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ABSTRACT

Due to the increasing demand of powerful Internet systems and the rapid growth of Internet
users, the need for audiovisual content searching on the Internet has also grown exponentially.
With such a huge variety of information on the Internet, search engines have immediate
benefits in facilitating access to service available on the Internet. Shortly, search engines helps
users find and retrieve content or information from the publicly accessible Internet. However,
current search engines are mainly text-based. This means, they gather, index, match and rank
the content by a means of text. While text-based search is efficient for text-only files, this
searching technology for retrieving digital information has critical drawbacks when it comes

to other non-textual contents like image, audio, and video.

The main objective of this master thesis work is to explore the area of audiovisual content
indexing and provide a working solution with the help of available open source tools and
applications. In this thesis work, thorough study is made to identify the new and improved
technique of searching and indexing of audiovisual contents. In addition to this a theoretical
study is carried out to identify metadata to be included to improve the results during a
searching process. The prototype is developed in Java language which involves many open
source frameworks like Spring-MVC, Hibernate, Hibernate search (which is based on Lucene
search engine), and Mysqgl. A method is identified for indexing audiovisual content which

minimizes the time and complexity.

Finally, this report summarizes and concludes the method adapted to index and search
audiovisual content introduced in this thesis work as an enterprise application. At the end of
this report a theoretical study is carried out to identify metadata that could be helpful in

ranking of audiovisual content.



Table of Contents

I o) B ST ={ U U PUPSRN v
1 CHAPTER 1: INTRODUCTION.....coititiiertetee sttt ettt ettt st st 1
1.1 BACKGROUND ......ciitiiie ettt ettt ettt ettt et e sbe e bt e sbe e satesabesabeebeenseenas 1
1.2 PROBLEM AREA ...ttt sttt et et be e she e st st e sbeebeenbeenas 1
121 Study of existing database arChiteCIUIE ..........ccovererieiieiiir e 1
1.2.2 e (0110] 1Y/ o1 USRS 2
1.2.3 Metadata EXIraCHION. ......cccoeriiiiieieieeetec ettt 2

1.3 THE METHOD ...ttt ettt st sttt b e sbe e sae e eaeeeneeas 2
Database ATCHITECTUIE ......c.eoiiiiieeetee ettt sttt ebe e be e 2

e (011011 oL TSSO PSP PT PP 2
IMIBEATALA ...ttt b ettt b bbbttt eh e h e b e nen 3

2 CHAPTER 1: STUDY REVIEW ..ottt sttt ettt s 4
2.1 InfOrmation REIFEVAL ........c.cvvuiiriiiitiieiee et 4
2.2 WOrking Of A SEarch ENQINE ......cccooivirerierieieieiieiestesestesteee ettt sbe e 5
2.2.1 (@8 2111 T SRS 5
2.2.2 INAEXING vttt ettt e s et e s be et e stesre et e sre e st e teesa e teereensenreennens 6
2.2.3 SBAICIING 1.ttt et sttt be b et e ere e besteeraenbeeanenns 9

2.3 Multimedia Information RErEVal...........cccoeriiiieiiniieiee s 10
2.3.1 MUIIMEIA INAEXING ...evivieeieiecieeteteeece ettt et be s beean et sreenes 10

3  CHAPTER 3: APPLICATION DESIGN .....cooiiiiiiiiiriteiteieenieenee st sreesieesieesne st sre e esseenas 13
4  CHAPTER 4: SYSTEM IMPLEMENTATION L..coiiiiiiiiiienienteieee et seeesiee e e 14
4.1 SPriNG FraAMEWOTK: .. .eciiiieeeieiieieeiese ettt ettt e te et a e tesre e e e tesseessesseessesesnsensessennens 14
4.1.1 Aspect Oriented Programming: .....ccccoecerereererereeseseeee e eeesee st eeeseesseesse e eneensesneenes 14
412 INVErSION OF CONIOL: ... e 14
4.1.3 Architecture of SPring FrameWork:.........cooeereririereeeeee e 15
414 Spring Model View CONtrOIIEr: ........oovveieieceeececeeeeeeee e 16
4.15 Features of SPring WeD MV Ci.......ooeiececeeeeeeee ettt e 17

4.2 HIDEIMALE: ..ottt 18
421 HIDEINAE SEAICN: ... 19
4.2.2 APACNE LUCENE: ..ottt sttt ettt et e e s et et e tesseentesseeneenseeneenes 20

4.3 Prototype Application ArChItECIUIE: .........ooi e 21
4.4 Prototype APPlCAtioN DESIGN: ...ccveiuieeeiieeeste ettt ettt b e s re et e aeere e aeas 23



441 Model View Controller (MVC): ..o e 24

5 CHAPTER 5: METADATA EXTRACTION ..ottt sttt 25
5.1 TYPES OFf MELAGALA .....ccveeeeiiiceiee ettt st e e ereenae s reeanas 25
5.1.1 DeSCriPtiVe MELAGALA ......c.eceerieeieieiteeieresee ettt e e e re e besteessesesreenes 25
512 SErUCUrAl MELAAALA.........eeveeeeeieieee et 25
513 AdMINISLrative MEtAdALA. ..........coververieieieiieeeere e 26

5.2 1= PRSPPSO 26
5.2.1 [ c ol o100 I 0o SRS 27
5.2.2 Description Definition Language (DDL) .....ccooceeieviiieeecieeeeeceeee e 27
523 SYSEEM TOOIS ...ttt sttt et ea e naenes 27
524 Example schema document 0f MPEJ-7 ......ccoverirenenieieieenrese e 29

53  Additional metadata to De eXtraCted .........cccoueieirireririenieeeee e 29
53.1 1L L= OSSPSR 30
5.3.2 - od 014 o] ISR 30
5.3.3 (U0 (0T o D 7 (-SRI 30
5.34 COMIMIBNES ...ttt ettt ettt s b et sb et bt et b e at et sb e et esb e et e b sae e e e aneeanen 30
5.35 LANQUAGE ..o eveeeieeieeieeriee sttt et s e st esteesteesaeesatesabesabeebeebeesbeesseesaeesnsesnseesbaesseesanesssesns 30
5.3.6 VIBWING RIGNTS...cvieieiicieecee ettt et esbe e teesaenbeseeenes 30
53.7 SUDTITIE. ...ttt 31
5.3.8 (051 1= [0 Y 1Y/ LTSRS 31
5.3.9 CONENE RALING......eeitiitieiecieeteee ettt sttt e re et ete e b e beeasesbesbeenbesbeessenbesrsessesseensas 31
5.3.10  ENCOUING FOIMAL......iiiiiiiiieieiereeie ettt e et e ste e te e e e e sae e e e sesreessesteeseensessnenes 31
LT 00 I R VT (- To T @ T ] RSP 31
5.3.12  GPS COOMAINGLES ....veuiviiiiriiiiiieieieterteitste sttt ettt 31

6 CHAPTER 6: FUTURE WORK ... .ottt ettt st st 33
B.1  FULUIE WOTK: .ttt st neen 33

7 CHAPTER 7: CONCLUSION ....oitiitt ettt sttt et sbe e st st st et sbe e s 34
7.1 CONCIUSION: ...ttt b ettt 34

8 RETEIEINCES: ...t 35



List of Figures

e FIGURE 1: ARCHITECTURE OF A SEARCH ENGINE......cccciiiiieiiierie e seese e 6
e FIGURE 2: SUBJECT DIRECTORY'S GENERAL MAIN SUBJECTS ...ccoiuveeiiireeiieesieeesinee s 8
®  FIGURE 3: SUBCATEGORIES ....ceitteuveitieteestesseesteesseassessaeseaseessaessesssessasssesssessesssesssessenssenns 8
e FIGURE 4: SPRING FRAMEWORK ARCHITECTURE .....cciuviiiiiiieesiieeesireessineesssseeassnesssneeanns 15
e  FIGURE 5: HIBERNATE ARCHITECTURE ....uutviiiiiiiiieesiiieeeesssiseeeessnnseessssnneesssnssneesssnsnnnas 19
®  FIGURE 6: LUCENE INDEX ...ciuiiuiiiiiiitieie it ste ettt ste et ste e sne s e sneenneannesneas 20
® FIGURE 7: PROTOTYPE ARCHITECTURE ...c.utttiiiiiiieeesiitineesssiseeessssnneesssstneesssnssnnesssnsnnnas 22
e FIGURE 8: PROTOTYPE FLOW ARCHITECTURE .....ccctieieitieiteeteesteesteeeesseesteeeesseesseaneesnens 23
o FIGURE 9: OVERVIEW OF THE TIME DSS ....ooiiiiiiiiie et 28
e FIGURE 10: MPEG-7 SCHEMA EXAMPLE ......ccooiiiiiicie ettt 29



1 CHAPTER 1: INTRODUCTION

This thesis is the final milestone in my master program in Mobile System at Luled
University of Technology, Sweden. The aim of this thesis is to identify efficient searching
techniques of audiovisual content and to provide prototype software that demonstrates the
searching techniques. All the work on this thesis is completed in the premises of Ericsson

Research in Lulea during the spring and summer period of 2012.

1.1 BACKGROUND

The idea of this thesis work is originated by the multinational telecom company
Ericsson AB in Sweden. The aim of this idea was to investigate efficient and low-cost
solution of indexing and searching of audiovisual content stored on storage devices. The
company also wanted to build a database architecture for storing of metadata about
audiovisual content. Motivation for this thesis was to explore the searching and indexing
techniques because data is growing bigger and bigger and searching for a piece of data in
terabytes of data is an art. As this thesis was offered by a multinational company, which has
also provided me the opportunity to work on a project with a team of highly qualified

professionals and a good environment.

1.2 PROBLEM AREA

The problem given by the company is divided into three bigger parts. First is to study
the existing database architecture and propose an improved database architecture. Second is to
develop a working prototype to index, rank and retrieve audiovisual content and third is to

carry out a study about metadata that can be further extracted from audiovisual content.

1.2.1 Study of existing database architecture

In this the existing database provided by the company is studied and analyzed. Some
problems are identified and a new solution implemented which covers all desired aspects of
the problem. The improved database architecture can be easily implemented in any relational

database management system.



1.2.2 Prototype

The second problem is to develop a working prototype which can index the data in
runtime when a new transaction is committed and rank that data in different categories. The
last part of this prototype is to retrieve the data in a fast and efficient way. In developing this
prototype many open source search engines has been studied and after this study one solution
has been chosen for implementation. Another part of this thesis was also to choose a good

open source solution to make this prototype a web application.

1.2.3 Metadata Extraction

The third task was to carry out the study that will help to index by extracting
additional metadata. The aim of this task is to investigate metadata extraction that can be
indexed and improve the search result. The metadata that can be helpful for ranking is
extracted from the audiovisual content and can be written by devices like cameras or it can be

written manually.

In this part the metadata is defined in two ways, first is the metadata which can be found
appended to audiovisual content and second one is the metadata which can be obtained by
applying different e.g image processing or voice processing algorithms.

1.3 THE METHOD

The word adopted to perform this thesis is divided into following parts:

Database Architecture

e Analyzing the existing database architecture provided by the company to understand
the problem.

« Proposing a new and improved database architecture.
« Implementing the new solution in a relational database management system.

Prototype

e Researching and learning the searching techniques for audiovisual content.
¢ Identifying a best tool and technique for implementation.
e Learning about the identified technique.

e Software engineering the whole prototype as a web application.



Metadata

e Investigating the metadata and its standards for example Mpeg?7 etc.
e Identifying the metadata embedded with audiovisual contents.

¢ Identifying the metadata which can be extracted by image processing algorithms.



2 CHAPTER 2: STUDY REVIEW

The World Wide Web is a large amount of information and it is growing exponentially.
This information consists of textual and other forms like multimedia etc. The real problem
occurs when a user wants to search for a particular piece of information from the sea of
information; it takes a lot of time and resources to find it. This information can be text, image,
video or other types. The searched information may be in the form of web pages, databases or
another format of files. But this task of seeking and finding of information in any form is
made easy by search engines.

2.1 Information Retrieval

It will be fair to say that information retrieval would collapse without search engines.
Searching the web is the same as a person wants to find a telephone number in an unsorted
directory. It will be very difficult to find anything for a user who doesn’t know where to start?

It is the job of search engines to make it easy.
Search engine provides three main facilities to users:

e |t collects a set of documents to form a corpus from where a user can retrieve
information. This process is called crawling which is discussed later in more detail.

e It organizes the information in a way that it can be easily and fast retrieved. It is called
indexing that is discussed later in more detail.

e |t gives the user the ability to query data (information) and it implements such
algorithms that find most relevant information from the corpus. It is called searching
and is discussed later in more detail.

Searchengines gather information in two main ways. First, a company or an individual

create a new page and then contact the search engine to submit their web page. Second way is,
searchengine companies develop a crawlers or spiders which gather web pages link by link

for new corpus material [1].

Users of the internet often look for some information they don't have any idea where to look
for because of the complexity of the internet architecture. Now researchers made this problem
easy by inventing search engines. How users search for data? User enter a query and that

query is submitted to the search engine, the search engine search for that information in the
4



indexes that is already indexed and then returns the results and displays for the user. Search

Engines are a good example of massively sized Information Retrieval Systems [2].

2.2 Working of A Search Engine
A basic text search engine performs following main operation:

Crawling
e Indexing
e Searching

2.2.1 Crawling

The crawler is a part of search engine that retrieves the web pages from the internet.
They are also known as ants, automatic indexers, bots, spiders, Web robots and worms. The
crawler browses the pages and stores them and then searches for links on the page and
browses every link in the same way and put in the queue before it repeats this process until it
has visited all links. This process is called crawling. The Web crawling system has two main
phases. First one determines the URLs and the second one retrieves the URLs and downloads
the document. The crawler can be generic or focused. A generic web crawler retrieves
everything regardless of any topic it finds and a focused crawler traverse only those document
which are related to a specific topic. Focus crawler is furthermore classified into classic

crawlers, semantic crawlers and learning crawlers [3].

A crawler doesn’t browse those pages that are excluded by robot.txt. Robot.txt is a text
file which contains the list of links that forbid the crawler to browse on a website. In [4]
discussed the design of good crawlers. It describes the challenges that must be avoided by a
good crawler that includes avoidance of overloading on website or network link in business
hours. It should have the capability to manage the huge volumes of data internally. Also it
must decide how frequently to visit the pages it already visited for frequent changes. The
information retrieved by crawler includes information about pages or some search engine
even store the copy of pages referred as cache. The aim of this process is to keep the
information up to date. If any changes occur the indexes have to be up to date. To keep the
index up to date the searchengine schedule the crawling process. Some search engines crawl

the web once in 24 hours some do it weekly, it depends on the search engine policy.
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Figure 1: Architecture of a Search Engine

2.2.2 Indexing

In the beginning people used to save their important information in a notebook or a
diary and had pages marked in alphabetic order so that they could retrieve specific
information in less time just by looking at the indexed information. By the passage of time
when everything started getting digitalized and information started growing bigger and bigger

it lead to more sophisticated indexing and searching solution.

Indexing is still an important operation of a search engine. Since the computer is not
able to read and understand the text, information should be represented in a way that
computers would be able to process. There are two methods of representing documents for a

web search engine. First, a document or its condensed version may be indexed or represented
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by keywords or phrases that should be meaningful. It may not contain stop words for example
of, for, it etc. An indexing is considered more sophisticated, if it represents concepts of the
document by using statistical methods that correlate words and concept occurrences [1].

2.2.2.1 Full-Text Indexes

Most of the popular search engines use full-text indices to index documents. Full-text
indexing is a technique in which indexer scans the text of the document. Then make a list of
all the important words and its position except stop words (in English the, of, for etc.) which
is meaningless for searching. Search engines also make use of metadata and comment with
the document, that metadata also includes the keywords identified by the author to search.
Documents that contains frames and image maps or pages which are password protected can
be ignored during the process of indexing. Some of another kind of documents for example
dynamic web pages is also not indexed [1].

2.2.2.2 Subject Directory or Web Directories

The second main way of representation of a document is the directory structure. In
this technique documents are managed within a knowledge hierarchy which is maintained by
people. Yahoo Directory is the best-known example of this kind of indexing [5]. It begins
with broader and general categories of subject, and then it continues to subdivide into further
subjects until it reaches the individual pages. In the case of Yahoo they have 16 main subject
categories which are further subdivided into subcategories Figure 2 shows the example of this
explanation. For example if we click on the categories of science it will show the list of all

sciences included under this category as shown in Figure 3.



YAHOO!, DIRECTORY

Yahoo! Directory

Arts & Humanities
Photography, History, Literature

Business & Economy
B2B, Finance, Shopping, Jobs

Computer & Internet

Education
Colleges, K-12, Distance Learning

Entertainment

Government
Elections, Military, Law, Taxes

Health

Disease, Drugs, Fitness, Nutrition

New Additions
7112, 7/111,7/110, 719, 718

Hardware, Software, Web, Games...

Search

News & Media

Newspapers, Radio, Weather, Blogs

Recreation & Sports
Sports, Travel, Autos, Outdoors

Reference
Phone Numbers, Dictionaries, Quotes

Regional
Countries, Regions, U.S. States

Movies, TV Shows, Music, Humor..

Science
Animals, Astronomy, Earth Science

Social Science
Languages, Archaeology, Psychology

Society & Culture
Sexuality, Religion, Food & Drink

Subscribe via RSS
Arts, Music, Sports, TV, more

Copyright © 2012 Yahoo! Inc. All rights reserved. P

Figure 2: Subject Directory's General Main Subjects

CATEGORIES (what's This?)

Fields of Science

+ Aeronautics and Aerospace (171)
+ Agriculture (1754)
+ Animals, Insects, and Pets@

+ Anthropelogy and Archaeole:
Artificial Life (47)

+ Astronomy (2639)

+ Biology (17498)Meu

+ Chemistry (1164)

+ Cognitive Science (70)

+« Complex Systems (19)

« Computer Science (1217)
« Earth Sciences (4354)

« Ecology (901)

« Eneray (563)

+ Engineering (3228)

Additional Science Categories
» Alternative Science (1012)
+ Amateur Science (14)
+ Booksellers@
+ Business and Industry@
+ Chats and Forums (17)
+ Education (424)
+ Events (42)
+ History of Science (101)
+ |nstitutes (51)
+ Measurements and Units (237)
+ Museums and Exhibits (124)

+ Forensic Science (120)

+ Geography (4039)

+ Geology and Geophysics
+ Hydrology@

+ Information Technelogy (80)
+ Life Sciences (19)

+ Mathematics (1507)

+ Medicine@

+ Meteorclogy@

« Nanetechnology (65)

+ Oceanography@

» Paleontology@

» Physics (1622)

» Psychology@

« Space (1543)

+ News and Media (206)

+ Organizations (142)

+ Reference (94)

+ Science and Society (167)
+ Science Humer@

+ Science Job and Employment Resources@
+ Scientific Journals@

+ Scientific Research (166)
+ Scientists (39)

+ Sports Science@

+ Web Directories (38)

Figure 3: Subcategories



Another popular example of the subject directory is Open Directory Project also

known Dmoz that is owned by Netscape and managed by a community of VVolunteer editors

[6].

2.2.3 Searching

When a user enters a query or keyword into the text box of search engine, the search
engine looks at its indexed data and come back with the matching results as links to web
pages. Often it returns results with a short description and title of the web page. There are
many search engines one can find but Google, Yahoo, Baidu, Bing are most popular among
different communities. A search engine can provide millions of results but good search engine
is the one that provides more relevant, up to date, popular and authoritative results to the
searcher. Search engines use the mechanism of page ranking. High ranking pages are
displayed in the top results and similarly the lower the ranking the lower is the position in the
list [7].

Good search engines provide some important facilitates to the searcher that include, Boolean
operators AND, OR and NOT for more specification of query, for example to specify that a
term should (not) or must (not) appear in a document. Another facility is wildcards and
truncation. Wildcards are characters that can be used as substitutes for any defined subset of
all possible characters. For example comput* stand for computers, computing, compute etc.

Most search engines use page ranking. Usually a web page or document is highly ranked if it
uses many of the word or phrases found in the query entered by searchers especially if the
beginning words of the query are rare. If the words appear in the title or heading or in the first
section of the document also affects the score by raising the relevance scores of the page.
Some search engines also employ the method of boosting the relevance score of the pages that
have many incoming links because they are considered popular pages. Similarly, if a search
engine defined a list of the reviewed pages they also receive a higher reliance score. There are
some ways if the web page developers’ uses it reduces the relevance scores of the pages that
are considered as violation of rules. For example web page creators overload the meta tag of a
page with keywords in the hope of high relevance, in reality those keyword doesn’t exist in

the document [1].



2.3 Multimedia Information Retrieval

Books were once considered to be the only medium of keeping information but by the
passage of time and advancement of technologies different technologies are introduced such
as audio video and image. By the revolution of the internet one can see the growing of this
material all over the world even if you see the personal computer of an individual he or she
have a large collection of audiovisual content. The growing of audiovisual content raises the
problem of retrieval from the huge number of collection and researchers have developed
different ways to cope with this problem.

Few years ago, when broadcasting agencies wanted to broadcast a piece of audiovisual
contents, they have to search that specific information on different tapes that takes a lot of
time and human resource. This process was inefficient and a waste of time and resources.
Later they realized that only title of the audiovisual work is not sufficient to identify a piece.
Therefore, they decided that they should identify every characteristic of the work and store
this information in an accessible and efficient system that they would be easily able to retrieve

the piece of the audiovisual work [8].

2.3.1 Multimedia Indexing

Multimedia indexing is the process of tagging audiovisual content and organize them
in an effective way to make the access and retrieval as fast as possible. If the process of
indexing is automated it results in reducing the cost of processing which is a big overhead. In
the past decade, a number of indexing techniques are investigated which includes computer
vision, pattern recognition, speech recognition, natural language processing, image
processing, video analysis and information retrieval. These techniques can be classified into
four broader categories based on algorithms use in indexing and retrieval. These categories
include visual features, auditory features, text and task model [8].

2.3.1.1 Visual Features Based Indexing
The visual feature based approach index audiovisual content on the basis of their
different visual features such as texture, shape and color histogram. It uses different image
processing algorithms which mean that it needs an extensive amount of image processing to
process a video. A common approach to some algorithm is that they extract keyframes
automatically from video clips and then index it. The criterion for key frame is that they
should have image features that represent the whole video clip. During the retrieval phase
10



videos are searched with the help of different kind of image queries. This process involves
matching the similarity of image feature of query and keyframes indexed on three levels that
involved raw data level, feature level and semantic level. But the disadvantage of this kind of
indexing is, the most users don’t have image queries that can be used to query in this

approach.

Some indexing algorithms use objects based approach to index video clips. They use objects
and their attributes and their spatial-temporal relations among objects in a video to label and
index videos. It uses the life span of an object in a video,( i.e how long an object was in the

clip) which is tracked in each frame and provided an object-based access to video data [9].

2.3.1.2 Voice Based Indexing

Sound is an important aspect of a video. Similar to the video, audio is also the source of
rich information in understanding video content. When we are discussing video indexing,
audio can also be used to index videos because it is an essential part of a video. If one wants
to understand a video it is necessary to understand the sound of the video because both image
and sounds make a complete video. In a number of studies both audio and image is extracted
and used to extract high level of semantic information as indices. Parsing and indexing of
audio source and video source are helpful in understanding a speaker label. There are different

useful methods to classify and index sounds:

e one sound is similar to another sound or a group of sounds in terms of certain
characteristics,

e acoustical features (e.g., pitch, timbre, and loudness),

e subjectivity features (e.g., describing the sound using personal descriptive language)

[9]
2.3.1.3 Text Features Based Indexing

In this kind of indexing, videos are indexed by keywords that are automatically
extracted or by other means of extraction from texts related to video. Videos are retrieved by
searching the obtained free text which is obtained from closed caption or video soundtrack
with the help of speech recognition. There are different ways proposed but one method in
which text is automatically recognized which appears in videos by using OCR software for

video indexing. When user enters a query, videos are retrieved which match the exact or

11



approximate match of substring of the query. Text based indexing is easy to implement and
very straightforward. But a big disadvantage of this approach is a loss of context. For example
if two videos are indexed with text-based approach and one video described the cause of skin
cancer and another described the prevention of skin cancer. When search is performed for

term skin cancer both video are retrieved [9].

Multimedia indexing is a very large research field now a days due to the fact that
growing of multimedia material and covering every aspect of the research is beyond the scope
of this document. Only broader view of that research is being presented here.

12



3 CHAPTER 3: APPLICATION DESIGN

At the time of writing of this thesis the author signed non-disclosure agreement with the
company Ericsson AB. Now this thesis is registered as patent, the design can be found in the
patent online document.

URL: http://www.google.com.gt/patents/US20140032538

13


http://www.google.com.gt/patents/US20140032538

4 CHAPTER 4: SYSTEM IMPLEMENTATION

In this thesis project many tools and techniques have been utilized including Spring
MVC, Hibernate ORM, Hibernate Search and Indexing, working with relational databases

such as MySQL and many more.

According to implementation point of view this application is developed by following the
Model View Controller (MVC) pattern to make every module independent. This application is

developed as a web application using Spring Model View Controller framework.

4.1 Spring Framework:

Spring is open source and free framework developed in Java. It is developed by Rod
Johnson and Jiirgen Holler. Most important features in Spring framework include Aspect
Oriented programming, Inversion of Control and Spring MVC. Like other MVC web
frameworks for example Struts, Spring has its own MVC framework that can be used with

other frameworks.

Spring is a flexible framework and its dependency injection can be done with the help of xml
and annotation based configurations. It has a powerful mechanism to work with Java
enterprise specifications such as JDBC, Java persistence API, Java transaction APl and Java
messaging services. It has a good integration support with other frameworks like Hibernate
and Quartz. It also provides support to develop RESTful MVC web application and services.
A prototype application can be developed easily and in a less time and it is the reason behind
using of this framework to develop the prototype application.

4.1.1 Aspect Oriented Programming:
Spring provides the facility of aspect oriented programming. With the help of AOP
different concerns present in a system can be modularized easily. In spring aspects are joined

together with the help of Spring xml file and coding is well modularized.

4.1.2 Inversion of Control:
Every application at some point needs some extra functionality or dependency which
was not included at the time of development or sometime it depends on some other libraries.

This kind of requirement led to the development of dependency injection at run time and this
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problem is solved programmatically with the help of Factory or Service Locator design
patterns. Inversion of Control is an improved version of dependency injection and it is used in
Spring framework. 10C framework calls the components specified by the application instead

of an application itself and dependencies are injected at runtime dynamically.

4.1.3 Architecture of Spring Framework:

Spring ORM Spring Web
Spring AOP
Spring DAO Srping Context

Spring MVC

Spring Core

Figure 4: Spring Framework Architecture

The architecture of Spring has seven modules. The modules are as follows:

e The Core Container
e Spring Context
e Spring AOP

e Spring DAO



e Spring ORM
e Spring Web Module

e Spring MVC framework [10]
4.1.4 Spring Model View Controller:

Spring MVC is a lightweight and fast deployable framework for web technologies. It is
based on Model View Controller design pattern to minimize coupling and dependencies
between three different layers Model, View and Controller. Every layer has different

functionality.

e Model layer of MVC has the responsibility to represent the business data with
business logic. It also handles those operations that read business data. Whenever any
change occurs in model layer it notifies the view about the change and let the view
query model about its current state. It also enables the Controller to access its
application functionality.

e View is responsible to render the contents of a model. It fetches data from the model
and presents the data in a specified way. It changes the presentation whenever any
change in model occurs. Another responsibility of view is that it sends the user input

to the controller for further processing.

e Controller controls the most important operations related to view and model. It
defines the actual behavior of an application. The responsibility of the controller is
that it facilitates the user requests and it selects views according to the user request for

presentation of data. It also maps the user input to actions performed by the model.

The design of the Spring Web Model-View-Controller (MVC) framework is formulated
around a DispatcherServlet that dispatches requests to handlers, with handler mappings, view
resolution and support for uploading files. The design of the default handler is based on
Controller and RequestMapping annotations, which offers a wide range of flexibility in
handling methods. In Spring 3.0, Controller mechanism allows us to create RESTful
applications and websites with the help of PathVariable annotations and other features
available. [11]
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For Spring Web MVC, any object can be used as a command or form backing
object, we don’t need to have any implementation of framework-specific interface or base
class. Data binding in Spring is highly flexible. For example, type mismatches are treated as
validation errors that can be evaluated by the application and not as system errors. Hence for
this we do not need to duplicate our business objects’ properties as simple, untyped strings in
our form objects for handling invalid submissions or to converts Strings properly. On the
other hand it is preferable to bind directly to our business objects.

The Spring’s View resolution can be considered extremely flexible. In the MVC
model, the controller is responsible for the preparation of the model Map with data and
selection of a view name, whereas it can also write directly to the response stream and
complete the request. Through the file extension or Accept header content type negotiation,
bean names, the property file or custom ViewResolver implementation we may configure the
View name resolution. . The model (the M in MVC) is a Map interface which can be
integrated directly with template-based rendering technologies such as JSP, Velocity and Free
marker or we can directly generate XML, Atom, JSON and various other types of content.
The model Map is thus simply transformed into an appropriate format such a JSP request

attributes or a velocity template model. [11]

4.1.5 Features of Spring Web MVC:

Spring MVC has a vast variety of feature for the web, some of them are stated below:

e Roles can be separated into specialized objects including controller, valuator
command object, form object, the model object Dispatcher Servlet, handler
mapping view resolver etc.

e Enables an application to reuse the code that results in avoidance of duplication.
For example business objects can be used as command or form objects instead of
going into the complexity.

e Adaptable, non-intrusive and flexible.

e It uses Java beans for configuration of the framework as well as application
classes.

e |t provides its own JSP tag library called Spring Tag library that facilitate in data
binding and themes.
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4.2 Hibernate:

Hibernate is an object-relational mapping framework. Usually when Relational
Database management system is used in the application that is based on Object Oriented
Programming language, the problem of object-relational impedance mismatch arises.
Hibernate solves this problem by the object-relational mapping and gives developers the

facility to concentrate on their business logic.

Object-relational mapping (ORM) is a technique that solves the problem of converting data
between incompatible types in relational database management system and object-oriented
programming languages. ORM framework creates a database of objects virtually so that it can
be easily used in object-oriented programming language. ORM tool provides persistence for
business objects that lives beyond the Java Virtual Machine state so that it can be available for

later use.

Mapping of Java classes to the database table can be done by means of an XML file or Java
Annotations; in this thesis annotations are used. It also provides the facility of mapping
relations between tables like one to many and many to many. Hibernate provides its own
query language known as Hibernate Query Language (HQL) which is inspired from Structure
Query Language (SQL). Hibernate can be used in a standalone application or it can be
integrated into Enterprise Application.
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Figure 5: Hibernate Architecture

4.2.1 Hibernate Search:

Hibernate uses Apache Lucene Search library which brings the power of full text search. Our
prototype application is a tag-based audiovisual content search thus we needed a search
library and indexer and Lucene give both facilities for searching and indexing plus ranking of
contents. Hibernate search deal with these kinds of drawbacks. With the help of few notations
it keeps index synchronized and returns regular managed objects from free text queries. It
solves the problems like:

e Hibernate Search solve the problem of translation of the object to index and vice
versa.

e It manages the index, changes are synchronized with database.

e It provides the facility of querying Lucene index and returned managed objects
compatible to hibernate. [12]
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4.2.2 Apache Lucene:
Lucene is powerful search engine and indexer that provides the facility to convert any

type of data to textual format. The process of indexing by Lucene is in three parts.

e It converts data to textual format
e After conversion, it analyzes the data
e Then it stores converted and analyzed text to an index.

The index can be maintained in main memory commonly known as Random Access Memory
(RAM) or it can be stored on hard disk that is also Called FSDirectory. The indexed data is
stored in the directory structure in the form of segments and each segment consists of
documents that are known as Lucene Document (LD). An LD consists of Fields and each
field contains one or more terms, each term is a pair of key and value. This data is used for
querying for retrieval. Search can be performed by keyword from one field or multiple fields.
This whole structure of the index is shown in figure 6. [An Approach to Ontology Mapping

based on the Lucene search engine library]
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Figure 6: Lucene Index
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The search results (On the form of LDs) are collected within Lucene Hits. Each LD that is
contained in the Hits works on association of a score value (Between 0 and 1) which indicates
its similarity to the search key. A Vector Space Model forms the basis of Lucene scoring
schema of information retrieval. Considering the Vector Space Model, it operates on the idea
that, the more the times a query term appears in a document, relative to the number of times
appears in all the document in the collection, the more is the relevance of the document to the
query. Since the prototype developed for the Master’s thesis is based on Lucene, It comes
with the following advantages. It seems to have a fast responsive time and the complexity of

the search algorithm is hidden to the users.

4.3 Prototype Application Architecture:

The whole architecture of the prototype is described here component by component,
and the purpose of the components in the application. The architecture is depicted in Figure.
1.

e This application runs on Jetty that is an open source web server. It could use another
Servlet container or web server or application server like Tomcat, JBoss, or Glassfish
but the intention was to use Jetty by keeping the scope of application in mind which
doesn’t need so many features.

e For data storage Mysgl and Lucene indexing architecture are used. Mysqgl is a
relational database management system. Mysql is not a mandatory solution for this
prototype it can be replaced by any other relational database management system. For
indexing Lucene creates its own directory structure to store indexes that can be stored
on a permanent or random-access memory depends on the situation.

e Hibernate is used with Java Persistence APl (JPA) to access the data for persistence
and to avoid complex JDBC exception handling. JPA provides a very good
mechanism for using annotations to configure and code. Hibernate is an ORM
framework that maps tables to objects and vice versa. It is already been discussed
before in detail.

e Spring framework works at the core of this prototype application. It takes care of
Dependency Injection and Aspect Oriented Programming. It has modules to read and

write data to data access layer and presentation layer.
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Spring Model-View-Controller framework is used for presenting data to the user and
getting input and facilitates the request of the users. It also maps the rendered pages
with methods that help redirect and handle request response.

Page rendering is done via Java Server Pages (JSP) which is part of Spring Model-
View-Controller framework. Also the number of custom-made and publicly available
libraries are used, most noteable part of Spring Framework.

Searching and Indexing is done with the help of Hibernate Search that underlying uses
Lucene. Indexing is enabled in this application prototype with the help of annotations.
Annotations, a form of metadata, provide data about a program that is not part of the
program and they also have no direct effect on program. Searching is also done with
the help of Lucene search library.

Apache Maven is used as build tool which is same in functionality as Apache Ant but
more convenient because if some of the libraries are not there during running or
deployment of program it downloads it from the internet in order to make the

complex process easier.

Rendering: OPI

Presentation Layer: Spring MVC

Business Layer: Spring Framework

Data Access (ORM): Hibernate

Data Storage: MySQL

Server: Jetty

Figure 7: Prototype Architecture
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4.4 Prototype Application Design:

The abstract design of the prototype application is already discussed earlier; here we
will discuss design according to the implementation. Spring Framework is used throughout
this application which encapsulates different modules. Spring framework is like glue to
connect all the modules together while making every module independent of each other. The
design of the application prototype is shown in Figure.8. Here we will discuss general
implementation rather going into depth of each module.

Spring MVC

View
Model

Controller

Service Manager

N2
=
5
0Q
72
o
O
5
<

Hibernate

Figure 8: Prototype Flow Architecture

DAO encapsulates and abstracts everything related to access the database and
persistence implementation. Everything that connects the application to the database whether
it is reading or writing to database and indexing implemented with the help of hibernate
resides here.
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Service manager is a part of the business logic which is used to access one or more
DAO and the Controller uses the Service Manager(s) to access DAO(S). It is a good example
of cohesion implemented by Spring Framework.

4.4.1 Model View Controller (MVC):

MVC design pattern is used to implement this application prototype which is off
course a preferred design pattern for web application and standalone applications with user
interface. It separates business logic from user interface code and data model implementation.
Here it is implemented with the help of Spring Framework's module Spring MVC. In MVC
the model represents all the implementation related to a database. Every DAO object
represents a table in the database that will be displayed or manipulated. The Controller is a
sort of manager that decides what to display. The View is responsible for rendering JSP pages
and mapping of URLs. In the application the Controller is a Servlet, Model is a persistent Java
bean and the View is JSP pages.

Usually according to this design a user clicks on a link on a web page, and the application
sends a HTTP GET/POST request to a dispatch Servlet that forwards the request to the
appropriate method in the Controller that is already mapped for that kind of requests, and the
received data is forward to the Model for read/write. After the operation done by model view

displays the results for the user in the form of HTML page.
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5 CHAPTER5: METADATA EXTRACTION

Metadata can be described as information about data. Metadata is the information that
can describe the content of the search whether the text, picture or video so that the search
engines can use it to enhance the searching capability. Metadata could be generated
automatically with the help of software or any other device (e.g. digital cameras, mobile

phones). It can also be generated manually by the users in the form of tags or keywords.

Metadata is very important giving higher visibility for search engines so that more
viewers will be interested in the data, for example we can’t imagine YouTube without the

description of videos.

Metadata can describe resources at any level of aggregation. It can describe a collection,
a single resource, or a component part of a larger resource. Metadata can be embedded in a

digital object or it can be stored separately.

5.1 Types of metadata

There are three broad types of metadata: descriptive; structural; and administrative.

5.1.1 Descriptive metadata

Descriptive metadata describes and identifies the resources. It works on two levels
either local or the web level to enable searching, retrieving and discovery of resources. It uses
simple elements like unique identifiers (Persistence Uniform Resource Locater, Handle),
physical attributes (media, dimensions), or bibliographic attributes (title, author, language,

keywords).

5.1.2 Structural metadata

Structural metadata explains how the elements are related to each other. It gives
information about the internal structure (like page, section, chapter of resources), describes
the relationship between materials, and binds the related files and scripts. It can use elements
to structure tags such as the title page, table of contents, index. It can be implemented using
SGML, XML, EAD, Electronic binding.
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5.1.3 Administrative metadata

Administrative metadata describes the management and processing of digital collections

for short and long terms. It includes
e technical data on creation and quality control, like scanner type, resolution etc.

e Right management, access controls and user requirements like copying and

distribution limitation, license information etc.
e Preservation action information like refreshing cycles, migration etc.

In fact some metadata is always attached to audiovisual content and are mostly machine
generated. There are two main kinds of metadata generation methods a) machine generated b)
human generated. Machine generated metadata is generated by machines e.g. cameras,
smartphones. These days most of the digital cameras and mobile cameras generate metadata
to preserve the history and information about the content and for further use by search

engines.

Manually written video metadata that provides information about the video content, this
can be transcripts of dialogue or conversations and other text descriptions. These text entries
are understandable by computers and provide efficient searching. Gaining higher search

engine visibility will bring more viewers and enable marketing opportunities.
5.2 Mpeg-7

Mpeg 7 is the ISO/IEC international standard 15938 developed by Moving Picture Expert
Group (MPEG). It is formally called Multimedia Content Description Interface but famously
known as Mpeg-7. It is a generic interface that not just describes audiovisual content but it
also contains a description of media’s content which can extract with the help of content
analysis and processing. The difference between other formats and Mpeg-7 is that it is not
just developed for one specific application rather it supports a broad range of applications.
Audiovisual content may include still pictures, graphics, 3D models, audio, speech, video and
information about the presentation of the elements combined. The main elements of the

Mpeg-7 standard are:

1. Description Tools
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2. Description Definition Language (DDL)
3. System Tools

5.2.1 Description Tools

Description tools consist of Descriptor (D) and Description Schemes (DS). The
Description defines the syntax and semantics of each feature and a Description Schemes
define the structure and semantics of the relationships between components that may be both

Descriptors and Description Schemes.

5.2.2 Description Definition Language (DDL)
Description Definition Language defines the syntax of Mpeg-7 Description tools. It
provides the flexibility to create new Descriptor and Description Schemes or modify existing

one.

5.2.3 System Tools

System tools support binary coded representation for efficient storage and
transmission. Transmission mechanisms (both for textual and binary formats), multiplexing of
descriptions, synchronization of descriptions with content, management and protection of

intellectual property in MPEG-7 descriptions, etc.
The MPEG-7 descriptions of content may include:

e Information describing the creation and production processes of the content (director,

title, short feature movie).

e Information related to the usage of the content (copyright pointers, usage history, and
broadcast schedule).

e Information of the storage features of the content (storage format, encoding).

e Structural information on spatial, temporal or spatial-temporal components of the

content (scene cuts, segmentation in regions, region motion tracking).

e Information about low-level features in the content (colors, textures, sound timbres,

melody description).
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Conceptual information of the reality captured by the content (objects and events,

interactions among objects).

Information about how to browse the content in an efficient way (summaries,

variations, spatial and frequency sub-bands).
Information about the collections of the objects.

Information about the interaction of the user with the content (user preferences, usage
history).[13]
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i Usage
Media Production = &
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Content Management
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Content Discription History
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Aspects Aspects Variations
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Links & media

localization Basic Tools

Schema Tools Basic Datatypes

Figure 9: Overview of the Time DSs
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5.2.4 Example schema document of Mpeg-7

<?xml version="1.0" encoding="is0-8859-1" 2>
<Mpeg7 xmlns="urn:mpeg:mpeg7:schema:2001"
xmlns:xsi="http://www.w3.0rg/2001/XMLSchema-instance”
xmlns:mpeg/="urn:mpeqg:mpeg7:schema:2001"
xsi:zschemalocation="urn:mpeg:mpeg7:schema:2001 Mpeg7-2001.xsd">
<Description xsi:type="ContentEntityType">
<MultimediaContent xsi:type="VideoType">
<Video>
<TemporalDecomposition>
<VideoSegment>
<MediaTime>
<MediaTimePoint>T00:00:00:28028F30000</MediaTimePoint>
</MediaTime>
</VideoSegment>
</TemporalDecomposition>
<VideoSegment>
<TextAnnotation type="scene" relevance="1" confidence="1">
<FreeTextAnnotation>Indoors</FreeTextAnnotation>
<FreeTextAnnotation>Meeting Room</FreeTextAnnotation>
<FreeTextAnnotation>Person(w/frontal_face)</FreeTextAnnotation>
<FreeTextAnnotation>Person_Speaking</FreeTextAnnotation>
<FreeTextAnnotation>five dentists</FreeTextAnnotation>
</TextAnnotation>
</Video>
</MultimediaContent>
</Description>
</Mpeg7>

Figure 10: MPEG-7 Schema Example

5.3 Additional metadata to be extracted
By including additional metadata it is possible to improve the indexing and search results
for a keyword. In this case we are considering only keyword to index and search. But in case

of better results like other popular sites do we need to add some more metadata.
e Title
e Description
e Upload Date
e Comments
e In Language
e Viewing Rights

e Subtitles
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Category type

Content Rating

Encoding Format

Video Quality (HD etc.)

GPS coordinates (longitude, latitude, altitude)

Title

The title of audiovisual content is important and cannot be extracted from the content

itself if it is not already in the video metadata. But it can also be added during uploading of

video. The title should be the main target to index because most of the search queries are

about title of videos.

5.3.2

Description

A Description also has an important role in audiovisual content. The description

usually is about video copyrights and important links or sources. It should also be indexed in

case a user search for copyrighted content. It can be added by user or extracted from a video if

it is already present in the metadata of the content.

5.3.3

Upload Date
Upload date is the date when user uploads the video. It can be an automatically

generated time stamp by software.

5.3.4 Comments

Comment is text entered by other users commenting their views about the video.

Sometimes it is important to be indexed but often not much of use.

5.35

Language

Language is the speaking or singing language of the content. It plays an important role

because a user may look for the contents in a specific language and it should be indexed.

5.3.6

Viewing Rights

Sometimes user wants to keep their contents to their self and other times they publish it.

Viewing rights is not important to index but on indexing time it can be checked for general

public or private indexing.
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5.3.7 Subtitle
Subtitles are the translation text that appears on the screen. In some cases users don't
know the language or the language is not clear so people has added subtitles to their videos

for clarity. It should be indexed as an option whether subtitles are present or not.

5.3.8 Category type
Category is what the video is about. It defines the type of video whether it is technology,
shopping, science etc. Category will be helpful in case a user wants to browse videos in

directory service way. It can be add by user.

5.3.9 Content Rating
Viewers of content usually do rating of content. It is very useful in search results. It
can take a video to the top rank if there are many results. The higher the rating the higher the

score in results.

5.3.10 Encoding Format
Encoding format is whether the content is mp3, mpeg4 etc. It can be helpful in

converting from one format to another for streaming purposes.

5.3.11 Video Quality
Video quality SD/HD can also impact the ranking of the video in case users are
looking for better quality or by default search engine fetches the good quality videos on the

top.

5.3.12 GPS Coordinates
Now a day’s most of the video capturing devices have the ability of GPS coordinates
to embed it in the content metadata. It can be extracted in case it is needed for the locality and

it can be further used for other purposes.

All the above characteristics of audiovisual content can impact on the search results. It can
also encourage the users to upload better videos when they find information about these
characteristic that can get the scores of their videos higher. Most of the features can be
extracted from the content itself because new capturing devices embed most of the metadata
into contents. A Mpeg-7 schema can be created for these features that can be stored alongside
the content. In our prototype which is built for just indexing and searching purposes, a module
is needed for extracting puposes that extracts metadata from audiovisual content and limits the
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users input so that a user only input what is needed solely from user like title, description,
keywords etc. Mpeg-7 schema format is flexible and provides a comprehensive suite of tools
for describing multimedia data that has the potential to revolutionize current multimedia
applications. However, MPEG-7 has also introduced many new research problems related to

the extraction and application of MPEG-7 descriptions.

32



6 CHAPTER 6: FUTURE WORK

6.1

Future work:

The aim of this thesis work was to study the existing techniques of searching and
indexing to develop new and improved way by using existing open source tools. In
this thesis work the emphasis was on indexing of content with the help of keywords
and method of searching was based on full text. Right now users insert keywords to
tag audiovisual content manually when the users upload their videos. This can be
improved by using image processing and voice recognition system which could
automatically or semi-automatically provid keywords by extracting them from

audiovisual content.

This prototype was based on using a relational database system where the keywords
and other information is stored. This prototype can be improved by using official
standards like MPEG-7 which provides a hierarchal approach to store metadata for an

audiovisual contents.

The prototype developed is using only keywords supplied and indexed by the user but
this can be improved by including other aspects of audiovisual content such as

content quality, GPS coordinates etc.

The prototype is developed with the help of Spring framework that can be extended to
full flagged enterprise distributed application.
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7 CHAPTER 7: CONCLUSION

7.1 Conclusion:
In this thesis work, a brief study of searching and indexing of audiovisual contents and

full-text searching techniques is carried out to understand the current trends and techniques.
On the basis of these studies a new and improved searching technique is proposed in chapter 3
which minimizes the consumption of time and complexity of indexing. This technique
produces a better method for accurate metadata and efficient retrieval that describes the
audiovisual content. This thesis work is demonstrated in the form of a working prototype to
prove that the technique is implementable. This prototype is implemented by using open
source frameworks of Java programming language and relational database management
system used in MySql. The reason for using Spring MVC in the development of this
prototype is that it can be further extended in the future. In the end of this report, a study is
carried out to identify the metadata including quality, GPS coordinates etc. This can be

helpful to improve the indexing and search results by using the proposed technique.
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