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Abstract

Information plays an important role in our lives. Along with the development
of technologies, more and more bodies of information are retained. Informa-
tion of different types exists in either physical or digital forms. It might be a
text file in the folder hierarchy, a video in the mobile playlist, a paper map,
or a ring binder on the bookshelf. This leads to the problem of information
overload when a large volume of fragmented information needs to be man-
aged effectively. Dealing with a large amount of information is challenging
to the human brain capacity. Current computer-enhanced systems can han-
dle a large volume of information but they cannot go beyond the capacity
of the human brain. There is no one-fit-all solution for organising personal
information due to the fact that different users feel comfortable with differ-
ent organisational strategies. Besides, common solutions for searching public
information are not able to work with the personal information. In this con-
text, Personal Information Management (PIM) tries to solve the problems
which occur in this personal domain especially in keeping- organising and
re-finding information.

Current studies paid much attention to the digital environment but not much
to the physical counterpart. The way to organise information in physical
space has not been implemented in recent research. Digital implementation
to help users in re-finding physical documents has not yet been explored in an
extensive manner. Moreover, most of the systems are implemented without
the flexibility in hardware integration. In the scope of this thesis, we take
a critical study on the current tracking and re-finding systems for physical
documents in office setting. The main objective is to unify the tracking and
re-finding activities in an OTR (Object Tracking and Re-finding) framework.
The framework is implemented the extension of the Resource-Selector-Link
(RSL) hypermedia metamodel. The RSL metamodel provides rich function-
ality to our approach on physical objects. An extension for tracking and
re-finding physical objects could be integrated to the existing model. Addi-
tionally, the OTR framework has been built based on the ILI (Linking and
Interaction) framework. The main contribution of this thesis is to build up
the fully-functioning but open framework for tracking and re-finding objects.
The framework supports personal information management in physical and
digital spaces. Furthermore, proof of concepts are presented. Our proof of
concept includes the implementation of four plug-ins for the TRO framework.
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The four plug-ins are: a RFID tracking module, a QRcode detection track-
ing module, a voice directive re-finding module and a desktop text display
re-finding module. Finally, the TRO framework provides the users with a
potential to work with a cross-media platform and enables third parties to
implement and integrate existing plug-ins with least effort.
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1
Introduction

When I was young, I watched a series of a Hong Kong legal drama named
"The File of Justice". In this drama, a lawyer organises all the related
documents of criminal cases with the help of his secretary. A large amount
of documents has been prepared before the court. His office is full of books,
papers, evidences and recordings. Documents and evidences in all forms
must be well-prepared before the court. It is always easy for the secretary to
collect and prepare the evidences while it is quite challenging for the lawyer
to prepare everything by himself or even under the secretary’s support. It
might be interesting to know how every piece of information is organised
and retrieved in a specific court case. In the film, rarely do I find the aid
of computers for storing and retrieving evidence. It might be obvious that
the evidences which are physical objects cannot be digitalised and searched
like a piece of text. Why is it that we cannot organise or re-find physical
object like the way we are doing with text? Is there any method that help
us to organise the office smartly. How to prepare all relevant documents and
evidences for the specific case?

Such above question would be a challenge to most of us especially to those
who have to deal with heavy volumes of information in their work or those
who have a messy office. The only thing we can be sure of is that the target
information is somewhere in our office but exactly where it is is not an easy
question to answer. It is obvious that an office is equipped with file cabinets
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where files would be organised in a logical way. In addition, there is also
the existence of computers for most of office tasks. The strategies in keeping
information such as writing down notes on a piece of paper or sticking a post-
it note on the desk are other popular methods to remember small piece of
information. Besides, by providing more meta-data to documents, users find
it is easier to manage their documents. Having an agenda ready with every
detail or simply a calendar is also our approach to remember and organise
information. There is a likelihood that none of us is saving every detail of the
daily life nor remember them all. Details of information are saved outside
our memory and they are scattered everywhere in different formats.

There is a need to provide a tracking and re-finding system with the ex-
tensibility in hardware supports. There are more and more solutions those
help user to organise and re-find information effectively in the digital space.
But little are solutions implemented to track or re-find information in the
physical space. Additionally, tracking physical information requires specific
hardware support. Take the tracking system in library systems as an exam-
ple, the books’ availability are tracked using the bar code. When a book is
moved out of the library, a librarian need to scan the 2D barcode which is
stuck to the book. Moreover, the library computer system are designed to
work with barcode as an input, the tracking process records the availability
of the book. This tracking approach ensures to provide the availability status
but not the real location of the book when queried. This tracking method is
pre-defined and users of the system cannot change or extend it in a flexible
manner. Moreover, re-finding methods are limited in current implementa-
tion. Let us return to the library example, by entering the keywords on the
library’s search screen, reader may find the location of the book. The book’s
location is static and indexed in a logical order. In case there is any mistake
in placing the book, the recorded location becomes useless. We may find
there is no real tracking method applied in current popular system. And
little are tracking methods applied to a personal working space. Obviously,
the personal office is not well-ordered or indexed in the same manner as the
public systems. This will later become a big problem to busy users when
there is a need to re-find a piece of information in their offices.

In this thesis, we provide an extensible framework which unifies track-
ing and re-finding solutions for physical and digital information (Figure 1.1).
Note that in the scope of this thesis, we mainly focus on tracking and re-
finding methods for physical objects. Systems usually merge tracking and
re-finding activities. This implementation is hard-code in the pre-defined
process. We would propose to separate tracking and re-finding methods in
implementation. This separation helps the developers to get the wide range
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of technologies to choose for their implementation. Additionally, the OTR
framework can orchestrate different tracking and re-finding methods to track
specific information. The users has the ability to choose the appropriate
tracking methods as well as re-finding methods for a specific piece of infor-
mation. Moreover, the OTR framework is an extensible framework, which
means developers can easily provide their plug-ins to the framework. This
helps the new tracking technologies to be easily implemented without chang-
ing the whole system. Last but not least, the framework is designed to work
with not only single documents but also structures.

Figure 1.1: The framework to unify physical and logical world

Our thesis will be organised into 7 chapters:

Chapter 2

In this chapter, we mainly focus on PIM systems. The approach and the
problems that PIM systems are trying to solve. By studying relevant theo-
ries, we determine whether the solution of a cross-media system is necessary
or not. The future of technology will also be our topic. We discuss the re-
quirements for the tracking and re-finding system as well as why the physical
tracking methodology is necessary.

Chapter 3

In this chapter, we elaborate on the previous chapter by examining research
on tracking and re-finding solutions. The intention is to have sn overview of
the current systems and technologies. We first compare the tracking solutions
in both physical and digital spaces. The next phase is to compare technologies
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for re-finding solutions. An analysis of all these systems will help us to draw
up the missing part of the unified tracking and re-finding system. In the
second part of this chapter, we try to fill up the missing parts in current
PIM systems. The purpose of this section is to identify requirements for a
better tracking and re-finding system. The requirements of such system will
be discussed in detail.

Chapter 4

In this chapter, we introduce Tracking and Re-Finding framework (OTR)
datamodel. The chapter will begin by discussing Resource-Selector-Link(RSL)
models and some of its previous extensions. Then it will discuss the possi-
ble extensions to support multiple organisational strategies in tracking and
re-finding functionalities.

Chapter 5

The implementation of the presented OTR framework for PIM system namely
Tracking and Re-Finding framework (OTR) will be introduced in this chap-
ter. This brief chapter is designed to serve as a launching point for our OTR
framework and applications. The existing Information Linking and Interac-
tion framework (ILI) framework will be used as the base framework for our
OTR framework.

Chapter 6

In this chapter, we provide plug-ins to the proposed framework as the proof
of concept. The plug-ins are:

1. Tracking plug-ins:

• RFID plug-in: This plug-in helps to track the information by using the
RFID tags.

• QRcode plug-in: This plug-in helps to track documents by recognizing
a QRcode. Physical artifacts are attached with a QRcode which are
later used for item detection.

. 2. Re-finding plug-ins:

• Voice directed plug-in: This plug-in helps to assist the user using a
voice output.

• Notification plug-in: This plug-in helps to give the users a text notifi-
cation of the document’s location.
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Chapter 7

Finally, we draw some conclusions and provide future work to improve the
presented unified tracking and re-finding PIM system.
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There is a difference between keeping everything and making ev-
erything visible.

Czerwinski et al. 2006 [16]

2
Retrieving the Right Information

In this chapter, we take a closer look at Personal Information Manage-
ment (PIM). The theories of PIM are taken from Jones’ studies [28]. Then
problems in fragmentation and classification will be discussed. We also take
a closer look to the keeping- organising- re-finding strategies. There shall also
be a focus on why the paperless office is not totally relevant at the moment.
In addition, the tracking and re-finding approach in both spaces will also be
encountered. The future office vision will be drawn as a conclusion to this
chapter.

2.1 Personal Information Management

Re-finding information cannot be successful under the well-concern informa-
tion keeping and organising strategies. The idea of a PIM system was raised
in 1945 with the the vision of the Memex by Vannevar Bush [8]:

“Consider a future device for individual use, which is a sort of
mechanized private file and library. It needs a name and to coin
one at random, ‘memex’ will do. A memex is a device in which an
individual stores all his books, records and communications and
which is mechanized so that it may be consulted with exceeding
speed and flexibility. It is an enlarged intimate supplement to his
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memory [...]
Most of the memex contents are purchased on microfilm ready
for insertion. Books of all sorts, pictures, current periodicals,
newspapers, are thus obtained and dropped into place. Business
correspondence takes the same path. And there is provision for
direct entry. On the top of the memex is a transparent platen. On
this are placed longhand notes, photographs, memoranda, all sort
of things. When one is in place, the depression of a lever causes
it to be photographed onto the next blank space in a section of the
memex film, dry photography being employed.”

With the dream to organise personal files and libraries, Bush believed that
the device must handle all forms of the information. The new way to organise
is not based on traditional indexing but via associative trails. To fulfil such
dream, many systems are being implemented. People try to re-find a piece
of information in a personal corpus using the new system. It is preferable to
initially conduct the search for specific information in personal storage. In
case nothing has been found, the secondary source, e.g. neighbour’s library,
Internet or public library, will be the next to be consulted. It is always easier
to search in the personal workspace because the organisation of information is
familiar to the owner. Additionally, due to the fact that content is maintained
and updated by the owner himself based on his preference For example, the
owner tries to group familiar information and put them next to each other
using different strategies [34]. Moreover, vast amount of information provides
higher data availability and this also leads to data overload. The form and
mobility of the personal library is changing under the effect of technology.
Information is not only located in the bookshelves but also fragmented among
computers, laptops, mobile phones, PDA, tablets etc [28]. Working offices of
white-collars are often a mixture of physical artifacts such as books, papers,
post-it notes; and digital devices ranges from mobile phones to PCs. As
the consequent, personal information is becoming uncontrollable. At some
points, even the owner of information cannot control his personal information
space.

Figure 2.1 shows a busy desktop of a student with four different piles.
Several papers are printed out and placed on the table. There are also books
for different courses. There is the calendar for keeping track of the student’s
agenda. The black ring binder is used for storing the thesis’s print-out and
papers. The most left pile is mostly used for the thesis while the two bottom
piles are mostly used for other courses. There is a shelf for books and folders.
Searching all relevant documents for the specific course may take sometime
to scan through both the piles and shelf. When the number of books and
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Figure 2.1: A personal desk filled with papers, books, note, ring binder. On
the laptop, there are also files, folders, images, videos, sounds.

documents increases, it will be harder for the student to re-find the specific
piece of information [43].

It is essential to retrieve specific information at the right time. The retrieval
process should not be too slow to make the information obsolete. Managing
a well-organised personal library results in chances the success in re-finding
information in the future. Malone’s research [34] shows that workers have a
neat or messy desk. Obviously, the messy desk is the challenge in re-finding
information. Our objective is to find the appropriate organisation which
will later enhance the re-finding speed. The organising strategies should be
provided seamlessly for all the activities towards information in digital and
physical spaces.

2.1.1 PIM- Definition

Personal Information can be understood as the information for personal pur-
pose only. It also means that personal information should be under control
of the information’s owner. Personal information which is not under control
of the owner, such as: student result records in a university’s database, pa-
tient’s medical records in a doctor’s file are not in the scope of this research.
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The space contains personal information under user control is defined by the
term Personal Space of Information (PSI). A subset of PSI is PIC (Personal
Information Collections). Each user controls one and only one PSI but they
can control more than one PIC. A pile of documents on a table, the file
cabinet or bookshelves are instances of PICs [28].

“Personal Information Management (PIM) refers to both the prac-
tice and the study of the activities a person performs in order
to acquire or create, store, organise, maintain, retrieve, use and
distribute the information needed to complete tasks (work-related
or not) and fulfil various roles and responsibilities (for example,
as parent, employee, friend, or community member).PIM places
special emphasis on the organisation and maintenance of personal
information collections (PICs) in which information items, such
as paper documents, electronic documents, e-mail messages, Web
references and handwritten notes, are stored for later use and
repeated reuse.”

William Jones, 2007 [28, p.453]

Public space Private space
Size of corpus Large Not too big
Authoring Many authors and

owners for the re-
sources

One data owner

Indexing Uniform Flexible and person-
alised

Tool Search engines Not yet an official tool
Information interest General interest Personal-oriented in-

terest
Resource update rate Slow Up-to date reflecting

personal interest
Type of information The official source it-

self
Source and annota-
tions (Post-it note,
highlight, text anno-
tation, references)

Table 2.1: The private and public space
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Users are now owning a possession of both public and private information.
The Internet provides enormous amount of digital information. Digital infor-
mation is found easily using search engines, such as Google, Bing or Yahoo.
Similarly, public physical information is usually indexed in the library. The
library systems help to locate the exact location of the book with the least
effort. This library searching strategy is mostly used for public informa-
tion. The human brain requires more cognitive attention than the normal
search [6, 8]. We may wonder if there is any similar indexing tool for the
personal information storage. In the example of Adar et al. [1], users prefer
searching in the personal library than a public library. This is because the
personal space provides information in a convenient way for its owner. Infor-
mation is collected and organised based on the needs of the owner. Moreover,
the personal library reflects the interest of the owner. This personal library
is also kept up-to date regularly to adapt users’ needs. A comparison of the
properties of the public and private information space is given i Table 2.1

The Memex [8] inspired the idea of PIM systems when it is supposed to
record cross-media to support the PIM . At that time, the functionality
to support the physical artifacts is limited. The paperless-office is yet to
come [43]. And yet, a purely paper system without any digital aid is hard to
imagine at the moment. The needs for cross-media supports in PIM become
prominent. Information is available in many formats in different medium.
Consider Figure 2.2, there is a mixture of physical and digital pieces of data
in our daily life.
As illustrated in Figure 2.3, information can be found everywhere. The frag-
mentation of information makes it harder for the user to re-find. That can
be written information on a piece of paper, a book, in a chat log or even
directly on hand.

2.1.2 Keeping, Organising and Re-finding

William Jones [28] described the common activities of the PIM researches
which are finding, re-finding, keeping and organisation. In the right-hand side
part of Figure 2.3, there is information of phone numbers, meeting time and
the user’s preferred music tracks. The different needs in different activities
lead to different information in different formats. For example, finding the
meeting of Tom results in the date and the time of meeting in the calendar
and the phone number of John is displayed on the desktop. Similarly, users
wish when they conduct a music finding there will be the result with the
jazz music and their directory of them on the computer to play. In other
words, good keeping strategies lead to prepare good information for later
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Figure 2.2: Information pieces: fast note, notebook, sketch on paper, email,
post-it note, chat log [7, p.20]

finding activities. Mapping activities are also important in providing users
with good interfaces for their specific task. The mapping activities are also
known as the organising activities.

Keeping

Keeping activities start with demands of information and reflections to the
input of information to PSI. Deciding where the information is stored as well
as how related information is saved are challenges for PIM systems [28].

The user must decide whether to keep a specific information or not. Keep-
ing activities must reflect the future decision whether to use or not to use that
piece of information [30]. Chances are high that we usually discard informa-
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Figure 2.3: PIM activities viewed as an effort to establish, use and maintain
a mapping between needs and information. [28, p.465]

tion which might later become useful. On the other hand, we frequently find
a useful piece of information but we did nothing to keep it. Another case
happens when information is really kept but rarely used. In both of the cases,
with the help of low-cost storage space, large amount of information are bulk
saved which later generated a huge data volume [49]. Although information
can be automatically extracted from the document properties [15], there is
the need for manually keeping valuable information.

Data needs to be stored in the right form for more efficient later re-
trieval [49]. The keeping activities should be able to keep information “vis-
ible” [14] with lots of associated information. Bernstein [7] also denoted
that visible information helps to not forget information. Put it differently,
if the data is hidden from the vision of the user, user possibly forget that
piece of data. The way people capture information is also taken into con-
sideration. Bernstein [7] defined three ways to capture information: directly
authored material, indirectly authored material and copy and paste. There
are other activities in order to keep information: added email to oneself,
email to others, printout, save, direct entry, blog, URL copying or bookmark
search [29, 30].
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Organising

Figure 2.4: The messy and neat office [47, p.1864]

The organising activities are activities focusing on the PSI itself. They
are also activities that map between the information and the need. In the
previous part, the role of physical space and digital space are both impor-
tant in modern office. Malone discussed about the two different types of
offices namely messy and neat [34]. Figure 2.4. Vohs et al. [47] also takes
into consideration the two different kinds of offices but from a psychological
perspective. Activities towards information on desktop reflects our memory
when information is later retrieved [13]. But there are different strategies
for different information formats: physical documents, digital files, email,
websites.

The users organise their information space using two organisational strate-
gies namely files and piles [34]. In files, elements are explicitly labelled and
ordered in an alphabetical order. The group of files can be treated as another
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file if this group is titled and ordered in a specific way. In piles, the elements
do not need to be titled or organised in any specific order. Table 2.2 shows
the characteristics of files and piles according to the study of Malone [34].

Elements
titled

Elements
ordered

Groups
titled

Groups
ordered

Files Yes Yes ? ?
Piles ? No No ?

Table 2.2: Units of desk organisation [34, p.106]

The filing strategy requires labels and systematic ordering and is used for
long-term storage. The piling strategy mainly works without any label or
systematic ordering. Piling becomes hard to keep track once the number of
item increases. The use of catch-all folders is also the instance of piling on
a computer [6, 7]. Moreover, revisit research of Barreau found that manager
users tend to use filing. His research with the result of 3/4 managers prefer
systematic in file name and just 1/4 managers do not use systematic order [2,
3, 4]. With digital documents and emails, the filing is not always preferred
especially when the depth of the path is larger [2]. Another problem in
using filing in the digital space is that a path is dedicated to one file only.
The tag strategy is proposed to give higher performance in filing as well as
re-finding. The tag supports flat hierarchy preferences [48]. There is one
virtual storage with associate links building using tags [5]. Filers, non-filers
and spring cleaners are strategies for emails [49].

Besides, the mixing is a newly introduced organisational strategy [46].
Take a ring binder as an example, ring binder itself is titled but content of
the ring binder does not need not be titled. This organisational structure
can be neither filing nor piling. This type of organisation is defined by the
mixing strategy which is formally describes neither piling nor filing types.

"Mixing is an organisational strategy which is neither filing nor
piling. Mixtures may contain titled as well as untitled elements
and the elements may be explicitly ordered. A group may be ti-
tled and groups may also be explicitly ordered whereas the titling
and ordering of elements does not need to be consistent. The di-
mension values for piling or filing cannot be true in the observed
elements constructing a mixtures."

Sandra Trullemans, 2013 [46, p.48]
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Re-finding

Re-finding starts with the need of information into the output of relevant in-
formation to PSI. For example, we need to find details of a coming meeting.
The activities must start from that "need" and become the action of search-
ing all the relevant emails, post-it-notes, agenda for the relevant details of
the meeting. Finding is to search for something without acknowledgement
on the target’s existence. Re-finding is to search for the thing that we know
for sure its existence. Re-finding is accomplished via remembering, recall,
recognition or repeating [28, 34]. The questions "Is information available?",
"Where could I find information?", "What form it is" are questions users
frequently made to re-find information [10].

Along with technology development, we are working with more devices. Most
of the users have more than 3 devices [5]. Moreover, keeping and organising
strategies possibly increase the fragmentation in data. Information is scat-
tered among different devices and it is also duplicated via mediums [7]. For
the phase of recall and recognition, several classifications must be applied.
It is the individual’s task to create the category and put their information
to one or more appropriate categories. Understanding the different meaning
of the physical documents properties helps much in the classification. The
study of Kwasnik [32] in Table 2.3 showed that many information features
of the physical documents those we did not pay enough concern rather than
just the title of the item. This properties are useful to describe the physical
documents in later systems.

For physical documents, location and context are the top most concerned
features. Barreau creates another list of possible categories applied for digi-
tal spaces [4], which addresses all aspects of documents. Different strategies
are proposed to solve the problems of classification and fragmentation in
PIM. With fragmentation, several integrations are applied. There is a bridge
between the different information forms, file formats, hardware devices or
cross-applications [28].

2.2 Paper Roles in Our Lives

The paperless office is a dream or an optimistic near future thought the
office is equipped with computers. It is familiar to have printed documents
distributed where the office is full of documents, bookshelves are full of books,
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SITUATION AT-
TRIBUTES

DOCUMENT AT-
TRIBUTES

DISPOSITION

Access Author Change
Circumstance Form(Book, paper) Discard
Need/requirement Topic Keep
Ownership of the doc-
uments

Physical attributes
(colors, size)

Locate

Related to me ORDER/SCHEME Postpone decision
Room/space Accumulation VALUE
Source Arrangement Important
Use/purpose Group Interesting
TIME Separate Need improvement
COGNITIVE
STATE

Unfinished arrange-
ment

Not valuable

Don’t know Secret/ confidential
Want to remember Unspecified value
“just know” Works for me

Table 2.3: Fundamental categories and their subdivisions of dimensions along
which people classified personal documents [32, p.79]

file cabinets are full with binders, post-it notes are there on our computers
or books.

So why, when we have all the latest technology to allow us to work
in the digital world, do we depend on paper so heavily? Indeed,
why are most workplaces so dependent on paper? It seems that
the promised “paperless office” is as much a mythical ideal today
as it was thirty years ago.

Abigail Sellen, 2003 [43, p.17]

The paper usage is still recorded at high volumes in offices and the daily life.
A recent report of RISI - North American Graphic Paper in 2010 showed
that although paper consumption is on decreasing trend in North America
and Europe, the volume of paper consumption is still reported at the value
of nearly 80 millions of tonnes 1.

In the previous section, the e-documents were described to have all the
advantages in storing and retrieving information. But still, is it because of

1source: RISI World Pulp Annual Historical Data 2010
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the poor resolution of the screen that user prefer physical documents to e-
documents? Is it true that low resolution of the screen leads the reader to
be fatigue? To find out the right answer, comparisons are made between the
physical document and e-documents [18]. Surprisingly there is no significant
differences reported. The explanation to this preference can be found in
several studies of Sellen [42, 43] and Dillon [18]. The knowledge workers
found it is easier to use paper even if the e-documents are always ready.
Twenty years ago, the distributing process must be done after the printing
process. Nowadays, we do the reverse process when distributing everything
via emails- file sharing systems and then print it out.

Figure 2.5: An interactive book titled "ABC - Arduino Basic Connections"
1. The quick reference for item 2. Side by side reference with the real diagram
of the electronics board. 3. The diagram of the board with the easiness of
rotation and adding new feature references.

The main reason why users prefer using paper is due to its affordances.
Paper provides easy navigation, cross-referencing, annotating and interweav-
ing between reading and writing [43]. We take the example of the electronics
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book in Figure 2.5 in which users tend to print the book out for all the nav-
igation and real-time interaction rather than reading online and scroll the
scroll bars. These features make paper a popular medium for office work.

Workers claim it is easier to navigate in paper which is a significant dif-
ference between the two media. It is proved that the computer in any size
has the limit screen resolution and size. These problems cannot be solved
although screens are placed side-by-side. Minimizing windows are not the
good solution when information shrinks down and they are really hard to
read and share.

Navigation is not the problem in physical documents, the cooperation be-
tween workers can be supported when one paper can be rotated in different
angles and connected to the others’ documents. The second factor of paper
affordance is the cross-referencing on more than one document. Flipping over
the papers are what we are now doing. We acknowledge that the information
is not in one place but in several sources. To have as many sources as we
want and place one next to the other when they are referred to each other is
the better idea to search information.
In addition, solutions such as post-it notes and highlights help users to put
comments right in the place they need. Bernstein showed that 18/51 physical
tools are still used in storing and retrieving information [7]. These tools help
the later re-finding process. The highlight colour then reminds user about
the importance of a passage, the post-it note helps us to know the idea of
the passage without reading again. The annotation along with the semantic
desktop is also a necessary requirement for modern system [25].
The last affordance of paper is that paper helps interweaving between read-
ing and writing. With e-documents, writing normally made using different
physical sheet and switching between the windows is necessary. In physical
documents, writing directly on the sources is always available.

2.3 Summary

In this chapter, we introduced Personal Information Management (PIM).
The keeping, organising and re-finding activities as well as the difficulties in
PIM are also introduced. The future for the paperless office will come but
it requires a long time for both the users and technologies to adapt to that.
Thus, the solution is enhancing the physical world and bring it one step to
the way information is tracked and used in a natural way. Paper still plays
an important role in our lives [42]. In addition, not all the information can be
transferred into a digital version [18]. There is still the physical artefact that
contains information and needs interaction with the PIM system. Tracking
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these artefacts and merging them naturally to the system is the next step.
And the dream of the future office is then not only the paperless office but
the office where all information can be tracked and retrieved smoothly and
seamlessly. The information together with the smart methodology provide
the individual the best “ready-to-use” information in the specific situation.



Logic will get you from A to B. Imagination will take you every-
where.

Albert Einstein

3
Tracking and Re-finding

Information

The main purpose of finding or re-finding information is to find a piece of
information in the large amount of possibilities [30]. As discussed in the
second chapter, it is obviously easier for an individual to find a piece of
information in a well-organised structure. The better organising strategies
will lead to better re-finding strategies. There are many researches in tracking
and re-finding fields. The approaches to tracking physical documents will be
presented in this chapter: 1D and 2D barcode, RFID, overhead cameras,
mobile phone cameras, the mixture of RFID and cameras and the solution
of finger tracking. Besides, re-finding the tracked information is another
important step to give concern to. Several different solutions are applied
such as displaying on the computer, location information is provided by the
linked e-version or the augment bookshelves or tables to show more details
on the target information. The problem is that these solutions are isolated
and hardware-dependent. We will discuss requirements for a new system to
work with cross-media tracking solutions.



Tracking and Re-finding Solutions in Digital Space 22

3.1 Tracking and Re-finding Solutions in Digi-
tal Space

In this section, we first examine some of the information tracking solutions
conducted in digital space. Although, our main goal is to work with physical
space, solutions in different spaces may give us a broad overview as well as
the idea to elaborate our future systems.

Microsoft MyLifeBits1 [20, 21] focuses on merging different document
types such as images, sounds and text into one big data storage. Adapted
from the idea of the Memex of Vannevar Bush in 1945 [8], MyLifeBits is
the solution to manage every moment of a human life. It is a database of
resources where different resource types are saved and retrieved by full text
search queries. Resources types varies are image, audio, video, email, contact
and calendar event. The collection comes along with annotations which add
semantic information to the resources.

Figure 3.1: Microsoft MyLifeBits1

The search result is displayed in different views which are detail view,
1http://research.microsoft.com/en-us/projects/mylifebits/
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thumbnail view, timeline view and the clustered-time view. All views are
provided with information that helps user from traversing around finding for
the specific information. Furthermore, users have the ability to create the an-
notations for resources or create text linking between resources[21]. Because
location and time are the two main key factors for users to remind the event.
MyLifeBits also integrates with GPS information for location and time in-
formation when saved. But still, there is no support for physical documents
in MyLifeBits. Every moment of the user’s life is recorded and digitalised
and there is no interaction to the physical world. Besides, text annotations
are the only choice for MyLifeBits at the moment which limits the ability
to annotate the information. There is also discussion to give more power
to the user on each of their resource such powers are: sorting, ranking the
important priority of the resources or even changing the resource visibility
[20].
Microsoft OneNote2 is the commercial products of Microsoft. Microsoft
OneNote provides features to add quick notes and organise the notes in the
order possibilities. Users are free to draw, write, record, add even to share
information to OneNote. The objectives of OneNote is to manage most of the
personal information in one place. OneNote notebook is shared via the In-
ternet and used in combination with notebook creating and editing features.

Figure 3.2: Microsoft OneNote2

2http://office.microsoft.com/en-us/onenote/
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Similar to OneNote, Evernote 3 is created to provide the one-place data
storage for all of the information. The search feature is advanced when it
scans though different file types such as image, text, pdf file, tags, web page,
email to retrieve the match result. Evernote has the features to provide
data in different devices of users. Moreover, the feature of annotation on
EverNote Skitch or business card scanning on Evernote Hello really helps
users in retrieving a specific piece of information.

Figure 3.3: Evernote3

Haystack [1] is a better candidate for a PIM system. Haystack not only
provides results for queries but also gives recommendation to similar con-
tent. Haystack allows classification and retrieval on document features. The
context-based association links are added to make the new prototype Ime-
cho of Chen[13] proceed one step further than the Haystack. In addition,
the Imecho allows users to rank the association which makes the re-find
process more accurate. The mentioned systems are all provided with the
re-finding features. However, these systems do not pay attention to physical
documents, which are now playing an important role in office. The detailed
system features comparison between systems are clarified in Table 3.1. Our
target tracking and re-finding system should support all types of information.
It means that the both physical and digital files need to be fully supported.
Creating the annotation is one step further to later information retrieval.
And, in the Memex vision, Bush [8] describes about the ability not to an-
notate but to link resources. The ability to create links makes the system
extensible and powerful. The support for physical files is still limited and

3https://evernote.com/
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there is no attention paid to the tracking support.

Mylifebits OneNote Evernote Haystack Imecho
Digital
files

X X X X X

Physical
files

partially

Annotation
support

X X X

Create
links

X X X X X

Dynamic
properties

X

Tracking
support

Table 3.1: System features comparision

3.2 Tracking Physical Information

3.2.1 Identifying and Tracking Using Tags

Figure 3.4: 1D and 2D barcode Illustration source:
http://www.toptroniq.com/top/easysubpage0067.html

One of the familiar solution to “hide” information of an object is the
barcode and scanner. Two Dimension (2D) Barcodes have been commonly
used in the past as well as several shops nowadays. The one dimension (1D)
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barcode allows one dimension reading which frequently used in our daily
products. The information identification in most of the cases is encoded into
varying thickness of black lines printed on a piece of paper or on the product’s
package. The 1D barcode is manually controlled and indexed and a scanner
has to be in the right angle for reading information showed in the tag. The
2D barcode gives more flexibility to the label when it can be read in many
angles. Quick Response code(QRcode) is one of the 2D barcode types. Still,
the barcode scanner reads only one code at a time by scanning the code in
its line of sight. Information cannot be reached if the barcode is not fully
exposed to the scanner. Information is fixed once printed, this means there
is no modification or addition action for the printed information [39].

The alternative solution proposed is the Radio Frequency Identification (RFID)
tag [27]. This invention helps to locate and track objects. An RFID tag is an
electronic device attaches to the object. This tag has a unique identification
number. There are two types of tag active tags and passive tags. Active tags
are operated with the on-board battery. Passive tags, which are operated
by the near-by RF field. The interrogating RF transceiver will read the tag.
The transceiver can activate the tag in the same field.

Figure 3.5: 1-2: RFID label, 3-4: RFID reader Illustration source:
http://www2.cpttm.org.mo/cyberlab/rfid/intro.html.en [47, p.1864]



27 CHAPTER 3. Tracking and Re-finding Information

Researches investigated to use the RFID in libraries not only for books but
also for the library card, which supports to identify and pre-retrieve informa-
tion about the patrons [50]. The active RFID does not change the thickness
of the document even though it is just about 0.5cm depth. This thickness is
not appropriate for thin paper. To solve this, the RFID label [37] is the in-
vention in which the tag is made as thin as a sticker. This helps labelling the
paper document easier and also do not change the thickness of the document.
There is also research that tries to gather all information both physical and
digital information of the user and manage them [22]. The mix of real docu-
ments to electronic version of documents, email and events gives more control
to the user. RFID is the good choice for identifying not only the document
but also the person holding the tag. Moreover, identifying the document
inside the folder or binder which content is hidden from the transmitter is
possible with the RF system. Another problem that should be taken into
account is the security, this is necessary when trying to use RFID to identify
the users, more information about identification such as password should be
applied so that the system is more secured[38].

3.2.2 Overhead Camera

Another solution is to use the overhead camera to track the desk/workspace.
Kim et al. [31] proposed a system to track paper document using an overhead
camera. The physical documents are tracked and linked to the digital version
of the documents saved in the system. Whenever there is an event of adding,
moving or removing document on the desk, the system will update. Using
the sequence of scene, the system quickly finds the exact location of the doc-
ument on the desk. There is another approach trying to link the written note
to the part of video recorded with time-based links [9]. This implementation
is simple and not costly. The webcam is used to track the whole desk surface
and webcam is the only device that system interacts with. But there is still
a problem with this solution. The digital version of the document must be
stored in the system and events on the heap of documents just can be done
with documents on top. It also means that to pick the document in the
middle of the stack, a user must remove all the documents above it one by
one for the system to recognise and process. Also, documents hidden in a
folder cannot be recognised and tracked by this system.

Chen et. al [11, 12] proposed another system with a simple implementation
by using mobile phone camera. Illustrated in Figure 3.7, the book repository
is updated using the images captured by the mobile camera. The clients
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Figure 3.6: User interface of the document tracking system using overhead
camera [31, p.3]

start with capturing the bookshelf with book spines. The image will then be
extracted, the result will be the name of the book. Using WiFi fingerprint,
the system has information about the location of the room where the user is
locating. The locating information along with the book’s identification will
be used to updated in the book repository.

3.2.3 The Mix of Tags and Overhead Camera

The overhead camera and the mobile phone camera both have problems in
image recognition. It is really hard to identify similar text documents. The
HCW system uses the print-out QRcodes to help recognise the document
easier. Dighe and Hinze attach the QR code to the document before printing
[23, 24]. At the moment, only Microsoft Word documents are supported in
the system. The overhead camera is used to track the documents using QR
code. The tracked information is sent back to the system. Users retrieves
the documents’ location information from the computer as shown in Figure
3.8.
Lamming et al. [33] designed a portable memory aid named The Pepys. Files
and folders in the digital space are supported with exact time cues. Time cue
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Figure 3.7: The cell-phone viewfinder with the book spine recognised suc-
cessfully [12, p.2]

Figure 3.8: HCW system [23, p.11]

and the file name in a specific location helps to retrieve correct information.
The problem is that human episodic memory mostly works with time and
event cues. This is a real challenge for making systems that enhances the
human memory in the physical world. The Pepys is an automatic diary
generator. Pepys uses and reads the activities when there is signals from
the badge-wearer. These badge-wearers communicated using infrared code
signals. Pesys tries to collect three types of activities:

• When the information is supposed to be transferred. Which means the
badge-wearer meets the Pesys.

• The duration of the activity. Pepys records the start and end time of
the transaction with the badge-wearer.
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• The location of the activity

The solution of Lamming et al. [33, p.6] tried to make a list of all activities
of the device-wearer. The location and time information are all recorded to
have the better result. Figure 3.9 is an example of the Pesys’ extract diary.
When there are meetings with the same person Pesys solved the problem
of collision by using videos. These activities cannot be automatically solved
using the device itself.

Figure 3.9: The Pesys log extraction [33, p.6]



31 CHAPTER 3. Tracking and Re-finding Information

3.2.4 Hand Tracking

Similar to Lamming’s solution, Pederson [41] proposes a solution to track
documents using hand movements. They believe that document itself cannot
move but with the hand interaction. Interactions are grasping the object and
moving the object. The paper is tagged with a RFID tag and recognised by
the system. Magic touch is the solution to connect the physical object to
digital object [41]. Users use a small RFID reader and location tracking on
the finger. These devices read the RFID tag and reports to the system the
current activity of the document. The office area needs to be defined to
the system as “active volumes”. Users can touch to the points for defining a
specific area. This implementation is fast in document recognition compare
to Kim’s [31] solution. Magic touch provides the functionality to work with
structures documents. By moving the folder, items in that folder will move.

The magic touch system has the function to work with both files and
folders. Every movement of the folder will end up as the movement of a
single file. The location tracking is also wearable on the finger to report the
exact position of the document to the system. Updated positions will be
saved and displayed in the hierarchy tree interface.

Figure 3.10: The Magic Touch solution. (1) The physiccal implementation
(2) the digital hierarchy [41]
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3.3 Displaying the Search Results

3.3.1 Directives on Computer

Displaying tracking information on the computer screen is the popular method.
The current commercial solutions such as Alliance paper chase1 and TriDoc2

. Both systems provide a method to track documents using specific software.
The software installed along with the database on documents and users as
well as the privilege of the user. But the whole system just can give users
the location and the status of the file on the screen. User may follow the
location and loging detail of the file in order to search it. This method is
also widely used for RFID file tracking. The information of physical files are
retrieved and displayed on the computer screen.

Figure 3.11: TriDoc Document history 2

3.3.2 The Enhanced Version of Computer Display

The location of a physical document is displayed in a hierarchical way. The
Magic Touch system shown in Figure 3.10 gives the tree-like feedback. This
display reminds us of the file hierarchy on computers. Suppose that there
is no physical document placed in two different physical spaces then this

1http://www.alliancegroup.co.uk
2http://enterprise.tridoc.eu
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approach is perfectly applied. Bergman et al. [6] shows that navigation is
faster than search since the depth of the file can also affect cognitive atten-
tion. The location of the file along with the tree hierarchy gives the users
more information of the file itself and the neighbor files. Civan [14] added
that the cues which supports the spatial memory. But this solution is not
optimal especially there are many files in one folder. In the research of direct
navigation, Fitchett et al. [19] tries to highlight the matches values and add
quick navigation to the matched values.

Figure 3.12: Search Direct Navigation [19, p.2331]

Another approach is the digital e-version for the physical documents. This is
applied to the overhead camera system as shown in Figure 3.6. In this sys-
tems, the documents must always have one e-version stored in the computer.
Tracking methods use this information to compare and find the right location
of the document. The Overhead camera tracking system of Kim et al. [31]
also provides user with more detail on how a physical file is hidden in the
pile. The documents (if there is any) which are above the target documents
will be removed one by one to directly show the user the exact location of the
target one. This approach is good in the sense that users have the idea about
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the surrounding area of the target files. But the disadvantage of the system
is that not all physical documents have e-versions or have the e-versions in
the high resolution.

3.3.3 Providing Information Cues

HCW system solution shown in Figure 3.8 provies the solution to track phys-
ical documents in the office using cameras and print-out QRcodes. When
users re-find the documents, a notification with the real-time location, times-
tamp and the image of document is shown. This result helps users retrieve
the document in a quick manner. HCW system not only records the location
but also considers the time and image of the tracked document.

Figure 3.13: Result when search a physical document using HCW system
[23, p.13]

3.3.4 Augmented Directives

3.3.5 Visualise Information Structures on Desktop

It is obvious because most users find it hard to classify information right when
they receives it. The study of Mander [35] added the approach visualising
piles on desktop. Mander’s prototypes later inspired BumpTop application5.
BumpTop 3D is a 3D desktop helps users build and interact with piles.

5http://bumptop.com/



35 CHAPTER 3. Tracking and Re-finding Information

Figure 3.14: BumpTop 3D desktop [35]

3.3.6 Augmented Directives

Augmented shelf provides the functionality to view the cover of the book
stored on the bookshelf [36]. The system is implemented with 1D-range
sensors, a camera and projector. The cover of the book where the user is
pointing is displayed. This augmented shelf is useful to search for books
when the book spine is too thin to have the book title displayed fully on.
The disadvantage of this bookshelf is that the location of the books are pre-
defined in the system. The negative point of this system is mobility. The
area of the solution must be bound to a predefined area. Different angles of
the camera or reordering objects lead to wrong locating direction.

3.3.7 Sound and Location Directives

In the magic touch system shown in Figure 3.10, the closer the finger points
to the target file, the appropriate colour will be shown on the screen. Red
colour indicate that users is pointing to the wrong direction while green
colour implies that users is going in the right direction. When searching
for the file, users should point their finger to a direction. The computer
will display colour which indicates the right or wrong direction of the exact
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Figure 3.15: Augmented bookshelf [36, p.3]

file location. This is a good approach finding physical objects when users
have the insight of how close they are to the target file. The only problem
of this system is that it requires serious concentration when finding for the
item. Another problem for the system is that adding more re-finding methods
requires hard-coded implementation.

3.4 System Requirements

The objective of this section is to specify the requirements for a better Uni-
fied Tracking and Re-finding system. Additionally, in the previous sections,
we have examined a number of applications currently being studied. The
applications of certain aspects have met the requirements for organising and
retrieving information. These applications’ function does not need much im-
provement itself. However, all mentioned applications are built based on
the specific requirements for specific electronic devices. The integration of
multiple devices or adding more extension into system are the two major
drawbacks to these systems. We always look forward to an open system with
good interactive features to users. Besides, little are structured information
supported in these approach. We aim to support both single documents and
structures in the system. Solutions to support piles, files and mixtures are
essential.
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3.4.1 Unified Tracking and Re-finding Methods

Previously in this chapter, we discussed different tracking and re-finding
methods. They are discrete solutions and are all technology dependent.
Which means developers first define the attributes and properties of track-
ing method as well as choose the appropriate hardware support for tracking
those properties. Following the tracking methods, the re-finding methods in
those systems are hard-coded to react with the pre-defined tracking informa-
tion. It is necessary to support individual tracking or re-finding technology.
Additionally, it it essential to provide the way using different tracking and
re-finding methods to track a specific object in the system.

Moreover, there is no need to have a separate system for different types
of information. Additionally, a tracking and re-finding system supports to
track and re-find different file structures. It is essential to treat both single
document and structure in the same manner.

Requirement 1 Unified Tracking and Re-finding Methods

• The system supports both tracking and re-finding methods.

• There is a flexible manner to use different tracking and re-finding meth-
ods together.

• Support not only single documents but also structures.

3.4.2 Extensibility

The existing solutions depend on specific technologies. New tracking tech-
nologies lead to totally new solutions. Our objective is that new technologies
should be applied to the system with least or even no effort. Similar to
that, the obsolete technology can be unregistered from the system without
any serious system hard-coding. The combination of different technologies
is also necessary. For example, a book can be tracked using RFID along
with the camera. The combination of technologies helps to track more pre-
cise. The input and output have to be dynamically provided to the system.
Users have the ability to choose their preferred technology for specific types
of information. Additionally, the framework must provide the mechanism for
developers to develop new plugins for the system.

Requirement 2 Extensibility

• The framework provides functions for plug-ins. Registering and unreg-
istering the plug-ins can be done by the user.
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• Different plug-ins can work together in the same manner.

• New technologies are created independently to the framework.

• The framework provides an open interface for plug-ins to be imple-
mented.

3.4.3 Support Physical and Digital Space

Information is fragmented over different devices in different forms. In digital
space, information is found not only in text documents but also in sound,
video, or image. The personal library does not only have files and folders
in the digital space but also paper documents in physical space. Besides,
there is missing support for physical documents tracking. The paperless
office is yet to come and paper documents still proves its advantages in our
daily life. Supporting physical documents in a natural way of human brain
is the target of a modern PIM system. The new solution should help to
organise documents flexibly in several strategies. Stay a little bit far from
the original file-folder methods, the new solution goes deep into the different
properties of the documents. Besides, the meaning of documents in the way
people organise artefacts in the office should also be taken into consideration.
The system aims to treat both physical and digital information in the same
methods.

Requirement 3 Cross-medias support

• The system supports physical information as well as digital information

3.5 Summary
In this chapter, we discussed existing research on tags, image recognition and
hand tracking. These solutions are now discrete and hard coded. We try to
connect all these systems in a flexible system so that user can chose the way
to track or to re-find their documents. The ideal PIM system should not
only support digital but also physical documents. The system should also
provide flexibility to users to control their objects.



Everything should be made as simple as possible, but not simpler.
Albert Einstein

4
The OTR Datamodel

In the previous chapter, we discussed current studies as well as the require-
ments for an ideal PIM system. The intent of this chapter is to have the
detailed design for our framework using predefined requirements. We choose
the Resource-Selector-Link (RSL) hypermedia metamodel of Signer and Nor-
rie [45] for our system as the RSL model matches our expectation for the PIM
system. We first introduce our framework then we discuss the RSL meta-
model and its basic concepts. After that, extensions of the RSL model will
be introduced to support better unified tracking and re-finding system.

4.1 OTR First Approach

In previous chapter, after studying different existing tracking and re-finding
systems, we find many gaps to be filled. The tracking and re-finding ac-
tivities are implemented manually in those studies without any flexibility.
Nonetheless, rapid development in technologies lead to wide range of new
tracking and re-finding technologies. Hardly do existing systems come with
the expandability. Each system is developed with a specific technology based
on the author’s preference.

Our aim is to develop an object tracking and re-finding framework (OTR
framework) which is an extensible system. As shown in Figure 4.1, the OTR
framework supports different tracking plug-ins as well as re-finding (locating)
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Figure 4.1: An overview of OTR framework

plug-ins. The core part of the OTR framework contains three main blocks
with three main purposes: manage plug-ins, tracking information and re-find
tracking information.

• Manage plug-ins: the framework offers no hard-coding functionality in
tracking and re-finding objects. The developer is free to develop and
add desired technologies to the OTR framework. This block manages
all the persistent plug-ins of the system. A user may register new plug-
ins or unregister unused plug-ins.

• Tracking information: information is tracked by tracking plug-ins and
tracking information will be recorded. Note that tracking information
retrieved from tracking plug-ins are objects type, user may annotate
as well as add more cues to objects.

• Re-find information: this block is used to retrieve the most relevant in-
formation using re-finding cues input by user. Moreover, depending on
the active re-finding method found, result is located using the specific
method. For example, location of the document may be spoken out
using the speaker or printed on the screen as normal text.
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4.2 The Use of the RSL Metamodel
Using the existing semantic and object-oriented OMmetamodel [40], the RSL
is the general and flexible metamodel built for the hypermedia systems. The
earlier study of Ispas et al. [26] shows that the RSL is an appropriate model
for PIM systems. The study extends the core RSL model with temporal
cues, visual cues, annotations, synonym links and temporal links. Extension
is applied with least effort because the RSL metamodel is extensible. On the
other hand, the RSL metamodel solves the shortcomings of other metamodels
when handling physical objects.

We first introduce the OM and its notations used in our model. Unlike
other data models built using Unified Modeling Language (UML),the OM
model helps to manage data effectively. Moreover, the OM model provides
features to capture semantic of specific domains. To begin with the OM
model, we first study the basic notations: collection and association.

• A collection is shown in the unshaded rectangle with the name of the
collection placed in the middle. The type of the object items in a
collection is displayed in the shaded rectangle.

• An association is represented by an oval shape. Cardinality constraints
are used to indicate the number of collection participants in a specific
association. Besides, the OM model provides the cardinality constraint
to indicate the member of each collection participate in the association.

The RSL metamodel is introduced to link information. Resources, Selec-
tors and Links are the three basic concepts of the RSL metamodel. Entity is
the core type of the RSL metamodel. Entity type in the entities collection
is an abstract type of any objects existing in the model. Link, selector and
resource are extended types from the entity type. The partition constraint
ensures entities collection must be one of the three extended collections at a
time. The entity type may have properties. These properties are [key, value]
pairs. The properties are not predefined but needs to be customized due to
the requirements of the actual system. By accepting the parameters customi-
sation, the RSL metamodel improves the extensibility and adaptability of the
RSL to specific domains. Figure 4.2 shows the core of link metamodel [44,
p.72].

Resources is a collection with items typed resource. A resource in fact is
a representation of an information unit or a specific type of media. Resource
type is abstract and it needs to be extended to the type of hypermedia that
the system manages. This extension is done via a plug-in mechanism. The
RSL model accepts wide variety of plug-ins from physical to digital media
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Figure 4.2: The core link metamodel [44, p.72]

types. The iServer [44] supports different media types such as shockwave
flash file, .mp3 file, text document, web pages, and even RFID space. But
there is no limitation to the media types. Developers can always provide new
resource in either physical or digital space using the RSL model.

In link data model, the aim is to link not only resources but also parts of
resources. Selector is a concept allowing a reference to a specific part of the
resource. The association RefersTo with the cardinal constraints (1,1) in the
selector side and (0,*) in the resource side indicates that the selector if exists
must refers to a resource while a resource may have many or no selectors
which refers to it. Similar to the resource type, selector type is abstract and
needs to be extended with the corresponding hypermedia types. It is obvious
that different resource types requires different methodologies to select. In the
paper environment, a resource is defined as a document page. We are familiar
with the task of selecting the whole page and find it is difficult to select part
of a page. In the RSL metamodel, such problem can be solved by using a
shape as the selector. Users may define shapes to indicate the desired selected
regions.

The third entity-extended type is the link. We usually process the link
with one source pointing to single target. This implementation has two lim-
itations. The first obvious limitation is that, several sources can share the
targets. For example, different references cite the same article which leads
to the link target is shared by different sources. The other limitation is that



43 CHAPTER 4. The OTR Datamodel

there is no clue to achieve the source of a specific target resource. In the RSL
metamodel, the above limitations are solved. There is the bidirectional link-
ing sources and targets using the bidirectional association in OM. In addition,
link type is extended from entity type with two associations: HasTarget and
HasSource. Link must join HasTarget and HasSource associations under
the cardinality constraints (1,*), which means every link must have at least
one source and at least one target. There is also the entity playing the role
of source or target with the (0,*) cardinality. By indicating the sources and
target as entities, the metamodel adds the ability to link resources, selectors
and even between links.

Furthermore, navigational link and structural link are subtyped from the
link type.

• Navigational link is the link that directs from source to target.
HTML tag <a> is the clear example for this navigational link: users
click on a link to navigate to another webpage or part of the webpage.
In the RSL metamodel, navigational link links the two entity, navigates
from source(s) to target(s).

• Strutural links: The aim of strutural link is to have the link repre-
sents a structure of entities. Think of a book as an example, a book has
many chapters and each chapter has sections. Such structure is mod-
eled using the Structure type. Structure has at least one structural
links and a structural link must belong to a structure. A structural
link has target as an entity via |HasChild| association. The HasChild
association is a subassociation of HasTarget. Note that the HasChild
is ordered. Structure have the ability to define structure over data as
well as structure over structure. By applying this structural link, we
may transclude the section of this book’s chapter to be a chapter in
another book.

4.2.1 The RSL Extension for the ILI Framework

The Information Linking and Interaction (ILI) framework [46] is built based
on the RSL metamodel. The ILI framework aims to implement the concep-
tual human memory model for PIM systems. The extension mostly focuses
on matching the conceptual memory model. Resource type is extended to
physical object type and digital object type. Moreover, context is supported
in the ILI framework using the new weight of relevant.

To match the RSL metamodel with the conceptual human memory, exten-
sions are made for Resource as shown in Figure 4.3. Furthermore, Object
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Figure 4.3: Resources extension [46, p.95]

type is subtyped into Physical Object and Digital Object. This sub-
typing ensures the wide range support to both physical and digital objects.
Notice that, the disjoint ensures that a resource must play a role of a con-
cept or an object but cannot be both. Similarly, this disjoint limits an
objects to be Physical Object or Digital Object but not be both at the
same time.

Additionally, the missing Associative Link and Extent Link need to
be implemented. Associative link is a special type of Navigational Link
when it navigates from concept to concept. Therefore, Associative Link
is subtyped from Navigational link. Extent Link is subtyped from Link
because it link the objects and concept semantically. Figure 4.4 shows the
links extension implemented in the ILI framework.

4.3 Our Extension of the RSL Model

We choose the RSL model as the basis to build our datamodel for the OTR
framework. We also apply several extensions to the datamodel in order to
support the different tracking and re-finding methods for single documents as
well as for organisational structures. Additionally, the location and tracking
methods will also be applied in our extension to give a better approach in
tracking and re-finding objects.
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Figure 4.4: Link extension [46, p.96]

4.3.1 Supporting Structured Resource

In Chapter 2, we introduced different organisational strategies for cross-media
information spaces. Filing strategy, piling strategy and mixing strategy are
three organisational strategies needed to be tracked and re-found seamlessly.
Filing strategy requires labels and systematic ordering. File organisation
itself is treated as a named object. Items in files are ordered in systematic
ordering. In contrast, piling strategy works without any label or systematic
ordering. This organisational strategy is not familiar to digital systems when
every items must be named. The third strategy is mixing strategy. Current
tracking and re-finding studies do not pay enough attention to support dif-
ferent organisational strategies. In our framework, there is no distinction in
tracking and re-finding these organisational strategies. Take an example of
how user tracks and re-finds a single document and a ring-binder. Despite
of the fact that these are two different organisational strategies, the system
aims to treat them in the same manner. Moreover, each document in the
ring-binder is tracked and the whole ring-binder is also tracked. The tracking
information will later be used for the re-finding activity.

Our first extension is to subtype Structure type to Organisational
Structure type. Let us go back to the previous example where we need to
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track the single documents as well as the structured documents. We first treat
a structured document as a normal document. As shown in Figure 4.5, the
Organisational Structure type is represented as an Object. This is done
via the Represented As association. It is mandatory for Organisational
Structure to be represented as an Object because of the cardinality con-
straints (1,1). Note that an Object can be either Physical Object or
Digital Object.

A ring-binder itself is an object and it also contains objects. The RSL
model supports the Structural Link. One Structure may have many
Structural Link while a Structural Link belongs to only one Structure.
Now, we can use a Structure as a resource. Notice that a ring-binder has a
name and so does a single document. Maintaining titles for Organisational
Structure and Object is supported by using Property of Entity type.

Figure 4.5: Organisational structure extension
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4.3.2 Tracking Methods

Objects can be tracked by different tracking methods. We do not limit the
tracking method in only physical space. In other words, digital objects can
be tracked using relevant tracking methods. Tracking methods are not lim-
ited in any specific technology. That means a developer can provide new
tracking methods for new devices or file types. It is optional for an object
to have tracking method. The Tracked By association with (0,*) cardinality
constraints show that an Object can be tracked by zero or many tracking
methods as illustrated in Figure 4.6. Additionally, an organisational struc-
ture is an Object and by default it can be tracked using different tracking
methods. It is essential to track the whole organisational structure and its
belonging. We may find candidates for tracking methods as showed below:

Digital tracking methods

• Logs

• File versions

Physical tracking methods

• RFID tracking

• Tag tracking

• Hand-gesture tracking

• Document recognition

• Location tracking

.

We find out that an Object has only one location but it is acceptable to
have more than one object in a specific location. The location of a Physical
Object is the coordinates in physical space. Similarly, the location of a
Digital Object is the path leads to specific information. In contrast, we
cannot deny the benefits of supporting more information on location. Let
us go back to the HWC system shown in Figure 3.13, we may find there is
additional information saved in order to help user have a better idea about
a document’s location. The Location accepts different types of information
sent by different tracking methods and saves them along with location infor-
mation.
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Figure 4.6: Tracking and re-finding extensions

4.3.3 Re-finding Methods

Finally, we extend Object type with Refinding Method type. Re-finding
method assists user in re-finding the object. By pointing out the exact lo-
cation of an object, re-finding methods help user find the information fast
and efficient. The object’s location is indicated using different Refinding
Method. Active Method are subtyped from Refinding Method and these
active methods are preferred methods configured by users. It is essential
to have an ordered list of Active Method because the most relevant meth-
ods can have the token displaying object. A solution to this is the ordered
Displayed By association. There are also re-finding methods for both phys-
ical and digital objects. As discussed in Chapter 3, re-finding candidates can
be:

• Text: notifies user the exact location of item. The detailed description
of the object’s location help user re-find the object in a fast manner.

• Sound and colour: when user move closer to the object, colour of display
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Figure 4.7: Object’s location extension

screen changes and the sound plays

• Augmented shelf: object detail is display on bookshelves.

4.4 Summary
In this chapter, we introduced our first approach to the OTR (Object Track-
ing and Re-finding) framework. There is also a short introduction of the RSL
model as well as its current extensions. Among the possible extensions, we
chose the most relevant extensions applying to our OTR metamodel. The
RSL model with extensions is illustrated in Figure 4.8. Our approach is
better in the manner that different tracking and re-find methods can be ap-
plied to one single object. Moreover, tracking and re-finding either single
document or structured object are supported.
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Figure 4.8: RSL model with extensions



5
Implementation

5.1 Layered Architecture
Our goal was to build an open and expandable framework for tracking and re-
finding of physical and digital objects. The overall architecture is illustrated
in Figure 5.1. There are three main layers in this framework which are:

• Link layer: the core layer where all applied RSL is implemented. In
this layer, the data requests from the upper layer are received and ma-
nipulated. This layer is the lowest level in our framework. Information
CRUD (Create Read Update Delete) operations are implemented.

• Interactive layer: this layer provides presentation GUI to interact with
user. As the extension, illustrates re-finding method will prepared in
its own GUI.

• Plug-in management layer: to achieve the and extensibility, we extend
the system with plug-ins. There are two types of plug-ins: tracking
plug-ins and re-finding plug-ins. These plug-ins should be managed in
a different way to system information.

Tracking methods observes object’s state and send the signal of state
changes if there is any. These tracking methods are separated to the core
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Figure 5.1: TRO framework architecture

system. Which means they are pluggable parts. These tracking plug-ins are
built independently. Location tracker, once receives the tracking information
from tracking plug-ins, will interact with PIM system querying information
of document with detected ID. In case there is no existing such document
with provided detected ID, the PIM system will create the item then return
the created item to us. By adding tracking information to that item, location
and tracking type of the item will be saved for later retrieval. In case detected
ID existed in PIM system, a location update process will be applied.

In contrast, re-finding methods observe the OTR systems and listen to any
locating event. Users fire the event of re-finding information using re-finding
cues. This request will then be sent to OTR for processing and desired object
is retrieved. Notice that we extended the object with re-finding methods and
location. Return result ends up with the event directed to specific re-finding
methods. Location of that information is then sent to the desired re-finding
methods to be displayed.
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5.2 OTR Layer

In OTR framework, the most important part is to define the way to track
and re-find both the document and the structures. We first add classes to
OTR system using extended schema defined in Figure 4.8.

5.2.1 Working with Single Documents and Structures

Working with Single Documents

Firstly, our task is to add an object to our system. Notice that Object
type is abstract and we must insert either a Physical Object or a Digital
Object to system. TrackingMethods and RefindingMethods are added in
our iServerOTR framework and it is optional to have tracking and re-finding
methods for objects. Following procedure is clear in the way adding new
object to system. ILI framework provides us with the Update() method,
this method is implemented in such a way that objects are stored in db40
database. Process is successful in case all constraints are satisfied and no
errors detected.

Working with Structures

In our system, structures are Represented As an Object. Similarly, these
structures can be treated in the same way as the single object in previous
section. Which means by assigning the structures with tracking and re-
finding methods, the tracking and re-finding process will work in the same
manner as it does on single object. There is one slightly difference, the
Organisational Structure must first create first. Other Object in the
structure will be added later by using structural links.

5.2.2 Tracking and Re-Finding Support

OTR receives and manipulates signals from tracking methods. In the other
hand, OTR send signals to re-finding method so that found information can
be displayed.

Tracking

We define the events for tracking methods. There are five events those our
systems must listen and react in the proper way.
-Attach event: There is a tracking method plugged into the system. The
system must react to either register the new device or create new instance of
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Figure 5.2: Tracking classes

tracking method.
-Detach event: In this situation, system may decide whether to unregister
the device or stop receiving signals from this device.
-Detect item event: This event raises when there is item detected by the
reader. Information about the detected item will be sent directly to system.
That could be information about the tag information, location information
and so on. The system can choose to save this information. Users may
manually add additional information to detected item. The system will work
with lowered layer and save information.
-Item out of sight: This event raises when there is an item leaves the reader.
The system may choose to start saving information at this point.

Re-finding

Unlike the tracking methods, re-finding methods are built applying MVC
architecture. The layered structure tends to mix the display and control.
We used this architecture to provide interaction within the components.
The model remains unchanged when provided by the system. When a user
searches for an item, an event signal sent to the controller. The controller
later orchestrates the appropriate model and view and displays the result to
the user.
-Controller: makes interactions between model and view.
-Model: hold the properties and methods.
-View: The user interfaces of the re-finding plug-ins.
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Figure 5.3: Re-finding

5.3 Plug-ins
It is essential to exchange plug-ins flexibly in the framework. We choose to
use the loose coupling approach so that plug-ins can be attached and detached
using configure file. The listing is Tracking part of configure file. We currently
have two tracking methods which are “RFID” and “QRCode”. Each tracking
method is a plug-in loaded from a .jar file. These plug-ins must extend the
Tracking Method class as illustrated in Figure 5.3. We load the plug-ins
once and cache the instance. In case users have more plug-ins with the same
plug-in type, the cached object will be cloned. This method minimized effort
creating and loading duplicated .jar files. Users may use unique tags to be
recognised by different readers of the plug-ins. The tags will be saved in
Properties of object under the name that is defined in TrackingIDName
node of configure file. By implementing the hashset Param in the Location
class, we can store many attributes of location. These attributes can later
be used to retrieve a faster re-finding process.

5.4 Summary
In this chapter, we discuss the architecture as well as crucial building block
of our OTR framework. The RSL model and its extension helps us track and
re-find different organisational structures. Moreover, the plug-in mechanism
provides extensibility to our system.
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<TrackingMethods>
<RFID>

<PluginURI>RFIDPlugin . j a r</PluginURI>
<TrackingIDName>RFIDTag</TrackingIDName>

<DeviceID>113550<DeviceID>
<DeviceName>RFIDReaderDesktop</DeviceName>
<Locat ion>

<Desc r ip t i on>P i l e 01 on desktop</ Desc r ip t i on>
<LongDescr ipt ion>Top l e f t p i l e on desktop , next to the

computer</LongDescr ipt ion>
</Locat ion>

</ Ins tance>
<DeviceID>254107<DeviceID>

<DeviceName>RFIDReaderTopShelf</DeviceName>
<Locat ion>

<Desc r ip t i on>Top s h e l f</ Desc r ip t i on>
<LongDescr ipt ion>The s h e l f o f the entrance . The top rack</

LongDescr ipt ion>
</Locat ion>

</ Ins tance>
</RFID>

<QRCode>
<PluginURI>QRPlugin . j a r</PluginURI>
<TrackingIDName>QRTag</TrackingIDName>
<DeviceID>TOSHIBA Web Camera − HD 0<DeviceID>
<DeviceName>LaptopScan</DeviceName>
<Locat ion>

<Desc r ip t i on>P i l e 01 on desktop</ Desc r ip t i on>
<LongDescr ipt ion>Top r i gh t p i l e on desktop , next to the

computer</LongDescr ipt ion>
</Locat ion>

</ Ins tance>
</QRCode>

</TrackingMethods>

Figure 5.4: Plug-in configuration
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Use Case

As a proof of concept, we present the application which is built using the
OTR framework. We first introduce the setup of the system. Then we go
with the implementation of our four plug-ins.

6.1 Set Up
Our system provides functionalities for user to track and re-find objects.

1. User register plug-ins. The GUI assists the novice users to register
or unregister plug-in in a visual manner. Note that registering and
unregistering plug-ins can be done manually by editing configure file.

2. When all plug-ins are ready, user starts fast scanning the document
through the device reader. Information if can be captured by the plug-
ins will be displayed on the user’s screen. The user then add meta data
to the detected item. Note that in the Figure 6.1 there is the field of
"container object", if this property is set, item becomes the container
which can be tracked in group. System just update the location base
on the new detected value.

3. Tracking plug-ins continually monitors their locations. The location
initially tracked using tracking methods, which means the object’s lo-
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Figure 6.1: New tracking is detected

cation will be recorded and updated automatically into the system.
There is one step that user may added manually is to add an item into
a structure. Notice that because we do not have any plug-ins to detect
this action automatically, user should add items into structures. The
movement of the structures will lead to the movement of all items in
that containers.

4. To move an item into a container, the user may define its container
when create or simply drag and drop the item out of the left display
tree.

5. To edit information of object, the user should make a right click on
object in the display tree. The options are displayed in Figure 6.2

6. User searches for the document. The keyword does not need to be
complete. Information will be searched in both location, description
and the other properties of document.

7. Result will be displayed based on the re-finding methods priority. Please
note that additional information of the location may be used to add
more information to the item.
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Figure 6.2: Edit or add re-finding methods to objects

Figure 6.3: The two phidget RFIDs

6.2 Our Implementation

6.2.1 Tracking Plug-ins

Plug-ins are built independently to the main project. The core OTRDLL is
all what all plug-ins must follow. The library package for tracking is saved un-
der the name lib.abstraction.tracking while the library package for re-finding
methods is saved under the name lib.abstraction.refinding. Developers will
find it really easy to extend by extending the abstraction TrackingMethod.
Note that the implementation must raise the events in four previous situa-
tions.

Our office is equipped with two RFID readers and one webcam. We set
up the office with two readers are Phidgets boards. We use one board for
tracking items on the left-hand side part of the table and one board for
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tracking the top shelf. The readers are identical in version and type but
they own different deviceID. The RFID tags are in round shape and it could
be stick to physical objects. We assign the tags to ring-binders, books and
files. Besides, the system also supports QRcode. Our webcam will read any
QRcode within its view. We prepare some articles and each article has a
5cmx5cm QRcode attached on them.

We will introduce one example of RFID plug-in implementation. As
shown in Figure 6.4, the plug-in needs to extend the TrackingMethod class.
All the core implementation must be done in the run() method. It is because
we aim to run different threads at the same time.

Figure 6.4: RFID tracking plug-in

6.2.2 Re-finding Plug-ins

Similarly, re-finding plug-ins are also built independently to the main system.
The difference is that each plug-ins must define its controller and its view.
The plug-in view must extend the RefindingView class and the Controller
must extend the RefindingController. The class diagram is as below:

The model returns all the result of the search action. The list of objects
will be retrieved if items is placed inside a container.
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Figure 6.5: Re-finding plug-in

6.3 Proof of Concept

6.3.1 Our System

We implemented four plug-ins:
1. Tracking plug-ins:

• RFID plug-in: This plug-in helps to track the information using the
RFID tags.

• QRcode plug-in: This plug-in helps to track documents by recognizing
the QRcode. Physical artifacts are attached with QR codes which are
later used for item detection.

. 2. Re-finding plug-ins:

• Voice directed plug-in: This plug-in helps to assist the user using the
voice output.

• Notification plug-in: This plug-in helps to give the users the text noti-
fication of the document’s location.

By adding RFIDtag to book, ring-binder and folder, these items are tracked
using RFIDreader device. Besides, The papers in ring-binder are tracked
using QRCode, the code are scanned and paper are assigned to the ring-
binder. The movement of the whole ring-binder leads to all of its documents
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moves to the new location. Notice that our webcam is placed to track the
same location as the first RFID reader on Pile 1.

Figure 6.6: Application

The re-finding methods must be manually assigned to objects. The user
defines which tracking methods and the priority of the re-finding methods
for each of the object. By default all of object are created with the text-
directive re-finding method. The sound is spoken out of the speaker saying
the location of document using the location.

6.3.2 Our Observations

There are some observations we found when implementing this system. This
information will help users when choosing plug-ins for their system. By com-
bining the different technologies, the system will be more precise in tracking
objects’ information.

1. The phidget RFID reader does not support more than one tag at the
same time. This leads to the “scan and read” activity when using RFID
as the reader. Trying to put two or more tags in the radio frequency
range may lead to a null detection.

2. QR code must be display parallel to the reader. The RFID could be
placed up to a 90 angle.
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3. QR code is faster in detect pattern when RFID need a bit more time in
reading and displaying. The set up time of RFID reader is far too slow.
It is promised to run in 50ms but the set up for RFID needs around 2s.

4. A 5x5cm QRcode could be read in the distance up to 60cm. The
maximum distance of RFID reader is 10cm.

5. Shuffle documents in the same pile is not recorded.

6. We are tracking location information based on last interaction detected
in the whole system. This might not be right in case there is the
movement of the whole pile.

6.4 Summary
In this chapter, we have set up the demo system using two RFID phidgets and
one webcam as the tracking devices. We have also provided the two re-finding
methods which are text and voice re-finding. The implementation of plug-in
itself is simple and fast due to the fact that all the core code are implemented
in the common OTRDLL. We also tried to track and re-find not only single
documents but also structured documents. The location of object is retrieved
automatically but there is the need to make item recognition process faster
and more effective.
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7
Conclusion and Future Work

Our main goal as mentioned in the first chapter was to build an extensible
framework which supports tracking and re-finding objects. After studying
the current studies in tracking and re-finding solutions, we acknowledge that
there is still space for a better system. The wide-range of tracking and
re-finding technologies need to be supported. Additionally, tracking and re-
finding single objects or structured objects must be done in the same manner.
The design and implementation follow to fulfil our goal about such system.
In this last chapter, we draw the conclusion on our progress. While working
with the system, there are questions unsolved. Due to the limit time budget
as well as the limit in hardware support, we would prefer to leave it open for
future systems.

7.1 Conclusion

It is important to retrieve the right information in the right time. The wrong
information or the right information in wrong time may not be a good result
to most of the users. The task is becoming hard to archive especially when
human-being is now dealing with the heavy volume of information. Moreover,
information is scattered in devices and environments. In the second chapter
of this thesis, we introduced PIM, which aims to solve problems in Keeping-
Organising- Re-finding (KOR). It is not always classified and ordered in such
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a library system, but in roughly speaking, it is more messy. It first surprises
us how the messy workspace could be the choice of many white-collar workers.
It is because classification is a difficult task. Moreover, multiple tagging is
not supported in physical space. Most users tend to pile up their documents
before they can find the exact location for it. Additionally, user may find
important information in pile surrounding and less important information
in documents classified on bookshelves. The importance of information may
be affected by these spatial information. We aim to support tracking the
object’s location so that user may easily re-find their information in the heap
of information in their personal spaces.

Getting interested in the topic, we got deeper in the applications in this
field. It is because of the cross-media environment, system requires specific
devices working with physical objects. Current systems aims to implement
solution for specific problem. In the very first prototype of the Memex [8],
it is the vision that user may record information in both sound and graphic
types. Cameras are also used in several solution tracking the documents as
well as the hand movements [17, 31].We also find tracking system using com-
bination of RFID and location tracker such as the Magictouch system [41].
The common point is that systems are hard-code and heavily dependent to
specific technology. The development of technology may turn the solution
to the obsolete state. Additionally, little does any system pay attention or
support to the structures of documents. The investigation on different phys-
ical as well as digital systems helps us prevent the similar problems when
designing our OTR framework. We target our system to support not only a
single document but also a structure of documents.

We design and implemented an extensible OTR framework. Additionally,
we add four basic plug-ins as the proof of concept. The core framework
is built but the richness of the system will be forwarded to the potential
developers.

The contributions in this thesis could be summarised as follow:
• After conducting the literature review, we compare and define different

requirements needed for a better tracking and re-finding system.

• Our implementation supports user to track structured objects. By
treating a structure as an object, we can track all both single documents
and structured documents.

• We orchestrate the different tracking and re-finding methods in one
system.

• Provide extensibility for our tracking and re-finding methods. We do
not limit the user with specific technologies. The framework is open
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for developers to add new technology to the stage. New technologies
are loaded into the system using a plug-in mechanism.

• We created four plug-ins as a proof of concept for the presented system.
Two of which are tracking plug-ins and the others are re-finding plug-
ins. Tracking plug-ins are built for physical objects only. We did not
create any tracking plug-in for digital objects this time. The re-finding
otherwise supports both physical and digital objects because we chose
the voice and text directive as our re-finding methods.

Due to the time limit, we cannot come up with any user evaluation for
our system. However, the user evaluation is essential and we hope to have
our system evaluated carefully in the near future.

7.2 Future Work

7.2.1 Provide Plug-ins for Digital Objects

Our implementation mostly focuses on the physical space. Although the
framework is initially design to work with both physical and digital objects,
we did not provide any tracking plug-in supporting the digital space. It is
the open track for future implementation. Moreover, the OTR framework
aims to work with both digital and physical objects seamlessly. By providing
the appropriate tracking plug-ins, developers can extend the system to track
both digital and physical objects.

7.2.2 Support Different Information Cues

Our framework is the initial approach to a better tracking and re-finding
system. There is a need to have further studies in this area because a number
of problems is not yet solved. We did not mentioned much on other cues of
information but the spatial cues. In this thesis, we mainly focus on the
spatial cues believing that would be the top most question that our user
want to answer. It is true that the question towards information mainly refer
to where the information is. Moreover, spatial cues also provide contextual
information to user. From that we find the spatial cues playing the important
role in re-finding. But one thing that we cannot deny is that the richer the
meta information is, the more effective our re-finding process will be. We
previously mentioned different information cues in Chapter 3.
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7.2.3 Context-aware Re-finding

It is always interesting to have the smart systems assisting the tracking and
re-finding activities. One possible approach is to embed the contextual in the
current re-finding process. By filtering resource using the contextual infor-
mation, users have the higher chance to retrieve the information they need.
In re-finding information, context plays an important roles for a success re-
trieval. In previous section, there are different information cues are proved
to be essential not only in physical but also in digital space. These informa-
tion cues are studied in order to draw up better understanding to original
information. Therefore, keeping, organising and re-finding activities should
be extended with contextual information.

7.2.4 System Integration

We are implementing the OTR on a independent application. Integration of
OTR framework to different system would be a nice improvement. The OTR
framework can be integrated to different user interfaces to re-find physical
documents digitally. Imagine that we can open the window search and start
searching for our physical documents. Moreover, all relevant physical and
digital objects can be searched seamlessly and effectively.

7.3 Summary
To conclude, the framework fulfilled the defined requirements. The frame-
work has been used to orchestrate different tracking methods and re-finding
methods in the same system. Besides, the implemented framework supports
both the single document as well as the structures. But still, there are many
open doors to archive a smarter tracking and re-finding system.
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