There is
also the possibility to add slides, images, binaries, or any other
kind of files. The stored information can not only be accessed at
that certain location, but it is emphasised there. The stored information can be obtained globally by just adding this POI to the
favorite-list of the PLE-application.
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Chapter 6 WaveLoc
The conducted survey (see chapter 4 showed that our students
own mobile devices which are capable of connecting to the
Internet. There is also a tendency to use small screen devices
such as smart-phones in the everyday-life. When it comes to
applications, tools, or services, our students prefer to spend their
time in social networks like Facebook than to use collaborative
tools and services. Networking and connecting to friends or other
people seems to be important for the students.
The presented scenarios show how learning, collaborating,
and sharing information can be encouraged by extending an
imaginary social network with some functionalities like offering location-based information or by searching for skills. This
leads to the requirements of WaveLoc which are presented in the
following section.

6.1. Requirements
The requirements of this application are to enable its users to
request location-based information about other participants. In
detail, those participants are students or other people as well as
Points of Interest which are only virtually existent. The selection of those participants should be done by comparing positions.
These are the current dynamic positions of the devices owned by
the users or the static positions of Points of Interest, respectively,
which are compared to the actual position of the user who requested this selection.

Getting to know
nearby people

The students should be able to find other people with specified
skills by searching for keywords which describe such skills. This
corresponds to the function that is used for the second scenario,
described in chapter 5.2. This enables the users to get to know

Search for specific
skills
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other students that might be of help and to work collaboratively
to improve learning.
Exchange
information

Channels should be provided that can be associated with certain
events so that the students can exchange information according
to that event. They should be able to ask and answer questions,
to take notes, or to make annotations. This might encourage the
students to participate more actively while attending a lecture.
Keeping these requirements in mind, the application WaveLoc has
been designed as explained in the following sections.

6.2. Participants of WaveLoc
Participants are the real existing or the virtually existing clients of
WaveLoc. There are two kinds of participants: Points of Interest
and Users. Both kinds are presented in the following sections.

6.2.1. Users
The human participants of this system form the most important
group. They are represented by the participating students and
also by lecturers or assistants. Every user has a wave that
is assigned exclusively to him/her. This wave is used as the
communication channel to talk to other students or to exchange
information.
Active participant

It is required that the users own devices, running the Android OS
on which WaveLoc is installed. They are active participants, i.e.
they consume content but they also produce content and since
users are represented by humans, they exist in reality.

Provide and search
for keywords

As mentioned in chapter 5, users can provide keywords that describe their skills. By doing this, they offer help to fellow students
(if they are not occupied at the moment). Every user can now
search for keywords to find people that are nearby, i.e. in a specific radius around himself/herself (see figure 6.1). If a user does
not want to offer any help at the moment, there is the possibility
to deselect the option “Offer Help” (see chapter 6.4.6).

Determining and
updating the
position

Users have a dynamic position since they are not bound to one location. WaveLoc periodically updates the current position of the
device to display the appropriate waves to the user. To determine
the position, one of the three possibilities that are mentioned in
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Keywords

Keywords

Point Of
Interest
Keywords

Figure 6.1.: Moving users offering keywords and Points of Interest

chapter 3 is used. Which one of those alternatives is taken depends on the kind of infrastructure that is given, which kind of
hardware is available, and where the device is located, e.g. inside
a building or outside or in a subway and so on. Inside a building,
the device can not receive any GPS signals, so GSM-positioning
or WiFi-positioning has to be used. For WiFi-positioning, a good
infrastructure and a specific set-up is required (see chapter 3.3).
The application has to decide which of the three alternatives is
available and which one provides the best and most precise data.
To determine the waves that are presented to the user, he/she
selects a radius (between 10 and 500 metres) in the preferences
of WaveLoc. Every other participant (user as well as Point of
Interest) which is located inside this radius is shown to this user.
This radius is also utilised to select nearby users that might be of
help if one searches for keywords.

6.2.2. Points of Interest
A Point of Interest (POI) represents the other kind of participant
in WaveLoc. A POI is a location that might be somehow interesting for some persons. This can be a room where lectures or
classes take place or it can be a spontaneous gathering of a group

Radius around the
users
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of students, learning for a subject and searching for others to join
them. Mostly, an event is associated to a POI, e.g. an exercise
of a lecture but it can also be a place like a bus stop offering its
schedule.

Properties of a POI

Unlike users, POIs do not have a dynamic location. A Point
of Interest has a static position since it does not move around.
When a POI is created, the current dynamic position of the user
who created it is used as the POI’s static location. A POI does
not offer any help by providing keywords like users are able
to. They just offer an associated wave as back-channel to let the
users communicate about the topic of the POI. The radius that is
assigned to POIs is used to determine which users are currently
close to that certain position. Normally, this radius covers the
area where this event happens, e.g. a classroom. Thus, the users
will have the possibility to easily get to know other people that
attend the same class by just using WaveLoc’s functionality to
display all the users at that POI.

Passive
participants

A Point of Interest requires no hardware such as a mobile device.
Those points only exist virtually. They are represented by datasets in the database consisting of a location and some additional
data (see chapter 8.1.3). It is obvious that such a participant does
not produce any content. Thus, POIs can be seen as passive
participants.

Create a Point of
Interest

For a particular location or event, a POI can be created by every
user. As mentioned, it takes the current position of the creator
and requires some additional data, like the topic, a description,
the first and the last date of the event as well as the periodic
type. As a periodic type, one can choose between the following
options:
Non-recurring The event happens only once. There will be no
second event of this kind.
Daily The event happens on a daily basis. It starts every day at
the same time until the last day of the event is reached.
Mo-Fr The event happens only on weekdays. It starts every day
between Monday and Friday at the same time until the last
day of the event is reached.
Weekly The event happens every week at the same day (e.g. Tuesdays) and at the same time until the last day of the event is
reached.
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Monthly The event happens every month at the same day (e.g.
every 5th of a month) and at the same time until the last
day of the event is reached.
Of course, a POI can also be deleted, but this is only possible for
the creator. For obvious reasons, no other user should be able to
alter or to delete a POI that is not created by him/her.

Delete a Point of
Interest

6.3. Basic Functionalities
WaveLoc displays those participants that are currently close to
the user. Especially the Points of Interest might be interesting
to the user of this application because at that locations, publicly
available data can be stored. WaveLoc also allows the user to
search for any participant in the system. No matter where the POI
or the user is located. The search function does not care about the
radius. There is also the mentioned possibility to search for users
with special skills that might help solving a certain problem. To
communicate with others, the backend (e.g. a wave) is used. By
using this wave, the users can chat with each other, exchange
information or exchange files (PDFs, images, Word-documents,
etc.).
The exact functionalities and the possibilities of how to handle
this application has been developed by creating paper prototypes
(see figure 6.2). These prototypes have not been evaluated by conducting user-tests. They were used to get an overview of how to
embed the whole set of functionalities to the application without
overstraining the users. These prototypes have helped to develop
the first version of the User Interface which has been evaluated
later on by conducting user-tests (see chapter 10).
The detailed functionality is described in the following chapter
6.4. It is explained which action will be performed if a certain
button is pressed or a certain option is selected.

6.4. User Interface
This chapter describes how WaveLoc has been designed to fulfil the requirements. The described version of the User Interface
depicts the first step in the development of WaveLoc. Further
changes have been implemented as described in chapter 10.
When the application is started, the user is presented the start-

Menu of WaveLoc
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Figure 6.2.: Paper prototypes of WaveLoc, representing the different
functionalities of WaveLoc

screen. Here, the wave is displayed that is associated with this
user. Every use of the back-key of the device on other screens
(called activities, see chapter 2.3) brings the user back to that first
screen. Besides this first one, WaveLoc has five main screens (see
chapters 6.4.4 to 6.4.8) that represent different functionalities. The
buttons to switch from one to another are located at the top of
each screen (see figure 6.31 ).

Figure 6.3.: The menu that is used to switch from one screen to another.
These buttons are used to switch to: Users, POIs, Keywords,
Friends, Favorites (f.l.t.r)

1 The

icons that were used in this User Interface were taken
from the website http://glyphish.com.
They were created
by
Joseph
Wain
(see
http://www.penandthink.com)
and shared under a Creative Commons Attribution license
(http://creativecommons.org/licenses/by/3.0/us).
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On the right side, there is another button that indicates the
current status of the application (see figure 6.4). The status can
be:
Online The application is connected to the server and
periodically transmits the current position. Data can be
retrieved from the server.
Offline The application cannot establish a connection to the
server. No data can be retrieved from the server.
Pending changes Since the device periodically updates its
position, the displayed data is not always up-to-date. There
is new data available.
The user can click on this button to refresh the list of participants
that is currently displayed on the screen.

Figure 6.4.: Status-Button for online, offline and pending changes (f.l.t.r.)

Every functionality offers a list of participants which are selected
according to the functionality itself. To save traffic, the application does not display every item that the server can provide. In
the preferences of WaveLoc, the user can choose a value x that determines the maximum amount of items that are displayed after
a request has been sent. If there are more items that can be displayed, the user has the option to extend the list that is currently
shown. At the bottom of such a list, a “Get More” button is
located if there are more items that can be displayed. With a click
on this button, the next x items are fetched from the server, if so
many items are available.

Example. The user chooses x = 7, so that 7 items are loaded
when the list is displayed. Assuming that there are 20 possible
items to be shown, the user can click two times on the “Get More”
button to load all the items. In this case, 7 items are loaded on the
first click and 6 items are loaded on the second click.

Amount of list
items
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The number of items that are currently shown and the number
of items that are overall available are displayed in the title of the
screen. This way, the user keeps track of the traffic and of the
amount of items that are shown.

6.4.1. Flowchart
Figure 6.5 shows the flowchart of the main activities, WaveLoc
offers. On the top row, there is the main activity and its preferences. The middle row contains among others the five activities Keywords, POIs, Users, Favorites, and Friends (see sections 6.4.4
to 6.4.8). The leftmost screen in this row shows the preferences of
the keywords-screen. The first screenshot in the last row shows
the search results of the keywords-screen, the second one is a
dialogue that is shown to create a new POI. The last screen in
the third row shows a map which contains markers which indicate the positions of certain items. This map can be displayed by
using an option of the POI-, favorites-, or friends-screen.

Figure 6.5.: Flowchart of WaveLoc
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The dialogues that are used to search for users or for POIs or the
dialogues to sort the lists of participants are not shown in the
flowchart in order to not make it too complex. Also, the menus
that are displayed when performing a long click on one item are
not shown here. A bigger version of this flowchart can be found
in the appendix D.

6.4.2. Start-Screen
On the start-screen, the backend is displayed that is associated
with the current user. This can be a wave or a chat like Facebook’s
Wall or StudiVZ’s Pinnwand. Other participants use this to
communicate and to exchange information and files with the
current user. This is the most important screen of the application
since this is the place where requests of others appear.
On the top of the screen, there is the previously mentioned menu
that is used to switch to the other activities. There is also another
menu that can be displayed by clicking on the menu button of
the device. In this menu, the user has the options to access the
preferences in order to change some settings, to show the help
dialogue where all the icons used in WaveLoc are explained, to
show the changelog dialogue, and to exit the application.
In the preferences, the main settings of WaveLoc can be changed.
The settings are as follows:
Wave-Username The user name that is provided by Google to
access the service of Google Wave.
Wave-Password The password that is provided by Google to
access the service of Google Wave.
Wave-ID The ID of the wave that is associated with the user.
User-Title Here, the name of the user can be set. This does
not necessarily have to be a real name, it can also be a
pseudonym.
User-Description If the user wants to add some additional information about himself/herself, this can be done here.
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Server-Password To access the WaveLoc service, an account has to
be created. This can be done on the website of the service
(see chapter 7.2.1). Here, the password of the service has to
be provided.
Refresh-Rate The refresh rate determines, how often the current
position of the device is transmitted to the server.
Radius The radius determines the response of the server which
contains the participants (users or POIs) and that is shown
to the user.
Amount of Items With this number, the user chooses, how many
items a list contains when a request is sent to the server.
This is the previously mentioned value x.
Enable Notifications This is a check box that enables or disables
the notification in the notification area of the Android
device (see chapter 6.5).

6.4.3. Lists of Items
Items and actions

On the screens of the five main functionalities, lists of items are
presented. Such a list contains information about users or Points
of Interest that are selected due to specific properties. Every item
can be clicked by a simple single click or by a long click. The
single click opens a screen where every publicly available information about that item is provided as well as the wave that is
associated with this item. By using these waves, the user can e.g.
chat with others or he/she can participate in a discussion in case
of if that item is a POI. By performing a long click on an item,
a context menu is opened (see figure 6.6). The options that are
shown in that menu depend on the current screen. Users can be
added to or removed from the friends-list and POIs can be added
to or removed from the favorite-list. Other options for POIs are
that they can be deleted (if they are created by the current user)
and the users that are currently located at that POI can be shown
in a list.
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Figure 6.6.: Screenshots of the context menus of list-items

6.4.4. Users
On the users-screen, the displayed list of participants contains
those users that are inside the specified radius around the device.
There are only those users displayed that are currently using the
service. The others do not transmit their position to the server at
that moment if WaveLoc is not started. Due to that, the correct
position of those users can not be determined. The first item in
that list is always the one that is assigned to this device. The
name of this first item is emphasised in orange. The other data
that is provided with each item is the distance to the device given
in metres or, in case of a distance greater than 1500 metres, in
kilometres with one decimal place.
With a click on the menu button of the device, the menu of this
screen is presented. It contains the two options to search for users
and to sort the list of items. In the search dialogue, one can enter
any kind of string. The returned items are those that contain that
string in their dataset (Wave user name, title, or description). If
the sort-option is clicked, one can choose to sort the list according
to the name, the distance, or the status (on- or offline). Since one
can search for users, it is not given that only online users are displayed. Thus, the list may contain offline users. That is the reason
why the last sort option is included for a list that initially only
contains online users. The current status of the users is indicated
by a green or grey icon on the left of the corresponding data.

Menu items of the
users-screen
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Screenshots

Figure 6.7 shows four screenshots of the users-screen. The one
on the top left depicts the list of users with the menu on the
top of this screenshot and the button on the right that indicates
pending changes. At the bottom of the list, one can see the “Get
More” button to load another three users. According to the title
of this screen, there are 7 of 10 users shown. The screenshot on
the top right shows the menu of this screen. Both screenshots at
the bottom show the dialogues that are displayed when one of
the menu options is selected.

Figure 6.7.: Screenshots of the users-screen
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6.4.5. Points of Interest
At this screen, the Points of Interest are shown that are located
inside that specified radius around the device. Additionally to
the information that is shown for an item in the users-list, a POI
also provides information about the beginning and the end of the
event and also about the periodic type, e.g. that an event occurs
on a daily basis until a specified date.

Additional
information about
the POI items

In the menu, there are also some additional options. A POI
can be created at the current location of the device by entering
some information about the event (see chapter 6.2.2). Another
additional option is that the Points of Interest that are currently
shown in the list can be displayed as markers on a map that is
centred at the current location of the device. Those markers can
be clicked to gain additional information about the location.

Additional menu
options

Figure 6.8 shows six screenshots of the POI-screen. The first
screenshot on the top left shows the list of POIs and the information that is provided with each item. The second screenshot
depicts the menu with its options. The other four ones show the
dialogues to search for a POI, to sort the current list of Points of
Interest, to create a POI, and the map in which all the items are
displayed.

Screenshots

6.4.6. Keywords
The keyword-screen differs a bit from the other four ones. There
is no list of participants at the first place, there is just an empty
screen with the familiar control elements. The content of this
screen depends on the strings, that were searched for. When this
screen is displayed, the last five search strings are displayed, if
available. By clicking on these strings, that specific retrieval can
be repeated. By using the search option in the menu, one can
search for other strings which are then added to the list. If one
searches for example for “biology” that string will be the first one
of the mentioned list when this function is used the next time.
There are two other options in the menu of this screen: Sort by and
Preferences. The list of users that is displayed as a search result can
be sorted according to the name, the distance, the status, the provided keywords, and according to the help status of the user, i.e.
if this user currently offers help which is indicated by a green or

Recent search
strings

Chapter 6. WaveLoc

64

Figure 6.8.: Screenshots of the Points of Interest-screen

red text, respectively. In the preferences, one can set the own keywords for which others can search. There is also the possibility to
choose whether to offer help or not. With the third option of the
preferences, one can set how many recent search strings will be
shown in the list of search strings of this screen.
Screenshots

Figure 6.9 shows the different views of the keywords-screen. On
the top left, the list of recent search strings is shown. With a click
on such an item, the search can be repeated. Right next to that
screenshot, one can see a list of search results. On the top right,
the menu is shown. The screenshots at the bottom line show
the dialogues that are presented when an option of the menu is
selected.

6.4.7. Friends
Adding friends

The friends-screen is the first of two screens that contains only
that items the user wants it to contain. As mentioned in chapter
6.4.3, other users can be added manually to the friends-list. By
performing a long click on an item (representing a user) of the
users-screen or of the keywords-screen, one can select to add this
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Figure 6.9.: Screenshots of the keywords-screen

item to the friends-list. This does not happen on instant. An email
is sent automatically from the server to the newly added user so
that he/she can confirm the request. This is necessary due to a
function available on this screen that displays the friends on a
map. The exact position of other users shall not be made public
due to privacy concerns. But it is a necessity to transfer this information to display those users on that map because it is generated
locally on the mobile device. That is the reason why a user has
to approve a request for friendship to be added to one’s list of
friends. Otherwise, the exact position of all the users can be revealed just by adding everyone as a friend.
Figure 6.10 shows the list of friends and their distance (if online)
to the device. The only options of the menu are to sort the list of
friends and to show that friends on a map.
The friends-list is used to keep in touch with those people that
are somehow important to the current user. That might be actual
real-life friends, students who attend the same class, or people
that have certain skills and can be asked if a problem occurs. This
can be seen as the social network part of WaveLoc.

Screenshots
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Figure 6.10.: Screenshots of the friends-screen

Unidirectional
relationships

A Friendship is not bidirectional as one would imagine. Such a
relationship is only unidirectional. If a user wants to add another
one to the friends-list because that one is important to him/her,
this does not mean that the added user thinks this way, too.
Although, he/she is able to request to add this user as a friend
while approving the friendship.

6.4.8. Favorites
The favorites-screen is the second screen with user-specific information. Only those Points of Interest are displayed that the user
manually added to that list. These might be classes or lectures,
the user attends or any other location with interesting information, such as the canteen which may provide the daily menu.
POIs can be added to that list without waiting for an approval.
Since those POIs are public and no real person, everyone is
allowed to see their location on a map. There is no need to keep
that information hidden.
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Figure 6.11 shows the list of favorites and their distance to the
device. Since a POI always has a fixed position, it does not matter
if this POI is on- or offline, the distance is always given since the
position is static. A POI is declared online when the associated
event currently takes place, offline otherwise. The only options
of the menu that is displayed after pressing the menu button of
the device, are to sort the list of favorites and to display those
POIs on a map.

Screenshots

Figure 6.11.: Screenshots of the favorites-screen

6.5. Miscellaneous
The Android Operating System allows its user to add graphical
elements to one of the home-screens of the device. These homescreens should not be mixed up with the screens of WaveLoc.
Such elements are called widgets. Those widgets can offer some
additional functionality or information to an application. In
the case of WaveLoc, the associated widget displays the current
position of the device if WaveLoc is running. The position is
given as the two values longitude and latitude. It also indicates
the status of the application with a green or red text, respectively
(see figure 6.12). With a click on this widget, WaveLoc is either

Widgets
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started or brought to the foreground. This depends on the current
status of the application: if it is already running or not.

Figure 6.12.: The widget of WaveLoc. The application is not running (left)
or running (right)

Notification area

If one does not want to place that widget on one of the screens,
there is another possibility to show that WaveLoc is currently
running. If WaveLoc is started, a small icon is shown in the
notification area. In the preferences of WaveLoc, one can select
whether this icon is displayed in the notification area of the
Android phone or not. This notification is enabled by default (see
figure 6.13).

Figure 6.13.: The message of WaveLoc in the notification area
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Chapter 7 WaveLoc-API
The WaveLoc-API is used to communicate with the server that
maintains the data of the participants. The application requests a
certain set of data by sending a command to the server which
then responds with an XML document that contains the requested data.
The specific functionalities of the API and other partitions of
the scripts running on the server are explained in detail in this
chapter. Altogether, the API is responsible for storing the data of
the participants and for maintaining the credentials of the users.

7.1. Requirements
Keeping the User Interface of WaveLoc in mind, the API has to
provide the required data that will be displayed in the application
on the client-side. This data should be calculated in real-time
after a request is received and then transmitted to the enquirer.
In order to implement client applications for different devices
employing different Operating Systems, the communication with
the API should be standardised. The only requirement for a
system is that it can access the Internet and that it can parse XML
files. Thus, one can implement applications for different kinds of
smart-phones or operating systems.
Other requirements for this API are to develop a system that can
be transferred from one machine to another one. This is required
if one wants to set up an own system. There should be no need
to rely on a server that is maintained by unknown persons or
companies.
The complete documentation of the WaveLoc-API can be found
in the appendix F.
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7.2. Functionalities
Transferable
system

To fulfil the last mentioned requirement, this API only relies
on the scripting language PHP, the web server Apache, and the
configuration-file htaccess to display the websites that provide
the requested information. It also uses MySQL1 as database to
store the data-sets. If those services are available on the target
server, the whole API can be transferred to that other system, as
described in chapter 8.1.
The WaveLoc-API offers different functionalities. Not every of
these functionalities has been used to implement the WaveLoc
application but they might be necessary in other scenarios and
therefore in other applications.
The API is roughly divided into seven parts:

•
•
•
•
•
•
•
Calling functions

users
pois2
favorites
keywords
friends
misc
show

Every part offers different functions. To use such a function,
one has to call a Uniform Resource Locator (URL) with the
following format: http://domain.tld/part/function. If
the function requires any additional variables, they can be added
to the URL by using a ? or a &, respectively. The first variable
has to be added using a ?, the following ones are added using a
& (see chapter 7.2.2).

Example. The variables id, from, and count are provided to the
given function: http://domain.tld/part/function?id \
=2&from=0&count=20
There are also some other functionalities that are not part of the
API itself but that are also part of the scripts running on the
same server. These functionalities can be used with a regular web
browser. They are described in the following chapter 7.2.1.
1 http://www.mysql.com
2 Points

of Interest
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The other parts of the API are explained in detail in chapter 7.2.2.

7.2.1. Web-based Services
The web-based services of the server-side are used to create new
users and to let them maintain their own account. The data of
a user that is saved in the database can be viewed by logging in
into the website.
The creation of a new user can be done by using a form (see figure
7.1). The only data that needs to be provided is the Wave user
name and a self-chosen password (not the one that is used in
Wave). There is also the possibility to create several users in one
step. The difference is that one can provide comma-separated
Wave user names and there is no need to choose passwords for
everyone. The passwords will be generated automatically and
are displayed for every created user. To prevent misuse of the
service, one has to type in the content of an image that is called
“Completely Automated Public Turing test to tell Computers and
Humans Apart” (CAPTCHA). This picture contains five or six
alphanumerical characters that helps the PHP-script or decide
whether a human or an automated robot has filled out the corresponding form. It is difficult or very error-prone for automatic
scripts to determine the content of such an image.

Creating users

On the top of the main website there is a form that can be used
to access the members-area. In this area, the user gets to know
all the data that is stored about him/her. It also contains two
buttons on the top, the first one is to delete this account: every
data-set that is stored about this user is deleted if this button is
pressed and the following confirmation prompt is answered with
“Yes”. The other button is the logout button: the session that is
required to access the members-area and that was created during
the login process is deleted. A session is a file that is assigned
a unique ID and is stored directly on the server. This file can
contain anything, the PHP-script wants to store about the current
user. A web browser is allowed to utilise the stored data if it
“knows” which ID the assigned session file has. In this case, the
stored data is used to ease the login process and to store values
that are used more often. To clarify this, these values are only
accessible by the scripts that are running on the server not by the
client. A web browser can only convince the server that a certain
session is assigned to this client [6].

UI of the website
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Figure 7.1.: The web interface of WaveLoc

Approve friend
requests

Another functionality is listing the received requests for friendships. As already mentioned, a friend request has to be approved
to prevent that a participant gets to know the exact location of
every other user just by adding him/her as a friend. The list of
open friend request is displayed beneath the buttons (if there are
friendship-request available). Before a friendship is approved,
the user may be able to select or deselect a check box whether to
also add this requesting user to his/her friends-list. If this box
is checked, the other user automatically gets an email with this
request.
The next block contains an excerpt of the information about the
user that is stored in the database. In detail, this is the user name,
the last known longitude and latitude, the title, the description,
and the saved keywords. The final block on this website is the
part, where the wave of the user is displayed. This is the same
wave that is also displayed on the main screen of WaveLoc on
the device of the client.
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Figure 7.2.: The members-area of WaveLoc

7.2.2. API-based Services
The API part of the scripts offers more functionalities than the
web-based part. The interface can be utilised to implement applications for different devices running different Operating Systems.
Thus, the service is not limited to Android devices. It may be
used to implement other applications running on different systems such as PCs, iPhones, or Blackberrys.
As mentioned previously, there are seven parts that offer different
functionalities. The following sections give a brief overview of
what the API is capable of. For a more detailed view on the definitions of the following functions, confer the appendix F).

users
search Provides all users whose user name, title or description
match the specified search string.
at_poi Provides all users who are online and inside the radius
around the specified POI.
nearby Provides all users who are online and inside the radius
around the current user.

Chapter 7. WaveLoc-API

74
user_data Provides all the data of a certain user.

pois
search Provides all events at Points of Interest whose title or description match the specified search string.
online Provides all events at POIs that are currently taking place
or which begin within a certain timespan.
nearby Provides all the POIs that are inside the radius around the
current user.
nearby_online Provides all the POIs that are inside the radius
around the current user. Every listed POI has got one event
that is currently taking place or which begins in a certain
amount of minutes.
poi_data Provides all the data of the event at the specified POI.
create Creates a new event at the current position of the user.
delete Deletes the specified Point of Interest if it was created by
the current user. Also, all the entries in the favorites-table
concerning this POI are deleted.

favorites
get Provides all the POIs that are in the favorite-list of the user.
nearby Provides all the POIs that are inside the radius around the
current user and that are in the favorite-list of him.
online Provides the events at the POIs that are currently taking
place or that begin in a certain amount of minutes and that
are in the favorite-list of the user.
nearby_online Provides all the POIs that are inside the radius
around the current user and that are in the favorite-list of
the user. Every listed POI has an event that is currently
taking place or which begins in a certain amount of minutes.
add Adds a POI to the favorite-list of the user.
remove Removes a POI from the favorite-list of the user.

"Computer-Supported Learning"
Research Group LuFG Informatik 9
RWTH Aachen University

7.2. Functionalities
keywords
search Provides all users whose keywords match the specified
search string.
nearby Provides all the users that are inside the radius around the
current user and whose keywords correspond to the specified search string.
set_status Sets the status of a user. This indicates if the user offers
help.
set Sets the keywords of the user. These keywords correspond to
his/her capabilities.

friends
get Provides all the users that are in the friends-list of the current
user.
nearby Provides all the users that are inside the radius around
the current user and that are listed in the friends-list of
him/her.
online Provides all the users that are listed in the friends-list of
the user and that are currently online.
add Adds a user to the friends-list of the current user. This
function triggers an email to be sent to the user that one
wants to add as a friend. This specific user has to approve
the request to be added as a friend.
remove Removes a user from the friends-list of the current user.

misc
login Checks if the user is allowed to use the service. Creates a
session for valid users.
logout Logs the user out and destroys the session that was created
during the login.
get_status Checks, if the user is logged in.
set_data Saves user-specific data in the database. This is needed
for the selection of the POIs and the users that are shown to
the current user.
get_data Provides all the data from the database that is stored for
the current user.
set_position Saves the user-specific position in the database.
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show
mywave Displays the wave of the current user.
user_wave Displays the wave of the specified user.
poi_wave Displays the wave of the specified POI.

7.3. Conclusion
The server-side part of the application is able to maintain the
users that are part of the system as well as the data that is stored
about them. It also is able to select those participants that are of
interest to the enquirer that has sent the certain request. Also, the
functionalities of the API are adequate to fulfil the requirements
of WaveLoc presented in chapter 6. In fact, the API offers way
more functionalities than needed. For example, WaveLoc does
not utilise the functions pois/online, pois/nearby_online,
friends/nearby, or keywords/search. Nevertheless, these
functions might be of interest for other kinds of applications
using this API.

"Computer-Supported Learning"
Research Group LuFG Informatik 9
RWTH Aachen University

77

Chapter 8 Implementation
The project WaveLoc consists of two parts, the first one is the
server-based API and the second one is the application running
on the client’s Android devices. Some details of how these parts
have been implemented are shown in the following sections.

8.1. Server-side (WaveLoc-API)
The WaveLoc API, as described in chapter 7, offers functionalities to handle the information about the users that are stored
in the database up to date, to provide data about participants of
WaveLoc (users or POIs) that are close by, and it maintains the
friends- and favorite-lists of every user.
As already mentioned in section 7.2, this API uses PHP, MySQL
and runs on the web-server Apache. It is possible to transfer this
system from one server to another one by installing the whole set
of files onto the destination server. One only has to adjust some
rights, the content of some files, and to set up the database. The
scripts have to get write access to the folders /smarty/cache,
/smarty/configs, and /smarty/templates_c. Thus, they
have to get the required rights (chmod 7751 ). The only three files
that have to be adjusted are the .htaccess in the root directory
of the API, the /data/config.php, and /data/server.php.
In the first file, only the domain has to be adjusted:
1

ErrorDocument 404 http://wave.thues.com/404.htm

1 Full

rights for the root-user and the owner and rights to read/write for every
other user

Transferring the
API
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The second file contains six variables concerning the API that determine default values, among others:
1

5

10

<?PHP
$mail_admin = "hendrik@thues.com";
// the title of the application
$appname = "WaveLoc";
// time when an inactive user is set offline
$idle_time_sec = "300";
// default radius
$std_radius = "300";
// default time to POI
$std_timetopoi = "15";
// distance of offline-users
$max_distance = "31337000";
?>

idle_time_sec determines, after how many seconds, a user is
set to offline if no further status updates are received. This is used
to handle clients that do not gracefully close their application.
max_distance is required to handle the distance to users that
are currently offline (see chapter 8.2.3). The distance to those
users (given in metres) is set to this high value – in this case
31337000 – so that they appear at the bottom of a list that is sorted
according to the distance. The rest of the variables are used in
case of WaveLoc does not provide them (see chapter 6.4.2).
The third file that has to be adjusted is responsible for the
credentials to access the database:
1

5

10

<?PHP
// Address of the database
$db_server = "localhost";
// User of the database
$db_user = "cartwright";
// Password of the database
$db_passwort = "bonanza";
// Name of the database
$db_name = "ponderosa";
?>

The final step in transferring the service to another server is to
set up the MySQL database. With a tool like phpMyAdmin2 , it is
a matter of three steps to create the required tables inside of an
existing database. The Structured Query Language (SQL) commands that need to be executed in order to create those tables are
given in appendix C.1.
2 http://www.phpmyadmin.net
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Of course, the application that runs on the devices of the
clients also needs to be adjusted. There are three occurences
of the URL of the server that have to be replaced in the
source code by the new ones. Two of them can be found in
/src/de/thues/waveloc/waveloc.java, another one can
be found in the file /src/de/thues/waveloc/services/ \
WaveLocService.java.

1

5

To display the output that is generated by the server-based
system the scripts employ the template engine Smarty3 . The data
is generated by the scripts and then handed over as variables
to the appropriate template. These templates now integrate the
variables into a predefined XML or HTML structure.

Template engine

The functions that compute and select the data that is displayed
utilise four PHP Hypertext Preprocessor (PHP)-classes for recurring tasks. First, there is the class sql that encapsulates requests
to the database server. For example, one only has to implement
two lines of code to request data-sets from the database. The
following example shows a request for all the approved friends
of the enquirer who are currently using WaveLoc:

Encapsulating SQL
requests

$res = $sql->doSql("SELECT users.* "
."FROM users, friends WHERE "
."users.id = friends.whom_user_id AND "
."friends.who_user_id = ’"
.$_SESSION[’id’]."’ AND "
."users.logged_in = ’1’ AND "
."friends.approved = ’1’;");
$users = $sql->getArray($res);

Otherwise, this would require much more lines of code than the
ones above.
The second class, called mail, is used to automate sending emails
via PHP. The generation of the complete header and the encoding
is encapsulated in this class. It is also possible to attach files that
are then sent to the recipient. The sending of files is currently
not used by the API. To send an email, one only has to use the
public function send of the created mail object where the variables file and filename are not mandatory:
1

public function send($to, $myname, $myemail,
$subject, $text, $file="", $filename="")

Sending emails
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Calculating
distances

The third class, radius, is the most important of the four
classes. This is because it offers functions to calculate the distance
between two participants whose current position is given as
longitude and latitude (see chapter 8.1.1). Another function of
this class is able to remove those items (users, POIs) from a given
list whose distance is greater than a given threshold. It also offers
two functions to select those users or POIs, respectively, that are
currently close by and it also calculates their distance to a certain
location. The function to calculate distances can be found in the
appendix C.2.

Helper functions

The last class, called fkt, offers various static functions that are
used at different locations in the scripts. Since all the functions
are static, there is no need to instantiate an object of the class.
Thus, this class represents a pool of helper functions. Here are
some examples: create_pass is used to create a password with
a given length that is required for the creation of more than one
user at once (see chapter 7.2.1). It generates a random string of
a given length. sql_volltextsuche creates an SQL string that
can be used to perform a retrieval for a given string. This function
is used for all the search functions, the API provides. check_string is used to check whether a string is malicious or not.
This is required to prevent Cross-Site-Scripting attacks [55]. The
other functions of this static class, are illustrated on the enclosed
DVD.

8.1.1. Calculation of the Distance
The calculation of the distance that is done by the static function
calc_distance is the most crucial part of the API because the
main functionality of the API bases on it.
For the calculation of distances, the required values are the longitude and the latitude values of the two positions whose distance
is to be calculated. First, the longitude and latitude values are
transformed to radian measures.
1

Algorithms for
calculating the
distances

$current_lng_radian = $current_lng / 180 * $pi;
$current_lat_radian = $current_lat / 180 * $pi;

To actually calculate the distance, the Haversine Formula is employed [27]. It provides quite exact results, even if the two locations are located close quarters. There are other methods to calculate the distance, like the Pythagorean Theorem [66] or the Law
3 http://www.smarty.net
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of Cosines for Spherical Trigonometry [63]. But both methods do not
provide sufficient results. The first one assumes that the Earth
is flat. Thus, the error is obviously increasing with the distance
between the two positions. The latter gives unreliable results if
the distance is smaller than about one minute of arc (round about
20 metres). This is because the arccos() is ill-conditioned [25].
The Haversine Formula assumes that the Earth is a sphere with a
constant radius. Thus, there is also an error but it is usually below
0.3% [13]. This results in a maximum error of 30cm for a distance
of 100m.

Error of the
Haversine Formula

The formula developed by Vincenty is much more accurate [74].
It does not use a sphere to approximate the earth, it uses the WGS84 ellipsoid [50] which comprises a standard coordinate frame
for the Earth. But it is also much more complex and since the
distance is calculated for every item that is provided, the speed
of the function should not be neglected. Also, the distances
to the items is mostly less than 500 metres. Assuming such a
distance, the error of the Haversine Formula is less than approximately 1.5 metres which is absolutely acceptable. The distances
to participants that are further away than 1500 metres are displayed in kilometres. Thus, the accuracy does not need to be that
good for distant objects.

Alternatives

8.1.2. Application Programming Interface
Depending on the URL, the PHP-scripts provide different
results.
As mentioned in chapter 7.2, a URL to
request data has to stick to the following scheme:
http://domain.tld/part/function. Here, part determines which PHP-script is called to handle the request. Every
script offers different functionalities. Which one of them is used
is determined by function. On the basis of these two variables,
the correct function in the correct script is executed.

Determining scripts
and functions

Most of the functions provide items that are of interest to the
user who requested them. To retrieve those items, the current
position of the enquirer is requested from the database. If only
those items are relevant whose position is nearby, the maximum
and the minimum of longitude and latitude is calculated as follows:

Selecting nearby
participants
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1

5

// Converting the radius to degree
$alpha = 180 * $radius / ($radius_earth * $pi);
// x/y-coordinates of the square
$geo1 = $user[’lng’] - $alpha;
$geo2 = $user[’lng’] + $alpha;
$geo3 = $user[’lat’] - $alpha;
$geo4 = $user[’lat’] + $alpha;

alpha is an angle that is equivalent to the radius around the
user given in metres. After that, four variables are defined which
represent the longitude and latitude values of the upper left and
of the lower right position, respectively, of a virtual square. This
square is used to preselect those items that can be fetched from
the database. Since the circle with the certain radius and the user
in the centre is completely covered by the square, at least all the
relevant items are fetched if they are inside the square (see figure
8.1). At the end, those of the selected items are deleted whose
distance is larger than the given radius. The result is an array of
items that are inside the given radius around the user.

Figure 8.1.: The variables geo1 and geo3 determine the upper left corner,
the variables geo2 and geo4 determine the lower right corner
of the outer square

Selecting other
participants

If the selection of the items is not limited to those that are nearby,
the query that is sent to the database is not restricted to specific
geo-coordinates. This is the case when the search function is
called. Here, it is only important to find items with specific names
or descriptions and not those that are nearby. Nevertheless, the
distance is calculated for every item but none is deleted because
of its distance.
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Except of two functions, create (to create a new user) and
login (to be allowed to use the API), the system requires that the
client that uses the API is authenticated. To login, the application
has to utilise the function /misc/login and also has to provide
the two variables username and password. If the credentials
are valid, a session is created which is used to further authenticate the application or the user, respectively (see chapter 7.2.1).
Whenever a function is called, the script checks if a session for
the user exists and if the data that is stored inside that session is
valid.

83
Authenticated
requests

Friendships
As explained in chapter 6.4.7, a friendship relationship between
two users has to be confirmed by the one who is asked for. If
a request is initiated by one user, a new data-set is stored in
the friends-table (see chapter 8.1.3). It contains both user-IDs, a
boolean that indicate if the friendship is approved, and a random
string. This string is determined as follows:
1

Confirm friendship
requests

$activationkey = time()."-".$req_friend[’last_action
’]."-".rand(1,99999);

It should be as hard as possible to guess that string, thus, it contains random and non-public parts. This variable is also hashed
using the algorithms md5 and sha-1 which are serially executed.
These are cryptographic one-way functions that encrypt a string
without the possibility to decrypt it. They are used to safely store
sensible data like passwords. To check if two strings match, the
hash-values of those strings are compared. This hash-string is
then sent via email to the user that is about to be added to one’s
friends-list. To approve this friendship, the string is used for validation. If one could guess that string, it would be possible to add
every other person without needing their approval by manually
generating this key.

Extensible Markup Language
The output that is provided by the API is formatted in Extensible Markup Language (XML). XML is a markup language that
has been specified by the World Wide Web Consortium (W3C)4
[22]. In XML-files, the data is presented hierarchically. Such a file
4 http://www.w3.org

Generating
verification strings
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consists of elements that either begin and end with a tag or that
consist of an empty element tag. A tag begins with a “<” and
ends with a “>”, e.g. <item>. Closing tags additionally have a
“/” as second character, e.g. </item>. Empty tags do not have
associated closing tags. They are closed by a “/” as second last
character, e.g. <item />. Between opening and closing tags, other
tags and content can be placed. Content can also be placed as
attributes of tags, e.g. <person age="26">.
XML-files are for example utilised to exchange information
between computer systems.
The WaveLoc API uses such
XML-documents to provide the requested information. In the
following, an example is presented that contains a snippet of
close by POIs:

XML for providing
items

1

5

10

15

20

25

<?xml version="1.0" encoding="UTF-8"?>
<pois amount="16">
<poi>
<p-id>6</p-id>
<p-waveid></p-waveid>
<p-name>eLearningLab</p-name>
<p-description>My second home during the diploma
thesis</p-description>
<p-radius>100</p-radius>
<p-periodictype>2</p-periodictype>
<p-beginday>23.06.2010</p-beginday>
<p-endday>13.09.2010</p-endday>
<p-begintime>09:00</p-begintime>
<p-endtime>19:00</p-endtime>
<p-distance>33.1449360412</p-distance>
<p-longitude>6.06091260910034</p-longitude>
<p-latitude>50.7779273986816</p-latitude>
<p-is_favorite>false</p-is_favorite>
<p-statusonline>true</p-statusonline>
</poi>
<poi>
<p-id>7</p-id>
<p-waveid></p-waveid>
<p-name>BWL 1</p-name>
... truncated ...
</pois>

Applications that access the API have to call the desired function
with possibly additional variables and will receive an XMLdocument afterwards that has they will have to parse. The documentation of how the provided documents look like can be found
in the appendix F.
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8.1.3. Database
The database used by the API is responsible for storing all the
data-sets of the participants. It consists of four tables that contain
the users and the POIs and also the relationship between users
(friends) and the relationship between users and POIs (favorites)
(see figure 8.2).
users
PK

id
username
password
lng
lat
waveid
title
description
keywords
radius
time_to_poi
help_available
logged_in
last_action

pois
PK

id

FK1

title
lng
lat
waveid
begintime
endtime
beginday
endday
periodictype
description
radius
creator_user_id

friends

favorites

PK

id

PK

id

FK1
FK2

who_user_id
whom_user_id
approved
activationkey

FK1
FK2

user_id
poi_id

Figure 8.2.: Diagram of the database

The first table, users, is responsible for maintaining the data-sets
of the users. One data-set consists of the current position of the
user’s device, the status of the user (WaveLoc is or is not running
on his/her device), his/her help-status (offering help/offering no
help), the keywords, and some other information about the user
or data that is required to select the requested items for that user.

Table users

The table pois contains the information about the Points of
Interest. The data that is stored for a POI is limited to few information, such as the position, the time when the event happens, or

Table pois
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the information that is required to display the POI on the device’s
screen.
Table friends

Relationships between users are stored in the table friends. A
data-entry consists of the IDs of the two users, a boolean if the
friendship is approved yet, and the mentioned random string
that is used to verify that only the correct user can approve this
friendship.

Table favorites

The fourth table is called favorites. The sole columns are the ID of
the user and the ID of the POI that this user added to the favoritelist.

8.2. Client-side (WaveLoc.apk)
The Android application WaveLoc consists of nine activities
(see chapter 8.2.3), a service (see chapter 8.2.4), a widget, and
some helper classes (see chapter 8.2.1). It was written in Java
using the Android SDK and the Eclipse Integrated Development
Environment (IDE)5 .

8.2.1. Helper Classes
Positioning

Since the application depends on knowing the current position
of the device, the most crucial part is the determination of that
position. This is encapsulated in a class GetPosition that is
responsible for initialising the WiFi positioning system and for
checking if GPS is enabled. It also provides a function that returns the current position of the device using one of the three
methods: WiFi, GPS, or GSM. Which of these positioning systems
is used depends on the availability and the precision of their results. If WiFi positioning is available, this service is used because
it provides the most accurate results. Otherwise, GPS positioning
is utilised if it is available. This service does not provide good
results inside of buildings but its results are better than those of
GSM positioning which is the last choice. The source code of this
and the other mentioned classes can be found on the enclosed
DVD.

Deviations

To demonstrate the different accuracies, the positions provided
by GSM and by the WiFi positioning service (see chapter 3.3) are
displayed on a map. The mobile phone has not been moved while
5 http://www.eclipse.org
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requesting both data-sets. The accuracy of the position provided
by the WiFi positioning system is about 2-5 meters. The accuracy
of the position provided by GSM is about 535 metres (see figure
8.3).

Figure 8.3.: The green marker depicts the current position of the device
which is also the position provided by the WiFi positioning
system. The red marker depicts the position which is provided
by GSM.

It is obvious that the determination of the current position should
not be made using GSM. This service should only be used is there
is no alternative available.
The class DateFkt contains some functions that are responsible
for parsing and formatting the date, the API provides for items.
It is used to extract the information that is displayed to the user.
It requires a date given as DDMMYYYY with D as the day, M as the
month, and Y as the year. The simplest function now just returns
the day as ordinal date, i.e. 3rd instead of just 3. It is used for
displaying the periodic type of a POI, e.g. “monthly, every 2nd”.
The function getDayOfWeek calculates the day of the week or a
certain date using an algorithm proposed by Zeller [84].

API-Requests
For communicating with the WaveLoc-API, the application usees
the classes DoRequest, SaxParser, and XmlHandler. The first
one is responsible for sending HTTP-requests to the server. There
are four variables, this class requires:

Parsing and
formatting dates
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url The URL that is to be requested

cookieStore The cookieStore is responsible for saving the cookies
that are created during a request. Cookies are used to store
the session-ID (see chapter 7.2.1). This value may be null.
updateFunction If the request has been successful, the updateFunction is responsible for processing the received data. It
is called when the request is finished.
errorFunction In case of an error during the request, the errorFunction is called. It may be used to display an error
according to the respective request.
Processing the
result

Both, updateFunction and errorFunction are runnable objects6 .
Examples of both functions can be found in the appendix C.3.
The actual request is implemented as a thread, thus, the request
does not block the whole application while it is running. If the
request was successful, the received data (an XML-document)
and the possibly updated cookieStore can be retrieved to be
stored and/or to be processed further (see appendix C.4).

Parsing the XML
file

The second step after retrieving the data from the server is to
parse the received XML-document. WaveLoc uses the Android
SAXParser to extract the data out of the XML-document [59].
This is done by casting the document to a stream so that it
can be parsed. The “rules” how the data inside of opening
and closing tags and of attributes is processed can be found in
the XmlHandler. This handler creates at least one object that
encapsulates the data-sets. The given rules determine, which
data is saved in which variable of which object. If the XMLdocument contains a result, such as an error with a message,
one ResultObj is created. If the document contains users or
POIs, the amount of objects (UserObj or PoiObj, respectively)
depends on the amount of items that are received (see appendix
C.5 and C.6).

8.2.2. Google Maps
Displaying items
on a map

As mentioned in chapter 6.4, Points of Interest and friends can
be displayed on a map that is provided by Google Maps. This
functionality bases on three classes that are provided by Pocket
6 http://developer.android.com/reference/java/lang/Runnable.html

"Computer-Supported Learning"
Research Group LuFG Informatik 9
RWTH Aachen University

8.2. Client-side (WaveLoc.apk)

89

Journey [43]. The first class, MapLocation, is used to encapsulate the positions and the names of the markers that are displayed
on the map. The second class, MapLocationViewer, is used to
create a custom MapView object that is used to display the map
itself. In this file, the API key for Google Maps has to be provided. Such a key is required to be able to embed maps inside of
Android applications or websites. MapLocationOverlay, the
last of the three classes, is responsible for placing the marker on
the correct position and for reacting on clicks that are made on
such a marker. By performing such a click, an overlay is displayed that contains additional information about that item. The
mentioned classes can be found on the enclosed DVD.

8.2.3. Activities
The activities (see chapter 2.3.2) represent the different functionalities of WaveLoc. When the application is started, the mainactivity is called. It is responsible for initialising the global variables and for authenticating to the service. It also takes care of
seven configuration variables:
domain The domain at which the service can be found. Currently,
it is set to http://wave.thues.com/.
packageName The name of the package. This is used to determine
the current version of the application.
TAG Used for debugging.
according to such a tag.

One can group log-messages

threshold If the device is not moving, there is no need to send an
update of the current position. If the distance between the
old position and the new one is greater than this threshold,
the new position will be sent.
count If the user does not provide any valid number of how many
items should be downloaded every time a list is displayed,
this value is used instead.
mToKm This is a threshold that indicates, at which amount of
metres the unit is changed from metres to kilometres.
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offlineDist As mentioned in chapter 8.1, the position of users that
are currently offline is not up to date. Thus, the distance is
set to a high value, so the offline users will be placed at the
end of a list that is sorted according to the distance.
Other activities

The other mentioned activities (see chapter 6) are implemented
similar. The onCreate function initialises a request to the server,
depending on the activity. They all handle clicks on the menu on
the top of the screen as well as clicks on the hardware buttons
of the mobile phone. Every activity has its own menu that contains different tasks. This can be sorting the items of the list,
searching for items, or displaying the items on a map. By overriding the function onOptionsItemSelected, the selected task
can be executed. By performing a long click on an item of
the list, a context menu will be displayed. Here, the function
onContextItemSelected has to be overwritten to determine
the selected task. Such an activity also contains the previously
mentioned runnable functions that process the data, received
from the API or that display a message in case of an error, respectively.
An example of such an activity can be found in appendix C.7.

8.2.4. Service
Checking
connectivity

In Android, services are used to perform operations in the background. This can be a longer-running function or a function that
waits for an event. In the case of WaveLoc, the service is used
to do periodic tasks. To be precise, there are five periodic tasks,
the service is responsible for. Every five seconds, the first task,
called startStatusService, sends a request to the server if
the connection is still available. This is used to check whether
the application still has access to the Internet or not. In case of
success, the result is an XML-document with the boolean true.

Transmitting
changes of the
preferences

The second and the third task, startPreferenceService and
startKeywordPreferenceService, check every five seconds
if the user has made any changes in the main preferences or in
the keyword preferences of the application. If this is the case, the
updated data is sent to the server to be stored in the database.
Otherwise, nothing has to be done.
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startLocService, the fourth task, is responsible for sending
the current position to the server. If the application has access to
the Internet and if the distance between the last known position
and the current one is greater than a certain threshold, the
position is updated (see chapter 8.2.3).

Transmitting the
current position

If there is currently no connection to the server, the last of the
five tasks begins with its work. startReconnectService
periodically tries to reconnect to the server until a new connection is established.

Reconnecting

Apart from the five tasks, the service also takes care of the notification that is displayed while the application is running (if it is
not disabled in the preferences). When the application is started,
the service is called. It runs in the background until the application is closed.
The source code of the service can be found in the appendix C.8.

8.2.5. The Backend
Initially, Google Wave should be used as system that is
responsible for maintaining the data that is created by the
participants. During the implementation, it turns out that Wave
is not that performant on smart-phones and that some devices
refuse to display its content at all. Although Google Wave is
capable of being used as a PLE, its User Interface is not implemented to be displayed on smart-phones. The HTC Desire7
does not have a problem displaying a Wave inside of WaveLoc
while the browser of a Motorola Milestone8 crashes short time
after opening the User Interface of Wave. The following chapter
explains how the backend can be exchanged using a different
service. This became crucial when Google announced to not
continue developing the service.

7 http://www.htc.com/www/product/desire/overview.html

8 http://www.motorola.com/Consumers/XW-EN/Consumer-Products-and-

Services/Mobile-Phones/Motorola-MILESTONE-XW-EN
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Chapter 9 Wave Substitution
In August 2010, Google announced that Wave will be discontinued [70]. Since WaveLoc initially used Google Wave as
back-end to be responsible for exchanging information and files,
there needs to be a possibility to replace Wave. This results in
minor changes on the server-side and at the application that is
used by the clients.
In the following sections, it is explained, how the data flow
looks like and what has to be done to replace Google Wave with
another service. The part of a service that is associated with one
participant of WaveLoc will be called Dedicated Collaboration Area
(DCA). Such a DCA can be a wave or a chat-room. At the end of
this chapter, a substitution is presented that enables the clients to
exchange information.

9.1. Data Flow for Embedding Services
The service that is embedded in WaveLoc is assumed to run on a
different server. Furthermore, each DCA is assumed to be identifiable by a unique ID. The data flow of how the content of the
service is displayed on the device of the user is shown on figure
9.1.
If a request for displaying an item arrives at the API, the script
has to get to know the ID of the assigned DCA. This is done by
sending the identifier of the requesting user to the database (1.).
The database answers with the ID of the DCA (2.) that is then embedded in a website which is displayed by the user’s device (3.).
To get the content of the DCA, the device sends a request to the
service by sending the ID of the requested DCA (4.). The result
is then sent from the server of the service to the user (5.). The received content is embedded into a website which is displayed by
the device of the user.
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Figure 9.1.: Data flow of how the user gets the data after requesting a DCA
of a certain participant

9.2. Server-Part
Requirements of
alternative systems

Currently, the WaveLoc-API presents the service according to the
(old) Wave-IDs that are stored in the database. It fetches the ID
of the requested participant and assigns it to a variable that is
then passed to the template engine Smarty which embeds the
requested service into a web site. These IDs may be used further, even if Google Wave is replaced by a different one. The new
service needs to have a Wave-like conversation structure. That
means that a thread of messages can be assigned to one person
by grouping these messages (DCA). It can be seen as if every
participants is assigned an own chat-room – like Facebook’s Wall
or StudiVZ’s Pinnwand – with a unique ID. This identifier can
then be used to replace the Wave-ID.

Replacing the
templates

The next step is to replace or to alter the Smarty-template that
embeds the service. In case of Google Wave, the content is embedded using JavaScript. But it is also possible to embed other
content using iframes. The content should be determined by the
ID that is provided by the data, saved in the database.
It may be mandatory for a user to manually create an account
at the new service. This depends on if it offers an interface to
automatically create accounts. Such an interface could be utilised
by the API to create an account at the substitutional service while
creating a new WaveLoc user.
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9.3. Client-Part
The application that runs on the devices of the clients is
responsible for authenticating the user to the service. WaveLoc
initially used the Wave-username and -password for this. This
routine has to be re-engineered since it is not known, how
the new service handles authentications. This can be done for
example by using basic authentication [24] or open authentication [35]. The authentication may be required to be able to display the content of the service. Google Wave for example does
not allow unauthenticated persons to access the waves of other
users. This may also be the case if different services are embedded. Also, the programmer might want to replace the strings
mentioning the service that are used by the application.

Authentication

The representation of the service that is used as back-end is
completely handled by the server-part. The client-application
needs to display a web site that is maintained by the server. As
mentioned before, the content of this web site is altered to fit to
the new service. Thus, there is no need to change that on clientside.

Displaying the
back-end

9.4. The WaveLoc-Chat
As an example for a Wave substitute, the WaveLoc-Chat has been
implemented. This is a service that allows the participants to
exchange information. Every participant – user and POI – is associated to a WaveLoc-Chat that is generated automatically when
the account for a participant is created. A Chat is identified by a
unique ID, just like waves. This way, the Chats can replace the
waves without causing many changes.

Example for a
substitute

A WaveLoc-Chat consists of a header that contains a form and
an iframe that displays the actual chat messages. This setup is
chosen because the messages need to be refreshed periodically. If
all the data would be displayed on one web site, the form would
be reloaded, too, if the messages are refreshed. This causes a
deletion of the text that may currently be written in the form.
To prevent this deletion, the messages are displayed in an iframe
that can be refreshed without interfering with the form (see figure
9.2).

Setup of the
WaveLoc-Chat
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Figure 9.2.: The WaveLoc-Chat that replaces Google Wave

Service
requirements

The Chat itself was implemented by using the mentioned
scripting language PHP, MySQL as database, and the template
engine Smarty. The database consists of two tables. The first one
contains the Chats that are assigned to the participants and the
other one contains the actual messages that are assigned to the
chats (see figure 9.3).
chat
PK

id
chat_id
timestamp

chats_msgs
PK

id

FK1
FK2

chats_id
user_id
message
timestamp

users
PK

id
username
password
lng
lat
waveid
title
description
keywords
radius
time_to_poi
help_available
logged_in
last_action

Figure 9.3.: Diagram of the database for the WaveLoc-Chat, including the
known users table

Settings

When a Chat is requested by a user, the script fetches the
corresponding messages from the database. To save traffic, not
every message is fetched. In the /data/config.php of the
WaveLoc-Chat, one can adjust the amount of messages that are
shown on one page (msgs_per_page). The second variable,
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pages_around, is used for the pagination. It determines, how
many buttons are shown to access the different pages. The value
2 means that the buttons for the first and the last page are shown
as well as the buttons to the previous and the next page of the
current one. See also figure 9.2. Here, three messages are displayed per page and pages_around is set to two.
1

5

<?PHP
// amount of chat-msgs per page
$msgs_per_page = 3;
// pages that are shown around the current one
$pages_around = 2;
?>

The WaveLoc-Chat can be embedded by the API as described in
chapter 9.2. This can be achieved by replacing the code in the
template that embeds a wave with the following code-snippet:
1

<iframe src="/chat/show?chatid={$waveid|htmlentities
}" style="border: none;" width="100%">
<p>Your browser does not support iframes.</p>
</iframe>

9.5. Conclusion
It is shown that it is possible to replace Google Wave with another
service without the need to implement many changes in the implementation. Since one does not know what will happen to
Google Wave, i.e. if the code of the GUI will be released as open
source, if there will ever be a possibility to set up a GUI on an
own Wave-server, or if there will be a client-server protocol, it
is crucial that there is a possibility to replace the service. The
substitutional WaveLoc-Chat does not fulfil the requirements to
be used as a Personal Learning Environment. Nevertheless, it is
more a proof of concept than a real alternative to replace Google
Wave.
Since the UI of Google Wave is not displayable on every smartphone and thus, user-tests will not be that practical, the WaveLocChat completely replaces Wave. For this, the described changes
have been implemented.
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Chapter 10 Evaluation
To test and to improve the usability of WaveLoc, three sets of
user-tests have been conducted. The first two with five users,
the last one with three users. According to Nielsen [51], it is sufficient to conduct user-tests with five users. Thus, 17 user-tests
with different students (including the final set of tests (see chapter
10.2)) are more than required. As stated, the number of usability
problems that are found in a test with n users and a total number
of N problems is

Amount of
test-persons

N (1 − (1 − L ) n )
L denotes the proportion of usability problems discovered while
testing a single user with a typical value of 31%. According to this
formula, about 84% of the N problems can be found if five users
are tested. The second set of user-tests with five persons should
reveal another 13% of the original N problems. Thus, conducting
user-tests with 10 persons should result in finding about 97-98%
of the problems concerning the usability.
After conducting these three user-tests, a final test with 4 users
has been conducted. The reason for this set was again to test the
changes that have been implemented after each set of the first
user-tests. The participants should consider the application operable intuitively.

10.1. Usability-Tests
The first two sets of user-tests have each been conducted with
five students while the third one has been conducted with three
students, each of them having different foreknowledge concerning smart phones.

Detecting most of
the problems
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Explanations prior
to the tests

Prior to the tasks, the students were asked if they have any
previous knowledge with handling Android phones. Everybody
has been told that there are four important hardware buttons integrated in Android devices. These buttons are the back-button that
is used to go to the previous screen, the menu-button to display
the menu that is assigned to the current screen, the search-button
to display the search dialogue of the current screen, and the homebutton to switch from the application to the Home-Screen of the
Android OS. The students were told not to use the latter one
because it exits the application. The device that was utilised
for these user-tests was a Motorola Milestone (see figure 10.1),
running the Android OS version 2.1-update1 (Eclair).

Capturing the tests

The content of the screen of the device has been captured by
using the tool androidscreencast1 , a Java-based tool that was released under the Apache License 2.0. It allows to record the content of the screen as a video. Unfortunately, it only has a frame
rate of 4-5 frames per second which is not that smooth. Also, it
does not display the positions of clicks or the swipes, a user conducts. To compensate this disadvantage and to capture audio,
the device was also filmed by using a JVC MiniDV camera. Both
kinds of videos of every conducted test can be found on the enclosed DVD.
The students have been told that the items of lists – such as users
or POIs – can be clicked once to display the item and that they
can be long-clicked to display a context dialogue with additional
tasks concerning that certain item. This has been necessary since
some of the students have never worked with an Android device,
thus, they do not know how to handle it.
The students had to solve four tasks. These tasks were read to
each of them in German. In the following, they are also translated
to English:
1. Schaue dir die Hilfe an und lies diese durch.
Take a look at the help-dialogue and read through it.
2. Suche nach dem User Claudia und füge diese zu deiner
Freundesliste hinzu.
Search for the user Claudia and add her to your list of
friends.
3. Schaue dir an, welche User gerade die Übung “Übung abc”
besuchen.

1 http://code.google.com/p/androidscreencast/
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Figure 10.1.: The Motorola Milestone has been utilised to conduct the usertests

Get to know which users are currently attending the
“Übung abc”2 .
4. Suche nach Usern, die dir beim Thema “analysis” helfen
können und schreibe einem eine kurze Nachricht.
Search for those users which can help you with the topic
“analysis” and send a message to one of them.
After implementing the proposed change requests, the second
and the third set of the user-tests have been conducted. The setup
was the same as in the first set. This was necessary to be able to
compare the results with the previous ones.
The detailed results of the sets of user-tests and the suggestions
what should be implemented differently can be found in the
following sections.

2 “Übung

abc” is a tutorial
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10.1.1. First Set
The results of the first set of the user-tests are presented in table
10.1. The students were told to read everything carefully and not
to hurry. Thus, the time is not meaningful.
Student 1
Student 2
Student 3
Student 4
Student 5

Gender
Male
Male
Male
Male
Male

Duration
4:00 min
4:13 min
7:28 min
6:19 min
3:40 min

Foreknowledge
N/A
N/A
owns an iPod Touch
N/A
owns an HTC Desire
(Android-based)

Table 10.1.: Results of the first set of the user-tests

While performing the tasks, notes were taken of how to improve
the usability of WaveLoc. After accomplishing the tasks, the
students were asked if they can think of any improvements to
the usability of WaveLoc.
Implementing the
suggested
changes

13 of the 14 suggestions were about the User Interface (see
appendix E.1). Only one suggested modification was to improve
the functionality of the application. Two of those suggestions
were not implemented, the first one was to improve the general
handling of Android, the other one was to send messages with
using the enter-key of the keyboard. Latter was not implemented
because one might want to make a line break instead of sending
the message. The implemented changes are:

• Help dialogue is now accessible on every screen, not just
only on the main screen.
• Complete revision of the help dialogue including improved
descriptions and additional texts.
• Complete revision of the menu symbols. They now indicate
the current screen and they are more meaningful.
• The list of search strings does not contain the recent strings
anymore. It now contains the most used search strings.
• The names of the users and the Points of Interest are now
displayed larger so that they are more noticeable.
• Some minor improvements like changing the length which
dialogues are presented and adjusting some texts.
To check whether these changes improve the usability, a second
set has been conducted. The results are presented in the following
section.
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10.1.2. Second Set
After implementing the suggestions, the second set of user-tests
has been conducted with five different students. The results of
this second set can be found in table 10.2. Here, the students were
also told to read everything carefully and not to hurry.
Student 6
Student 7

Gender
Male
Male

Duration
6:31 min
5:28 min

Student 8
Student 9
Student 10

Male
Female
Male

7:56 min
5:26 min
6:13 min

Foreknowledge
N/A
owns an iPod Touch and since
lately a Motorola Milestone
N/A
N/A
N/A

Table 10.2.: Results of the second set of the user-tests

During the tests, notes were taken if the implemented changes
help the students solving the tasks and if there are any other
new problems. After accomplishing the tasks, the students were
asked if they can think of any improvements to the usability of
WaveLoc.
The amount of suggestions was by far less than in the first set.
There was a sum of 6 suggestions consisting of those given by the
students and notes that were taken during the tests. When asked
where possible problems are located, the students answered that
there is mostly no problem with the application itself but with
no experience handling an Android device. The complete list of
given suggestions and notes can be found in the appendix E.2.
The changes that were implemented are listed below:

Analysing the
second set of
suggestions

• The keywords-icon in the menu is exchanged.
• The size of the items of the menu are increased.
• If there are no search strings in the list of recent searches, a
short text is shown to help getting started.
• Some minor changes, e.g. rephrasing some sentences.
The second set of the user-tests showed that the implemented
changes ease solving the tasks. The new icons in the menu for
friends and favorites are more obvious to the students. And the
fact that the help dialogue is now accessible on every screen was
an enormous advantage. This dialogue was used very often and
was a great help, the students stated. The other changes – increasing the size of the names of POIs and users, displaying the most
used keywords instead of the recent ones, and the other minor

Result
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changes – did not affect the workflow that much because there
are not that much items (at most 7) in a list to make it confusing and the students do not care how the presented keywords are
selected by the application. They only needed to search for one
keyword to solve the task.

10.1.3. Third Set
After the first two sets with five persons, another set of user-tests
with three students has been conducted to check whether the
implemented changes improved the usability of WaveLoc. The
results of this third set are shown in table 10.3. The setup and the
introduction that was presented to the students was the same as
in the first two sets.
Student 11
Student 12
Student 13

Gender
Female
Female
Female

Duration
8:14 min
8:42 min
3:36 min

Foreknowledge
N/A
does not own a smart phone
does not own a smart phone

Table 10.3.: Results of the third set of the user-tests

While performing the tasks, notes were taken of how to improve
the usability of WaveLoc. After accomplishing the tasks, the
students were again asked if they can think of any improvements
to the usability of WaveLoc.
Analysing the third
set of suggestions

After this set of user-tests, another 9 suggestions were made by
the students or were noted during the tests, respectively (see
appendix E.3). 7 of those 9 suggestions were implemented after
this set of user-tests. The suggestions to display the chat of the
main-screen on a different screen and to exchange the icon of
the keywords-screen in the menu were not implemented because
there were different opinions if this would improve the usability.
Two of the three students stated that the UI is intuitive the way
it is (according to the given suggestions). The implemented
changes are:

• The screen on which a user or a POI is displayed got a menu
which enables the user to perform those actions that were
previously only possible when performing a long-click on
the list-item.
• The menu items that are used to search for participants now
describe for what exactly the user can search (users, POIs,
skills).
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• The OK-button of the help dialogue was removed.
• After starting the application for the first time, a dialogue is
shown that explains how to create an account for the service
and that one should take a look at the help dialogue by
using the option in the menu.
• Miscellaneous changes, eg. increasing texts, adding other
descriptive texts, and preventing the search-function on the
main-screen.
Since the third user-tests showed that there were additional
suggestions of how to improve the application, a final user-test
has been conducted. The results are shown in the following section.
Five screenshots that document the improvements of WaveLoc’s
UI during the first three sets can be found in the appendix E.4.

10.2. Final Tests
After conducting the three sets of user-tests, a final set with four
students has been conducted to test if there are any other problems that did not occur to somebody. The results of this fourth
set are presented in table 10.4.
Student 14
Student 15
Student 16
Student 17

Gender
Male
Female
Female
Female

Duration
4:52 min
4:59 min
5:55 min
3:58 min

Foreknowledge
owns a Motorola Milestone
owns an HTC Desire
N/A
owns an HTC Desire

Table 10.4.: Results of the final set of the user-tests

Three of them stated that WaveLoc was operable intuitively.
There was nothing, they would wish to improve. According to
the one participant who does not own a smart phone, it would
be even easier if she would have known how to handle Android
devices. Those three students could not think of an improvement
to WaveLoc. The fourth student (student 14) proposed 4 changes
which are listed below:

• The term “POI” is not explained before it is used in the help
dialogue.
• When displaying a user or a POI, there ought to be a button
to add or to remove this item from/to the list of friends/favorites.

Reactions to the
final set of
user-tests
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• There is no text that indicates if this user or POI is already
part of such a mentioned list.
• A magnifying glass would fit better on the icon for the
keyword-screen than a first aid bag.
Conclusion

This last set of user-tests showed that the User Interface of
WaveLoc is intuitive. There were far less and serious suggestions
made by the students. Those suggestions that were made might
further improve the usability but this will not be tested in another
set of user-tests.

Last
implementations

All the suggestions mentioned in this set of user-tests have been
implemented. As indicator that displays the friend-/favoritestatus of an item, a star has been added to each item. Additionally, the icon of the friends-screen was exchanged to avoid confusing the users. This icon contained a heart to differentiate it
from the users-icon. This heart has been exchanged by a star. On
the screen which displays participants (users or POIs), there is
now an additional button to add this item to the list of friends or
favorites. Due to this, the equivalent function has been removed
from the context-menu which is displayed when performing a
long-click on an item. The implemented changes are documented
as screenshots in the appendix E.5.
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Chapter 11 Security and Privacy
“We can’t stop the cascade of new location-based digital
services. Nor would we want to – the benefits they offer
are impressive. What urgently needs to change is that
these systems need to be built with privacy as part of their
original design.”
—Andrew J. Blumberg and Peter Eckersley
Security and privacy is always a great issue. In 2010, the
collection of WiFi data by the Google Street View cars has been
in the news all over Germany. While scanning for the positions
of WiFi access points, the payload of unencrypted WiFi networks
has also been saved. This caused a discussion of what is allowed
to be saved and what is not.

Collecting public
data

The privacy policy of Facebook has also been a big issue. The
social network wanted to give the private data of its users to
third party companies so that these could better personalise their
services to the members of Facebook [52]. Nevertheless, people
tend to be part of social networks and (micro)blogging services.
This can be proven by the fact that Facebook gained about 100
million additional users between September, 2009 and February
2010 [67]. In the same period, the amount of messages that have
been sent by using Twitter grew from approximately 18 million
to about 46 million per day [69]. The customers of such services
mostly do not think about what happens to the data they provide. These are not only names but also addresses, telephone
numbers, interests, and of course pictures. Such data-sets can be
used to select advertises that are custom-tailored for the member. According to Sophos [61], the amount of spam and malware
attacks against social networks rose by 70%. This is a great threat
if one takes into account that approximately 72% of the phishing
attacks are successful [41].

Rising amount of
customers of social
networks
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People are
careless with their
private data

People also tend to post messages that concern their private life
or their current whereabouts. A good example of how such
messages can be exploited is the web site PleaseRobMe1 . Users
have the possibility to publish ones exact position using Twitter,
Google Buzz2 , or applications like Foursquare3 or Gowalla4 .
PleaseRobMe utilises such messages to check whether a person
is currently at home or not. The intention of the website is not to
support crime but to call attention to what information is provided by the users. Thus, it is crucial that the participants of
a system only get to know a required minimum of data of the
others. Only that data should be made public that is intended to
be public. For further readings about location privacy, the Electronic Frontier Foundation (EFF)5 published a whitepaper [10].
WaveLoc tries to respect the privacy of the users but also tries to
keep the overhead of messages that are sent between the server
and the clients at a minimum. Below, a possibility is described
how the security of the system can be improved. But the tradeoff is that a lot of additional messages need to be sent for this
action.

11.1. WaveLoc
Privacy in
WaveLoc

The application WaveLoc is a location-based service that depends
on the current position of all participants. Every device using
this service periodically submits its current position. But this
information is not shared with every other user. Only those that
are permitted by a certain user (friends) are allowed to receive
his/her exact current position. All the other persons only get to
know the distance to other users, not their exact whereabouts.
Additionally to the friends, the API also knows the exact location of every participant that is currently using the service. This
is necessary since the API has to calculate the distance between
two participants. If the API would not know the position, there
would be no easy solution of how the distance could be calculated. Nevertheless, a solution is depicted below to show that
this is possible.

1 http://pleaserobme.com

2 http://www.google.com/buzz
3 http://foursquare.com
4 http://gowalla.com
5 http://www.eff.org
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The weakness of the current system is that the server knows the
connection between user and position. So the position should
be encrypted by the users to ensure that the server is not able to
decrypt them or to connect them (decrypted) with the users. If
one participant of the system (server or user) is able to get or to
compute the position of all the other users, this one can track and
record all the movements. This information might be used in a
malicious way.
There is a possibility to keep ones position secret. But the tradeoff is that many messages need to be sent and a cryptographic
infrastructure has to be set up. There are three parties involved.
The user (U) that wants to get to know users in his/her proximity,
the server (S) that knows all the users, and a trusted third party
(T). The cryptographic function that is used in this scheme is a
Public Key (PK) algorithm. Such an algorithm bases on a hard
mathematical problem, like the factorisation of large numbers.
An example for a PK algorithm is RSA [42]. Such a PK system
consists of a pair of keys, one is kept private and the other one
is made public. A message m is encrypted by using the public
key, denoted by e(m). The encrypted message e(m) can only be
decrypted by the creator of the key-pair, denoted by d(e(m)) =
m, since the private key is only known to him. Such a system
complies with the principle of Kerckhoffs [44] who stated that
the secrecy of the encrypted message should solely base on the
secrecy of the key, not on the algorithm itself which should be
publicly available.
1. T generates a key pair using an asymmetric cipher, e.g.
using the mentioned RSA-algorithm
2. T publishes the public part of the key pair
3. Now, every user periodically updates the position by encrypting it with the public key of T and sending this to S
4. If the user U wants to get to know those that are nearby,
he/she sends a request to S
5. S sends e( PosU ) to T
6. T computes d(e( PosU )) = PosU and calculates the square
as presented in chapter 8.1.2
7. T now asks every participant of the system if their current
position is inside that square
8. The users send their answer to T
9. T sends the IDs of those users that are inside that square to
S
10. S takes the saved e( Pos) of those users, permutes this sequence and sends it to T

Possibility to
encrypt all the data
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11. T computes d(e( Pos)) for every received user and calculates
the distance between every pair of those positions and PosU
12. T sends those distances in the correct order back to S
13. S can assign the distances to the correct users by knowing
the permutation and may delete users whose distance to the
enquirer is greater than the given radius
14. S sends the distances and the associated users as result to
user U
Complexity

For one request, the complexity of this algorithm is in the order of
O(n) for n participating users. To prevent that S gets to know the
requests that T sends to the users, this message can be encrypted,
too. This can also be done by using Public Key cryptography.
The participating users would generate such a key pair by using
an asymmetric cypher, like RSA. After that, all these public keys
are sent to T, who uses them to encrypt the messages to the users.
This system requires that none of the three parties is working together. If this can be achieved, no party knows both, the position
and the associated user (at that position).
It is shown that it is possible to build a system in which no party
knows the exact position of a user. Unfortunately, this requires
that many messages are sent and that every user generates a PK
pair. This results in a lot of traffic which is mostly not for free
if smart phones are concerned. Although the exact position of
a user is not revealed, T and U can get the approximate whereabouts of others by getting to know that they are close to a known
position. This fact can not be vanished because otherwise, the
application would be obsolete.

System not
implemented

To prevent such an overhead and to keep the traffic low, the
server stores the position data as plain text in the database. Thus,
it can directly select the appropriate users and calculate the distances without the need of a third party. Since the API is transferable from one server to another, one can join a network that is
trustworthy.

11.1.1. Public Data
Provided data

The data that is made public in WaveLoc is the data, the users provide. There is no information that is mandatory to be provided,
except from the current position. The data, the user can provide
– name, description, and keywords – do not have to conform to
any rules as far as no other person is harmed. These are also the
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only dates that are made public to every participant. There is also
no need to provide the real name, one can also use a pseudonym.
This is important if one keeps in mind that people might have a
problem with expressing one’s view if they are not anonymous.
According to Böhm [11], 30% of the students would give more
feedback if this would be anonymous.
If someone searches for a name, one only gets the current distances to the results (POIs or users). Of course, it is possible
to get a more precise idea of a person’s whereabouts if one is
moving and watching the distance to that person decrease or increase. But there is no exact position transmitted. This is only the
case if one user approves that he/she allows another one to add
him/her to the enquirer’s list of friends. The information that is
provided by Points of Interest is completely public. Since a POI
is only virtual, there is no privacy that can be harmed. The static
position of those participants is made public to everyone.

Position of other
participants

Every participant is in control of which information of him/her
is accessible by others. Everyone only gets to know that data of
others that they want them to show.

11.2. Google Wave
Google Wave itself is not developed to keep the written content private if one is working in a group. In Google Wave,
every participant of a wave can add other additional participants.
These can be people who should read what has been written or
these can be robots. As mentioned in chapter 2.2, robots add
additional functionalities to Wave. To grant access for everyone,
the robot public@a.gwave.com has to be added to a wave. It allows
people that were not manually invited to join the wave. This is
required for a wave that is used as back-end for communication
with mostly unknown users. Even if a wave is used without the
public robot, there is no assurance that the content of this wave
will be kept private within the current group of participants. If
there is more that one participant, they can add other users to that
wave without the need of an approval of all other participants. It
is obvious that the content of a wave is kept as private as the
participants want it to be.

Access to waves

The information that is stored in a wave is not necessarily stored
on servers that are maintained by Google. There is also the possibility to set up own servers running Wave (see chapter 2.2.4).
Then, the data is stored on those servers that are responsible for

Location of the
wave-data
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the participants of that wave. Assuming that the participants are
maintained by those server they trust, there should be no harm
to the privacy of the information.

11.2.1. Rights Management
Basic rights
management

The rights management of Google Wave is very basic. It is only
possible to mark certain participants as read-only ones, thus, they
cannot modify such texts that have been written by others. This
function is only accessible to the owner of the wavelet, i.e. the
creator or the initiator. There is currently no way to set these
rights for a single message.
There is also no possibility to set further rights, such as the right
to prevent someone from reading a message. This can only be
done indirectly by creating a private reply and by not inviting
the specific user. But there is also the disadvantage that one can
not completely control the list of participants if one is not alone
in a wavelet.

11.3. Conclusion
It is shown that the privacy of the users’ positions can be
achieved. But due to the amount of messages that have to be
sent and due to the expected delay of the result to a request, it
is not implemented. The usability of the application was more
important than the security. As far as Google Wave being the
back-end of WaveLoc is concerned, one can not really talk about
privacy. The back-end is used to exchange information and data
with mostly foreign persons. Thus, there is no real possibility to
prevent others from reading the content if one does not want to
manually provide (or to deny) access to every single person who
wants to write something or who wants to access the back-end of
one user.
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Chapter 12 Related Work
With the spreading acceptance of mobile devices [47] featuring
functionalities that are able to determine the position of a device,
the amount of location-based applications rose. There are many
use-cases for this kind of tools. In the following, six examples
of applications are presented that are in a certain way similar to
WaveLoc.

12.1. Google Maps
The service Google Maps1 is available for smart-phones like the
iPhone, BlackBerry, or Android devices. Originally, it has been
used as a digital map or for transit directions. Later on, several
other features have been implemented, e.g. Latitude that displays
the current position of friends. There is also the possibility to
find location-based information such as messages that have been
send using Google Buzz2 (see figure 12.1). The position of the
mobile device is assigned to that message – if the user allows
that – so that it can be found by others who are searching for
location-based information. There is also the possibility to add
pictures to those messages. But it is not possible to directly talk
to the senders of such messages or to get to know their current
whereabouts without adding them to Latitude. One only sees a
message, bound to a location. Another functionality of Google
Maps is to display Points of Interest that are nearby, ordered by
certain categories. In selected cities, it is also possible to get the
schedules of public transportation [30].

1 http://www.google.com/mobile/maps/
2 http://www.google.com/buzz
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This service is developed to get location-based information without getting to know more about the author. One can only see
the exact position of those people that are manually added to the
service. This request has to be approved by the person, who has
been added. But there is no possibility to get to know which unknown persons are currently close by and which skills they have.

Figure 12.1.: Google Maps displaying location-based information, sent via
Buzz

12.2. myREIFF
Another service is myREIFF3 . This is a locally available service,
developed by the Faculty of Architecture of the RWTH Aachen
University. myREIFF offers its participants to provide skills and
to search for those skills in case of help is needed [75]. This
service relies on getting information about the positions of the
participants. This is solved by utilising the Internet Protocol (IP)
address of the mobile device. The IP addresses that are provided by the RWTH Aachen University are taken from a specific IP address space which is managed by the electronic data

3 http://arch.rwth-aachen.de/myreiff/
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processing centre of the RWTH. By collaborating with this electronic data processing centre, an IP address can be mapped to a
rough position by knowing which wireless access point is used to
get access to the Internet and where this access point is located.
Using this method, one is able to find people with special skills
that are close by.
According to a discussion with one of the authors, the localisation
method is not used anymore due to required periodic updates
to the database at the electronic data processing centre. As of
September 2010, the system is only able to determine if a person
is on campus by checking if his/her IP has been provided by the
RWTH Aachen University. But there seems to be no statement
where exactly this person is located (see figure 12.2). Thus, this
service is not possible for every location.

Figure 12.2.: myREIFF showing who is on campus and who offers which
skills
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12.3. MessageParty
MessageParty4 is a chat that allows participants to chat with others
that are currently close to each other. Participants can create
public parties by using the application installed on the mobile
device (at the moment, an application for MessageParty is available for the iPhone). This service adds location-aware information to chat-rooms. The difference to regular chat-rooms is
that the application detects nearby parties with participants that
are also nearby by utilising the positions of these participants
(see figure 12.35 ). According to the website of MessageParty,
the application should encourage discussions at a lecture or in
a classroom.
This service describes the first scenario mentioned in chapter
5.1. But there is no possibility to search for specific people that
are close by and as of September 2010, there is no possibility to
exchange any files or store some information location-based.

Figure 12.3.: MessageParty showing nearby “parties”

4 http://messageparty.net/
5 Source:

http://itunes.apple.com/us/app/messageparty/id386579657?mt=8
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12.4. Facebook Places
Facebook launched its service Facebook Places6 in August 2010 for
users in the United States. This is a service to share one’s location
with others using an iPhone application or by visiting a mobile
website7 . The application shows nearby places that can be used
as one’s location or new places can be created. By checking-in
at such a place, one’s current location is propagated to all the
friends in the Facebook network. After checking in, one can see
which friends are nearby. There is also the possibility to tag other
Facebook users that are also at that location [79].
This service adds location-based information to the status updates which people can post to Facebook. This is comparable
with Google Maps displaying the positions of friends and displaying location-based information.

12.5. Gowalla and Foursquare
Other applications that share one’s position are for example
Gowalla8 or Foursquare9 . Such tools are location-based social networks that allow their users to share places and tips about them
and get to know people that are nearby. In case of Foursquare,
one can see venues that are around which have been created by
the participants (see figure 12.4). These locations can be used to
check-in. By doing this, friends will get to know where one’s
current location is. Other users can be added as friends just like
in any other social network by sending a request.
Such services add a game-like component to location-based social
networks by assigning titles and awards to its participants or by
providing items that can be collected, swapped, or dropped.

12.6. Conclusion
As one can see, there are several different approaches and
services which utilise the current position of its participants.
Accept for MessageParty, none of them is likely to be used for
higher education. MessageParty might be able to be used as
platform to discuss location-based about lectures or tutorials.
6 http://www.facebook.com

7 http://touch.facebook.com/
8 http://gowalla.com/

9 http://foursquare.com/
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Figure 12.4.: MessageParty showing nearby locations

But since the positioning capabilities of mobile devices is not
that good inside buildings, it might not be that practical. Since
WaveLoc employs the WiFiLoc positioning system, the devices
can be positioned more precisely inside of buildings.
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Chapter 13 Conclusion
“Finally, in conclusion, let me say just this.”
—Peter Sellers
This chapter summarises the whole process of developing the
application WaveLoc. It depicts where problems occurred while
implementing the application and which future work arises from
this diploma thesis.

13.1. Review
The WaveLoc system enables its users to connect with each other
and to find others that are nearby. These functionalities can be
utilised to offer and to gain help among students. As backend
that is used to handle the data and to exchange information such
as images, documents, or videos, the service Google Wave was
proposed. This tool enables its users to communicate with each
other, to share information, to discuss about specific topics, to
create content collaboratively, and to store data location-based
that may be accessed by others. Speicher [62] stated that Google
Wave is capable of being the basis of a PLE as depicted in the
chapters 2.1 and 2.2.

WaveLoc’s
requirements

During the work on this diploma thesis, two problems with
Google Wave occurred. Google stated to stop developing Google
Wave which could not be foreseen and there were problems to
display the UI of Wave on some smart-phones. Thus, the service
had to be exchangeable. It has been shown that there is an easy
and uncomplicated way to substitute the service that is used as
backend. As proof of concept, a simple chat has been implemented. Every participant of WaveLoc gets associated with such
a chat-room that can be accessed by every other participant.

Wave’s substitution
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This alternative has been integrated into WaveLoc to replace the
Google Wave service (see chapter 9).

Hardware
requirements
fulfilled

To get to know, if today’s students own the required mobile
devices that are needed to deploy an application like WaveLoc,
a survey has been conducted. The result was that about 93%
of the participants of this survey own a mobile device such as
a smart-phone or a notebook-like device. This shows that there
is a great potential for applications that require the capabilities
of such devices, i.e. the capability to determine one’s position
or to get a connection to the Internet. Latter is also given since
62% of the participants use WiFi on a daily basis to get access to
the Internet at home, 68% use the offered service Eduroam at the
university on at least a weekly basis , and 36% have a data-plan to
access the Internet using 3G technology. This shows that today’s
students have the technical requirements to deploy applications
like WaveLoc.

Implementations

WaveLoc has been implemented to be used on devices that base
on the Android OS. The implementation of the application and
the API that is used to retrieve and to store data took roughly
about 10 weeks. The result is a system that is based on two parts:
the application running on the client’s devices and PHP-scripts
of the API running on a web server. Latter can be utilised to
implement applications for different kinds of mobile devices such
as iPhones, Blackberrys, or Microsoft Windows/Linux/MacOS
based notebooks. Thus, there is the possibility to use the same
service on various kinds of devices. The Android-based part of
WaveLoc running on the client’s devices fulfils the requirements
according to the scenarios, presented in chapter 5. Its usability
has been improved by conducting four sets of user-tests with a
total amount of 17 students. After the first three sets, the suggested changes to the application have been implemented to improve the usability. The students of the last set stated that the
handling of WaveLoc is intuitive, especially if one knows how to
handle Android devices. But even those students with no experience of handling such devices were able to solve the given tasks.

Security and
privacy

To solve security and privacy issues it is shown that there is
a possibility to encrypt the messages in such a way that no
participating party is able to establish a connection between a
user and his/her current position. Thus, the positions of the
participating students can be kept private within a certain area.
But this algorithm is not implemented in WaveLoc since there is
a great overhead of messages that have to be sent between the
participating parties to determine the result of one request.
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13.2. Problems and Future Work
During the development of WaveLoc, some problems occurred.
In detail, this has been the mentioned problem with displaying
Google Wave on some mobile devices such as the Motorola Milestone. Wave never became final. It has been released to be used
by everyone with no need of an invitation but there was no possibility to exchange the User Interface or to employ a client-server
protocol to implement an own client that can be adjusted to the
requirements of small-screen devices. In the first presentation
video for Wave [33], Google announced a client-server protocol
and the possibility to implement own User Interfaces for Waveservers that are not necessarily maintained by Google. Nothing of
that came true. Quite the opposite was the case, Google stopped
the development of Wave. Thus, there needs to be a service that
can replace Google Wave as backend and that is capable of being
utilised as Personal Learning Environment.

Finding a
substitute service
with PLE
capabilities

As mentioned in chapter 10, four user-tests have been conducted
to check whether WaveLoc can be handled intuitively. Due to
time constraints and the problems with the backend, there was
no possibility to test this application in a larger scale. WaveLoc
should be used in a lecture or in a tutorial for some time to
examine how the students accept this system. That means among
others if the students are willing to provide help to others as well
as if they accept any help from skilled students or if they use
this service to create Points of Interest in order to exchange information associated with the certain event.

Conduct a
large-scale test

To improve the security and the privacy of WaveLoc, it might
be interesting to implement the presented algorithm (or an alternative one) which ensures the privacy of the maintained data (see
chapter 11.1). There is no statement if a system will be preferred
and accepted by the students if there is a guaranteed privacy for
the provided data. As stated in chapter 11.1, the system might
not be applicable theoretically. But there may be a way to set up
such a system which does not work on a global basis but on a
local basis, decreasing the complexity of the algorithm.

Improve the
privacy

The last interesting future work is to implement a server-server
protocol which enables the APIs on different servers to communicate with each other. The advantage of such a system is that
everybody will be able to set up a server, running the WaveLocAPI. There would be no need to be registered to a service which
is maintained by a group of people, one does not know. By

Improve the
networking
structure
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using the ability of those servers to communicate with others, the
system could be a global one consisting of local servers.

"Computer-Supported Learning"
Research Group LuFG Informatik 9
RWTH Aachen University

125

Appendix A Bibliography
Printed References
[3]

Mostafa Akbari, Maximilian Speicher, and Hendrik Thüs. “How do our students use their
PLEs?” In: The PLE Conference (2010). ISSN: 2077-9119.

[5]
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Abbreviations
API
= Application Programming Interface.
BTS
= Base Transceiver Station.
CAPTCHA = “Completely Automated Public Turing test to tell
Computers and Humans Apart”.
COO
= Cell Of Origin.
CS
= Cell Sector.
DCA
= Dedicated Collaboration Area.
EFF
= Electronic Frontier Foundation.
GPS
= Global Positioning System.
GSM
= Global System for Mobile Communications.
GUI
= Graphical User Interface.
IDE
= Integrated Development Environment.
IP
= Internet Protocol.
OHA
= Open Handset Alliance.
OS
= Operating System.
PHP
= PHP Hypertext Preprocessor.
PK
= Public Key.
PLE
= Personal Learning Environment.
POI
= Point of Interest.
RSS
= Received Signal Strength.
SDK
= Software Development Kit.
SQL
= Structured Query Language.
UI
= User Interface.
URL
= Uniform Resource Locator.
WiFi
= Wireless Fidelity.
XML
= Extensible Markup Language.
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Appendix B Survey-Data
1. Area of study

Computer Science
Mechanical Engineering
Waste Management Engineering
Electronical Engineering
Studying Languages
Medical Engineering
Studying to become a Teacher
Mathematics
Ergotherapy
Business Administration
Physics
Biology
Technical Communication
Human Resources Management
Chemistry
Architecture
Archaeology
Geography
Geology
Total:

Amount
58
15
1
6
1
3
20
10
1
96
2
3
21
1
3
1
1
2
1
246

Percentage
23.58%
6.10%
0.41%
2.44%
0.41%
1.22%
8.13%
4.07%
0.41%
39.02%
0.81%
1.22%
8.54%
0.41%
1.22%
0.41%
0.41%
0.81%
0.41%
100.00%
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2. Semester

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
Total:

Amount
3
96
10
57
5
25
7
15
5
13
0
5
2
1
1
2
0
2
1
1
251

Percentage
1.20%
38.25%
3.98%
22.71%
1.99%
9.96%
2.79%
5.98%
1.99%
5.18%
0.00%
1.99%
0.80%
0.40%
0.40%
0.80%
0.00%
0.80%
0.40%
0.40%
100.00%

3. Sex

Female
Male
Total:

Amount
79
172
251

Percentage
31.47%
68.53%
100.00%
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4. Year of birth

1979
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
Total:

Amount
2
8
5
6
10
14
15
38
35
45
45
21
7
251

Percentage
0.80%
3.19%
1.99%
2.39%
3.98%
5.58%
5.98%
15.14%
13.94%
17.93%
17.93%
8.37%
2.79%
100.00%

5. Do you posses any of the following devices or a similar one?

Android Device
Blackbarry
iPhone
iPod Touch
Other
Total:

Amount
10
5
24
24
29
92

Percentage
10.87%
5.43%
26.09%
26.09%
31.52%
100.00%

6. Do you posses a Laptop, Notebook, or Netbook?

Yes
No
Total:

Amount
230
21
251

Percentage
91.63%
8.37%
100.00%

7. Do you use your mobile device to access any Internet services? (Like StudiVZ, Facebook, Twitter, EMail, Instant Messaging (ICQ, Jabber), etc.)

Yes
No
Total:

Amount
184
45
229

Percentage
80.35%
19.65%
100.00%

Appendix B. Survey-Data

136
8. Which mobile Internet connection do you use and how often?

Public
(free)
WiFi Hotspots
(e.g. small pubs)
Public (non free)
WiFi Hotspots
(e.g. Starbucks)
Private
WiFi
Hotspots
(e.g.
Home / Friends)
MoPS
/
Eduroam
or
similar
(e.g.
University)
GSM / UMTS

Never / rarely
140 (64.22%)

1 x / month
50 (22.94%)

1 x / week
13 (5.96%)

3 x / week
9 (4.13%)

Every day
6 (2.75%)

Total
218

205 (95.35%)

5 (2.33%)

4 (1.86%)

0 (0.00%)

1 (0.47%)

215

17 (7.56%)

16 (7.11%)

30 (13.33%)

22 (9.78%)

140 (62.22%)

225

30 (13.16%)

42 (18.42%)

34 (14.91%)

66 (28.95%)

56 (24.56%)

228

138 (65.71%)

13 (6.19%)

9 (4.29%)

10 (4.76%)

40 (19.05%)

210

Amount
66
11
5
147
229

Percentage
28.82%
4.80%
2.18%
64.19%
100.00%

9. Do you have a data plan?

Yes, a flat rate with a fair use policy
Yes, a data plan based on volume (e.g. 50MB)
Yes, a data plan based on time (e.g. per minute)
No
Total:
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10. Do you use any of the following services?
Total amount of responses: 251

StudiVZ
MeinVZ
SchülerVZ
Facebook
Xing
Jappy
Wer kennt Wen
Twitter
Google Buzz
MySpace
Youtube
Google Maps
Delicious
Google Reader
Digg
Flickr
Dropbox
Doodle
Mister Wong
Yigg
StumbleUpon
Reddit
Technorati

Service
unknown
2 (0.80%)
19 (7.57%)
9 (3.59%)
3 (1.20%)
73 (29.08%)
203 (80.88%)
81 (32.27%)
20 (7.97%)
145 (57.77%)
17 (6.77%)
0 (0.00%)
1 (0.40%)
190 (75.70%)
107 (42.63%)
175 (69.72%)
104 (41.43%)
171 (68.13%)
113 (45.02%)
141 (56.18%)
205 (81.67%)
190 (75.70%)
191 (76.10%)
202 (80.48%)

Never
/
rarely
24 (9.56%)
211 (84.06%)
205 (81.67%)
116 (46.22%)
151 (60.16%)
48 (19.12%)
145 (57.77%)
193 (76.89%)
102 (40.64%)
199 (79.28%)
10 (3.98%)
16 (6.37%)
53 (21.12%)
113 (45.02%)
68 (27.09%)
109 (43.43%)
51 (20.32%)
75 (29.88%)
105 (41.83%)
45 (17.93%)
54 (21.51%)
56 (22.31%)
47 (18.73%)

1 x / month

1 x / week

3 x / week

Every day

31 (12.35%)
5 (1.99%)
22 (8.76%)
20 (7.97%)
14 (5.58%)
0 (0.00%)
9 (3.59%)
12 (4.78%)
2 (0.80%)
27 (10.76%)
20 (7.97%)
55 (21.91%)
3 (1.20%)
13 (5.18%)
6 (2.39%)
23 (9.16%)
7 (2.79%)
51 (20.32%)
4 (1.59%)
1 (0.40%)
5 (1.99%)
3 (1.20%)
1 (0.40%)

41 (16.33%)
5 (1.99%)
7 (2.79%)
22 (8.76%)
9 (3.59%)
0 (0.00%)
4 (1.59%)
7 (2.79%)
0 (0.00%)
6 (2.39%)
62 (24.70%)
110 (43.82%)
1 (0.40%)
5 (1.99%)
1 (0.40%)
10 (3.98%)
4 (1.59%)
11 (4.38%)
1 (0.40%)
0 (0.00%)
0 (0.00%)
0 (0.00%)
1 (0.40%)

48 (19.12%)
3 (1.20%)
4 (1.59%)
18 (7.17%)
1 (0.40%)
0 (0.00%)
4 (1.59%)
5 (1.99%)
0 (0.00%)
1 (0.40%)
99 (39.44%)
55 (21.91%)
3 (1.20%)
3 (1.20%)
0 (0.00%)
4 (1.59%)
5 (1.99%)
1 (0.40%)
0 (0.00%)
0 (0.00%)
0 (0.00%)
0 (0.00%)
0 (0.00%)

105 (41.83%)
8 (3.19%)
4 (1.59%)
72 (28.69%)
3 (1.20%)
0 (0.00%)
8 (3.19%)
14 (5.58%)
2 (0.80%)
1 (0.40%)
60 (23.90%)
14 (5.58%)
1 (0.40%)
10 (3.98%)
1 (0.40%)
1 (0.40%)
13 (5.18%)
0 (0.00%)
0 (0.00%)
0 (0.00%)
2 (0.80%)
1 (0.40%)
0 (0.00%)
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11. List any additional social networks you use.
Students could give more than one answer and this question was not mandatory. The total
amount of answers is not equal with the amount of services that were mentioned.
Kind of Service
Instant Messaging
Email
Websites of the University
Blogs
Information- and News-Websites
Audio- and Video-Websites
Travel-Websites
Different Social Networks
Auctions-Websites
Financial-Websites
Online Office Tools
Shopping-Websites
File-Hoster
Forums
Google Wave
Dictionaries
Search Engines
Calendars
Code Hosting
Game-Websites
Total:

Amount
14
8
8
5
5
4
3
3
3
3
3
2
2
2
1
1
1
1
1
1
71
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12. Do you have an actively used account with the following services?
Total amount of responses: 251
Twitter
Google Buzz
MySpace
Youtube
Google Maps
Delicious
Digg
Flickr
Dropbox
Doodle
Mister Wong
Yigg
StumbleUpon
Reddit
Technorati

Yes
30
5
22
80
34
4
3
15
26
16
0
1
4
1
0

11.95%
1.99%
8.76%
31.87%
13.55%
1.59%
1.20%
5.98%
10.36%
6.37%
0.00%
0.40%
1.59%
0.40%
0.00%

No
221
246
229
171
217
247
248
236
225
235
251
250
247
250
251

13. Do you use your real name in social networks?

Always
Often
Seldom
Never
Total:

Amount
31
97
79
44
251

Percentage
12.35%
38.65%
31.47%
17.53%
100.00%

14. How many friends do you have in your social networks in average?

None
1-25
26-50
51-100
101-200
More than 200
Total:

Amount
8
15
41
68
80
39
251

Percentage
3.19%
5.98%
16.33%
27.09%
31.87%
15.54%
100.00%

88.05%
98.01%
91.24%
68.13%
86.45%
98.41%
98.80%
94.02%
89.64%
93.63%
100.00%
99.60%
98.41%
99.60%
100.00%
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15. On how many pictures are you linked in your social networks in average?

None
1-50
51-100
101-200
201-300
More than 300
Total:

Amount
26
149
40
26
8
2
251

Percentage
10.36%
59.36%
15.94%
10.36%
3.19%
0.80%
100.00%

16. Do you use any of the following collaboration tools?
Total amount of responses: 251

Google Docs
Google Wave
ZOHO
Mozilla Bespin
Wikis
SVN
git
Mercurial
Etherpad
Gobby
Colabedit
Teamviewer
CoOffice
VNC

Tool
unknown
147 (58.57%)
160 (63.75%)
225 (89.64%)
220 (87.65%)
95 (37.85%)
175 (69.72%)
204 (81.27%)
221 (88.05%)
217 (86.45%)
228 (90.84%)
231 (92.03%)
166 (66.14%)
225 (89.64%)
164 (65.34%)

Never
/
rarely
78 (31.08%)
74 (29.48%)
23 (9.16%)
31 (12.35%)
65 (25.90%)
39 (15.54%)
29 (11.55%)
26 (10.36%)
32 (12.75%)
20 (7.97%)
20 (7.97%)
63 (25.10%)
26 (10.36%)
62 (24.70%)

1 x / month

1 x / week

3 x / week

Every day

12 (4.78%)
12 (4.78%)
1 (0.40%)
0 (0.00%)
37 (14.74%)
8 (3.19%)
7 (2.79%)
4 (1.59%)
0 (0.00%)
3 (1.20%)
0 (0.00%)
15 (5.98%)
0 (0.00%)
16 (6.37%)

10 (3.98%)
3 (1.20%)
1 (0.40%)
0 (0.00%)
23 (9.16%)
12 (4.78%)
2 (0.80%)
0 (0.00%)
1 (0.40%)
0 (0.00%)
0 (0.00%)
4 (1.59%)
0 (0.00%)
4 (1.59%)

2 (0.80%)
1 (0.40%)
1 (0.40%)
0 (0.00%)
17 (6.77%)
11 (4.38%)
4 (1.59%)
0 (0.00%)
1 (0.40%)
0 (0.00%)
0 (0.00%)
2 (0.80%)
0 (0.00%)
3 (1.20%)

2 (0.80%)
1 (0.40%)
0 (0.00%)
0 (0.00%)
14 (5.58%)
6 (2.39%)
5 (1.99%)
0 (0.00%)
0 (0.00%)
0 (0.00%)
0 (0.00%)
1 (0.40%)
0 (0.00%)
2 (0.80%)
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17. List any additional collaboration tools you use.
Students could give more than one answer and this question was not mandatory. The total
amount of answers is not equal with the amount of services that were mentioned.
Kind of Service
Instant Messaging
Email
Dropbox and others
Collaborative Office Usage
Sourc Code Management
Forums
Telephone
Project Management
Ticket Management System
backpackit.com
Total:

Amount
15
12
5
5
4
2
2
2
1
1
49

18. With whom do you use any of the following collaboration tools?

Google Docs
Google Wave
ZOHO
Mozilla Bespin
Wikis for collaboration
SVN
git
Mercurial
Etherpad
Gobby
Colabedit
Teamviewer
CoOffice
VNC

Alone

Friends

Family

Strangers

Total

2 (2.82%)
1 (1.64%)
0 (0.00%)
0 (0.00%)
2 (1.75%)

Fellow
students
11 (15.49%)
9 (14.75%)
2 (5.41%)
0 (0.00%)
38 (33.33%)

17 (23.94%)
7 (11.48%)
4 (10.81%)
3 (8.82%)
10 (8.77%)

10 (14.08%)
13 (21.31%)
0 (0.00%)
0 (0.00%)
20 (17.54%)

31 (43.66%)
31 (50.82%)
31 (83.78%)
31 (91.18%)
44 (38.60%)

71
61
37
34
114

16 (17.58%)
9 (13.85%)
3 (8.57%)
3 (8.57%)
3 (8.11%)
3 (8.57%)
7 (8.14%)
3 (8.82%)
13 (19.12%)

9 (9.89%)
6 (9.23%)
1 (2.86%)
0 (0.00%)
1 (2.70%)
0 (0.00%)
23 (26.74%)
0 (0.00%)
9 (13.24%)

0 (0.00%)
0 (0.00%)
0 (0.00%)
0 (0.00%)
0 (0.00%)
0 (0.00%)
16 (18.60%)
0 (0.00%)
8 (11.76%)

33 (36.26%)
12 (18.46%)
0 (0.00%)
1 (2.86%)
2 (5.41%)
0 (0.00%)
10 (11.63%)
0 (0.00%)
6 (8.82%)

33 (36.26%)
38 (58.46%)
31 (88.57%)
31 (88.57%)
31 (83.78%)
32 (91.43%)
30 (34.88%)
31 (91.18%)
32 (47.06%)

91
65
35
35
37
35
86
34
68
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19. Do you use any of the following personalized Internet portals?
Total amount of responses: 251
iGoogle
Netvibes
Symbaloo
Pageflakes
My Yahoo!
Windows Live
Personalized
Experience

Portal unknown
79
31.47%
227
90.44%
235
93.63%
233
92.83%
105
41.83%
161
64.14%

Known, but not used
135
53.78%
23
9.16%
16
6.37%
18
7.17%
140
55.78%
85
33.86%

Known, but not used
37
14.74%
1
0.40%
0
0.00%
0
0.00%
6
2.39%
5
1.99%

20. List any additional personalized Internet portals you use.
Students could give more than one answer. The total amount of answers is not equal with the
amount of services that were mentioned.

•
•
•
•
•
•
•
•
•
•

Netvibes
codeproject.com
mendeley.com
www.campus.rwth-aachen.de/office
dontnet-snippets.de
sourceforge.net
infostudium.de
jogmap.de
Web-Browser (3)
Youtube.com

21. Do you use and / or know any of the following services / activities?
Total amount of responses: 251
Foursquare
Gowolla
Qype
GeoCaching

Service / activity unknown
238
94.82%
240
95.62%
206
82.07%
146
58.17%

Known, but not used
10
3.98%
9
3.59%
37
14.74%
83
33.07%

Known, and used
3
1.20%
2
0.80%
8
3.19%
22
8.76%

22. Do you know what is meant by the term ‘Personal Learning Environment’?

Yes
No
Total:

Amount
159
92
251

Percentage
63.35%
36.65%
100.00%
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23. Comments

• gogo gadgetta two ***** doin it
• mann hendi, ich kannte ja nichts von dem ganzen kram. ich hoffe du kannst was damit
tun...deine schwester
• Irgendwie fühl ich mich dumm...
• In dem Abschnitt über Kolaboration-Tools kann man angeben mit wem man zusammen
arbeitet. Was mir dort fehlt sind z.B. die Kategorien: beruflich, geschäftlich und andere.
Ansonsten fand ich die Umfrage sehr interessant, vor allem weil ich neue Dienste kennen
gelernt habe. Falls es später einmal eine Auswerteung, ZUsammenfassung oder dergleichen geben wird, würde ich mich über eine Rückmeldung freuen. MfG der Teilnehmer
• L2P?
• Merkwürdig dass so viele Arten zum Zusammenarbeiten aufgezählt werden aber simple
Dinge wie E-Mail oder Usenet nicht dabei sind.
• Meist benutze ich das Internet um Recherchen für die Uni zu betreiben. Ansonsten nur
für Email und Instant Messaging oder für Unterhaltung.
• bei Frage 18 fehlt dummerweise “geschäftlich” - da ich die meißten professionellen Tools
eher im (Neben-)Job verwende, passte das nicht wirklich rein...
• individual gestaltete und gut ausgestatte Lernumgebung, gut vernetzt (?)
• Wofür stehen die Roten * (sternchen) bei den Fragen? Ungefähre dauer für die Umfrage
wäre vorteilhaft. Ansonsten ok. Gruß, —
• Ab der Frage NR. 16 muss ich leider passen...kenn mich nicht aus und weiß nicht, ob ich
solche Dinge anwende... Viel Erfolg beim Auswerten!!!!
• jaaaaa.....
• Warum kenne ich so wenig? :S
• Das Ergbenis der Umfrage zu erfahren wäre für mich sehr interessant.
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Appendix C Listings
C.1. MySQL Database of the WaveLoc-API
1

5

10

15

20

25

30

35

CREATE TABLE IF NOT EXISTS ‘chats‘ (
‘id‘ int(11) NOT NULL AUTO_INCREMENT,
‘chat_id‘ varchar(20) CHARACTER SET latin1 NOT NULL,
‘timestamp‘ varchar(30) CHARACTER SET latin1 NOT NULL,
PRIMARY KEY (‘id‘)
) ENGINE=MyISAM DEFAULT CHARSET=utf8 COLLATE=utf8_bin AUTO_INCREMENT=1 ;
CREATE TABLE IF NOT EXISTS ‘chats_msgs‘ (
‘id‘ int(11) NOT NULL AUTO_INCREMENT,
‘chats_id‘ int(11) NOT NULL,
‘user_id‘ int(11) NOT NULL,
‘message‘ text CHARACTER SET latin1 NOT NULL,
‘timestamp‘ varchar(30) CHARACTER SET latin1 NOT NULL,
PRIMARY KEY (‘id‘)
) ENGINE=MyISAM DEFAULT CHARSET=utf8 COLLATE=utf8_bin AUTO_INCREMENT=1 ;
CREATE TABLE IF NOT EXISTS ‘favorites‘ (
‘id‘ int(11) NOT NULL AUTO_INCREMENT,
‘user_id‘ int(11) NOT NULL,
‘poi_id‘ int(11) NOT NULL,
PRIMARY KEY (‘id‘)
) ENGINE=MyISAM DEFAULT CHARSET=latin1 AUTO_INCREMENT=1 ;
CREATE TABLE IF NOT EXISTS ‘friends‘ (
‘id‘ int(11) NOT NULL AUTO_INCREMENT,
‘who_user_id‘ int(11) NOT NULL,
‘whom_user_id‘ int(11) NOT NULL,
‘approved‘ tinyint(4) NOT NULL,
‘activationkey‘ varchar(50) NOT NULL,
PRIMARY KEY (‘id‘)
) ENGINE=MyISAM DEFAULT CHARSET=latin1 AUTO_INCREMENT=1 ;
CREATE TABLE IF NOT EXISTS ‘pois‘ (
‘id‘ int(11) NOT NULL AUTO_INCREMENT,
‘title‘ varchar(100) CHARACTER SET latin1 NOT NULL,
‘lng‘ double NOT NULL,

146

40

45

50

55

60

65

Appendix C. Listings

‘lat‘ double NOT NULL,
‘waveid‘ varchar(50) CHARACTER SET latin1 NOT NULL,
‘begintime‘ time NOT NULL,
‘endtime‘ time NOT NULL,
‘beginday‘ int(30) NOT NULL,
‘endday‘ int(30) NOT NULL,
‘periodictype‘ tinyint(4) NOT NULL,
‘description‘ text CHARACTER SET latin1 NOT NULL,
‘radius‘ int(10) NOT NULL,
‘creator_user_id‘ int(11) NOT NULL,
PRIMARY KEY (‘id‘)
) ENGINE=MyISAM DEFAULT CHARSET=utf8 COLLATE=utf8_bin AUTO_INCREMENT=1 ;
CREATE TABLE IF NOT EXISTS ‘users‘ (
‘id‘ int(11) NOT NULL AUTO_INCREMENT,
‘username‘ varchar(50) CHARACTER SET latin1 NOT NULL,
‘password‘ varchar(50) CHARACTER SET latin1 NOT NULL,
‘lng‘ double NOT NULL,
‘lat‘ double NOT NULL,
‘waveid‘ varchar(50) CHARACTER SET latin1 NOT NULL,
‘title‘ varchar(100) CHARACTER SET latin1 NOT NULL,
‘description‘ text CHARACTER SET latin1 NOT NULL,
‘keywords‘ text CHARACTER SET latin1 NOT NULL,
‘radius‘ int(10) NOT NULL DEFAULT ’300’,
‘time_to_poi‘ int(10) NOT NULL DEFAULT ’15’,
‘help_available‘ tinyint(4) NOT NULL DEFAULT ’0’,
‘logged_in‘ tinyint(4) NOT NULL DEFAULT ’1’,
‘last_action‘ int(15) NOT NULL,
PRIMARY KEY (‘id‘)
) ENGINE=MyISAM DEFAULT CHARSET=utf8 COLLATE=utf8_bin AUTO_INCREMENT=1 ;
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C.2. Function to calculate distances
1

5

<?PHP
//Calculating the distance between two geo-locations
static function calc_distance($lat1, $lng1, $lat2, $lng2)
{
$radius_earth = 6378137;
$pi = M_PI;
// transformed to radian measure
$lat1_rad = ($lat1 * $pi) / 180;
$lng1_rad = ($lng1 * $pi) / 180;
$lat2_rad = ($lat2 * $pi) / 180;
$lng2_rad = ($lng2 * $pi) / 180;

10

// Haversine Formula
$distance_lat = $lat2_rad - $lat1_rad;
$distance_lng = $lng2_rad - $lng1_rad;

15

$a = pow(sin($distance_lat / 2), 2) + cos($lat1_rad)
* cos($lat2_rad) * pow(sin($distance_lng / 2), 2);
$c = 2 * asin(min(1, sqrt($a)));
$d = $radius_earth * $c;

20

return (int)$d;
25

}
?>
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148

C.3. Runnable Functions for HTTP-Requests
1

5

10

15

20

/**
* Function that is called when the request for the users was not
* successful.
*/
private Runnable getFriendsError = new Runnable() {
public void run() {
Log.d(waveloc.TAG, "Error while getting friends");
pDialog.dismiss();
}
};
/**
* Validates the string that contains the requested users and gets the data
* of those users that are received.
*/
private Runnable getFriendsUpdate = new Runnable() {
public void run() {
pDialog.dismiss();
try {
SaxParser sp = new SaxParser(getFriends.getHtml());
ResultObj parsedDataSet = sp.getHandler().getResultData();
if (parsedDataSet.getStatus() != "") {
Toast.makeText(friends.this, parsedDataSet.getMessage(),
Toast.LENGTH_SHORT).show();
} else {
userVector = sp.getHandler().getUserData();
if (userArray != null) {
userArray.clear();
}
from = 0;

25

30

displayUsers(userVector);
int amount_all = sp.getHandler().getAmount();
changeTitle(amount_all, from + waveloc.count);

35

}
waveloc.pendingActions = false;
} catch (Exception e) {
Toast.makeText(friends.this,
getString(R.string.error_fetching_friends),
Toast.LENGTH_SHORT).show();
}

40

45

}
};
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C.4. Performing HTTP-Requests
1

5

10

/**
* Thread that actually sends the request to the server and provides the
* current cookieStore and the received data.
*/
protected class doGetThread extends Thread {
public void run() {
HttpGet httpget = new HttpGet(url);
Log.d(TAG, url);
try {
if (cookieStore != null) {
httpclient.setCookieStore(cookieStore);
}
response = httpclient.execute(httpget);
InputStream is = response.getEntity().getContent();
BufferedInputStream bis = new BufferedInputStream(is);
ByteArrayBuffer baf = new ByteArrayBuffer(20);

15

int current = 0;
while ((current = bis.read()) != -1) {
baf.append((byte) current);
}

20

cookieStore = httpclient.getCookieStore();
25

html = new String(baf.toByteArray());
if (updateFunction != null) {
mHandler.post(updateFunction);
}
} catch (Exception e) {
if (errorFunction != null) {
mHandler.post(errorFunction);
}
}

30

35

}
};
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C.5. SaxParser.java
1

package de.thues.waveloc.objects;
import java.io.ByteArrayInputStream;

5

import javax.xml.parsers.SAXParser;
import javax.xml.parsers.SAXParserFactory;
import org.xml.sax.InputSource;
import org.xml.sax.XMLReader;

10

public class SaxParser {
private String html = "";
// Getter and Setter

15

public String getHtml() {
return html;
}
20

public void SetHtml(String html) {
this.html = html;
}
public SaxParser(String html) {
this.html = html;
}

25

/**
* Parses the HTML source-code that is actually an xml-document
*/
public XmlHandler getHandler() throws Exception {
XmlHandler resultHandler = new XmlHandler();
try {
ByteArrayInputStream byteArrayInputStream = new ByteArrayInputStream(
html.getBytes());
SAXParserFactory spf = SAXParserFactory.newInstance();
SAXParser sp = spf.newSAXParser();
XMLReader xr = sp.getXMLReader();
xr.setContentHandler(resultHandler);

30

35

40

xr.parse(new InputSource(byteArrayInputStream));
} catch (Exception e) {
throw e;
}
return resultHandler;

45

}
}
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C.6. XmlHandler.java
1

package de.thues.waveloc.objects;
import java.util.Vector;

5

10

15

20

25

30

35

40

45

50

import org.xml.sax.Attributes;
import org.xml.sax.SAXException;
import org.xml.sax.helpers.DefaultHandler;
/**
* Parsing an xml-document to get the users, the POIs or the result that is
* transmitted in this document
*/
public class XmlHandler extends DefaultHandler {
private boolean in_status = false;
private boolean in_message = false;
private
private
private
private
private
private
private
private
private
private
private
private
private

boolean
boolean
boolean
boolean
boolean
boolean
boolean
boolean
boolean
boolean
boolean
boolean
boolean

in_u_id = false;
in_u_username = false;
in_u_waveid = false;
in_u_name = false;
in_u_description = false;
in_u_distance = false;
in_u_longitude = false;
in_u_latitude = false;
in_u_keywords = false;
in_u_help_available = false;
in_u_logged_in = false;
in_u_is_friend = false;
in_u_pending_friend = false;

private
private
private
private
private
private
private
private
private
private
private
private
private
private
private

boolean
boolean
boolean
boolean
boolean
boolean
boolean
boolean
boolean
boolean
boolean
boolean
boolean
boolean
boolean

in_p_id = false;
in_p_waveid = false;
in_p_name = false;
in_p_description = false;
in_p_radius = false;
in_p_periodic_type = false;
in_p_begin_day = false;
in_p_end_day = false;
in_p_begin_time = false;
in_p_end_time = false;
in_p_distance = false;
in_p_longitude = false;
in_p_latitude = false;
in_p_status_online = false;
in_p_is_favorite = false;

private ResultObj resultDataSet = new ResultObj();
private UserObj userDataSet = new UserObj();
private Vector<UserObj> userArray = new Vector<UserObj>();
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private PoiObj poiDataSet = new PoiObj();
private Vector<PoiObj> poiArray = new Vector<PoiObj>();
private int amount = 0;
55

60

65

70

75

80

85

/**
* Returns the vector of parsed Result-Objects
*
* @return Vector of ResultObj
*/
public ResultObj getResultData() {
return this.resultDataSet;
}
/**
* Returns the vector of parsed User-Objects
*
* @return Vector of UserObj
*/
public Vector<UserObj> getUserData() {
return this.userArray;
}
/**
* Returns the vector of parsed POI-Objects
*
* @return Vector of PoiObj
*/
public Vector<PoiObj> getPoiData() {
return this.poiArray;
}
/**
* Returns the vector of parsed POI-Objects
*
* @return Vector of PoiObj
*/
public int getAmount() {
return this.amount;
}

90

95

/**
* Creates the local objects when called
*/
@Override
public void startDocument() throws SAXException {
this.resultDataSet = new ResultObj();
this.userDataSet = new UserObj();
this.poiDataSet = new PoiObj();
}

100

/**
* Does nothing when called
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105

110

115

120

125

130

135

140

145

150

*/
@Override
public void endDocument() throws SAXException {
// Nothing to do
}
/**
* Gets called on opening tags like: <tag>
*/
@Override
public void startElement(String namespaceURI, String localName,
String qName, Attributes atts) throws SAXException {
if (localName.equals("status")) {
this.in_status = true;
} else if (localName.equals("message")) {
this.in_message = true;
} else if (localName.equals("u-id")) {
this.in_u_id = true;
} else if (localName.equals("u-username")) {
this.in_u_username = true;
} else if (localName.equals("u-waveid")) {
this.in_u_waveid = true;
} else if (localName.equals("u-name")) {
this.in_u_name = true;
} else if (localName.equals("u-description")) {
this.in_u_description = true;
} else if (localName.equals("u-distance")) {
this.in_u_distance = true;
} else if (localName.equals("u-longitude")) {
this.in_u_longitude = true;
} else if (localName.equals("u-latitude")) {
this.in_u_latitude = true;
} else if (localName.equals("u-keywords")) {
this.in_u_keywords = true;
} else if (localName.equals("u-help_available")) {
this.in_u_help_available = true;
} else if (localName.equals("u-logged_in")) {
this.in_u_logged_in = true;
} else if (localName.equals("u-is_friend")) {
this.in_u_is_friend = true;
} else if (localName.equals("u-pending_friend")) {
this.in_u_pending_friend = true;
} else if (localName.equals("p-id")) {
this.in_p_id = true;
} else if (localName.equals("p-waveid")) {
this.in_p_waveid = true;
} else if (localName.equals("p-name")) {
this.in_p_name = true;
} else if (localName.equals("p-description")) {
this.in_p_description = true;
} else if (localName.equals("p-radius")) {
this.in_p_radius = true;
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} else if (localName.equals("p-periodictype")) {
this.in_p_periodic_type = true;
} else if (localName.equals("p-beginday")) {
this.in_p_begin_day = true;
} else if (localName.equals("p-endday")) {
this.in_p_end_day = true;
} else if (localName.equals("p-begintime")) {
this.in_p_begin_time = true;
} else if (localName.equals("p-endtime")) {
this.in_p_end_time = true;
} else if (localName.equals("p-distance")) {
this.in_p_distance = true;
} else if (localName.equals("p-longitude")) {
this.in_p_longitude = true;
} else if (localName.equals("p-latitude")) {
this.in_p_latitude = true;
} else if (localName.equals("p-statusonline")) {
this.in_p_status_online = true;
} else if (localName.equals("p-is_favorite")) {
this.in_p_is_favorite = true;
} else if (localName.equals("pois") || localName.equals("users")) {
try {
String amount = atts.getValue("amount");
int amountInt = Integer.parseInt(amount);
this.amount = amountInt;
} catch (Exception e) {
}
}

155

160

165

170

175

180

}
185

190

195

200

205

/**
* Gets called on closing tags like: </tag>
*/
@Override
public void endElement(String namespaceURI, String localName, String qName)
throws SAXException {
if (localName.equals("status")) {
this.in_status = false;
} else if (localName.equals("message")) {
this.in_message = false;
} else if (localName.equals("u-id")) {
this.in_u_id = false;
} else if (localName.equals("u-username")) {
this.in_u_username = false;
} else if (localName.equals("u-waveid")) {
this.in_u_waveid = false;
} else if (localName.equals("u-name")) {
this.in_u_name = false;
} else if (localName.equals("u-description")) {
this.in_u_description = false;
} else if (localName.equals("u-distance")) {
this.in_u_distance = false;
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} else if (localName.equals("u-longitude")) {
this.in_u_longitude = false;
} else if (localName.equals("u-latitude")) {
this.in_u_latitude = false;
} else if (localName.equals("u-keywords")) {
this.in_u_keywords = false;
} else if (localName.equals("u-help_available")) {
this.in_u_help_available = false;
} else if (localName.equals("u-logged_in")) {
this.in_u_logged_in = false;
} else if (localName.equals("u-is_friend")) {
this.in_u_is_friend = false;
} else if (localName.equals("u-pending_friend")) {
this.in_u_pending_friend = false;
} else if (localName.equals("user")) {
this.userArray.add(this.userDataSet);
this.userDataSet = new UserObj();
} else if (localName.equals("p-id")) {
this.in_p_id = false;
} else if (localName.equals("p-waveid")) {
this.in_p_waveid = false;
} else if (localName.equals("p-name")) {
this.in_p_name = false;
} else if (localName.equals("p-description")) {
this.in_p_description = false;
} else if (localName.equals("p-radius")) {
this.in_p_radius = false;
} else if (localName.equals("p-periodictype")) {
this.in_p_periodic_type = false;
} else if (localName.equals("p-beginday")) {
this.in_p_begin_day = false;
} else if (localName.equals("p-endday")) {
this.in_p_end_day = false;
} else if (localName.equals("p-begintime")) {
this.in_p_begin_time = false;
} else if (localName.equals("p-endtime")) {
this.in_p_end_time = false;
} else if (localName.equals("p-distance")) {
this.in_p_distance = false;
} else if (localName.equals("p-longitude")) {
this.in_p_longitude = false;
} else if (localName.equals("p-latitude")) {
this.in_p_latitude = false;
} else if (localName.equals("p-statusonline")) {
this.in_p_status_online = false;
} else if (localName.equals("p-is_favorite")) {
this.in_p_is_favorite = false;
} else if (localName.equals("poi")) {
this.poiArray.add(this.poiDataSet);
this.poiDataSet = new PoiObj();
}

210

215

220

225

230

235

240

245

250

255

}

155

156

260

265

270

275

280

285

290

295

300

305

310
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/**
* Gets called on the following structure: <tag>characters</tag>
*
* @param ch
[] The character-array of the structure
*
@param
start
*
The first character of the content
*
@param
length
*
The length of the content
*
/
*
@Override
public void characters(char ch[], int start, int length) {
if (this.in_status) {
resultDataSet.setStatus(new String(ch, start, length));
} else if (this.in_message) {
resultDataSet.setMessage(new String(ch, start, length));
} else if (this.in_u_id) {
userDataSet.setId(Integer.parseInt(new String(ch, start, length)));
} else if (this.in_u_username) {
userDataSet.setUsername(new String(ch, start, length));
} else if (this.in_u_waveid) {
userDataSet.setWaveid(new String(ch, start, length));
} else if (this.in_u_name) {
userDataSet.setName(new String(ch, start, length));
} else if (this.in_u_description) {
userDataSet.setDescription(new String(ch, start, length));
} else if (this.in_u_distance) {
userDataSet.setDistance(Integer.parseInt(new String(ch, start,
length)));
} else if (this.in_u_longitude) {
userDataSet.setLongitude(Double.parseDouble(new String(ch, start,
length)));
} else if (this.in_u_latitude) {
userDataSet.setLatitude(Double.parseDouble(new String(ch, start,
length)));
} else if (this.in_u_keywords) {
userDataSet.setKeywords(new String(ch, start, length));
} else if (this.in_u_help_available) {
userDataSet.setHelpAvailable(Boolean.parseBoolean(new String(ch,
start, length)));
} else if (this.in_u_logged_in) {
userDataSet.setLoggedIn(Boolean.parseBoolean(new String(ch, start,
length)));
} else if (this.in_u_is_friend) {
userDataSet.setIsFriend(Boolean.parseBoolean(new String(ch, start,
length)));
} else if (this.in_u_pending_friend) {
userDataSet.setIsPendingFriend(Boolean.parseBoolean(new String(ch, start,
length)));
} else if (this.in_p_id) {
poiDataSet.setId(Integer.parseInt(new String(ch, start, length)));
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} else if (this.in_p_waveid) {
poiDataSet.setWaveid(new String(ch, start, length));
} else if (this.in_p_name) {
poiDataSet.setName(new String(ch, start, length));
} else if (this.in_p_description) {
poiDataSet.setDescription(new String(ch, start, length));
} else if (this.in_p_radius) {
poiDataSet.setRadius(Integer
.parseInt(new String(ch, start, length)));
} else if (this.in_p_periodic_type) {
poiDataSet.setPeriodicType(Integer.parseInt(new String(ch, start,
length)));
} else if (this.in_p_begin_day) {
poiDataSet.setBeginDay(new String(ch, start, length));
} else if (this.in_p_end_day) {
poiDataSet.setEndDay(new String(ch, start, length));
} else if (this.in_p_begin_time) {
poiDataSet.setBeginTime(new String(ch, start, length));
} else if (this.in_p_end_time) {
poiDataSet.setEndTime(new String(ch, start, length));
} else if (this.in_p_distance) {
poiDataSet.setDistance(Integer.parseInt(new String(ch, start,
length)));
} else if (this.in_p_longitude) {
poiDataSet.setLongitude(Double.parseDouble(new String(ch, start,
length)));
} else if (this.in_p_latitude) {
poiDataSet.setLatitude(Double.parseDouble(new String(ch, start,
length)));
} else if (this.in_p_status_online) {
poiDataSet.setStatusOnline(Boolean.parseBoolean(new String(ch,
start, length)));
} else if (this.in_p_is_favorite) {
poiDataSet.setIsFavorite(Boolean.parseBoolean(new String(ch,
start, length)));
}

315

320

325

330

335

340

345

}
}
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C.7. friends.java
1

package de.thues.waveloc;

5

import java.text.DecimalFormat;
import java.util.ArrayList;
import java.util.Vector;

10

15

20

25

30

35

40

import
import
import
import
import
import
import
import
import
import
import
import
import
import
import
import
import
import
import
import
import
import
import
import
import
import
import
import
import
import
import
import

android.app.Activity;
android.app.AlertDialog;
android.app.Dialog;
android.app.ProgressDialog;
android.content.Context;
android.content.DialogInterface;
android.content.Intent;
android.os.Bundle;
android.util.Log;
android.view.KeyEvent;
android.view.LayoutInflater;
android.view.Menu;
android.view.MenuInflater;
android.view.MenuItem;
android.view.View;
android.view.ViewGroup;
android.view.View.OnClickListener;
android.widget.AdapterView;
android.widget.ArrayAdapter;
android.widget.Button;
android.widget.ImageButton;
android.widget.ImageView;
android.widget.ListView;
android.widget.TextView;
android.widget.Toast;
android.widget.AdapterView.OnItemClickListener;
de.thues.waveloc.objects.BubbleSort;
de.thues.waveloc.objects.ChangeUrl;
de.thues.waveloc.objects.DoRequest;
de.thues.waveloc.objects.ResultObj;
de.thues.waveloc.objects.SaxParser;
de.thues.waveloc.objects.UserObj;

/**
* Friends-activity. Displays the friends screen, gets all the friends of the
* current user.
*/
public class friends extends Activity {

45

public static ImageView statusIcon;

50

private ProgressDialog pDialog;
public static Vector<UserObj> userVector = new Vector<UserObj>();
private ArrayList<UserObj> userArray = null;
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55

private
private
private
private
private
private
private
private
private

int sortBy = 2; // 1=name, 2=distance, 3=status
String url = "";
DoRequest getFriends;
DoRequest updateFriendsList;
int from = 0;
OrderAdapter adapter;
ListView friendsList;
ImageButton loadMore;
Dialog dialog;

60

65

/**
* Called when the activity is started. It lists those users that are
* currently near this device.
*/
@Override
public void onCreate(Bundle savedInstanceState) {
super.onCreate(savedInstanceState);
setContentView(R.layout.friends);
statusIcon = (ImageView) findViewById(R.id.statusOnline);
setStatusIcon(waveloc.onlineStatusBool);

70

ImageButton to_pois = (ImageButton) findViewById(R.id.to_friends);
to_pois.setBackgroundResource(R.drawable.xml_friends_active);
75

friends.this.setTitle(R.string.friends);
}

80

85

90

95

100

@Override
protected void onResume() {
super.onResume();
if (waveloc.onlineStatusBool.equals(true)) {
url = waveloc.domain + "friends/get?from=" + from + "&count="
+ waveloc.count;
getFriends = new DoRequest(url, waveloc.cookieStore,
getFriendsUpdate, getFriendsError);
pDialog = ProgressDialog.show(this,
getString(R.string.please_wait),
getString(R.string.getting_friends), true, true);
getFriends.doGet();
}
}
/**
* Sets the status icon according to the current online status
*
* @param statusBool
The online status
*
*/
private void setStatusIcon(boolean statusBool) {
if (statusBool == true) {
statusIcon.setBackgroundResource(R.drawable.xml_refresh_online);
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} else {
statusIcon.setBackgroundResource(R.drawable.xml_refresh_offline);
}

105

}

110

115

120

125

130

135

140

145

/**
* Called, when any key is pressed and if there is no other item focused,
* like a textview. If the Back-button is pressed, this activity is closed.
* If the Search-button is pressed, the search-dialog is called.
*/
@Override
public boolean onKeyDown(int keyCode, KeyEvent event) {
if (keyCode == KeyEvent.KEYCODE_SEARCH) {
return true;
} else if (keyCode == KeyEvent.KEYCODE_BACK) {
finish();
return true;
}
return false;
}
/**
* On-click event that shows the Users-activity
*/
public void to_users_click(View v) {
Intent i = new Intent(getApplicationContext(), users.class);
startActivity(i);
finish();
}
/**
* On-click event that shows the POIs-activity
*/
public void to_pois_click(View v) {
Intent i = new Intent(getApplicationContext(), pois.class);
startActivity(i);
finish();
}
/**
* On-click event that shows the Keywords-activity
*/
public void to_keywords_click(View v) {
Intent i = new Intent(getApplicationContext(), keywords.class);
startActivity(i);
finish();
}

150

/**
* On-click event that shows the Friends-activity
*/
public void to_friends_click(View v) {
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161

Intent i = new Intent(getApplicationContext(), friends.class);
startActivity(i);
finish();

155

}
160

165

170

175

180

185

190

195

200

205

/**
* On-click event that shows the Favorites-activity
*/
public void to_favorites_click(View v) {
Intent i = new Intent(getApplicationContext(), favorites.class);
startActivity(i);
finish();
}
/**
* OnClickListener that refreshes the currently shown list of friends
*/
public void update_click(View v) {
Log.d(waveloc.TAG, "Friends-Update");
updateView(true);
}
/**
* Refreshes the currently shown list of friends
*/
public void updateView(boolean showToast) {
if (waveloc.onlineStatusBool.equals(true)) {
getFriends.doGet();
if (showToast) {
Toast.makeText(friends.this,
getString(R.string.getting_new_data),
Toast.LENGTH_SHORT).show();
}
} else {
displayUsers(userVector);
}
}
/**
* Creates a ListView and adds the friends that are passed to this function.
*
* @param uVector
A vector with the friends
*
*/
private void displayUsers(Vector<UserObj> uVector) {
BubbleSort bs = new BubbleSort(sortBy);
final Vector<UserObj> userVector = bs.bubbleSortUsers(uVector);
userArray = new ArrayList<UserObj>();
for (int i = 0; i < userVector.size(); i++) {
userArray.add(userVector.get(i));
}
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162

if (userArray.size() == 0) {
Toast.makeText(friends.this, getString(R.string.no_users),
Toast.LENGTH_SHORT).show();
}

210

friendsList = (ListView) findViewById(R.id.friendsList);
if (userArray.size() == waveloc.count
&& friendsList.getFooterViewsCount() < 1) {
loadMore = new ImageButton(this);
loadMore.setImageDrawable(getResources().getDrawable(
R.drawable.loadmore));
loadMore.setBackgroundColor(R.color.transparent);
loadMore.setOnClickListener(new View.OnClickListener() {
public void onClick(View view) {
loadNewItems();
}
});
friendsList.addFooterView(loadMore);
}

215

220

225

adapter = new OrderAdapter(friends.this, R.layout.listitem, userArray);
friendsList.setAdapter(adapter);
registerForContextMenu(friendsList);

230

friendsList.setOnItemClickListener(new OnItemClickListener() {
public void onItemClick(AdapterView<?> a, View v, int position,
long id) {
Intent i = new Intent(getApplicationContext(), showwave.class);
i.putExtra("userId", userVector.get(position).getId());
startActivity(i);
}
});

235

240

245

}
public void loadNewItems() {
if (waveloc.onlineStatusBool.equals(true)) {
String updateUrl = "";
if (from == 0) {
updateUrl = getFriends.getUrl();
} else {
updateUrl = updateFriendsList.getUrl();
}

250

ChangeUrl newUrl = new ChangeUrl(updateUrl, from + waveloc.count,
waveloc.count);
updateUrl = newUrl.DoChangeUrl();
255

updateFriendsList = new DoRequest(updateUrl, waveloc.cookieStore,
updateFriendsUpdate, getFriendsError);
pDialog = ProgressDialog.show(this,
getString(R.string.please_wait),
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getString(R.string.getting_friends), true, true);
updateFriendsList.doGet();

260

}
}

265

270

275

280

285

290

/**
* Initializes the contents of the activity’s standard options menu
*/
@Override
public boolean onCreateOptionsMenu(Menu menu) {
MenuInflater inflater = getMenuInflater();
inflater.inflate(R.menu.friends_menu, menu);
return true;
}
/**
* Triggered if an item of the options-menu is selected. Executes commands
* dependent on the selected item.
*
* @param item
The selected item
*
/
*
@Override
public boolean onOptionsItemSelected(MenuItem item) {
switch (item.getItemId()) {
case R.id.friends_sort:
AlertDialog.Builder builder2 = new AlertDialog.Builder(this);
builder2.setIcon(android.R.drawable.ic_menu_sort_by_size);
builder2.setTitle(R.string.sort);
builder2.setItems(R.array.friends_sort_options,
new DialogInterface.OnClickListener() {
public void onClick(final DialogInterface d,
final int item) {
sortBy = item + 1;
BubbleSort bs = new BubbleSort(sortBy);
userVector = bs.bubbleSortUsers(userVector);

295

userArray = new ArrayList<UserObj>();
for (int i = 0; i < userVector.size(); i++) {
userArray.add(userVector.get(i));
}
300

ListView list = (ListView) findViewById(R.id.friendsList);
OrderAdapter adapter = new OrderAdapter(
friends.this, R.layout.listitem, userArray);
list.setAdapter(adapter);
305

310

}
});
builder2.create().show();
break;
case R.id.friends_map:

164

Appendix C. Listings

waveloc.userVector = userVector;
waveloc.poiVector = null;
Intent i = new Intent(getApplicationContext(), showmap.class);
startActivity(i);
break;
case R.id.help:
showHelp();
break;
}
return true;

315

320

}

325

330

335

340

345

350

355

360

/**
* Shows a cancelable dialog with the help-text for the application.
*
* @param version
The current version of the application
*
@param
title
*
The title of the shown dialog
*
/
*
public void showHelp() {
dialog = new Dialog(friends.this);
dialog.setContentView(R.layout.help);
dialog.setTitle(getString(R.string.app_name) + " - "
+ getString(R.string.help));
dialog.setCancelable(true);
TextView helpTop = (TextView) dialog.findViewById(R.id.help_top);
helpTop.setText(getString(R.string.help_top_friends));
Button button = (Button) dialog.findViewById(R.id.help_ok);
button.setOnClickListener(new OnClickListener() {
public void onClick(View v) {
dialog.cancel();
}
});
dialog.show();
}
/**
* Function that is called when the request for the users was not
* successful.
*/
private Runnable getFriendsError = new Runnable() {
public void run() {
Log.d(waveloc.TAG, "Error while getting friends");
pDialog.dismiss();
}
};
/**
* Validates the string that contains the requested users and gets the data
* of those users that are received.
*/
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365

private Runnable getFriendsUpdate = new Runnable() {
public void run() {
pDialog.dismiss();
try {
SaxParser sp = new SaxParser(getFriends.getHtml());
ResultObj parsedDataSet = sp.getHandler().getResultData();
if (parsedDataSet.getStatus() != "") {
Toast.makeText(friends.this, parsedDataSet.getMessage(),
Toast.LENGTH_SHORT).show();
} else {
userVector = sp.getHandler().getUserData();
if (userArray != null) {
userArray.clear();
}
from = 0;

370

375

displayUsers(userVector);

380

int amount_all = sp.getHandler().getAmount();
changeTitle(amount_all, from + waveloc.count);
}
waveloc.pendingActions = false;
} catch (Exception e) {
Toast.makeText(friends.this,
getString(R.string.error_fetching_friends),
Toast.LENGTH_SHORT).show();
}

385

390

}
};

395

private Runnable updateFriendsUpdate = new Runnable() {
public void run() {
pDialog.dismiss();
try {
SaxParser sp = new SaxParser(updateFriendsList.getHtml());
ResultObj parsedDataSet = sp.getHandler().getResultData();

400

405

410

if (parsedDataSet.getStatus() != "") {
Toast.makeText(friends.this, parsedDataSet.getMessage(),
Toast.LENGTH_SHORT).show();
} else {
Vector<UserObj> updateUserVector = new Vector<UserObj>();
updateUserVector = sp.getHandler().getUserData();
for (int i = 0; i < updateUserVector.size(); i++) {
userVector.add(updateUserVector.get(i));
userArray.add(updateUserVector.get(i));
}
if (updateUserVector.size() < waveloc.count
&& friendsList.getFooterViewsCount() > 0) {
friendsList.removeFooterView(loadMore);
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166
}

415

from = from + waveloc.count;
adapter.notifyDataSetChanged();
420

int amount_all = sp.getHandler().getAmount();
changeTitle(amount_all, from + waveloc.count);
}
waveloc.pendingActions = false;
} catch (Exception e) {
Toast.makeText(friends.this,
getString(R.string.error_fetching_friends),
Toast.LENGTH_SHORT).show();
}

425

430

435

440

445

450

455

}
};
/**
* Updates the title of this activity. Shows, how many items are shown and
* how many items are there in total
*
* @param amount_all
The total amount of items
*
@param
amount_current
*
The currently shown amount of items
*
/
*
private void changeTitle(int amount_all, int amount_current) {
if (amount_current >= amount_all) {
amount_current = amount_all;
if (friendsList.getFooterViewsCount() > 0) {
friendsList.removeFooterView(loadMore);
}
}
friends.this.setTitle(getString(R.string.friends) + ": "
+ getString(R.string.showing) + " " + amount_current + " "
+ getString(R.string.of) + " " + amount_all + " "
+ getString(R.string.friends));
}
/**
* Creates a custom item for the list of friends.
*/
private class OrderAdapter extends ArrayAdapter<UserObj> {
private ArrayList<UserObj> items;

460

465

public OrderAdapter(Context context, int textViewResourceId,
ArrayList<UserObj> items) {
super(context, textViewResourceId, items);
this.items = items;
}
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470

475

480

485

490

495

500

505

510

515

@Override
public View getView(int position, View convertView, ViewGroup parent) {
View v = convertView;
if (v == null) {
LayoutInflater vi = (LayoutInflater) getSystemService(Context.
LAYOUT_INFLATER_SERVICE);
v = vi.inflate(R.layout.listitem, null);
}
UserObj u = items.get(position);
if (u != null) {
ImageView statusImg = (ImageView) v.findViewById(R.id.itemIcon);
TextView nameTitle = (TextView) v
.findViewById(R.id.itemNameTitle);
TextView name = (TextView) v.findViewById(R.id.itemName);
TextView distance = (TextView) v
.findViewById(R.id.itemDistance);
ImageView starIcon = (ImageView) v.findViewById(R.id.starIcon);
if (statusImg != null) {
if (u.getLoggedIn()) {
statusImg
.setImageResource(android.R.drawable.presence_online);
} else {
statusImg
.setImageResource(android.R.drawable.presence_offline);
}
}
if (nameTitle != null) {
nameTitle.setText(getString(R.string.name) + ": ");
}
if (name != null) {
name.setTextColor(getResources().getColor(R.color.white));
name.setText(u.getName());
}
if (distance != null) {
String dist;
if (u.getDistance() == waveloc.offlineDist
&& u.getLoggedIn().equals(false)) {
dist = getString(R.string.n_a);
} else {
if (u.getDistance() > waveloc.mToKm) {
DecimalFormat df = new DecimalFormat("#0.00");
dist = df.format((double) u.getDistance() / 1000)
+ " km";
} else {
dist = u.getDistance() + " m";
}
}
distance
.setText(getString(R.string.distance) + ": " + dist);
}
if (starIcon != null) {
if (u.getIsFriend()) {
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168

starIcon.setImageDrawable(getResources().getDrawable(
android.R.drawable.btn_star_big_on));
} else {
starIcon.setImageDrawable(getResources().getDrawable(
android.R.drawable.btn_star_big_off));
}

520

}
}
return v;

525

}
}
}
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C.8. WaveLocService.java
1

package de.thues.waveloc.services;

5

import java.util.List;
import java.util.Timer;
import java.util.TimerTask;
import org.apache.http.cookie.Cookie;

10

15

20

25

30

35

40

45

50

import
import
import
import
import
import
import
import
import
import
import
import
import
import
import
import
import
import

android.app.Notification;
android.app.NotificationManager;
android.app.PendingIntent;
android.app.Service;
android.content.Intent;
android.os.IBinder;
android.util.Log;
de.thues.waveloc.R;
de.thues.waveloc.favorites;
de.thues.waveloc.friends;
de.thues.waveloc.keywords;
de.thues.waveloc.pois;
de.thues.waveloc.users;
de.thues.waveloc.waveloc;
de.thues.waveloc.objects.DoRequest;
de.thues.waveloc.objects.ResultObj;
de.thues.waveloc.objects.SaxParser;
de.thues.waveloc.preferences.ValidatePreferences;

/**
* Service that is started with the application. It starts periodic timers to do
* regular tasks.
*/
public class WaveLocService extends Service {
private
private
private
private
private
private
private
private
private
private
private
private
private
private
private
private
private

Timer statusTimer = new Timer();
Timer PreferenceTimer = new Timer();
Timer KeywordPreferenceTimer = new Timer();
Timer LocTimer = new Timer();
Timer ReconnectTimer = new Timer();
ValidatePreferences vp = new ValidatePreferences();
String urlStatus;
String urlPreferences;
String urlKeywords;
String urlLocation;
String urlReconnect;
DoRequest getStatus;
DoRequest postPreferences;
DoRequest postKeywords;
DoRequest postLocation;
DoRequest doReconnect;
NotificationManager nm;

170

55
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@Override
public IBinder onBind(Intent intent) {
return null;
}
@Override
public void onCreate() {
}

60

65

70

/**
* Stop the service with the timers.
*/
@Override
public void onDestroy() {
stopservice();
}
/**
* Start the timers
*/
@Override
public void onStart(Intent intent, int startid) {
if (waveloc.preferences.getBoolean("notification", true)) {
showNotification();
}
if (statusTimer != null) {
startStatusService();
}
if (PreferenceTimer != null) {
startPreferenceService();
}
if (KeywordPreferenceTimer != null) {
startKeywordPreferenceService();
}
if (LocTimer != null) {
startLocService();
}
if (ReconnectTimer != null) {
startReconnectService();
}

75

80

85

90

}
95

100

/**
* Shows a notification in the notification-area. The NotificationManager nm
* is globally available.
*/
public void showNotification() {
nm = (NotificationManager) getSystemService(NOTIFICATION_SERVICE);
Notification notification = new Notification(R.drawable.icon_small,
getString(R.string.app_name) + " "
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+ getString(R.string.started), System
.currentTimeMillis());
105

notification.setLatestEventInfo(getApplicationContext(),
getString(R.string.app_name), getString(R.string.app_name)
+ " " + getString(R.string.currently_running),
PendingIntent.getActivity(this, 0, null, 0));
// new Intent(this, waveloc.class), 0));
notification.flags |= Notification.FLAG_ONGOING_EVENT;
nm.notify(0, notification);

110

}
115

120

125

130

135

140

145

150

/**
* Removes the notification
*/
public void removeNotification() {
if (nm != null) {
nm.cancel(0);
}
}
/**
* Starts the timer that checks periodically if the application is still
* connected to the server
*/
private void startStatusService() {
Log.d(waveloc.TAG, "starting StatusTimer with 5 seconds");
urlStatus = waveloc.domain + "misc/get_status";
getStatus = new DoRequest(urlStatus, null, getStatusUpdate,
getStatusError);
statusTimer.scheduleAtFixedRate(new TimerTask() {
@Override
public void run() {
if (waveloc.onlineStatusBool.equals(true)) {
getStatus.SetCookieStore(waveloc.cookieStore);
getStatus.doGet();
} else {
Log.d(waveloc.TAG, "Status: offline");
setStatusIcons(R.drawable.xml_refresh_offline,
R.drawable.xml_refresh_offline);
}
}
}, 5000, 5000);
}
/**
* Starts the service that periodically checks if the preferences are
* changed. If they are, the data-set is uploaded to the server.
*/
private void startPreferenceService() {
Log.d(waveloc.TAG, "starting PreferenceTimer with 5 seconds");
postPreferences = new DoRequest("", null, null, postPreferencesError);

171

172
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PreferenceTimer.scheduleAtFixedRate(new TimerTask() {
@Override
public void run() {
if (waveloc.onlineStatusBool.equals(true)
&& waveloc.preferencesChanged.equals(true)) {
urlPreferences = waveloc.domain
+ "misc/set_data"
+ "?radius="
+ waveloc.preferences.getString("radius", "300")
+ "&waveid="
+ waveloc.preferences.getString("waveId", "")
+ "&title="
+ waveloc.preferences.getString("userTitle",
"John Doe")
+ "&description="
+ waveloc.preferences.getString("userDescription",
"Lorem ipsum");
postPreferences.setUrl(urlPreferences);
postPreferences.SetCookieStore(waveloc.cookieStore);
waveloc.preferencesChanged = false;
postPreferences.doGet();
}
}
}, 5000, 5000);

155

160

165

170

175

}
180

185

190

195

200

205

/**
* Starts the service that periodically checks if the preferences are
* changed. If they are, the data-set is uploaded to the server.
*/
private void startKeywordPreferenceService() {
Log.d(waveloc.TAG, "starting KeywordPreferenceTimer with 5 seconds");
postKeywords = new DoRequest("", null, null, postKeywordError);
KeywordPreferenceTimer.scheduleAtFixedRate(new TimerTask() {
@Override
public void run() {
if (waveloc.onlineStatusBool.equals(true)) {
if (waveloc.keywordsChanged.equals(true)) {
urlKeywords = waveloc.domain
+ "keywords/set"
+ "?keywords="
+ keywords.preferences.getString("ownKeywords",
"");
waveloc.keywordsChanged = false;
} else if (waveloc.keywordsStatusChanged.equals(true)) {
urlKeywords = waveloc.domain
+ "keywords/set_status"
+ "?status="
+ keywords.preferences.getBoolean("offerHelp",
false);
waveloc.keywordsStatusChanged = false;
}
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173

postKeywords.setUrl(urlKeywords);
postKeywords.SetCookieStore(waveloc.cookieStore);
postKeywords.doGet();
}
}
}, 4000, 5000);

210

}
215

220

225

230

235

240

/**
* Starts the service that periodically posts the current location to the
* server
*/
private void startLocService() {
int time = getRefreshRate(30);
Log.d(waveloc.TAG, "starting LocTimer with " + time + " seconds");
postLocation = new DoRequest("", null, postLocationUpdate,
postLocationError);
LocTimer.scheduleAtFixedRate(new TimerTask() {
@Override
public void run() {
if (waveloc.onlineStatusBool.equals(true)) {
double[] oldPos = waveloc.currentPos;
double[] currentPos = waveloc.gp.getGPS();
waveloc.currentPos = currentPos;
if (userMovedEnough(oldPos, currentPos)) {
Log.d(waveloc.TAG, "Position-update");
urlLocation = waveloc.domain + "misc/set_position?lat="
+ currentPos[0] + "&lng=" + currentPos[1];
postLocation.setUrl(urlLocation);
postLocation.SetCookieStore(waveloc.cookieStore);
postLocation.doGet();
} else {
Log.d(waveloc.TAG, "No position-update");
}
}
}
}, 5000, time * 1000);
}

245

250

255

/**
* Calculates the distance between two locations and determines if the user
* has moved enough. Using the Harversine Formula.
*
* @param firstPos
The first position
*
* @param secondPos
The second position
*
*
* @return Returns true if the distance is greater than or equal to the
threshold, false otherwise
*
*/
private Boolean userMovedEnough(double[] firstPos, double[] secondPos) {
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174
int radiusEarth = 6378137;
260

double
double
double
double

lat1_radian
lng1_radian
lat2_radian
lng2_radian

=
=
=
=

(firstPos[0] / 180) * java.lang.Math.PI;
(firstPos[1] / 180) * java.lang.Math.PI;
(secondPos[0] / 180) * java.lang.Math.PI;
(secondPos[1] / 180) * java.lang.Math.PI;

265

double distance_lat = lat2_radian - lat1_radian;
double distance_lng = lng2_radian - lng1_radian;
double a = java.lang.Math.pow(java.lang.Math.sin(distance_lat / 2), 2)
+ java.lang.Math.cos(lat1_radian)
* java.lang.Math.cos(lat2_radian)
* java.lang.Math.pow(java.lang.Math.sin(distance_lng / 2), 2);

270

double c = 2 * java.lang.Math.asin(java.lang.Math.min(1, java.lang.Math
.sqrt(a)));

275

double distance = radiusEarth * c;
Log.d(waveloc.TAG, "User moved (m): " + distance);
return (distance >= waveloc.threshold);

280

}

285

290

295

300

305

310

/**
* Starts the service that tries to reconnect to the server is no connection
*/
private void startReconnectService() {
int time = getRefreshRate(30);
Log.d(waveloc.TAG, "starting ReconnectTimer with " + time + " seconds");
doReconnect = new DoRequest("", null, doReconnectUpdate,
doReconnectError);
ReconnectTimer.scheduleAtFixedRate(new TimerTask() {
@Override
public void run() {
if (waveloc.onlineStatusBool.equals(false)) {
if (waveloc.cookieStore != null) {
waveloc.cookieStore.clear();
}
urlReconnect = waveloc.domain
+ "misc/login?user="
+ waveloc.preferences.getString("waveUsername", "")
+ "&pass="
+ waveloc.preferences.getString("serverPassword",
"");
Log.d(waveloc.TAG, "Reconnecting");
doReconnect.setUrl(urlReconnect);
doReconnect.SetCookieStore(waveloc.cookieStore);
doReconnect.doGet();
}
}
}, 5000, time * 1000);
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175

}

315

320

325

330

335

340

345

350

355

360

/**
* Gets the refresh rate that is set by the user in the preferences. If the
* value is not numeric, the standard value is used instead.
*
* @param standardTime
The amount of seconds that is used if the value in the
*
preferences is not valid
*
@return
The
amount of seconds that is used as a refresh rate
*
/
*
private int getRefreshRate(int standardTime) {
int refeshRate = 0;
if (vp.getRefreshRateValidity(waveloc.preferences.getString(
"refreshRate", "0")) == true) {
refeshRate = Integer.parseInt(waveloc.preferences.getString(
"refreshRate", "0"));
} else {
refeshRate = 30;
}
return refeshRate;
}
/**
* Stops the service with the timers, the notification, the threads and the
* periodical updates of the gps-function
*/
private void stopservice() {
if (nm != null) {
nm.cancel(0);
}
if (statusTimer != null) {
statusTimer.cancel();
statusTimer.purge();
}
if (PreferenceTimer != null) {
PreferenceTimer.cancel();
PreferenceTimer.purge();
}
if (KeywordPreferenceTimer != null) {
KeywordPreferenceTimer.cancel();
KeywordPreferenceTimer.purge();
}
if (LocTimer != null) {
LocTimer.cancel();
LocTimer.purge();
}
if (ReconnectTimer != null) {
ReconnectTimer.cancel();
ReconnectTimer.purge();
}
waveloc.gp.stopPositioning();
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}
365

370

375

380

385

390

395

400

405

410

/**
* Function that is called if an error occurred while getting the status.
*/
private Runnable getStatusError = new Runnable() {
public void run() {
waveloc.onlineStatusBool = false;
setStatusIcons(R.drawable.xml_refresh_offline,
R.drawable.xml_refresh_offline);
Log.d(waveloc.TAG, "Error: " + getStatus.getUrl());
}
};
/**
* Function that is called if an error occurred while submitting the main
* preferences.
*/
private Runnable postPreferencesError = new Runnable() {
public void run() {
Log.d(waveloc.TAG, "Error: " + urlPreferences);
waveloc.preferencesChanged = true;
}
};
/**
* Function that is called if an error occurred while submitting the keyword
* preferences.
*/
private Runnable postKeywordError = new Runnable() {
public void run() {
Log.d(waveloc.TAG, "Error: " + urlKeywords);
waveloc.keywordsChanged = true;
waveloc.keywordsStatusChanged = true;
}
};
/**
* Function that is called if an error occurred while submitting the current
* location.
*/
private Runnable postLocationError = new Runnable() {
public void run() {
Log.d(waveloc.TAG, "Error: " + urlLocation);
}
};
/**
* Function that is called if an error occurred while reconnecting.
*/
private Runnable doReconnectError = new Runnable() {
public void run() {
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177

Log.d(waveloc.TAG, "Error: " + urlReconnect);

415

}
};

420

425

/**
* Validates the string that contains the result of the status request.
*/
private Runnable getStatusUpdate = new Runnable() {
public void run() {
try {
SaxParser sp = new SaxParser(getStatus.getHtml());
ResultObj parsedDataSet = sp.getHandler().getResultData();
if (parsedDataSet.getStatus().equals("true")) {
waveloc.onlineStatusBool = true;
Log.d(waveloc.TAG, "Status: online");
if (waveloc.pendingActions.equals(false)) {
setStatusIcons(R.drawable.xml_refresh_online,
R.drawable.xml_refresh_online);
} else {
setStatusIcons(R.drawable.xml_refresh_online,
R.drawable.xml_refresh_pending);
}
} else {
waveloc.onlineStatusBool = false;
Log.d(waveloc.TAG, "Status: offline");
setStatusIcons(R.drawable.xml_refresh_offline,
R.drawable.xml_refresh_offline);
}
} catch (Exception e) {
waveloc.onlineStatusBool = false;
setStatusIcons(R.drawable.xml_refresh_offline,
R.drawable.xml_refresh_offline);
Log.d(waveloc.TAG, "Error while setting status-icon: offline");
}

430

435

440

445

450

455

460

465

}
};
/**
* Validates the string that contains the result of the reconnect request.
*/
private Runnable doReconnectUpdate = new Runnable() {
public void run() {
waveloc.cookieStore = doReconnect.getCookieStore();
List<Cookie> cookies = waveloc.cookieStore.getCookies();
if (!cookies.isEmpty()) {
for (int i = 0; i < cookies.size(); i++) {
if (cookies.get(i).getDomain().equals("wave.thues.com")) {
waveloc.cookie = cookies.get(i);
}
}
}
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Log.d(waveloc.TAG, waveloc.cookie.toString());
if (waveloc.cookieManager != null) {
waveloc.cookieManager.removeSessionCookie();
}
if (waveloc.mgr != null) {
waveloc.mgr.sync();
}

470

try {
SaxParser sp = new SaxParser(doReconnect.getHtml());
ResultObj parsedDataSet = sp.getHandler().getResultData();

475

if (parsedDataSet.getStatus().equals("true")) {
waveloc.onlineStatusBool = true;
setStatusIcons(R.drawable.xml_refresh_online,
R.drawable.xml_refresh_online);
waveloc.refreshWave();
} else {
waveloc.onlineStatusBool = false;
setStatusIcons(R.drawable.xml_refresh_offline,
R.drawable.xml_refresh_offline);
Log.d(waveloc.TAG, "Reconnect: "
+ parsedDataSet.getMessage());
}
} catch (Exception e) {
Log.d(waveloc.TAG, "Reconnect: "
+ getString(R.string.login_error));
}

480

485

490

495

500

505

510

515

}
};
/**
* Validates the string that contains the result of the reconnect request.
*/
private Runnable postLocationUpdate = new Runnable() {
public void run() {
try {
SaxParser sp = new SaxParser(getStatus.getHtml());
ResultObj parsedDataSet = sp.getHandler().getResultData();
if (waveloc.onlineStatusBool.equals(true)) {
if (parsedDataSet.getStatus().equals("true")) {
setStatusIcons(R.drawable.xml_refresh_online,
R.drawable.xml_refresh_pending);
waveloc.pendingActions = true;
} else {
setStatusIcons(R.drawable.xml_refresh_online,
R.drawable.xml_refresh_online);
}
} else {
setStatusIcons(R.drawable.xml_refresh_offline,
R.drawable.xml_refresh_offline);
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C.8. WaveLocService.java
}
} catch (Exception e) {
Log.d(waveloc.TAG, "Error: " + getStatus.getUrl());
}

520

}
};
525

/**
* Sets the status-icons of the various activities to the current online* status.
*/
public static void setStatusIcons(int drawableMain, int drawableRest) {
waveloc.statusIcon.setBackgroundResource(drawableMain);
try {
users.statusIcon.setBackgroundResource(drawableRest);
} catch (Exception e) {
}
try {
friends.statusIcon.setBackgroundResource(drawableRest);
} catch (Exception e) {
}
try {
pois.statusIcon.setBackgroundResource(drawableRest);
} catch (Exception e) {
}
try {
keywords.statusIcon.setBackgroundResource(drawableRest);
} catch (Exception e) {
}
try {
favorites.statusIcon.setBackgroundResource(drawableRest);
} catch (Exception e) {
}
}

530

535

540

545

550

}
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Appendix D Flowchart of WaveLoc

Figure D.1.: Flowchart of WaveLoc
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Appendix E Evaluation-Data
E.1. Usability Test - First Set - Suggestions
better description of the search function
show a longer information on adding a friend
handling of the Android OS
explain what a Point of Interest is
send messages to others by pressing the enter-key of the keyboard
explain that the menu is different on every screen
chose a different color for the update icon (was red)
improve the help dialogue
menu icons are not that meaningful
add the help dialogue to the menu of every screen
add a text to the main screen to explain its usage
add a text at the top of the help dialogue to give a short introduction
allow users to use the back-button after searching for keywords to get back to the list of recent
search strings
• do not display the recent search strings but the most used ones

•
•
•
•
•
•
•
•
•
•
•
•
•

E.2. Usability Test - Second Set - Suggestions
•
•
•
•
•
•

a different icon for the keywords in the menu
explain that one can also search for other participants that are not necessarily nearby
increase the size of the menu icons
add a helping text when there are no items in the list of search strings (keywords screen)
it was not yet clear what a POI is
add a “your” in front of “top keywords- +your (top search-strings, click to repeat”

E.3. Usability Test - Third Set - Suggestions
• it is not clear that the search function is differnt on every screen

184

Appendix E. Evaluation-Data

• the context menu that is shown after a long click on an item is not found intuitively, these
options should be available after performing a single click on an item
• the help dialogue is not found intuitively
• the OK-button of the help dialogue is irritating
• the reason for the buttons on the bottom of the chat is not clear (different pages)
• the text on top of the chat is too small
• the chat should be put on another screen
• exchange the symbol for the keywords
• the search dialogue on the main screen is not forbidden (there is nothing to search for)

E.4. Implemented Changes of the First Three Sets

Figure E.1.: Differences of a typical screen before and after the evaluation phase
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E.4. Implemented Changes of the First Three Sets

Figure E.2.: The help dialogue before and after the evaluation phase

Figure E.3.: A menu before and after the evaluation phase
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Figure E.4.: The keywords-screen after the evaluation phase

Figure E.5.: A POI with the newly added menu after the evaluation phase
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E.5. Implemented Changes of the Final Set

187

E.5. Implemented Changes of the Final Set

Figure E.6.: Two symbol of the menu are exchanged, status indicators are added, and the symbols are added to the
help dialogue

Figure E.7.: A button is added on the screen that displays an item
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Chapter 1 API-Documentation
This is an overview of the complete API. The detailed description of the functions is described in the
following sections. Every section starts with an image of the available functions.
Legend:
has a
module

needs input
function

variable

1.1 General Functionalities
With every request that returns items such as users or POIs one can determine, which items should
be returned. For this, two variables are needed:
from Represents the offset, where 0 is the first item of the complete list. The value 3, for example,
returns items starting with the 4th item
count Represents the amount of items that will be returned

Examples

• http://wave.thues.com/friends/online?from=2&count=5
• http://wave.thues.com/pois/search?q=blub+lecture&from=0&count=3
This functionality is completely optional. None of this is mandatory to request data. If no from or
count is used, these variables are set to their standard values (from=0, count=20).

Chapter 1. API-Documentation

2
1.2 users

search

q

at_poi

id

nearby

users

user_data

id

wave_
name

pass1
create
pass2

delete

captch
a

1.2.1 search
Description Returns all users whose user name, title or description match the specified search
string. Every space separated search string has to be found in the mentioned columns of a user
to consider this user as a match. The search string has to be at least 3 characters long.

URL http(s)://wave.thues.com/users/search

Format XML
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3

HTTP-Method GET

Requires Authentication: true

Parameters
q The text to search for

Response List of users (see chapter 2.1)

Examples

• http://wave.thues.com/users/search?q=blub
• http://wave.thues.com/users/search?q=blub+hello
1.2.2 at_poi
Description Returns all users who are online and inside the radius around the specified POI. Every
POI has its own radius according to the size of the room.

URL http(s)://wave.thues.com/users/at_poi

Format XML

HTTP-Method GET

Requires Authentication true

Parameters
id The id of the POI

Response List of users (see chapter 2.1)

4
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Example

• http://wave.thues.com/users/at_poi?id=1
1.2.3 nearby
Description Returns all users who are online and inside the radius around the current user. Every
user can define his personal radius by his own.

URL http(s)://wave.thues.com/users/nearby

Format XML

HTTP-Method GET

Requires Authentication true

Parameters none

Response List of users (see chapter 2.1)

Example

• http://wave.thues.com/users/nearby
1.2.4 user_data
Description Returns all the data of a certain users.

URL http(s)://wave.thues.com/users/user_data

Format: XML
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HTTP-Method GET

Requires Authentication true

Parameters
id The id of the user that is to be shown

Response List of users (see chapter 2.2) with the difference that it contains only the specified user

Example

• http://wave.thues.com/users/user_data?id=2
1.2.5 create
Description Creates a new user. The form is shown as an HTML-document. The user should create
an account via a web-browser not via a smart-phone.

URL http(s)://wave.thues.com/users/create

Format XML

HTTP-Method POST

Requires Authentication false

Parameters
wave_name The Google Wave-name of the user
pass1 The chosen password for the service
pass2 The password again to verify it

6
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captcha A random string, shown as a picture to protect against bots

Response HTML-document with the result of the action (see chapter 2.5)

Examples

• http://wave.thues.com/users/create
• http://wave.thues.com
1.2.6 delete
Description Deletes the currently logged-in user and all the entries in the friends table concerning
this user. The form is shown as an HTML-document. The user should delete her account via a
web-browser not via a smart-phone.

URL http(s)://wave.thues.com/users/delete

Format XML

HTTP-Method POST

Requires Authentication true

Parameters none

Response HTML-document with the result of the action (see chapter 2.5)

Example

• http://wave.thues.com/users/delete
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1.3. pois
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1.3 pois

search

q

online

lat

nearby

lng
pois

nearby_online
title

poi_data

id

descri
ption

ptype
create
radius

delete

id

btime

etime

bday

eday

1.3.1 search
Description Returns all events at Points of Interest whose title or description match the specified
search string. Every space separated search string has to be found in the mentioned columns of a
POI to consider this POI as a match. The search string has to be at least 3 characters long.

8
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URL http(s)://wave.thues.com/pois/search

Format XML

HTTP-Method GET

Requires Authentication: true

Parameters
q The text to search for

Response List of POIs (see chapter 2.3)

Examples

• http://wave.thues.com/pois/search?q=blub
• http://wave.thues.com/pois/search?q=blub+lecture
1.3.2 online
Description Returns all events at POIs that are currently taking place or that begin in a certain
amount of minutes. Every user can define that certain amount of minutes to show events before they
begin.

URL http(s)://wave.thues.com/pois/online

Format XML

HTTP-Method GET

Requires Authentication true
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Parameters none

Response List of POIs (see chapter 2.3)

Example

• http://wave.thues.com/pois/online
1.3.3 nearby
Description Returns all the POIs that are inside the radius around the current user. Every user can
define his personal radius by his own.

URL http(s)://wave.thues.com/pois/nearby

Format XML

HTTP-Method GET

Requires Authentication true

Parameters none

Response List of users (see chapter 2.1)

Example

• http://wave.thues.com/pois/nearby

10
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1.3.4 nearby_online
Description Returns all the POIs that are inside the radius around the current user. Every listed POI
has got one event that is currently taking place or that begins in a certain amount of minutes. The
user can define the amount of minutes to show events before they begin and her personal radius by
her own.

URL http(s)://wave.thues.com/pois/nearby_online

Format: XML

HTTP-Method GET

Requires Authentication true

Parameters none

Response List of POIs (see chapter 2.3)

Example

• http://wave.thues.com/pois/nearby_online
1.3.5 poi_data
Description Returns all the data of the event at the specified POI.

URL http(s)://wave.thues.com/pois/poi_data

Format XML

HTTP-Method GET
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Requires Authentication true

Parameters
id The id of the POI that is to be shown

Response List of POIs (see chapter 2.3) with the difference that it contains only the specified POI

Example

• http://wave.thues.com/pois/poi_data?id=2
1.3.6 create
Description Creates a new event at the current position of the user.

URL http(s)://wave.thues.com/pois/create

Format XML

HTTP-Method GET

Requires Authentication true

Parameters
lat The latitude part of the current position of the user
lng The longitude part of the current position of the user
title The title of the event
description The description of the event
ptype The periodic type of the event (see chapter 2.3.2)
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radius The radius of the event (1..100)
btime The beginning of the event (HHMM)
etime The ending of the event (HHMM)
bday The first day of the event (DDMMYYYY)
eday The last day of the event (DDMMYYYY)

Response Result with possibly various messages (see chapter 2.6)

Example

• http://wave.thues.com/pois/create?lat=6.05&lng=50.009&title=Busstop&description= \
Halifaxstrasse&ptype=2&radius=10&btime=0800&etime=2000 &bday=01012010&eday=31122010

1.3.7 delete
Description Deletes the specifies Point of Interest if it was created by the current user. Also, all the
entries in the favorites table concerning this POI are deleted.

URL http(s)://wave.thues.com/pois/delete

Format XML

HTTP-Method GET

Requires Authentication true

Parameters
id The id of the POI that is to be deleted

Response Boolean with an optional message (see chapter 2.4)
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1.3. pois
Example

• http://wave.thues.com/pois/delete?id=2
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1.4 favorites

get

nearby

online

favorites

nearby_online

add

id

remove

id

1.4.1 get
Description Returns all the POIs that are in the favorite-list of the user.

URL http(s)://wave.thues.com/favorites/get
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Format XML

HTTP-Method GET

Requires Authentication: true

Parameters none

Response List of POIs (see chapter 2.3)

Example

• http://wave.thues.com/favorites/get
1.4.2 nearby
Description Returns all the POIs that are inside the radius around the current user and that are in
the favorite-list of him. Every user can define his personal radius by his own.

URL http(s)://wave.thues.com/favorites/nearby

Format XML

HTTP-Method GET

Requires Authentication true

Parameters none

Response List of POIs (see chapter 2.3)
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Example

• http://wave.thues.com/favorites/nearby
1.4.3 online
Description Returns the event at the POIs that are currently taking place or that begin in a certain
amount of minutes and that are in the favorite-list of the user. The user can define the amount of
minutes to show events before they begin.

URL http(s)://wave.thues.com/favorites/online

Format XML

HTTP-Method GET

Requires Authentication true

Parameters none

Response List of POIs (see chapter 2.3)

Example

• http://wave.thues.com/favorites/poi_data?id=2
1.4.4 nearby_online
Description Returns all the POIs that are inside the radius around the current user and that are in
the favorite-list of the user. Every listed POI has an event that is currently taking place or that begins
in a certain amount of minutes. The user can define the amount of minutes to show events before
they begin and her personal radius by her own.

URL http(s)://wave.thues.com/favorites/nearby_online
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1.4. favorites
Format: XML

HTTP-Method GET

Requires Authentication true

Parameters none

Response List of POIs (see chapter 2.3)

Example

• http://wave.thues.com/favorites/nearby_online
1.4.5 add
Description Adds a POI to the favorite-list of the user.

URL http(s)://wave.thues.com/favorites/add

Format XML

HTTP-Method GET

Requires Authentication true

Parameters
id The id of the POI that is to be added to the favorite-list

Response Boolean with an optional message (see chapter 2.4)

17
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Example

• http://wave.thues.com/favorites/add?id=2
1.4.6 remove
Description Removes a POI from the favorite-list of the user.

URL http(s)://wave.thues.com/favorites/remove

Format XML

HTTP-Method GET

Requires Authentication true

Parameters
id The id of the POI that is to be removed from the favorite-list

Response Boolean with an optional message (see chapter 2.4)

Example

• http://wave.thues.com/favorites/remove?id=2
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1.5 keywords

search

keywo
rds

nearby

keywo
rds

set_status

status

set

keywo
rds

keywords

1.5.1 search
Description Returns all users whose keywords match the specified search string. Every space separated search string has to be found in the keywords of a user to consider this user as a match. The
search string has to be at least 2 characters long.

URL http(s)://wave.thues.com/keywords/search

Format XML

HTTP-Method GET
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Requires Authentication: true

Parameters
keywords The keywords to search for

Response List of users (see chapter 2.1)

Examples

• http://wave.thues.com/keywords/search?keywords=blub
• http://wave.thues.com/keywords/search?keywords=blub+afi
1.5.2 nearby
Description Returns all the users that are inside the radius around the current user and whose
keywords correspond to the specified search string. Every user can define his personal radius by his
own. Every space separated search string has to be found in the keywords of a user to consider this
user as a match. The search string has to be at least 2 characters long.

URL http(s)://wave.thues.com/keywords/nearby

Format XML

HTTP-Method GET

Requires Authentication true

Parameters
keywords The keywords to search for

Response List of users (see chapter 2.1)
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Example

• http://wave.thues.com/keywords/nearby?keywords=afi
1.5.3 set_status
Description Sets the status of a user. This indicates if the user offers help. 0 equals occupied and 1
equals available.

URL http(s)://wave.thues.com/keywords/set_status

Format XML

HTTP-Method GET

Requires Authentication true

Parameters
status The current status of the user
1 or true the user is available
0 or false the user is occupied

Response Boolean with an optional message (see chapter 2.4)

Example

• http://wave.thues.com/keywords/set_status?status=1
1.5.4 set
Description Sets the keywords of the user. These keywords correspond to her capabilities. Other
users can search for such a string to ask for help.
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URL http(s)://wave.thues.com/keywords/set

Format: XML

HTTP-Method GET

Requires Authentication true

Parameters
keywords The comma- or space separated list of keywords to be saved

Response Boolean with an optional message (see chapter 2.4)

Example

• http://wave.thues.com/keywords/set?keywords=afi,datkomm
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1.6 friends

get

online

friends

nearby

add

id

remove

id

1.6.1 get
Description Returns all the users that are in the friends-list of the current user.

URL http(s)://wave.thues.com/friends/get

Format XML
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HTTP-Method GET

Requires Authentication: true

Parameters none

Response List of users (see chapter 2.1)

Example

• http://wave.thues.com/friends/get
1.6.2 online
Description Returns all the users that are in the friends-list of the user and that are currently online.

URL http(s)://wave.thues.com/friends/online

Format XML

HTTP-Method GET

Requires Authentication true

Parameters none

Response List of users (see chapter 2.1)

Example

• http://wave.thues.com/friends/online
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1.6.3 nearby
Description Returns all the users that are inside the radius around the current user and that are in
the friends-list of him. Every user can define his personal radius by his own.

URL http(s)://wave.thues.com/friends/nearby

Format XML

HTTP-Method GET

Requires Authentication true

Parameters none

Response List of users (see chapter 2.1)

Example

• http://wave.thues.com/friends/nearby
1.6.4 add
Description Adds a user to the friends-list of the current user. This function initiates that an email
is sent to the user that one wants to add as a friend. This specific user has to approve the request to be
added as a friend. This is for security reasons because one can see the exact position of ones friends.

URL http(s)://wave.thues.com/friends/add

Format: XML

HTTP-Method GET
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Requires Authentication true

Parameters
id The id of the user that is to be added to the friends-list

Response Boolean with an optional message (see chapter 2.4)

Example

• http://wave.thues.com/friends/add?id=1
1.6.5 remove
Description Removes a user from the friends-list of the current user.

URL http(s)://wave.thues.com/friends/remove

Format: XML

HTTP-Method GET

Requires Authentication true

Parameters
id The id of the user that is to be removed from the friends-list

Response Boolean with an optional message (see chapter 2.4)

Example

• http://wave.thues.com/friends/remove?id=1
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1.7 misc
user
login
pass
radius
logout
timeto
poi

misc

wavei
d

set_data

title
get_data
descri
ption
lat

set_position

lng

1.7.1 login
Description Checks if the user is allowed to use the service. Creates a session for valid users.

URL http(s)://wave.thues.com/misc/login

Format XML

HTTP-Method GET
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Requires Authentication: false

Parameters
user The username of the user
pass The password of the user

Response Boolean with an optional message (see chapter 2.4)

Example

• http://wave.thues.com/misc/login?user=alice@wavesandbox.com&pass=secret
1.7.2 logout
Description Logs the user out and destroys the session that was created during the login.

URL http(s)://wave.thues.com/misc/logout

Format XML

HTTP-Method GET

Requires Authentication true

Parameters none

Response Boolean with an optional message (see chapter 2.4)

Example

• http://wave.thues.com/misc/logout
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1.7.3 get_status
Description Checks, if the user is logged in.

URL http(s)://wave.thues.com/misc/get_status

Format XML

HTTP-Method GET

Requires Authentication true

Parameters none

Response Boolean with an optional message (see chapter 2.4)

Example

• http://wave.thues.com/misc/get_status
1.7.4 set_data
Description Saves user-specific data in the database. This is needed for the selection of the POIs
and the users that are shown to the current user.

URL http(s)://wave.thues.com/misc/set_data

Format XML

HTTP-Method GET

Requires Authentication true
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Parameters
radius Optional, the radius (in meter) around the user, this affects the nearby-functions (10..500)
timetopoi Optional, amount of minutes, an event at a POI should be seen before its beginning (0..360)
waveid Optional, the id of the wave, the user is assigned to
title Optional, the title of the user, normally the real name
description Optional, a short description of the user

Response Boolean with an optional message (see chapter 2.4)

Examples

• http://wave.thues.com/misc/set_data?title=Alice
• http://wave.thues.com/misc/set_data?radius=300&timetopoi=15 \
&description=Lorem+ipsum
• http://wave.thues.com/misc/set_data?waveid=googlewave.com \
%252Fw%252BZlrXEy6NA&title=Bob+Warner

1.7.5 get_data
Description Returns all the data from the database that is stored for the current user. Data-sets
like password and the current position are not returned due to security reasons and due to constant
changes.

URL http(s)://wave.thues.com/misc/get_data

Format: XML

HTTP-Method GET

Requires Authentication true
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Parameters none

Response List of users (see chapter 2.1)

Example

• http://wave.thues.com/misc/get_data
1.7.6 set_position
Description Saves the user-specific position in the database. This is needed for the selection of the
POIs and for the selection of the users that are shown to the current user. It should be updated
regularly.

URL http(s)://wave.thues.com/misc/set_position

Format: XML

HTTP-Method GET

Requires Authentication true

Parameters
lat The latitude part of the current position of the user
lng The longitude part of the current position of the user

Response A complete user-data-set (see chapter 2.2)

Example

• http://wave.thues.com/misc/set_position?lng=6.0783&lat=50.7776
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1.8 show

mywave

show

user_wave

id

poi_wave

id

1.8.1 mywave
Description Displays the wave of the current user.

URL http(s)://wave.thues.com/show/mywave

Format XML

HTTP-Method GET

Requires Authentication: true

Parameters none

"Computer-Supported Learning"
Research Group LuFG Informatik 9
RWTH Aachen University

1.8. show
Response An HTTP-website that displays a wave

Example

• http://wave.thues.com/show/mywave
1.8.2 user_wave
Description Displays the wave of the specified user.

URL http(s)://wave.thues.com/show/user_wave

Format XML

HTTP-Method GET

Requires Authentication: true

Parameters
id The id of the user whose wave should be displayed

Response An HTTP-website that displays a wave

Example

• http://wave.thues.com/show/user_wave?id=4
1.8.3 poi_wave
Description Displays the wave of the specified POI.

URL http(s)://wave.thues.com/show/poi_wave
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Format XML

HTTP-Method GET

Requires Authentication: true

Parameters
id The id of the POI whose wave should be displayed

Response An HTTP-website that displays a wave

Example

• http://wave.thues.com/show/poi_wave?id=3
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The kind of response depends on the function that is used. In every section of this chapter, one
kind of response is explained. Most of the responses are XML-documents, they can easily be read
by different programs. The only non-XML-document is the “Result HTML-document” which is not
intended to be read by programs. This is the response, the user gets when he/she creates a new user
account.
2.1 Users
Users are returned as an XML-document. Example (truncated):
<users amount="7">
<user>
<u-id>1</u-id>
<u-username>skydancer1980@wavesandbox.com</u-username>
<u-waveid>googlewave.com\%252Fw\%252B2ZOE2mIWA</u-waveid>
<u-name>Hendrik Thues</u-name>
<u-description>Lorem ipsum</u-description>
<u-distance>42</u-distance>
<u-longitude>6.06119256883771</u-longitude>
<u-latitude>50.7785826593552</u-latitude>
<u-keywords>kryptographie, compilerbau</u-keywords>
<u-help_available>true<u-/help_available>
<u-is_friend>true</u-is_friend>
<u-logged_in>true</u-logged_in>
</user>
<user>
... truncated ...
</users>
In case of an error, a message is returned as shown in 2.4.
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2.1.1 Amount

The attribute in the first tag indicates, how many items are or were delivered, respectively. Since one
can choose, how many items are returned at most, this value gives the total amount of items that
would be returned if there were no restrictions (see 1.1).

2.1.2 Distances
The distances are given in meters. If a user is currently offline, the last known position is not reliable.
Therefore, a valid distance cannot be determined. In those cases, the distance is set to 31337000. If it
was set to 0, there would be some problems with sorting the users according to this distance because
offline users would always be the first ones.

2.1.3 Longitude and Latitude
These two tags are always given for a user but only if this user is a friend of the current user, the data
is made available. Since a user must approve a friendship-request, one cannot get the position of all
participating users, only of ones friends.
2.2 Complete User-Data-Set
The complete user-data-set is returned as an XML-document. Example:
<users amount="1">
<user>
<u-id>1</u-id>
<u-username>skydancer1980@wavesandbox.com</u-username>
<u-waveid>googlewave.com\%252Fw\%252B2ZOE2mIWA</u-waveid>
<u-name>Hendrik Thues</u-name>
<u-description>Lorem ipsum</u-description>
<u-distance>42</u-distance>
<u-keywords>kryptographie, compilerbau</u-keywords>
<u-radius>300</u-radius>
<u-help_available>true</u-help_available>
<u-is_friend>false</u-is_friend>
<u-logged_in>true</u-logged_in>
</user>
</users>
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2.2.1 Amount
The attribute in the first tag indicates, how many items are or were delivered, respectively. Since this
is always one data-set, this value is static.

2.2.2 Distances
The distances are given in meters. If a user is currently offline, the last known position is not reliable.
Therefore, a valid distance cannot be determined. In those cases, the distance is set to 31337000. If it
was set to 0, there would be some problems with sorting the users according to this distance because
offline users would always be the first ones.
2.3 Points of Interest
POIs are returned as an XML-document. Example (truncated):
<pois amount="42">
<poi>
<p-id>1</p-id>
<p-waveid>googlewave.com\%252Fw\%252BLINatZkZA</p-waveid>
<p-name>Compilerbau (VL)</p-name>
<p-description>Lorem ipsum</p-description>
<p-radius>50</p-radius>
<p-periodictype>2</p-periodictype>
<p-beginday>15.10.2009</p-beginday>
<p-endday>01.09.2010</p-endday>
<p-begintime>10:00:00</p-begintime>
<p-endtime>22:30:00</p-endtime>
<p-distance>84</p-distance>
<p-longitude>6.06119256883771</p-longitude>
<p-latitude>50.7785826593552</p-latitude>
<p-is_favorite>true</p-is_favorite>
<p-statusonline>true</p-statusonline>
</poi>
<poi>
... truncated ...
</pois>
In case of an error, a message is returned as shown in 2.4.
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2.3.1 Amount

The attribute in the first tag indicates, how many items are or were delivered, respectively. Since one
can choose, how many items are returned at most, this value gives the total amount of items that
would be returned if there were no restrictions (see 1.1).

2.3.2 Periodic Type
1. non-recurring appointment
2. daily appointment
3. appointment from monday to friday
4. weekly appointment
5. monthly appointment

2.3.3 Beginday & Endday
The first and the last day of an event at a POI is saved as a Unix Timestamp. The hours, minutes and
seconds of those timestamp are not considered. The day, the month and the year are the important
dates.
2.4 Result
Results are returned as an XML-document with an optional message. Examples:
<result>
<status>false</status>
<message>Error: this function does not exist</message>
</result>
or
<result>
<status>true</status>
<message></message>
</result>
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2.5 Result as HTML-document
Results are returned as a HTML-document with the result of the action. Examples:
The user was created successfully
or
Error: the user could not be deleted
2.6 Result with Various Messages
Results with various messages are returned as an XML-document. Example (truncated):
<result>
<status>false</status>
<messages>
<message>Error: The title is too short, at least 2 characters</message>
<message>Error: The description is too short, at least 2 characters</message>
<message>Error: The periodic type is not valid</message>
<message>Error: The first day of the event is not valid</message>
... truncated ...
</messages>
</result>
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Appendix G Enclosed DVD
G.1. Folder-Structure
• API-Project

◦ API-Scripts
◦ Backups
◦ MySQL-Dump

• Eclipse-Project

◦ Backups
◦ Compiled Applications
◦ Current Source

• Latex-Sources

◦ API-Documentation
◦ Diploma Thesis

• Survey-Data
• User-Tests
◦
◦
◦
◦

User-Tests 1
User-Tests 2
User-Tests 3
User-Tests 4

