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1. Introduction

Recent advances in storage technologies and netvamidtwidth have led to an explosive
growth in the number of and complexity of file ot encountered by users. EXxisting
technologies for browsing, searching and manadirggdontent look increasingly
inadequate to meet this growth in complexity, &ytlequire too much people time. In
this paper we present Timeln, a platform-independgstem for browsing and (self-)

organizing large sets of unorganized file content.

2. Background

2.1 Hierarchical File Systems

Hierarchical file systems are by far the most wydeded mechanism for managing and
searching content are hierarchical file systemises€ systems are engrained in the
everyday experience of most users. If users inwestand effort into organizing these
file systems, they can potentially provide an ititei and useful mechanism for

managing and browsing thousands of files.

Unfortunately, as most users will report, this eystoreaks down when users fail to
maintain organization or if so much content arritrest they have no time to do so.
Concretely, imagine that your friend Bob sends fwul,000 best photos of a
photographer who has been traveling several manksmany continents. Putting them
all into a directory “Bob’s photos” doesn’t help oy particularly if the photos
themselves have names like 2034.jpg. We seek aavsgarch and potentially structure

data that emerges from properties of the files:mihey were created, their linguistic



content, and their image properties. Each suchegptppnay give an overlapping subset
of the files, e.g. beach scenes may be presenamy nifferent time points. Hierarchical
file systems encourage a partitioning of files (gated only by copying or linking), so

do not offer this flexibility.

2.2 Web Based Image and Document Management Systems

The past few years have seen the emergence of agelnl Isites for storing and sharing
file objects. Sites such as flickr.com and youtabm have gained mainstream
acceptance and are increasingly used as usersgyrsgstem for storing and organizing

content.

While these sites provide promising new classdsattires, migration away from

traditional local file systems has introduced aetsrof issues.

Users migrating content piecemeal will have segeek(r duplicated) their file objects
across file systems and possibly across a varfetites. No real mechanism exists to

provide an overview of content across all storagéioms.

Users are constrained by the features providetiésetweb sites for browsing and

searching. Even worse is the fact that userzimiia variety of sites may now have to
adopt different new techniques for organizing tbhetent on each of these sites. There
are no real standards for browsing and searchintenbthat have been adopted by the

majority of sites.

All of the issues introduced by user supplied conteganization inherent in local

hierarchical file systems are experienced even racuéely in these web based systems.



By offering more mechanisms for describing contasgrs are even more prone to adopt

organizational structures that are unintuitive tloeo users.

2.3. Desktop Search

Local file system search applications such as Gobgisktop Searétand SpotligHt

provide advanced mechanisms for content basedrseftext based file objects.

While these systems have proved quite useful ferygng sets of file objects, they
provide little support for browsing content. Coggentially users must be aware of

specific topics of interest for the applicationd®of any use.

In providing search results, these systems typigathvide a limited view of results,
often a simple flat list of files. This simple weof search results makes it difficult to
illustrate the relationships between the files mata from the search and the other files in

the system.

3. Related Work

3.1 Yep

Yep® is a Mac OSX application for scanning, managing larowsing PDF files stored on
a local file system. It is designed to provide useiechanisms for content based
browsing and also provides an overview of an estteof file objects as a table of
thumbnails. These objects are automatically atedtaith the file name and the
timestamp of each file. Users can further annagatdn object by creating user defined

tags to describe each document.
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Figure 1. Yep's content based browsing

Yep provides a variety of additional browsing aedrshing mechanisms that users can
use to filter the set of objects presented in tiosvber. A tag cloud browsing mechanism
is provided to filter based on tag annotationserdsan also perform search queries on
the tag and title fields of the documents. Yep @iovides a mechanism for importing

newly scanned documents.

As illustrated below iMable 1, while Yep provides a variety of useful featuréess
lacking a few that would be found in an ideal sgsteThough Yep provides an overview
of all items in its repository, it lacks the alylio group items by content in this view.
While Yep provides users with the ability to anneteontent with tags, there is no

mechanism for automatic tag annotation. Theranarieatures to allow users to organize
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content into user defined sets. Yep is also caimstd to be used on a local file system,

there is no mechanism provided to use web basedH#aring sites.

3.2. Google Picasa

Google’s Picasais a Windows based application for managing, seagcand browsing
image files. It can import images both from thedldfile system as well as the web based
Picasa album site. The application is fully integd with the Picasa album site and can

be used to export local content to web based albums
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Figure 2. Picasa's table based content browsing



Picasa also provides a variety of features fording slick, polished presentations of
images. While the majority of Picasa’s featureensde geared towards building these

presentations, it does provide a number of coriiaséd browsing features.

The browsing system is based on a table basedofiawage thumbnails. While this
view provides an overview of all indexed contemntent is grouped into the parent

folders of images stored on the local file system aser defined Picasa albums.

A timeline based browsing system is also implem&ntehe timeline will show the set of
file system folders and Picasa albums annotatescbeagahized by timestamp. Users

cannot view a timeline of individual image objects.

Images are annotated by filename and either tlaeemp folder from the local file system

or user defined albums. Users can perform searehes based on these two fields.

Picasa also provides a rich set of features fdmegits indexed images and exporting

content to the local file system.

As illustrated below iTable 1, while Picasa provides a variety of useful feature

lacks several useful ones. Most notably, thermisnechanism to annotate file objects
other than creating user defined albums. Picasaies heavily on users to organize file
content either on the file system or into userrdefialbums. Users can only search for
files only based on the title of the file or itsxtaining folder. There is no mechanism to
browse for objects based on their individual tiraegts, only the timestamp of their
containing folders. Picasa does provide a vaonéwynique features for exporting

content, however.

-10 -



Features Yep | Google Picasa Timeln

Provides an overview of objects with content preview thumbnails X X X
Grouped by file Grouped by file

-organizes overview of content into groups of related objects system folders creation timestamp

Provides a graph based view of image objects grouped by content

similarity X

Browse by file system structure X X
Only displays

Browse items by timestamp X folder timestamps | X

Allows users to annotate objects with tags X X

Provides automatic generation of tags based on file content X

Provides a text cloud browsing mechanism for tag annotations X X

Provides users the ability to search file titles X X

Provides users the ability to search tag annotations X X

Provides users the ability to search files by text content X X

Provides users the ability to search files by image content X

Provides users with a mechanism to organize objects into albums X X

Provides users with a mechanism to export organized content to

the file system X

Provides users with a mechanism to export organized content to a

web based album site X

Provides users with the ability to import objects from web based

file sharing sites X X

Table 1. A survey of features found in file browsig systems
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4. Timeln Concepts
Timeln provides a single unified browsing experiefar users. It seeks to unify the
various sets of file objects stored on multipletsyss; currently users can import content

from a local file system or flickr.com.

In keeping with this concept, Timeln was designetita partition file objects into
disjoint sets. A central unified view of all avable content is initially provided to users.
To navigate this content, users are provided withréety of mechanisms for filtering the

set of objects presented.

This central view highlights the relationships amdites, allowing users to more easily
browse objects by content. Timeln will use thiswito illustrate temporal relationships

as well a simple overview of each object’s text andge content.

To highlight the temporal relationships betweeedjlthe central view uses a timeline to
organize objects by their associated timestampesd objects are also annotated with a
set of automatically populated text tags describimgcontent of the objects. For text
based objects, Timeln will analyze the contentheffile and attempt to extract a set of
descriptive phrases. For image based objects,Ifhiméd annotate the object with the
most frequently used colors of the image. Useve lilae option of augmenting these

automatically generated tags by defining their @eacriptive tags.

While providing novel features for browsing andrsbang content, Timeln retains many
of the original organizational features of existsygtems. When content is imported

from a hierarchical file system, users can stitiiise by the original hierarchy structure.
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Timeln also retains the PhotoSet structures adsacwith content imported from
flickr.com. Just as Timeln provides users with albdity to search objects by text
content, it also provides users a mechanism talearage objects based on color
content. Users can also organize content intodesined “albums” of objects. These

albums can then be used to filter the set of objentthe timeline.

5. Timeln Feature Overview

5.1 Overview

Timeln is composed of essentially three distinét-applications: the Timeline Browser,
the Object Indexers (File and Flickr,) and the @u8rowser. While the only
application explicitly started by the user is t\glig the Timeline Browser, all three can

be invoked independently of each other.

13
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Figure 3. Timeln Activity Diagram

Users initially invoke the Timeline Browser whicarcthen in turn invoke the other two

sub-applications. The relationship between thepdiaations is illustrated ifigure 3.
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5.2 Indexers

Before using the Timeline Browser sub-applicatiosers need to import content that can
be browsed. There are currently two mechanisnisctrabe used to import files into the

browser.

5.2.1 Flickr Browser

Using the Flickr Browser, large sets of images lsaimported from the FlicRusing the

searches performed by the Flickr APand browsed using Timeln.

There are three types of searches currently implésde
Search by Username In this mode, the Flickr Browser will fetch athages

belonging to a user. User names are typically daarFlickr by looking at the url

of an imagehttp://flickr.com/photos/username/imageWhen looking at a user’s
homepage, his/her user name is typically displayede page title as username’s
photos.

Search by Tags In this mode, a comma separated list of Tagseansed fetch

a set of images from Flickr. All images which canteach tag supplied will be
retrieved.

Search by Group- In this mode, the Flickr Browser will retrievié images
belonging to a Flickr Group, simply supply the goaul. A directory of these

can be found atttp://flickr.com/groups/An example of a valid group url is:

http://flickr.com/groups/groupname/
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Search Queries can be further filtered by limitihng number of images retrieved and
setting a date range. As of this writing, the [EliaP1 will fetch a maximum of 5000

images per query

Upon fetching an image from Flickr, the Browserlaihnotate the image with a variety

of metadata associated with the image includingg,tdescription and notes.

5.2.2 File Browser

Using the File Browser, local files can be use@dpulate the Timeln Browser. Unlike
the Flickr Browser, the File Browser does not needverwrite existing repository data

and can be used incrementally to index new content.

Upon fetching a file from the local filesystem, tBBeowser will annotate the file with
automatically generated tags. For text documends (pdf, .doc) these tags will be
generated from the “relevant phrases” within theueent. For image files these tags

will be generated from the dominant colors of timage.

16
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5.3. Timeline Browser

The Timeline Browser sub-application offers anraléive to the hierarchical file system

by providing a timeline-based navigational integfagth an emphasis on searching.

5.3.1 Timeline Ul Overview

As illustrated inFigure 4, the basic components of the timeline are iconsessmting
file or Flickr objects. Above each icon is théetior filename of the object represented,

below is the timestamp.

If two or more icons would overlap in a currentéiine view they are represented as a

“compound object.” Next to each object is a liskeyword tags associated.

Below the Timeline pane will initially be a histagn legend of all the files contained in

the repository as well as a bar representing thecuposition and zoom level.

By pulling either end of the Ranged Slider, using touse scroll wheel, the scroll

wheel, or hitting one of the zoom buttons, usersateange the zoom level of the

timeline. By dragging the Ranged Slider, userspgamthe timeline.

The legend will be dynamically updated to displag position of the current timeline

view within the repository.
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Figure 5. File Detail Panel

The timeline view can also be centered on an amyitifle by left clicking on its icon.

When an item is clicked the File Detail panel wi#l updated as illustrated fingure 5.

If a file or Flickr object is selected, the metadassociated with the file will be displayed

in the File Detail panel. If a compound objectétected, a list of the contained files will

be displayed. Items in this list can also be ¢etkand a subset of the associated

metadata will be displayed.
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Icons in the Timeline can also display a popup mehan right clicked. Using this
popup menu, a user can change the zoom level dintledine, invoke a content based

search, or display all files contained within a gmund object as displayed kigure 6.

i Aaron hut drop

Show Images with Similiar Colors

Taff hut drop Show Similar Images
Open URL

hlue fun

Lurch hut drop

Mike on Messiel

Aaran hut drop

Figure 6. Compound Popup Dialog
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A content based search will use the currently setktnage as an example of images to
search for. Currently, images that contain singlaors and overall similar images can

be retrieved.

5.3.2 Search Filters

A variety of search filters can be used to lima #et of file objects displayed in the

timeline.

Using the Search Field illustratedfigure 4 to input queries, users can search through a
variety of text content associated with the fil@hese content fields are specified using
the Search Type pull down menu and include, theditfiles, the tags associated with
files and text content of files or Flickr Descrignis. Please note that a variety of query
types are supported including wildcards (e.g. *ietage?rch) and Boolean operators (

(image and search) or flickr)

Types of content displayed in the timeline canilteréd using the Object Type pull

down menu. By right clicking on an icon, a conteased search can be invoked.

After invoking any kind of search filter, the clesgarch button can be used to reset the

state of the timeline such that all content is ldiggd.

21



@ Timeln mE x|

File Preferences

| | |Na’me |v| |.0.|| Types |v|
Clear Search | Browse Images In Cluster Visualization |
B8 objects | 12 ohjects
111082006 111092006 11110/2006
1110752006 500PM 1:46 PM 1:19AMO0:2006
r I 4

[ Timeline Legend | File Detail | Tay Cloud |

albums - arduine - athletics = board - cameraphone - diving - geek - hacking = itp - itpzoos-npﬂuur-

knitting - mini - nerdery - nerds - newyorkuniversity .mc ™ nyu -orange = PCOMP -

physicalcomputing - postpunkkitchen - program - school - sports - swimming - tristan -
xbee - zZighee

Figure 7. Tag Cloud Browser

5.3.3 Tag Cloud Search Control

As illustrated inFigure 7, users can browse the variety of tags containdaimihe
repository using the Tag Cloud Search Control. émymmon tags are displayed in a

larger font.

These tags can be selected by left clicking onddrilgem one time and deselected by left

clicking a second time. Please note that sevagal tan be selected by simply left
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clicking on each. When tags are selected, onlgaibjcontaining all of the selected tags

are displayed in the timeline.
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Figure 8. User Defined Albums

5.3.4 User Defined Albums Search Control

As illustrated inFigure 9 users can define custom “albums” to help them riega
objects. These albums are essentially sets otthjkefined by the user. The album

control provides a tree based mechanism to bromesetalbums and allows users to filter
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the objects displayed in the timeline such thay aljects belonging to the selected

album are displayed
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Figure 9. PhotoSet Browser

5.3.5 Flickr PhotoSets and File System Folders Sea rch Control

As illustrated inFigure 101, users can browse objects in the repository usithgr the
original file system structure for Local objectstioe PhotoSets associated with Flickr

objects. The PhotoSet control provides a treecoashanism to browse these
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structuresand allows users to filter the objectpldiyed in the timeline such that only

objects belonging to the selected photoset or aegidisplayed

5.4 Cluster Browser

The Cluster Browser sub-application provides akjaied simple mechanism to browse a

large set of images by organizing them into cligstéimages containing similar content.

The Cluster Browser is invoked from the can be kagbfrom the Timeline Browser by

hitting the Browse Images in Cluster Visualizatimriton.

When the button is hit, all image objects preserihe current timeline view are used to

populate the cluster browser.

As illustrated inFigure 11, the clusters of images are displayed in a sgiuazing
graph. To change the zoom level, move the curger @ white portion of the display,
hold the right mouse button and move the mous® zpdm out and down to zoom in.

Alternatively the scroll wheel can be used to cleatige zoom level

To pan the graph, move the cursor over a whitdgodf the display, hold the left mouse

button and move the mouse.
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Figure 12. Cluster Browser

The clusters of images can be moved around onrsbreaoving the cursor over an

image, holding the left mouse button and dragging.
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Display Cluster in Timeline

Figure 13. Image Cluster Detall

A popup menu can be displayed by right clickingaol item in a cluster as illustrated in
Figure 145 Using this menu, all images contained withinc¢hester (including those
not shown in the graph) can be browsed via a popeipu or all images in the cluster can

be displayed in the timeline.
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6. Major Algorithms

6.1 Keyword Extraction

In an attempt to provide automatic tagging of tent, we've developed a Keyword
Extraction algorithm used by the File Indexer. sTaigorithm will take a set of text
documents and for each document attempt to extract00 most “relevant” phrases and
assign a “relevance” score to each. Phrase ratevardefined in this context to mean
phrases that are qualitatively useful to in desegla document relative to the set of

documents.

In developing these algorithms we initially invgstied the set of phrases returned by
traditional TF/IDF algorithmfs We found that while the algorithms did identifany
phrases that could fit the “relevance” conditiathg, algorithms also identified many
phrases which did not fit the “relevance” condisor\Worse, we found that the

“relevance” ranking often did not match the actuelevance” of the phrases.

While these algorithms could certainly serve aasidfor the final algorithm there was a
clear need for a more effective “filtering” mechsmito apply a more appropriate

“relevance” score to each phrase extracted.

6.1.1 Ling Pipe ’, Information Extraction Package

In an attempt to implement this “filtering” mecham, the Ling Pipe Information
Extraction Package was used. Ling Pipe providesléti Markov Modé|® based

annotation system to annotate various featuresadments.
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Two annotation mechanisms were used in our alguarithart of Speech Annotation and

Named Entity Phrase Annotation.

Part of Speech Annotation will tokenize a text esrpnd assign a set Part Of Speech tag
to each token (e.g. noun, verb, adjective) alorty wirelative confidence score between

0 and 1.

Named Entity Phrase Annotation will attempt to daate all “Named Entities” from a
document and assign a relative confidence scoredeetO and 1 to each. A named
entity in this context is defined as a phrase taggrs to a particular kind of object in the
world. For example in the sentence “George Wasbimgrossed the Delaware river.”

“George Washington” and “Delaware river” would lensidered named entities.

Training the models used by these annotators prtavbd a challenging issue. The
algorithm would use untagged text corpora as wel &arge variety of possible corpora.
A variety of training sets were evaluated quaMaly. The Brown Model was selected to
train the Part of Speech annotation mechanism wind=nglish News: MUC-6 Model
was used to train the Named Entity annotation masha These models can be found

at: http://www.alias-i.com/lingpipe/web/models.html
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6.1.2 Keyword Extraction Algorithm

The first stage of the Keyword Extraction Algorithused by the File Indexer will use the
LingPipe package to annotate each text documehgigorpus. The next stage will
tokenize each document and assign a TF/IDF scagadb token. The algorithm will
then weight each token based on the Part of Spseubtation, tokens annotated as
nouns are boosted by a weighting factor multipbgdhe confidence score assigned by

the annotator.

The algorithm will then add each phrase extractethb Named Entity annotator to the
score table. The base score of each multi-tokeasehs defined as the average weighted
TF/IDF score of each token in the phrase. The s of the algorithm is to traverse

the score table and boost each phrase found iNdheed Entity phrase table by a

weighting factor multiplied by the confidence scassigned by the annotator.

6.1.3 Evaluation

While a full empirical evaluation of this algorithwould prove quite difficult and
beyond the scope of this project, the algorithm qaaitatively evaluated using the “20
Newsgroups” corpus of 20,000 documéhtsThis evaluation was used to tune the boost

weights of the algorithm.

6.2 Distance Metric

To provide image clustering as well as the abtlitgjuery images by examples, we've

developed a lightweight distance metric to compareimages. The algorithm
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essentially scales two images to a three dimenkmatix of 9 x 20 x 20, this matrix can
be described as 9 20x20 bitmaps representing #szpce of one of 9 colors in
particular pixel. Distance between two images e&sghim of the XOR distance between

the two sets of matrices.

A more detailed description of this algorithm canfound in'®

6.3 Clustering Algorithm

To implement the graph based cluster browser, waéxeloped a clustering algorithm
based on the before mentioned distance metric. algmithm will segment a set of

images into clusters of “similar” images.

A variety of clustering techniques were evaluatedriplementing this algorithm: K-
Mean<?, Partitioning Around Medoidé and Agglomerative Clusterifyy Given the
nature of the Distance Metric, PAM proved to thémpl mechanism in terms of

silhouette score and performance.

Although our Distance Metric is fairly cost effaai the complexity of PAM grows
guadratically with respect to the number of imagés.mitigate this issue we evaluated
the CLARA algorithn}?, an approximation algorithm based on PAM. WHile PAM
algorithm will use each image in a cluster in clting the mediod, CLARA uses a

sample set of the images selected randomly to lesdcthe medoid. Experimentation
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demonstrated that CLARA performed virtually ideatig to PAM given a large enough

sample set. The sample set size is used as deyaiameter to the algorithm.

Since the algorithm has no prior knowledge of tbguas of images used as input, the
optimal number of clusters to segment the imagesisnunknown. In an attempt to
determine the optimal number of clusters to usecthstering algorithm runs a number
of times using a variety of number of clustersclicderation, the overall silhouette score
of a clustering is calculated. The clustering wiith highest silhouette score is presented

to the user in the Cluster Browser.

The performance of this algorithm is determinedngarrily by the number of cluster size
evaluations and the sample size used in the CLARR&righm. Optimal values of these
parameters were determined using a variety of sasgilcorpora. The algorithm as

implemented delivers acceptable performance usmageé sets containing up to around

5000 images.
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7. Software Architecture

7.1. Overview
The bulk of the communication between the threeaqjlications described in section

3.1 occurs via a disk based repository implemeunssaalg the Apache Derby database
project® and Apache Lucene search engine pr&jecthe Timeline Browser and Cluster
Browser also communicate via two Java Beans messafféen the Cluster Browser is

invoked as a standalone application, this datappléed via command line argument.

7.2. Repository Schema

7.2.1. Overview
All data created by the Indexers and user annatsitimade within the Timeline Browser

are stored using the Derby Database. To provitterbguery flexibility and

performance, portions of the database are alsx@tbeia a Lucene search engine index.

7.2.2. Derby Tables
As illustrated inFigure 17 there are essentially two sets of tables in théojpBatabase.
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-ICON : WARCHAR ™
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* |-vELLOW : DOUBLE
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JIMAGEID : VARCHAR
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Figure 15. Derby Database Schema

The first three tables are used solely by the kegiveatraction algorithm previously

described. This algorithm is implemented as paiti® File Indexer and the tables are

not used by any other sub-application. These ttatgles essentially form a phrase

lookup table for each document processed by thev@elextraction algorithm. These

phrase lookup tables map the 100 highest scoriigrd®hrases extracted from a

document with the score assigned by the first sthdiee keyword extraction algorithm.
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The remaining tables define the set of objectslabls to be displayed within the
Timeline Browser and the Cluster Browser as wethascontents of the PhotoSets table

as well as the user defined albums table.

There is a one-to-one correspondence between shifettcan be displayed within the
Timeline Browser and rows of the FILES table. Tdaisle defines metadata common to
all timeline objects. Any Image or Flickr objeciivalso have a corresponding row in

the IMAGES table. This table contains thumbnaflsach image as well as the data used
by the previously defined Distance Metric betwemages. Any Flickr Object will also

have a corresponding row in the FLICKR table whiohtains Flickr specific metadata.

User defined albums are defined in the ALBUMS tabliote that a row from the FILES

table may be referenced by more than one album.

PhotoSets are defined in the FLICKR_PHOTOSETS taNlete that a row from the

IMAGES table may be referenced by more than onéd¥wsd.
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7.2.3. Lucene Index
The Lucene index consists of a single table witbva corresponding to each object in

the FILES table. The table schema is quite sintphkre are four columns:

docld, corresponds to the ID column in the FILES tablthe Derby DB
contents if the corresponding row of the FILES table ikerang to a text
document, the contents field will contain the ineléxext content of the
document.

title, corresponds to the name column of the FILES table

tags corresponds to the Keywords column of the FIL&S4.

The index serves two purposes. It is used by &ysvkrd extraction algorithm to quickly

identify each token within a document and calcutageTF/IDF score of a token.

The Lucene Index also serves as the basis to m®d@drch results for queries made in

the Search Pane of the Timeline Browser.

7.3.

Indexer Architecture

7.3.1. Overview
As previously described, there are two indexer apjplications that may be invoked, the

File Indexer and the Flickr Indexer.
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7.3.2. File Indexer Threads
The File Indexer works in three stages. FirstvaXwing dialog is presented that allows

the user to define a set of directories which sthdnal indexed. When this set is defined a

worker thread is spawned.

This thread will first define list of files contagd within these directories. The thread
will then iterate over the list of files. All PDW/ord and Text files will have text content

extracted and this will be sent to the keyword aotion algorithm.

When this stage is completed the list of files Wwéliterated over once again. All files

will have all relevant metadata extracted and stamehe Derby database and the Lucene
search engine index. If keywords were extractatiénprevious stage, they are used to
annotate the file using the KEYWORDS column of FHEES table and the tags field of
the Lucene index. Image files will have the datadusy the previously described
Distance Metric extracted and dominant colors useéle Image will be used to annotate
the file using the KEYWORDS column of the FILESI&ahnd the tags field of the

Lucene index.

A full UML Class Diagram of the File Indexer can foeind at

http://cs.nyu.edu/~jnb263/TimelnUmIDiagrams/TimelekidexerUML.png

The Kronospherelndexer class implements the wdhtead invoked by the Ul. The Ul
functionality is implemented using the classem‘ui” package. The keyword

extraction algorithm and the algorithms used toubaie the Lucene Index are found in

37



the “textfilesearch” package. The last stage efitfdexing process is managed by the
FileIndexer class. The Derby Database is populasaty the classes defined in the
“data” package. This package is illustrated iragge detail inFigure 18 The “utility”
package contains the classes which manage the c@meeto the Lucene and Derby

Repositories as well as a variety of other low l¢asks.

Figure 16. Indexer Data Class Heirarchy
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7.3.3. Flickr Indexer
The Flickr Indexer works in two stages. First alDg is presented which allows the user

to define a query. This query is then processatjube Jickr APY’, a java based
wrapper for the Flickr ABf. This Jickr API will perform the query and retuan iterator
that iterates over each image associated withdlkeyq Each iteration will fetch all
image and metadata associated with a single imkge f

Since this process will block for a considerableoant of time while the data is fetched,
the image fetching process was decoupled from #aghamism that writes data to the

repository.

This repository writing mechanism is implementecimother single thread forked by the
Ul. The Jickr API thread will store each imageledifrom Flickr into a queue. The
repository writer thread will consume images frdra queue and store all in the

repository.

A full UML Class Diagram of the Flickr Indexer céwe found at

http://cs.nyu.edu/~inb263/TimelnUmIDiagrams/TimeloktUML.png

Note that the Flickr Indexer shares much of theesaadebase as the File Indexer. The
“data” package is used to store data in the DeraaBase, the “textfilesearch” package
is used to store data in the Lucene Index andutiktés” package is used to manage the

connections to the repository.
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The Ul functionality of the Flickr Indexer is impteented in the FlickrUl class. The
thread which pulls content from Flickr is implemexhin the FlickrRepository class. The
Producer-Consumer queue is implemented by the Repd&/riterQueue class. The

repository writer thread is implemented by the Rejpoy\Writer class.

7.4. Timeline Browser Architecture

7.4.1. Timeline Manager
The Timeline Manager serves as a point of entrylferTimeline Browser sub-

application. As illustrated in the activity diagrashown inFigure 3 of section 3.1, the
Timeline Manager will first check to see if a Tinm& Repository exists and can be
loaded. If the repository cannot be loaded, the€line Browser sub-application will be

closed and one of the two Indexers will be loaded.

Once the repository can be loaded, the Timelineaganwill manage the lifecycle of the
various components comprising the Timeline Brovesdr-application. As with many
Swing GUI applications, the major mechanisms imm@etimg the Timeline Browser are
implemented via a variety of singleton objects ngnn separate threads. These objects
communicate via Java Beans Messages and call beitlods when thread safety is not

an issue.

The Timeline Manager is implemented entirely by kmenosphereFrontEnd class.
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7.4.2. Components Overview
The functionality of the Timeline Browser is implented primarily via the constituent

GUI control components themselves. There are astandalone services, but these can
be construed as shared libraries used by a varietymponents. Each control follows
the Model-View-Controller pattern; the data foclkaJl control is managed primarily by
the model role associated with the control, thevaigtis managed primarily by the
controller role associated with the control andghesentation managed primarily by the

view role associated with the control.

Note that while a number of the controls are tomglex to have each MVC role
managed by one class, the classes implementingrelgchre typically contained within

the same package (or subpackages.)

As a general rule, classes implementing controdiks typically communicate only with
other classes implementing controller roles of otmatrols or with the view or model
roles of its own control. This communication tygdlg occurs through Java Bean
messages and in cases where thread safety is resuem callback methods of classes.
Note that communications between the controllezgaf components need not follow

hierarchy; any component can communicate direcitly any other component.
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Timeline Browser Ul consists of the Application wow which contains three panels:
Timeline Panel, contains the Timeline Control
Search Panel, contains the Search Panel Control
Tabbed Pane Browsers, contains the Histogram, €agcB Cloud, User Albums

and Folders/PhotoSet Controls.

7.4.3. Application Window Component
The controller is implemented primarily via the Ehme Manager which manages the

lifecycle of the entire Browser sub-applicationheTApplication Window itself processes
a variety of Java Bean messages. The Applicatiod@w control contains no real

model role. The View role is implemented entirgiyough the ApplicationWindow class

7.4.4. Timeline Control
The timeline control serves as the core of the Timadorowser sub-application. The

primary functionality of other components of therEline Browser is to define and

change the state of the Timeline control.

7441 Controller Role

The Controller Role consists of three major compdse

TheData Readerserves as the controller’s coordinator and wilirefvhich objects are

visible in the Timeline Control at any given moment
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The Search Object Hierarchyis used by the Data Reader to actually read dama the

repository.

The State Managerdefines the current interface state of the Tingee@ontrol. An

interface state serves to describe the currentiseaiteria used by the Data Reader.

74411 Data Reader
The Data Reader is implemented as a singleton wlagsh forks a thread on
construction. This thread will continually loopréhg the entire lifecycle of the Timeline

Browser.

On each loop iteration, the Data Reader will cheith State Manager to determine if the
state of the control has changed. If it has, thtalReader will invoke the Search Object
specified by the State Manager and invoke a callbaethod of a class belonging to the

View Role using the results.

7.4.4.1.2 State Manager

The State Manager will receive a message (or meathtolack) from any component of
the Timeline Browser that wishes to modify theetaitthe Timeline Browser. These
messages will be processed to define the curreaface state. An interface state
consists of an object belonging to the Search @lbjesrarchy as well as common search
criteria. Criteria common to all searches areciimeently selected timeline object and the

time range of the timeline.
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7.4.4.1.3 Search Object Hierarchy

The Search Objects all extend the abstract DBSedask. This class defines methods
that will perform a search into the repository aetlirn a set of objects belonging to the
Model Role that are used by the View Role to defireeset of objects visible in the

Timeline Control.

A detailed UML Class diagram of this hierarchy ofexts is shown ifrigure 19.
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Figure 17. Search Object Heirarchy

Classes implementing DBSearch are described isgbigon below.

7.4.4.1.3.1 Lucene Search
This is the most basic search mechanism and thendgiadly used when the Timeline
Browser sub-application is invoked. This searchl$® invoked by the Search Pane

Component when a query is entered.

If a search query string is supplied as an arguntieatquery will be parsed and be used

to invoke a Lucene search. Only documents retuimoed the Lucene Search are eligible

to be returned by this Search Object.

Users can select to perform the query search ombthe three search fields defined in

the Lucene Index, Object Title, Tag or ContentskflDescription.

A subset of a full regular expression query langulags been implemented for use in

gueries. The grammar is illustratedHigure 20.
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Figure 18. Query Language Grammar

Note that if the last term in a query is a <STR#tethe Lucene Query processing

mechanism will essentially append a “*” operatoitto

Users can specify the type of Timeline Object timesh to view via a selection in the
Search Panel Control. Only Objects of the typeifipd are eligible to be returned by
this Search Object.

7.4.4.1.3.2 Clustered Image Search

Invoked by the Cluster Browser sub-application tuRes the set of objects belonging to
a specified Cluster.

7.4.4.1.3.3 User Album Search

Invoked by the User Album component. Returns #te§objects belonging to a
specified UserAlbum.

7.4.4.1.3.4 Similar Image Search

Invoked by the Timeline Control View Role. Retumapping of images to the Distance
Metric between each image and a selected imagetobje

7.4.4.1.3.5 Similar Color Search

Invoked by the Timeline Control View Role. Retumsanked set of images who contain
similar colors to a selected image object. Usearmnt of the Image Distance Metric.

Described in more detail Y
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7.4.4.1.3.6 Tag Cloud Search
Invoked by the Tag Cloud component. Returns thefsebjects containing a specified

set of tags. Can find objects containing all oy ahthe tags.

7.4.4.1.3.7 PhotoSet Search

Invoked by the PhotoSet component. Returns thefssijects belonging to a specified
PhotoSet/FlickrSet.

7.4.4.1.3.8 Compound Search

The Compound Search serves as an aggregate afaastaf the other search types. This
search will perform each member search and takmtléesection of the sets of objects
returned from each. Note that only one instancngfgiven type of search can exist in

the Compound Search, existing search instanceb&ibverwritten.

7.4.4.2 Model Role
The Model Role of the Timeline Control is implemashtvia the FileStub class. This
class contains essentially all of the data preseatrow of the FILES table in the Derby

Database as well as the small thumbnail of an Inoégect.

7.4.4.3 View Role
The View Role of the Timeline Control is implemethigrimarily in the custom Swing
Control defined in the Timeline class. A variefyother mechanisms have been

implemented to support this control.
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7.4.4.3.1 Timeline Custom Swing Control
The Timeline Control itself consists of a Swing Blanith the paint() method overridden.
This panel serves as an area in which Timeline @bjhich are extensions of the

Swing JComponent class are displayed.

7.4.4.3.2 Timeline Objects

The timeline objects are essentially wrapper objémt the JComponent objects
displayed in the Timeline Control as well as the¢adata associated with each object.
These objects are implemented in two class hieieschlrhe Object and Graphics
Hierarchies. UML Class diagrams illustrating bbtararchies are illustrated in the

diagrams below.

The classes in the Graphics hierarchy essentiafipel the JComponent that will be

displayed in the timeline and all of its sub comg@ats including labels and thumbnails.

The classes in the Object hierarchy serve as wragpethe Graphcs objects, manage
the layout of the Graphics objects in the TimelG@ntrol Panel and contain all of the

associated metadata.

As illustrated inFigure 21there is a type of Object associated with eachiblestype of

Timeline File object. There is a one to one cqoeslence between Object instances and

FileStub instances in all but one case, the ComgObrect.
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The CompoundObject contains a list of FileStub cisj@and is constructed when there
are more than one Timeline Objects that would @genh a layout of objects in the

Timeline Control Panel.
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Figure 19. Timeline Object Hierarchy
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Figure 20. Timeline Graphics Object Hierarchy
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7.4.4.3.3 Timeline Object Coordinator
The Timeline Object Coordinator serves as a briuggeveen the Controller Role and the
View Role. FileStubs returned by a search objeztsant to the Timeline Object

Coordinator to be displayed as Timeline ObjecttheTimeline Control Panel.

The Timeline Object Coordinator will determine ibfects corresponding to the each
FileStub sent will overlap other Objects correspogdo other FileStubs. FileStubs that
will not overlap other Objects will be used to ctvast a new Object and displayed in the
Timeline Control Panel. All FileStubs that will edap other objects will be used to

construct CompoundObijects that are displayed iTtimeline Control Panel.

74434 Object Mouse Controls

A variety of MouseEvent Handlers used by the TimelControl Panel are implemented
in the actions package. These Event Handlersaiav the user to change the selected
file in the timeline as well as invoke a varietysafarches by sending messages to the

Timeline State Manager

7.4.5 Search Pane Control
The Model, View and Controller Roles of the SedPeime Control are all implemented in

the SearchPane class. This control essentiallyigge a mechanism for users to specify

search queries that are sent to the Timeline Cbntro
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7.4.6 User Album Control
The Model Role of the User Album Control is implerted in the AloumModel class. A

singleton instance of this class is instantiatedhieyFront End Manager populated by a
single query into the Derby database. If additi@laums are added to the model, they
are serialized when the model is shutdown by tleat#End Manager. The View and
Controller Roles are implemented by the ObjectAlBamel class. This control
essentially provides a mechanism for users to beawmsl specify search queries based on

user defined albums that are sent to the Timelineti©I.

7.4.7 FolderSet Control
The Model Role of the FolderSet Control is impleteenn the FolderSetBrowserModel

class. A singleton instance of this class is misiéed by the Front End Manager
populated by a single query into the Derby databd$e View and Controller Roles are
implemented by the FolderSetBrowser class. Thmrobessentially provides a
mechanism for users to browse and specify searehiegubased on filesystem folders or

Flickr Albums that are sent to the Timeline Control

7.4.8 Tag Cloud Control
The Model Role of the Tag Cloud Control is implertgehin the TagCloudDataReader

class. A singleton instance of this class is misiéed by the Front End Manager
populated by a single query into the Derby databd$e View and Controller Roles are
implemented by the TagCloudBrowserPanel classs ddmtrol essentially provides a
mechanism for users to browse and specify searehagubased on object tags that are

sent to the Timeline Control.
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7.4.9 Histogram Control
The Model Role of the Tag Cloud Control is implerteehin the HistogramModel class.

A singleton instance of this class is instantidigdhe Front End Manager populated by a
single query into the Derby database. The View@adtroller Roles are implemented
by the DbHistogram class. This control essentiattyvides a graphical overview of the

content available to be displayed in the timeline.

7.5 Cluster Browser Architecture
The Cluster Browser sub-application will take gsuina set of file id strings that

reference rows in the FILES table of the Derby bas&. This set of strings can either be
passed as a method call when the sub-applicatiovaged via the Timeline Browser

sub-application or as a command line argumentdapplication when run standalone.

The set of file ids are used to define a set ofntdge objects. These objects implement

the previously mentioned Image Distance Metric atgo.

This set of Dblmage objects are then used by teeiqusly mentioned Image Clustering
Algorithm to define a data structure which représetusters of Dbimage objects. Each

Dbimage is associated with the silhouette scotaebbject in the cluster.
The cluster display is implemented via an instavfce force-directed Prefuse Grafih

To display the data structure of Dbimage objecth@prefuse graph, all image

thumbnails corresponding to a Dbimage object mastdrialized to disk.
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Next a String object composed of an XML Graph comiiag to the Prefuse schema must
be constructed. Since the graph will become nedlditoo many nodes are displayed,
only a percentage of the highest ranked Dbimageach cluster are displayed in the
graph. For each Dblmage object eligible to beldig in the graph, a node is
constructed which references the corresponding bimamfile. An edge is drawn

between each node in the cluster and all othersmdhe same cluster.

A dummy “hub” node is also constructed and an eslgeawn between this node and a

single node from each cluster.

8. User Studies

To test the usability of the system, five usersenmovided with Timeln, an online help

pagé! and a set of tasks to complete. The actual quresdire is shown in Appendix A.

The sample tasks were as follow:
Given a Flickr user name and a vague textual desmni, import all the images
belonging to the Flickr user and find the annotateage.
Find a similarly described image using the Flidke alone.
Create a few albums containing a dozen “relatediges.

Find a dozen images of “two person portraits”
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After reading the instruction page, users firstdegkto import the set of images from
Flickr. Most users found the Flickr Indexer toibaiitive and the task was completed

without issue.

To complete the first task users utilized the Tégu@ browser and the search query
field. Users found the interface to be “intuitiaied natural” taking only a few seconds to

figure out.

The first task of finding a vaguely described images completed by all users in less
than 2 to 3 minutes. Once the set of images wepeited from Flickr, users were able
to complete this task significantly more quicklyathusing the Flickr site alone. Users
described the experience of finding the image mdln to be more straightforward than

using the Flickr site alone.

Album creation was found to be fairly straightfordidy most users. The task was
completed in less than 5 minutes. While usersddte interface to be useful, comments
included: *“it would be nice to add batches of imsigand “there should be a mechanism

to export albums to either the file system or Rlitk

In attempting to complete the final task, it was inemediately apparent for some users
that the cluster browser would be useful. Thetelusrowser, once discovered, was
found to be impressive by most users. They fohedrterface to be novel and were able

to find sets of “two person portraits” within a neatof minutes.
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While most users found the system to be intuitavéew users found the timeline slider
bar to be a bit tricky. Users preferred to usentfoeise wheel to change the zoom level of

the timeline.

A few users commented that the automatic annotati@mages was not particularly
useful. The sentiment was that the cluster broveserore useful for navigating images

that have not been user annotated than the autaihagenerated tags.

9. Conclusion and Future Work

In this paper we’ve presented Timeln, a systememginting variety of novel
approaches for browsing and organizing large ddiileaontent across content. While
our limited user studies have shown the systenetoseful and promising, we still
consider the application to be in beta testing pha¥e plan on releasing the system to a

wide audience over the next month and refiningnkerface based on further user input.

Based on user comments a variety of additionalifeatare currently in development.

The biggest demand seems to be the ability to ibgaia from additional web based

hosting services. Some candidates include Myspawceand Picasa Web Albums.

Considering the positive response to the clustawber, we also plan on adding support

for text objects as well as expanding the type®lationships used to cluster items.
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There have also been requests to add featuresirdjasers to use Timeln to export

organized content to either a local file systenweb based site.
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Appendix A. User Study Questionnaire

Thank you for participating in the Timeln User StudPlease attempt to work through
the following questions on your own and roughlydihow long it took to complete each
task. If you get stuck on any task feel free tofas help.

1. Refer to the instructions page at
http://cs.nyu.edu/~jnb263/Timeln_Instructions.rdnd install Timeln on your
local machine

2. Import all photos from the Flickr User: slice

3. Using Timeln, find a picture consisting of a plagireen animal toy on the hood
of a car taken in Portland.

4. Using the Flickr web site, find a picture of a marsn a red car taken in Portland.
Comment on the differences

5. Create a few albums containing a dozen “relatediges.

6. Find a dozen images of “two person portraits”

Please comment on any steps that proved difficultese particularly useful.
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