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ABSTRACT

AN INTELLIGENT FUZZY OBJECT-ORIENTED DATABASE FRAMEWORK-OR
VIDEO DATABASE APPLICATIONS

Ozgiir, Nezihe Burcu
M.S., Department of Computer Engineering
Supervisor: Prof. Dr. Adnan YAZICI

September 2007, 143 pages

Video database applications call for flexible and powerfuldeting and querying
facilities, which require an integration or interaction betwestalthse and knowledge base
technologies. It is also necessary for many real life vidatabase applications to
incorporate uncertainty, which naturally occurs due to the compled subjective
semantic content of video data. In this thesis study, firstlyzay conceptual data model
is introduced to represent the semantic content of video dda. (Unified Modeling
Language) is utilized and extended to represent uncertain informgibng with video
specific properties at the conceptual level. Secondly, aliiget® fuzzy object-oriented
database framework is presented for video database applicattomsntroduced fuzzy
conceptual model is mapped to the presented framework, which aslaptation of the
previously proposed IFOOD architecture. The framework provideeling and querying
of complex and rich semantic content and knowledge of videomtztaling uncertainty.
Moreover, it allows (fuzzy) semantic, temporal, (fuzzy) spatiedrarchical, regional and
trajectory queries, based on the video data model. We think thptakented conceptual
data model and framework can be adapted to any application doetaiedrto video

databases.

Keywords: Conceptual data model, video data, uncertainty, fuzziness, UML,tobjec
oriented modeling, video database applications, object-orientdobdatg knowledge base

systems, intelligent systems.
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V DEO VERTABANI UYGULAMALARI C N AKILLI, BULANIK VE NESNEYE
DAYALIB R VERTABANIS STEM

Ozgiir, Nezihe Burcu
Yuksek Lisans, Bilgisayar MihendisliBolimu
Tez Yoneticisi: Prof. Dr. Adnan YAZICI

Eylul 2007, 143 sayfa

Video veritaban uygulamalar , veritaban ve bilgi tabaknblojilerinin etkileimini veya
entegrasyonunu gerektiren esnek ve gicli modelleme ve sorgaktiiilerine ihtiyac
duymaktad r. Video verisinin karm& ve subjektif anlamsal iceri sebebiyle doal olarak
olu an belirsizlii de ele almak, gercek yandaki pek ¢ok video veritaban uygulamas
icin gereklidir. Bu tez calmas nda, o6ncelikle video verisinin anlamsal ig@in
gosterilmesi icin bulan k, kavramsal bir veri modeli géiimi tir. Video verisine ait
Ozellikleri bulan k bilgi ile birlikte kavramsal dizeydé&sierebilmek icin UML modeli
geni letilmi tir. Kkinci olarak, video veritaban uygulamalar icin ak Il , bulave nesneye
dayal bir veritaban sistemi gdirilmi tir. Daha ©nceden getiriimi olan IFOOD
mimarisinin bir uyarlamas olan bu sistem Uzerinde bulan kamsal video modelimiz
kullan Im tr. Sistem, belirsizlik iceren, karm& ve zengin video anlamsal icenin ve
bilgisinin modellenmesini ve sorgulanmas n lsaaktad r. Ayr ca video veri modelimiz
kullan larak, (bulan k) anlamsal, zamansal, (bulan k) udaysigerarik, bdlgesel, ve
yoriinge sorgular na olanak $anmaktad r. Geltirilmi olan kavramsal modelin ve
sistemin video veritabanlar ile ilgili herhangi bir uygulami@n na uyarlanabilecei

di tnmekteyiz.

Anahtar Kelimeler: Kavramsal veri modeli, video verisi, belirsizlik, bulan klkWML,
nesneye dayal modelleme, video veritaban uygulamalar, nesnggé daritabanlar ,

bilgi taban sistemleri, ak Il sistemler.
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CHAPTER 1

INTRODUCTION

Research on video databases has gained more importancedatealysalt of improvement
in video technologies and increasing popularity of video applicatidasconventional
databases, video databases are also expected to provide dudlgiesf such as video
modeling, querying and retrieval. The users of a video databasgsaally interested in
the meaning of the videos. Therefore, information inherent toovidkga should be

appropriately modeled and stored in a video database.

Semantic video modeling deals with high-level information uidao, which is perceived
by a human. Due to the complexity inherent to video data, semaaic data modeling
requires new techniques. There exist studies in the literatuserantic video modeling.
Earlier models usually adopt the concept of segmentation oraammof7, 8, 50] whereas
recent studies [2, 3, 4, 6, 10, 11, 17, 18, 21, 47, 48] introduce more complex modeling

approaches.

As in traditional databases, conceptual data modeling is an tempatep for semantic
data modeling in video databases. The designed conceptual datasrbdal inapped to a
logical data model. The conceptual model is an abstract expagion of the semantic
content of video data and it identifies the complex semanticemntitibjects and events)

and the relationships among the entities at the highest level.

In conceptual video modeling, it is not always possible to exghessemantic video
content in a precise way. Uncertainty may occur while describi@gemantic entities or
the relationships among the entities. The users of a video datappBcation tend to

construct queries, which contain uncertainty. Consider the following queries:
- Find the videos of female patients who quée old

- Find the videos of fouls done during the game, which can be coedeldremely

harsh.



- Find the goal events, which happatrthe end of the game.

The uncertain information should be taken into account in order to boiltte expressive

conceptual model and be able to handle queries, involving in some form of uncertainty

The widely used ER/EER and UML [26] conceptual models do not aitovepresent
uncertain information despite their power and flexibility. Thdreaaly exist some studies
[1, 9, 16, 28] on building fuzzy object-oriented conceptual models enhancingaiBER
UML models with uncertain information. Among those, [28] defines fue®y constructs
for the extended entity-relationship (EER) model. The studidsded in [1, 9, 16] extend
UML with some fuzzy constructs for some ordinary applicatioresid®2 EER and UML,
there are also other conceptual models used in the literature. Foc@g&ari5] introduce
the conceptual ExIFO model, which is a fuzzy object-oriented model supporting
uncertainty representation. Another study in [27] extends a grapllmdgect model to
represent imprecision and uncertainty, then utilizes the modedfineda fuzzy object-
oriented model. Although there are a number of studies on fuzzy concepidaling,
only few studies incorporating fuzziness with conceptual modelingdsfovdata exist.
Among these, [11] proposes a fuzzy conceptual model for multimediabase
applications. The model supports the representation of uncertaititg attribute level,

object/class level and class/subclass level.

Like any other complex applications, video database applicatismsemuire development
of intelligent and powerful systems. The research efforts olintheaction or integration
of database and knowledge base systems reflect the fasutaintegration is becoming
an important requirement for complex applications. Video dataltmsesmong those
applications, which require powerful and flexible modeling and quergcigities. There
are research efforts on utilizing knowledge-base systemdesbased approach for video
databases [32, 33, 34, 35, 48, 49]. Among these, [33] defines spatiahadeules which
allow to deduce heterogeneous spatial relations by using existing lonjt, 49], an
architecture for a video database application supportingogeatporal and semantic
querying is proposed. The spatial relations are stored #xgRauts in a knowledge base.
They also define inference rules in order to reduce the numbeactd for better
performance. In [32], an SQL-like video query language, which hasapability to
handle spatio-temporal queries, is proposed. The language is ratb-kiase it allows
users to express spatial conditions in terms of Prolog-tymicates. The study included

in [35], presents a framework for video modeling. For the objech@itns and event type



descriptions, rules are defined. In [48], a declarative, ruleebasnstraint query language
is introduced to infer new relationships from the existingasdin information. None of
the studies on video databases mentioned above provides a tightlgdcntpgration
between database and knowledge base technologies and none of dhsiers

uncertainty.

The research studies on the integration of database and knowledg¢ebasologies
mostly ignore uncertainty. Among the previous approaches handlingainaaformation

in databases and knowledge bases, we base our study on the &¢{dEcture proposed
in [30]. IFOOD is an intelligent fuzzy object-oriented databasehitecture, which
integrates a fuzzy object-oriented database and a fuzzy knowbedge Environmental

information system is chosen as the application domain in [30].

In this thesis study, we mainly focus on semantic modeling of \ddéabase applications
by taking into account uncertainty inherent in video datstlFj we propose a new fuzzy
conceptual video data model. The proposed model is generic @ridgs the base classes
that can be adapted to any database application domain. It suplperhierarchical
structure, and the spatial and temporal relations of video @Ghjact-oriented modeling
[25] is suitable for conceptual modeling of video data, sinceoitiges many abstraction
facilities, such as inheritance, aggregation, encapsulation, teus, it can be used to
represent complex video semantic entities, and the relationshgpzgyahem. In this study,
UML is utilized to represent video database applications condbpt8ance UML does
not provide the necessary notations to represent uncertain fonwe extend UML by
introducing some special constructs. Beside the basic construotduireed previously in
studies [9, 10, 11], we additionally use fuzzy inheritance relatiprdnstructor which
represents class/subclass level uncertainty and add range levehece definitions for
fuzzy attributes.The extended UML is able to represent uncertainty at theowttyi
object/class and class/subclass lewals. also introduce sequence constructor to represent
the sequential nature of video data. We think thatfuzzy UML conceptual model can be

used for any application domain with uncertain properties.

Secondly, we present an intelligent fuzzy object-oriented datdbmsework based on
integration of a fuzzy object-oriented database (FOOD) andzayfknowledge base
(FKB) for the video database applications. The presentedefrark is the adaptation of
the IFOOD architecture [30] for video database applications.this integrated

environment, our fuzzy conceptual model is mapped to the logical FO@Iel [14] to be



used in the fuzzy object-oriented database. Semantic entitwdeof data are stored in the
fuzzy object-oriented database along with uncertain informatidnz2y knowledge-base
system with fuzzy inference capability is used for handling kadgé¢ about video data.
We define rules to represent knowledge about temporal and sgédizdns between the
semantic video entities. Moreover, we define semantic fuzzys rspecific to a video
database application domain, football game videos. Semantic fukzy provide the
inference of new information from the existing information sdoire the database. The
presented framework provides (fuzzy) semantic, temporal, (fuzzgjial, hierarchical,
regional and trajectory queries, based on our video data moddiaVéealso developed a
prototype system for the presented framework. The prototypensygrovides the

annotation and querying of video data for its users.
The main contributions of this thesis study are as follows:

1- A fuzzy conceptual video data model is proposed. The model handles the
representation of uncertain information, which might naturatbgur in video
database applications. UML is extended with some special caisstouepresent
the conceptual model along with uncertainty. The model is a gerabject-
oriented and semantic video data model. It represents the sesrdittes and the
relationships between the entities. Moreover, it considerki¢iarchical structure
of video data, and semantic, temporal, and spatial relations, whgit occur

between the semantic entities.

2- A new approach for handling uncertainty and fuzziness in videabdse
applications is introduced. We model uncertainty in complex sementiites of
video data by introducing uncertain attributes, objects, classdsyubes. The
presented framework, which is based on IFOOD, provides modeling angdngue
of rich semantic content and knowledge of video data including uirdgria a

flexible and powerful way.

3- By storing temporal, spatial and semantic rules in a knowledge base, we reduce t
amount of information, which should be stored in a video database. The spatial and
temporal relations between the video entities are inferrethidokriowledge base.
Fuzzy semantic rules can be used to infer semantic informatistead of

explicitly storing it in the database.



4- The presented framework supports a diversity of queries sufizag) semantic,
temporal, (fuzzy) spatial, hierarchical, regional and trajgctqueries. The
framework provides an integrated environment in query evaluafioa.integral
parts of the framework, which are FOOD and FKB, are tightlypled to allow

flexible and intelligent querying facilities.

5- The conceptual video data model and the presented framework @esigned to
be generic. Therefore, we think that our generic model and frarkegan be

adapted to any application domain related to video databases.

The rest of the thesis is organized as follows: Chaptexpkies the related previous
studies. Our fuzzy conceptual video data model is introduced in &€H&apThe model is
explained by using UML diagrams. Chapter 4 presents the intelfigent object-oriented
database framework and explains how the framework supports queries by ganmgjes.
Chapter 5 presents the implementation of our prototype systerprototype is explained
by giving screenshots and the implementation tools that we arge discussed briefly.

Finally, Chapter 6 provides conclusions and gives future directions.



CHAPTER 2

RELATED STUDIES

The research, which is done during the development phase oth#ss study, is
summarized in this chapter. The organization of the chapéer fisllows: The first section
gives a literature survey about the studies on video modetidgyaerying. The second
section explains the studies, which take a rule-based approaatem databases. In the
third section, uncertainty in object-oriented databases and knowtedgs are discussed
including the FOOD [14] model. The last section gives a bristrigion about the
IFOOD [30] architecture.

2.1Video Modeling & Querying

The users of a video database are usually interested gemh@ntic content of video data.
Therefore, the rich semantic information in video data should be properlyedoderder
to provide retrieval of video according to its semantic confeue to the complexity of

video data content, video modeling needs additional research efforts.

As discussed in [51], which provides a detailed survey on exiséingntic video models,

information inherent to video data can be classified into three maigocits
1- Low-level features, which include texture, color, shape etc.

2- Syntactic information, which includes the visual objects and teshpgpatial and
spatio-temporal relations between these objects. Automaticemi-aitomatic
extraction algorithms exist which can extract the low-legakdres and syntactic
information from video. Many spatio-temporal models [13, 52] exist m th

literature to help modeling of syntactic information.



3- Semantic information which is the answer of “what is happeimirhe video?".
The semantic information in video data is what is perceivedumyans and it is

very difficult to extract it automatically.

There exist many studies on semantic video modeling. Earlier snadahblly utilize the
concept of annotation, which consists of keywords and free\Wdxéreas, recent studies
deal with the complex structure of semantic information and peopuo®e complicated
data models. Recent semantic video models represent the complantie entities such

as objects and events; and the relationships among them at the highest leve

It is obvious that conventional relational database models &slaquate for the complex
video semantic content. Additional research effort should be madengiruct a more
powerful video data model. Some of the studies on semantic videdimgpale explained

below briefly.

OVID (Object-oriented Video Information Database) proposed in [B@hduces a video-
object model and a prototype video-object database systentded ffiame sequence is
considered as a video object, which has its own attributes. Thd im@bhemaless so an
object-oriented class hierarchy is not used as a databhasma&. Data is shared among
video objects by using interval inclusion inheritance. A setoofiposition operations is
used for video objects such as interval projection, merge, amthjpvé query language

VideoSQL is also introduced to query video objects.

VideoStar proposed in [7], introduces a generic video model not only sups®tirantics
but also the structure of video documents. They use sequence-scehesrohy, which
is a well-known method for representation of hierarchical siracof video data, and
define shot as a contiguous sequence of frames represerdorgiuous action in time
and space. Scenes are constructed by shots, which are reldied iand space. The
semantically closer scenes are combined to construct a seguwemicl describes a
continuing story. The model in [7] is represented by enhanced ER mAsbtations
(Person, Location, and Event) are associated with video segtoesupport indexing. The

annotation related classes may be extended for any application domain.

In [8], the authors propose an integrated data model and a query langbhay also use
sequence-scene-shot hierarchy and define an abstract claggui®tr for generalization

of the classes “Sequence”, “Scene” and “Shot”. Figure 2.1 mmseshe hierarchical



structure of video data, which is used in [7, 8]. The relatianeng the semantic entities

are not considered in [7, 8].

AVIS (Advanced Video Information System) proposed in [47], introdacésmal video
model. The model includes objects, events and activities. An gdsvén event type and
Is used to group similar events. Special data structures sua$sasiation maps, frame
segment trees, object arrays, activity arrays and eveysaare used to model video data
semantically. Various semantic queries, such as elementargt,obiementary activity,
object occurrence and activity type occurrence, are supported byddel of AVIS.
Beside these queries, the model also allows to construct compoumesdneluding the
relationships between objects and events, and to construct dorgugaeries, which

group same type of queries.

VIDEO
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q q Sequences
L 4
Scene Scene Scene Scene .

Scenes

L 4
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Shots

L 4
Frames

Figure 2.1: The Hierarchical Structure of Video Data

In [13], the data model of AVIS is enhanced to support spatio-temnpemtures of

semantic video entities. The association map in AVIS modehnfsanced to represent
spatial properties of objects. Spatial data is stored togetite the objects in a frame
segment tree. An array structure of objects is presentstbit® spatial data. The spatio-

temporal model introduced in [13] provides fuzzy spatial, fuzmtie-temporal, fuzzy



object trajectory and regional queries of video data. Caloalérmulas for membership

values are introduced for fuzzy spatial queries.

In [3], a multimodal video data model is proposed. The model hasadtigal structure
for visual, auditory and speech contents, which provides querying video contentynat
abstract groups but also at single events. In the hierarchy ofdtiel, the shot structure is
not used. A sequence is partitioned into scenes and scenes ar@essath events. The
model supports all the semantic queries in AVIS and fuzzyapspiatio-temporal queries
in [13]. In addition to these queries, video data can be queried on wasdahuditory

content.

In [48], a video data model named as CoP@\proposed. Temporal cohesion is used for
video segmentation, and objects and relationships among the @getssociated with a
temporal cohesion. In addition to the semantic model, the authorsingteduce a
declarative, rule-based constraint query language to infer re@ationships from the
existing semantic information. Two layers; Semantic LayerFeature & Content Layer
are introduced to distinguish between the visual and semanticeeaif video data. The
queries are divided into two forms: structural part and vipaal. The queries related to
the structural part are addressed to the Semantic Lagear® handled by FLORID (a
deductive object-oriented database management system). Thes qakxied to the visual
part are addressed to the Feature & Content Layer and aredéydBM’s QBIC system

(image content-based retrieval system).

In [2], a semantic video data model, which handles semantic iafmmin hierarchy, is
proposed. In this model, video data has events, events have subeventjeatsl are
modeled in every level of the hierarchy. Events correspond to rsespi@nd subevents
correspond to scenes. The model uses temporal cohesion to provide tempagement.
The semantic model is used in BilVideo [49], which is a pr@®tyideo database
management system consisting of four main parts: Fact-Extradgiteo Annotator, a
web-based visual query interface and an SQL-like textual querguhge. BilVideo
supports spatio-temporal queries by the help of a knowledge baseeraadtis, color,

shape, texture queries by the help of an object-relational database.

In [4, 46], the SEBM model, which is a structural and event-basedmodil data model,
is introduced. The model includes several sub models to modetubtise of video data.

Scene structure is not used, and sequence and scene have theesaing.nvideo is



segmented into shots automatically, according to the backgrowmyety by using a
Video Annotator tool. Then semantically closer shots are comibinte sequences with
manual assistance. Shots are partitioned into events and these anecassociated with
objects. The model supports content-based, (fuzzy) spatiatammbtal queries. An XML

database is used to store and query video data.

In [6], an integrated semantic and syntactic video model is prdpddee model is
domain-independent and it handles both the high and low level featuvedeo data. ER
diagrams extended with object-oriented concepts are used &seaprthe model. The
main entities in the model are object, event and actor. Objexgsbe involved in several
events and have different roles in each event. Such evasitispaformation is stored in
actor entity, which provides grouping of context-dependent propeftmsiects leading to
efficient retrieval. Low-level object-object relationadatrajectory information are also
stored in actor entity. The instantiation of the model isesgnted by using graphs.
Therefore, the queries of users are translated to those gtapipgery processing, the

query graphs are matched with the instantiated ones in the database.

In [17], a generic video indexing model VIDEX, which integrateif@yel and low-level
content information, is proposed. It also supports sequence-scerstrahttring. As low-
level indexing, spatial and temporal features are supported.igksldvel indexing,
content-related event, object and location classes are provided.ohtent-related part of
the model can be extended for any application domain. An example &xtdmesion of
VIDEX is given in [18, 19] which introduces SMOOTH, a distributedltimedia system.
The basic classes used for high-level indexing which VIDEXViges are extended for a

soccer-based implementation.

In [21, 22], SIRSALE system is presented. It is a video managesystem allowing
video streams to be stored in distributed repositories. SIRS4dds a modular model
allowing structural (sequence-scene-shot) browsing and content @omotehe video
indexing model consists of three parts. The first part dedls daistribution of video
documents, the second part handles the structural representatimiemfdata, and the
third part handles the content-based annotation. The third part can be chanigechéads

of any specific application domain.

None of the video models mentioned so far deal with uncertain inflomatherent to

semantic video content. There are very few studies, whichneata video data model
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with uncertainty representation. Among these, in [10, 11], a concegataimodel based
on ExXIFGQ model [5, 15] is introduced. ExIROs a fuzzy object-oriented data model
including uncertain and fuzzy information representation. In [10, 11]rtaicty is
modeled at the attribute level, object/class level ands/slalsclass level. The model
includes the modeling of events, objects and the relationships aohgecis. Video is
composed of a visual clip and an audio clip. A visual clip is cocstd from sequential
video frames. To represent this relationship, ExIF© extended with a sequence
constructor. A visual clip has events describing the contettteotlip and each event may
have its own objects. Objects in an event have relationgbgosantic or spatial) among
each other. The studies [10, 11] also describe how the conceptudlisnodgped to the
logical FOOD [14] model which is a similarity-based fuzzy object-orengabase model

where uncertainty is considered in attribute values, objects anch@azchy.

2.2 Rule-Based Approach in Video Databases

Video data includes very rich and complex semantic informaticonsi@ering the
semantic entities, there can be too many events, objects, anohsfigis among them in a
single video. Storing such a huge amount of information could bespage consuming.
In addition to that, it is not possible for an automatic extratiggrithm to capture all the
spatial information in a video or it is very impractidal a human to provide all the
semantic information manually. Therefore, mechanisms, which infermation from

existing information, are needed for video databases.

There are research efforts on utilizing knowledge-base systere-based approach for
video databases [32, 33, 34, 35, 48, 49]. Among these, in [48] the authors intaoduce
declarative, rule-based constraint query language to infer re@ationships from the
existing semantic information. Semantic queries are handled DRHL (a deductive
object-oriented database management system). Therefore -lzaseld approach is used

for handling semantic queries.

The study in [33] defines the spatial relations by using Alléasporal relations [23].
Allen’s temporal interval algebra represents relationgna dimension and it is extended
to two-dimensional space. After defining the spatial relatiorterims of Allen’s temporal
relations, the authors define a set of spatial inferences,rulvhich allow inferring

heterogeneous spatial relations by using existing spatial kdgedélowever, as discussed
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in [49], the proposed system in [33] does not promise that a conseletd relations can
be inferred from existing ones for all the object pairs. gfoee there are relations which

can not be inferred and should be calculated when a query is handled.

In [34], architecture for a video database application supporiiadgiostemporal and
semantic querying is proposed. A rule-based system built on dddagevbase is used to
store spatial relations. The spatial relations are storedadsgPfacts in the knowledge
base. All of the spatial relations in two dimensions are stgg@nd in addition to that, a
set of three-dimensional spatial relations is used. The autlswrslefine spatial inference
rules in order to reduce the number of facts leading to deradble space savings and
better performance. The facts stored in the knowledge base irsihgle key frames
instead of time intervals. There are two types of rulesrygudes and extraction rules.
Extraction rules deal with time intervals in order to extthet spatio-temporal relations
from a video. The extraction is done in a semi-automatic way an&sviiinimum
Bounding Rectangle) of video objects are annotated manually. This-spaporal
relations are found automatically by using MBRs. Extractedioeare stored as facts in
the knowledge base such as west(A, B, k) where A and B are video objects and leys the k
frame. The facts stored in the knowledge base are later mispaery processing by the
query rules. The facts, which can be derived by rules, arearetish the knowledge base.
Instead they are inferred when a query is processed. If wast(d and west(B, C, k) are
the two facts in the knowledge base, there is no need to storettive&i, C, k) since it
can be derived by the inference rudast(A, B) and west(B, C) => west(A, C)

The proposed rule-based architecture is embedded in the BilVidea[g8jtotype video
database management system. The authors also introduce ahké&Qlideo query
language in [32]. The language has the capability to handle spatpmral queries. The
language is rule-based since it allows users to expresslspanditions in terms of

Prolog-type predicates.

The rule-based architecture utilized in [34, 49] only defineiapatference rules and

semantic inference rules are not considered.

The study included in [35], presents a framework for video modeling. Atitodefinition
of high-level concepts (video objects and events) by using thecedrdeatures is

supported by the proposed model. For the object extractions and ywermtescriptions,
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rules are defined. They give examples for soccer game videdinmpderd define rules for

describing the soccer events.

2.3 Uncertainty in Object-Oriented Databases & Knowledge Bases

In this section, firstly the FOOD model is explained brieflgc@dly uncertainty issues in

knowledge bases are discussed.

2.3.1Fuzzy Object-Oriented Database (FOOD) Model

Complex objects might have uncertain information, which an objesttad data model
should consider. FOOD model, which is firstly proposed in [39] isndasity-based data
model. The study in [14] extends this model for a better representait uncertainty.

FOOD model is used as logical data model in this study. Irsdugon, the FOOD model

is briefly explained.

In FOOD model, regarding the representation of imprecisarmdtion, uncertainty is

handled at three levels: attribute level, object/class level asd/slperclass level.
2.3.1.1 Attribute Level Uncertainty

FOOD deals with three types of uncertainty at the attributel.|&he first type being
incomplete type occurs when the value of the attribute is &ub@b a range value. For
example, the audience in a football game may take values a8 +@DO0. This type of
uncertainty is called “incompleteness.” The second type of unagrtaccurs when the
value of the attribute is not known (unk), does not exist (dntjeve is no information on
whether a value exists or not (ni). For example, the desgaripfia video might not be
known (unk), the description for a video might not exist (dne) or wghtmot know
whether a description for a video exists or not (ni). This tgpancertainty is called
“null”. The third type of uncertainty occurs when the value of ttigbate is vaguely
specified. This type of uncertainty is called “fuzzy”. For eplanthe weather condition in

a football game can be specified with a fuzzy term “very hot".

Each fuzzy attribute has a domain (the set of values thieuéét may take) independent of
its class. A domain consists of linguistic values whichcaleed fuzzy terms. Range is a

subset of the fuzzy attribute’s domain, representing the idéaks/dut the attribute can
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take any values from its domain. FOOD allows definition adwahce for fuzzy attributes,
which is a real number between 0 and 1 reflecting the importance airbe definition of
that fuzzy attribute in defining the boundaries of its clRssige and relevance are used to
find the membership degree of an object to its class, and the mswpbadegree of a class

to its superclass(es). They are the same for each instance of a class.

A similarity relation, which is represented by a similanhatrix, is the basis for the
similarity-based FOOD model. A similarity matrix definesitarities between every pair
of the elements in a fuzzy domain. An example similarity matirix fuzzy attribut@geis

given in Table 2.1. The domain of thge attribute is {very old, old, young, very young,

infant}

Table 2.1: Similarity Matrix for the Fuzzy Attribute age

age veryold |old [younc very young | infant
very old 1.0 0.7 0.0 0.0 0.0
old 0.7 1.0 0.0 0.0 0.0
young 0.0 0.0 1.0 0.8 0.1
very young 0.0 0.0 0.8 1.0 0.3
infant 0.0 0.0 0.1 0.3 1.0

Fuzzy attributes are multivalued; thus, they may take afsatlues and these values are
connected by one of the AND, OR, XOR semantics. The followipgesentation is used

for the multivalued attributes:

Logical Operator Representation
AND <..>

OR {.}

XOR [..]

Assume the attributeveather which has the domain {cloudy, sunny, mild, cold, hot,

windy}. The following representations are valid:

AND: Attribute weathers value is <cloudy, cold>, which means the weather is cloudy

and cold.
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OR: Attribute weathets value is {mild, hot}, which means the weather is mild ot, ho

or maybe both.

XOR: Attribute weathets value is [hot, cold], which means the weather is hot or cold
but not both.

Here, the meaning of XOR semantics is different from thécégperator XOR that

returns true for an odd number of trues.

In FOOD model, the semantics are determined during the rangetidefof a fuzzy
attribute. For example, consider a class C which has attrilautésand c. The range

definitions may be as follows:

rng.(a) = {a, &, a} where domy(a) ={a, &, &, a, &, ..., & for OR semantics
rng(b) = <b, b>  where dogtb) = {b, b, bs, by, bs, ..., b} for AND semantics
rng.(c) = [c, &, ] where dorgc) ={ci, &, G, &, G, ..., G} for XOR semantics
2.3.1.2 Object/Class Level Uncertainty

Uncertainty at the object/class level refers to thetemee of a partial membership of an
object to its class. In FOOD model, the boundaries of a ohigist be uncertain since it
has fuzzy attributes. Range of a fuzzy attribute indicateal ivalues for that attribute.
Since a fuzzy attribute may take any value from its domagardéess of its range
definition, some objects are full members of their classds avinembership degree of 1
whereas some objects are member of their classes witbn@dbenship degree changing
between 0 and 1. The values of fuzzy attributes of an obj¢etntiee the membership
degree of that object to its class. The closer the valuazaf fattributes of an object to
range definitions, the higher the object membership degreevdae of the fuzzy
attributes and the similarity between the fuzzy attributaBies and their range definitions
determine the membership degree of an object to its classad th® object membership

degree, the following formula is used:

i INC(mg. (a;)/ 0;(a)) * RLV(a ,C)
m(0;) = RLV(a, O
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In the formula,INC(rngc(a)/0;(a)) is the inclusion degree of the attribats value to its
range. The calculation of the inclusion degree depends on the senwinthe attribute
which might be one of AND, OR, XOR semanti®LV(a,C) is the relevance of the

attributea;,. The weighted-average is used to calculate the object membership.degre
Inclusion Formulas for Fuzzy Attributes

The calculation of the inclusion degrees for different semarstiesglained below:

1- AND semantics:

AND semantics is strong since it requires that all ofvihlees appear at the same time.

The formula for AND semantics is as follows:
INC(rngc(a)/0y(a))= Min[Min[Max( 7:&(x,y))],Min[Max(r:(z,w)]],
"I mge(@). "y 7 o(@), "2/ (@), "w/ rng(a).
2- OR semantics:

When the values of an attribute get more dissimilar to each tiieedegree of uncertainty

increases. The formula for OR semantics is as follows:
INC(rngc(a)/oi(a)) = Min[Max(77(x,z)), Threshold(ge;))],
"x T oa),"z7 mgc(a)

Here, the threshold value indicates the minimum level ofiaiityi between the values of

an attribute and it can be formulated as follows:
Threshold(ga)) = Min[ m(x,2)], “x,”z 7 o(a)
3- XOR semantics:

With XOR semantics, only one of the attribute’s values exist titne. Assuming equal

probabilities for the values of an attribute, the formula for X@Rantics is as follows:

INC(rngc(a)/o(a)) = Avg[Max(m(x,y))], "x 1 o@),"y  mge(a)
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Inclusion Formulas for Incomplete Attributes

The domain and range of an incomplete attribute are defined by asiggsrrepresented
by two values such as {100 - 10000}. Considering the value of an incargteibute,
there are five cases to calculate the inclusion degree ofalue to the range of the

attribute [5]. These cases are listed below:

R[R;:..Ry] is the range of the attribute

V[V 1..V;] is the value of the attribute

D[D;..D;] is the domain of the attribute

1- Value of the attribute is within the boundaries of the attribugzige.

In this case, inclusion degree is 1.

INC(rngc(ay)/0i(a)) = 1, where R V> V; Ry

2- Value of the attribute is out of the boundaries of the attribute’®rang

In this case, inclusion degree is 0.

INC(rngc(ay)/0i(a)) = 0, where R>V,>V; D;orD, V,>V;>R,

3- Attribute’s range is the subset of the attribute’s value.

In this case, inclusion degree is calculated by using the following farmul
INC(rngc(a)/0j(a)) = (Ro- Ru+ 1) / (Vo- Vi+ 1), where¥ R>R V;

4- Attribute’s range and attribute’s value intersect at the lower sitie singe.
In this case, inclusion degree is calculated by using the following farmul
INC(rngc(a)/oj(a)) = (Vo- R+ 1) / (V2- Vi+ 1), whereR V., Ry V;

5- Attribute’s range and attribute’s value intersect at the upper side r@ipe.
In this case, inclusion degree is calculated by using the following farmul

INC(rgc(a)/o(@)) = (Re- Vi+ 1) / (Vo- Vi+ 1), where¥ R Vi R
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2.3.1.3 Class/Subclass Level Uncertainty

Uncertainty at the class/subclass level refers to tretemde of a partial membership of a
class to its superclass(es). This type of uncertainty iredi¢hat the fuzziness occurs at the
class inheritance hierarchy since a class hierarchy migihbe constructed precisely in
some cases. The membership degree of a class to its subctdssleed by the following

formula:

INC = Min(Max[m(x,y)]), “X 7 rmgu(a), “y 7 rmge(a),
where c2 is the subclass of the class c1

For further information about calculation of inclusion degreesraathbership degrees,

the readers may refer to [14].

2.3.2Rule-Based Programming & Knowledge Bases

Rules are widely used to represent knowledge in various areamputer science studies.
Rule-based programming differs from procedural programmingimaber of ways [40].

In procedural programming, a program consists of a set of inetnadelling the computer
what to do in what order, whereas in rule-based programming, a pragmaade up of a

set of rules on a problem domain.

A rule engine is a program, which repeatedly checks whether kp @apprule for a set of
facts. By using rule-based programming, much simpler and shaomgrams can be
written since you focus on the rules and do not deal with a isihgflnested if statements

(which you have to use in case of procedural programming).

Knowledge in a domain is represented by rules. A rule is simplfyTedmen statement such

as:
IF it snows THEN the weather is cold.

The “if" part, which is called predicate, is the left-hamdesLHS) of the rule. The “then”
part is the right-hand side (RHS) of the rule, which is called actions.

A rule engine consists of three main parts: an inferengane, a rule base and a working

memory. Figure 2.2 represents the architecture of a typical rule enginexctharke stored
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in working memory and the rules are stored in the rule base nfdrerice engine checks
repeatedly whether any rule can apply to any fact in the work@mgory by using pattern-
matching process. If a fact matches with the “if’ partaofule (selection is done), the

actions in the “then” part of the rule are executed.

There are various knowledge base systems developed. Amongsheopular ones are
CLIPS (C Language Integrated Production System) [42] and Jess E¥pert System
Shell) [37]. CLIPS is a knowledge base written in C langudgereas Jess is a Java based

rule engine. Both of them use the well-known Rete algorithm for pattern mgighase.

INFERENCE ENGINE
WORKING MEMORY
Fact1 (x) PATTERN MATCHING
Fact2 (y)
Fact3 (z) \1/ JL
SELECTION
RULE BASE / JL
Rule1 (If x Then y) EXECUTION
Rule2 (If y Then z)

Figure 2.2: Representation of a Rule-Based System

2.3.3Handling Uncertainty in Knowledge Bases

There have been previous studies [31, 43, 44] on building knowledge dodeaded with
uncertainty. FuzzyCLIPS [43] extends the CLIPS knowledge basdlaw fuzzy rule
processing. Both crisp and fuzzy terms are allowed. The extemdesion of Rete

algorithm is used for the pattern-matching phase.

NRC FuzzyJ Toolkit & FuzzyJess [44] bring an extension to ddssengine in order to
provide the capability of handling fuzzy concepts and reasoning. The study ig based
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on FuzzyCLIPS, but is developed in Java language. NRC FuzzylitTcatk be used

standalone or it can be integrated with Jess (leading to FuzrgyJess

Both of the studies, FuzzyCLIPS and FuzzyJess use the concepttaihty factor to
handle fuzziness. Facts and rules can be defined with d¢grf@ictors. Membership
functions, which map the crisp domains to fuzzy domains, are utilieedfuzzy

processing. Either of the studies does not support the concept of similaatynga

On the other hand, the fuzzy knowledge base, which is introducel jnédxtends the
CLIPS knowledge base to allow uncertainty by using a sirtyitaased approach. The
fuzzy knowledge base (FKB) is used in an integrated environmaedclFOOD

architecture [30]. IFOOD architecture uses the FOOD madeth is similarity-based. In
order to integrate the FOOD with FKB, the fuzzy knowledge bstsmuld provide

similarity matching. FKB allows using both crisp and fuzeynts in a rule. The Rete
algorithm is extended to allow similarity-based approach anddd us the inference

mechanism of FKB.

2.4 Intelligent Fuzzy Object-Oriented Database (IFOOD) Architectire

Uncertainty is not usually considered in many research efforthi@mtegration of the
database and knowledge base technologies. Among the previous apprbanbéng
uncertain information in databases and knowledge bases, thisstaied on the IFOOD

architecture proposed in [30].

2.4.1Architecture of IFOOD

IFOOD is an intelligent fuzzy object-oriented database awthite, which integrates a
fuzzy object-oriented database (FOOD) and a fuzzy knowledge @d€B). The

representation of the IFOOD architecture is given in Figure 2.3.

FOOD is responsible for object management whereas FKB hardesledge
management. FOOD (fuzzy object-oriented database) model [1&ets as the logical
model for the fuzzy object-oriented database. FKB has the fafenence capability so it

processes fuzzy rules.
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FOOD and FKB are connected by a bridge, which provides allntiegaction between
these two parts. Bridge provides a unified view for the usketise architecture. There is a
user interface, which is connected to bridge. The userdsoétbhitecture do not need to
know any detail of the physical structure of the underlying syshewh they only

communicate with the bridge. Users can create classes, djerty rules and define
fuzzy types, domains, similarity matrices and membershiptifums by using the user

interface. The interface also allows querying of the system.

User Interface

BRIDGE

Fuzzy Processor Fuzzy Processor

— 3 —
v

FOOD FKB

Figure 2.3: IFOOD Architecture

Since FOOD is used as the logical model, similarity matchlinged to evaluate queries.
At the database and knowledge base parts of the architectueejsteefuzzy processor,
which handles all of the operations related to uncertainty (siobjact/class membership

degree and inclusion degree calculations, similarity matching, etc

Fuzzy rules are used for derived attributes and virtuakelR A fuzzy rule might include

both crisp and fuzzy conditions. Similarity matching is used to process fuzgy rule

IFOOD allows representation of both fuzzy and crisp valuea fagzy attribute. Some of
the objects stored in database may take fuzzy value andaddaheobjects may take crisp
value for the same fuzzy attribute. Therefore, the user catrecina query for the fuzzy
attribute by specifying fuzzy or crisp query conditions. For tieiason, membership
functions are utilized to map crisp values to a fuzzy termmbkrship functions help to

find the inclusion of a crisp value to a fuzzy set. Memberéinctions, which are used in
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IFOOD implementation, are right-decreasing, triangle, trapelzoddlgptical, and right-
increasing. They are also utilized in fuzzy rule processingexXample to a membership

function definition in IFOOD is given below:
membershipof fuzzyTemp hot triangle 75, 100, 140;

Here, membership function “triangle” is associated with theyfuerm “hot” which is

defined for the fuzzy type “fuzzyTemp”.

The study in [30] also proposes an object-oriented database dengxéended with
declarative rules. The language provides definition of uncectagses, objects and rules.

As the application domain, environmental information system is choosen.

2.4.2Fuzzy Knowledge Base (FKB) and Fuzzy Rules

The study in [30] utilizes the fuzzy knowledge base, which is meghan [31]. FKB is
capable of fuzzy inference. Knowledge is represented by IFNTiHiEes where both of the
consequent and antecedent parts consist of linguistic varialdean Axample, “IF x is A
THEN y is B” is a fuzzy rule where x and y are linguistic variables, A and Biary Bets.
“x is A" is the antecedent of the rule and it may have onmare clauses connected with

fuzzy logical operators (AND, OR). “y is B” is the consequent of the rule.

Fuzzy rules are used to infer values of derived attribdtes inference mechanism of the
fuzzy knowledge base, which is represented in Figure 2.4, us#arisynmatching [14]

during the pattern-matching phase.

INFERENCE ENGINE

I SIMILARITY (FUZZY) MATCHING I

dL

I SELECTION

4

I EXECUTION

i)

I COMBINATION

Figure 2.4: Inference Mechanism of IFOOD
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The fuzzy and crisp attributes might be used together in a rule. If an antecedédtpris

defined with a crisp attribute, traditional pattern matchingsied and if the matching is
successful, the matching degree will be 1. If the predisatefined with a fuzzy attribute
and the value of an object’s attribute is crisp, membershigituns are utilized to find the

membership degree of the crisp value to the fuzzy set defined in the rule.

2.4.3Integration of FOOD and FKB

As mentioned before, IFOOD provides an integrated environmentisiigietly couples a
fuzzy object-oriented database and a fuzzy knowledge base. Qareriegaluated by the

interaction of these two integral parts.

Users of the IFOOD architecture might construct querielsiding fuzzy, crisp conditions
or a combination of both. When a query request is made, the bridte $iends the query
to FOOD. The objects in FOOD, which satisfy the conditions,sent back to bridge. If
the query needs a rule firing, the bridge transfers those shggtie working memory of
FKB. The rules are fired on the objects in FKB. Then,ktidge takes the result objects

and sends them to the user interface.
The algorithm for the query evaluation, which is done by the bridge, is awsoll

1. If query needs virtual classes, then evaluate virtual aiasslition and get the

satisfied objects.

2. If query does not need virtual classes, construct the crisp qudrngend it to
FOOD, get the satisfied objects.

3. If query includes fuzzy predicates, then evaluate fuzzy predicahd get the

satisfied objects.

4. If query needs rule processing, then transfer the satisfiedtsltgeFKB and start

its inference engine. Get the satisfied objects from the workérgary of FKB.
5. Submit the satisfied objects to user interface.

More information about the query processing of the IFOOD architectan be found in
[30, 55].
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2.4.4implementation of IFOOD

The authors in [30] also developed a prototype system. As tleetalrjented database,
they use Itasca, which is an object database management sysierknowledge base,
which is used in the prototype, is CLIPS [42]. C++ programmamgliage is used during
the development phase. CLIPS is extended to support fuzzy inferencebjEuts are

stored in Itasca and the rules are stored in CLIPS. The usefatd# and bridge are

implemented in C++ environment.
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CHAPTER 3

FUZZY CONCEPTUAL VIDEO DATA MODEL

People are usually interested in the semantic meaning of deesvithey watch. They
identify the videos by the objects appearing or the events hiagpi the video. Events
and objects are the semantic entities of video data. Thenslaips between the semantic
entities are also important to express the content of a video. Semantienadeling deals
with modeling the semantic entities (such as events argttspjand the relationships

between those entities.

Video data has a more complex structure than other types tfmmdia data, which are
image, audio, and text, since video might consist of audio, image and tiextsame time.

Video has a temporal nature, since it is composed of sequedgal frames streaming in
a time interval. Events occur in a video within a time inter@&jects appear in a video in
different time intervals several times. Objects mayrb®lived in different events, with a

different semantic role in each event.

Events have temporal relations between each other. Objegte have both temporal
(according to the time intervals they appear in) and sp@cdording to their position
within a frame with respect to each other) relations betweseh other. Since objects
might change their position within a time interval, we shousw @onsider the spatio-

temporality of video objects.

Video data is a sequence of chronologically ordered video frameet &f video frames
which share the same low-level features (such as backgraalod can be grouped
together to form a video shot. Video shots, which represent ansiersontent occurring at
the same time and same place, construct a video scene. Sathaokbser scenes, which
represent a continuing story, are combined to form a video sequerisehidrarchical

structure of video data helps us to model the semantic content moiendifiand to relate

the semantic content with physical units of video data.
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It is sometimes not possible to identify the semantic inféonan a video precisely or
completely. There might be uncertain information, which also leadadertainty in query
results for video databases. Therefore, uncertainty shoulermdered by a semantic

video model.

In this study, we mainly focus on semantic modeling of video databpglications by
taking into consideration uncertainty inherent in video data, amghope a fuzzy
conceptual video data model. The proposed model is generic @ndgs the base classes
that can be adapted to any video database application domain. It suppdnterarchical
structure of video data. Additionally, the model considers tmeastc, temporal and
spatial relations between the semantic entities (objeetnit® and actors). The model is
object-oriented and UML is used to represent the conceptual modélisd@itended with
some special constructs to represent uncertain information. The pfaposel supports
(fuzzy) semantic, temporal, (fuzzy) spatial, hierarchicaliomal and trajectory queries. In

this chapter, the proposed conceptual video model is explained in detalil.

The rest of the chapter is organized as follows: The gi&stion gives a brief description
about UML. The second section describes the extensions done to thenodél and the
third section introduces the proposed fuzzy conceptual data midaelfourth section
discusses how the conceptual model is mapped to the FOOD riidiieT e application
of the conceptual model for football game videos is preséntdek fifth section. Finally,
the last section gives exemplary queries to show how the model supgoous types of

queries.

3.1UML (Unified Modeling Language)

UML [26] is a widely used standard of Object Management Gr@MG) for modeling

systems by using object-oriented concepts. In Ublifferent types of diagrams may be
used, such as class, sequence, collaboration, component, objetatamtibgrams. In this
study, UML class diagrams are utilized to represent theegnal video data model. The

class diagrams are extended to represent uncertain information.

Figure 3.1 gives a brief explanation for the basic UML notatiéch are used in a class

diagram.
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3.2 Extending UML

In this study, UML class diagrams are extended to represenupzy €onceptual data

model. UML model needs to be extended for two main reasons:

1- To represent uncertain information

2- To represent sequential nature of video data

Notation

Description

Class1

-attr1 : int
-attr2 : double

+getAttr1() : int

Class is a description of a set of objects,

which share attributes and methods. The

notation includes three parts: the name of
class, attributes and methods.

* name

—.‘

Association is the semantic relationsh

the

p

between objects of two classes. It is usually

bi-directional. The name of the associat

and the end multiplicities are also displayed.

AssociationClass1

Association class represents additiong
information about an association between
classes. It cannot exist by itself.

T

Aggregation is a special kind of associatio
which represents a whole/part relationsh
An object of the "whole" class has objects
the "part” class.

¢t

Composition is a special case of aggregat
where an object of the "part" class may bel
to only one object of the "whole" class al
time.

‘Fﬁ

Generalisationis the relationship between a
more general class and a more specific cla

on

=

WO

n,
ip.
of

on
DNy
a

Object1 : Class1
attr1 :int=5
attr2 : double = 6.2

Object is the instance of a class. The name
the object is written before the name of the

of

class. The attribute values are also displaye

ad.

Figure 3.1:

Basic UML Notations

In this study, uncertainty is handled in three levels: ateilbenel, object/class level and

class/superclass level, as defined in [14].
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Attribute Level

There are three types of uncertainty at the attributé J&d¢ The first type of uncertainty
occurs when the value of the attribute is specified as aeraae. For example, the
audience in a football game may take values in the range 10000 6. 2008 type of
uncertainty is called “incompleteness”. The second type of unegrtaccurs when the
value of the attribute is not known (unk), does not exist (dntjeve is no information on
whether a value exists or not (ni). This type of uncertamyalled “null”. For example,
the description of a video might not be known, the description miglexisitor we might
not know whether the description exists or not. The third type ofriaitsy occurs when
the value of the attribute is vaguely specified. This type oémainty is called “fuzzy”.
For example, the weather condition in a football game can lo#fisdewith a fuzzy term

“very hot”.

To represent these three types of uncertainty at thibutétdevel, the uncertain data types
defined in [9] are also used in this study. "UT_fy" represamtgyf data type, "UT_nu"
represents null data type and "UT_in" represents incompletetygaga\We define three
classes as in Figure 3.2, to represent these three uncertaiypdetal hese data types are

used in the class definitions in our fuzzy conceptual data model.

UT_nu UT_in UT_fy
-nullValue : String -value1 : float -fuzzyValue : HashMap
-crispValue : Object -value2 : float -crispValue : Object

Figure 3.2: The Representation of Classes for Uncertain Data Types

To represent a class, which has uncertain information, théiarmofatroduced in [9], is
also used in this study. A tag “U” is placed in the left-haid@ of the name compartment
of a class if the attributes of that class have uncertdimesaFigure 3.3 shows the

representation of classes Video and Event, which have attributes havinginngartes.

The definition of a fuzzy attribute is as follows: <attributame> : <type> <range>
<relevance>. Each fuzzy attribute has a domain (the set wésséthe attribute may take)

independent of its class. <range> is a subset of the furdyuse’'s domain, representing
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the ideal values but the attribute can take any values feodoihain. <relevance> is a real
number between 0 and 1 reflecting the importance of the fundlguéd in defining the
boundaries of its class. <range> and <relevance> are usedl tihdirmembership degree
of an object to its class, and the membership degree of atelé#sssuperclass(es). The
membership degrees are calculated by using inclusion forntedad class, which has a
fuzzy attribute, has method definitions of “setRanges()” to teet ranges of fuzzy
attributes, “setRelevances()” to set the relevances dyfattributes, “calcMShip” to
calculate the object-class membership degrees, and “calcGBigMto calculate the
class-subclass membership degrees. For further information efotugion formulas to

find membership degrees, readers may refer to [14].

U | Event

-name : String

U | Video -when : UT_fy [range] [relevance]
-startTime : double

-endTime : double
+getParentShot() : Shot
+getVideo() : Video
+getTimelnterval() : double
+setRanges() : void

-name : String
-rawData : String
-title : String

-date : Date
-description : UT_nu

+getStructureList() : ArrayList +setRelevances() : void
+getObjectList() : ArrayList +calcMShip() : float
+getEventList() : ArrayList +calcCSCMShip() : float

Figure 3.3: Representation of Uncertain Classes Video and Event

Object/Class Level

Uncertainty at the object/class level refers to thetemee of a partial membership of an
object to its class. If the boundaries of a class are uncetti@n the objects of this class
may be a member of the class with a membership degree bdivasehl. To represent
object/class level uncertainty in our model, we extended UM&sctliagrams by adding a
new notation “|U]” to the left-hand side of the name compantmia class. This notation
is similar to the “double-square” notation defined in [9]. Putting|™ to the class

definition indicates the uncertainty which occurs when an instahaeclass is a partially

member of its class.

Class/Subclass Level

Uncertainty at the class/subclass level refers to tretemde of a partial membership of a

class to its superclass(es). This type of uncertaintyaheicthat uncertainty occurs at the
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class inheritance hierarchy since sometimes we might not Ieet@lronstruct a class
hierarchy precisely. To represent class/subclass level umtgrta fuzzy inheritance
relationship constructor is introduced to the UML data model. The capital 1€” is used

to indicate that the inheritance relationship is fuzzy as repezbentigure 3.4.

Figure 3.4: The Representation of the Fuzzy Inheritance Relatiohgp

The example given in Figure 3.5 shows the new constructors addedutMthenodel to
represent uncertainty at object/class and class/subclassls.levlThe class
EndangeredSpecies is the superclass, the classes BuEedbngeredBear, and Wolf are
the subclasses. The inheritance relationship in this examplezys, therefore, the classes
Butterfly, EndangeredBear and Wolf are the subclasses of EnddSgecies with a
membership degree, which may change between 0 and 1.

EndangeredSpecies

KoalaBear : EndangeredBear
objectMShip : float = 0.5

AN AN
PolarBear : EndangeredBear
objectMShip : float = 0.8
Butterfly Ul | EndangeredBear Wolf PandaBear : EndangeredBear

objectMShip : float = 1

+setRanges() : void
+setRelevances() : void
+calcMShip() : float
+calcCSCMShip() : float

Figure 3.5: Object/Class and Class/Subclass Level Uncertainties

The class EndangeredBear has “|U|” notation indicating that also uncertain at the
object/class level. The instances of EndangeredBear clashiemembers of the class
with a membership degree, which may change between zero andisoihés represented

in Figure 3.5, there are three instances of the class Ernddigar: KoalaBear, PolarBear
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and PandaBear. KoalaBear is an instance of the EndangeredBsawittaa membership
degree of 0.5, PolarBear is an instance with a membershipedefjf.8 and PandaBear is
an instance with a membership degree of 1, which means it hdsn@efabership to the

EndangeredBear class.
Fuzzy aggregation/composition

The fuzzy conceptual data model has the constructors to eepfagziness in aggregation
and composition relationships. In a fuzzy aggregation or compositiationship, the
constituent whose role is “part” is the part of the constituwgrdse role is “whole” with a
membership degree between 0 and 1. The fuzzy aggregation or coompasdtionship is
represented by using the notation “F” as shown in Figure 3.6 in thee rsamner with [9].
The difference between aggregation and composition relationshgeplained in UML
model [26].

Figure 3.6: The Representation of Fuzzy Aggregation/Composition Rationships

Figure 3.7 represents an example for a fuzzy aggregatiotionslap, which may be
necessary in various applications such as environmental informsystems [9]. For
instance, an instance of the class Chemical is a chemitstasice such as carbon
monoxide or carbon dioxide. The Chemical instances are aggregdtmthta Pollutant
instance. The membership degree of a Chemical instance in tHis-pdrorelationship is
fuzzy leading to a fuzzy aggregation. The values of fuzzipateésharmfulnessanddose
determine the membership degree of Chemical instances tagdpisgation relationship.
The range of these attributes is specified as [low, mediughn] l#ind the relevance of

harmfulnesss 0.8, whereas the relevancedokeis 0.7.

Video data can be thought of as a sequence of chronologically dndde®» segments. In

[10, 11], a new constructor “sequence” is introduced to the BEXF,0L5] model with
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respect to the sequential nature of video data. The sequenceictomss a special case of
aggregation where the constituents have a chronological ordehisirstudy, a new
relationship “sequence”, similar to the sequence constructoredefi10, 11] is added to

the UML model. Representation of the “sequence” relationship is shown ire Bdur

U | Chemical

U | Pollutant -harmfulness : FuzzyDegree [low,medium,high] [0.8]
-name : String -dose : FuzzyDegree [low,medium,high] [0.7]
-composition : FuzzyDegree [low,medium,high] [0.8] F -odor : UT_nu
+setRanges() : void < -color : UT_nu
+setRelevances() : void 1 *  |+setRanges() : void
+calcMShip() : float +setRelevances() : void
+calcCSCMShip() : float +calcMShip() : float

+calcCSCMShip() : float

Figure 3.7: The Fuzzy Aggregation between Pollutant and Chemical Clsss

Figure 3.8: The Representation of “Sequence” Relationship

3.3 Conceptual Video Data Model

In this study, the fuzzy conceptual data model is representedlizingtextended UML
class diagrams. With respect to the hierarchical struofurigleo data, video is segmented
into sequences, a sequence is segmented into scenes and & segnaented into shots.
For example, in a football game video, a sequence may correspancbtdinuing story
such as the first half of the football game, a scene magsmond to a goal scene, and a

shot corresponds to a free kick in that goal scene.

In the video model, the classes Sequence, Scene and Shot imimeribhdr class Structure.
The Structure class corresponds to a video stream. The atrdtateimeandendTime

represent the time interval information of the correspondingovigteeam. A video is
composed of sequential video streams; this relationship isseeyesl in Figure 3.9.
Sequences are sequential in a video whereas scenes and shdtsekxino be sequential

and they may overlap in the model. To represent the hierarchical strottudeo data, an
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aggregation relationship between Sequence and Scene, and aga@ggreslationship

between Scene and Shot are defined as represented in Figure 3.10.

U | Video
-name : String‘ Structure
ET2EE S Sl has -startTime : double
-title : String e
; -endTime : double
-date : Date | e « &6
-description : UT_nu 1 * : 9

+getTimelnterval() : double

+getStructureList() : ArrayList +getVideo() : Video

+getObjectList() : ArrayList
+getEventList() : ArrayList

Figure 3.9: Sequence Relationship between Classes Video and Struetu

Sequence

+getScenelList() : ArrayList

1

*

Structure
startTime : double < Scene
-endTime : double <|
-name : String +getShotList() : ArrayList
+getTimelnterval() : double 47 +getParentSequence() : Sequence
+getVideo() : Video

1

Shot

+getParentScene() : Scene
+getFramelList() : ArrayList
+getEventList() : ArrayList

Figure 3.10: The Representation of the Hierarchical Structure of \deo Data

In our model, video data has three main semantic entitieat,edMgect, and actor. In the

following sections, the classes related to these entitiebavidikplained in detalil.
Event

The class Event represents the information about what is hagpena video stream. It

has three crisp attributemme startTime endTime and an uncertain attributehen The
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attributewhencorresponds to the semantic time of the event. Sometimesnvaotaell
the exact time of an event in a video. We tend to use wordsalikbe beginning of the
video” or “at the middle of the video”. Attributehenis used when we can not exactly
define the time of the event. The attribustartTime and endTimerepresent the time
interval in which the event occurs. In our model, events are defiribohwa shot. A shot

may contain many events; this relationship is represented in Figdre 3.1

U | Event

-name : String

-when : UT_fy [range] [relevance]
-startTime : double Shot
-endTime : double has 1

+getParentShot() : Shot
+getVideo() : Video
+getTimelnterval() : double
+setRanges() : void
+setRelevances() : void
+calcMShip() : float
+calcCSCMShip() : float

+getParentScene() : Scene
+getFramelList() : ArrayList
+getEventList() : ArrayList

Figure 3.11: The Aggregation Relationship between Event and Shot

For a specific application domain, the class Event may be extemtkdnany domain
specific subclasses may be defined. The inheritance hierafchlye class Event is
represented in Figure 3.12. This hierarchy can be extended ered rttay be multiple

levels in the class hierarchy.

Relations may exist among instances of Event class. There dao ligpes of relations

among Event instances in our model.
1- Causal relations

We use a causal relation in case an event may be the chasother event. Causal

relations may be “causes” and “resultingFrom”.
2- Temporal relations

A video event occurs in a specific time interval, thus, tlcare be temporal relations

among eventsTemporal relations are defined according to Allen’s tempdgabaa
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[23]. Temporal relations utilized in this study dvefore, meets, during, overlaps,

starts, finishes, equaind their inverses, excepqual.

U | Event

-name : String

-when : UT_fy [range] [relevance]
-startTime : double
-endTime : double
+getParentShot() : Shot
+getVideo() : Video
+getTimelnterval() : double
+setRanges() : void
+setRelevances() : void
+calcMShip() : float
+calcCSCMShip() : float

EventType1 EventType2 EventType3
EventType4 EventType5

Figure 3.12: The Representation of Event Inheritance Hierarchy

Relations among events are represented in Figure 3.13. Theme nigny-to-many
relationship from Event class to itself. EventToEventRelat®ram association class
(represented with a dashed line) and it implements the aoteifemporalRelaton, which
includes the methods corresponding to the temporal relations, usei$ istutly. The
representation of the TemporalRelation interface is shownguar&i3.14. The interfaces
SpatialRelation and TemporalRelation are similar to “Spgakpct” and

“TemporalObject” of the VIDEX model [17].

-name : String

[ } EventToEventRelation
U | Event -~ —|-relationName : String
-when : UT_fy [range] [relevance]

-startTime : double
-endTime : double
+getParentShot() : Shot
+getVideo() : Video
+getTimelnterval() : double
+setRanges() : void
+setRelevances() : void
+calcMShip() : float
+calcCSCMShip() : float

Figure 3.13: The Representation of EventToEventRelation Association Gla
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ActorToActorRelation
-relationName : String

ObjectToObjectRelation -membershipDegree : float EventToEventRelation
-relationName : String -startTime : double e —
-membershipDegree : float -endTime : double ElaioNEmeHbTNg

T
! |
! |
! |
! |
! |
! |
(= 4

VA AV A vA

«interface» «interface»

SpatialRelation TemporalRelation
+overlaps() : boolean +before() : boolean
+disjoint() : boolean +meets() : boolean
+equal() : boolean +during() : boolean
+inside() : boolean +overlaps() : boolean
+contain() : boolean +starts() : boolean
+touch() : boolean +finishes() : boolean
+top() : FuzzyBoolean +equal() : boolean
+left() : FuzzyBoolean +beforel() : boolean
+right() : FuzzyBoolean +meetsl() : boolean
+bottom() : FuzzyBoolean +duringl() : boolean
+top-right() : FuzzyBoolean +overlapsl() : boolean
+top-left() : FuzzyBoolean +startsl() : boolean
+bottom-right() : FuzzyBoolean +finishesl() : boolean
+bottom-left() : FuzzyBoolean

Figure 3.14: TemporalRelation and SpatialRelation Interfaces

In our model, there is also an aggregation between theesl&sdeo and Event to provide

accessing the events of a video more easily as represented in Figure 3.15.

u ] Event

u 1 Video -name : String
-when : UT_fy [range] [relevance]
-startTime : double

-name : String
-rawData : String

-title : String has -endTime : double»
-date : Date +getF'_arentSho_t() : Shot
-description : UT_nu 1 . +getVideo() : Video

+getTimelnterval() : double
+setRanges() : void
+setRelevances() : void
+calcMShip() : float
+calcCSCMShip() : float

+getStructureList() : ArrayList
+getObjectList() : ArrayList
+getEventList() : ArrayList

Figure 3.15: The Representation of the Relationship between Video akent

Object

A video stream has objects, which correspond to meaningful sereatities. An object
may be a ball, a player, a tree, a person, etc. The class @dgezesents the video objects.
It may have crisp or uncertain attributes reflecting evahdpendent properties of a video

object. Event-specific attributes are stored in Actor eintitially defined in[6] and it will
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be explained in the next section in detail. The relationship betelesses Video and

Object is represented in Figure 3.16.

U | Video

-name : String U | Object
-rawData : Strin - -
title - String 9 has -objectName : String
_date : Date -description : UT_nu
-description : UT_nu 1 »  |*getVideo() : Video

— = +getFrame() : Frame
+getStructureList() : ArrayList . X .
+getObjectList() : ArrayList EgstiRegion GHRsgion
+getEventList() : ArrayList

Figure 3.16: The Representation of the Relationship between Video afbject

For a specific application domain, the class Object may benéed and many domain
specific subclasses may be defined. The inheritance hierafclige class Object is
represented in Figure 3.17. The hierarchy can be extended and there may be leuwétiple

in the class hierarchy.

U | Object
-objectName : String
-description : UT_nu
+getVideo() : Video
+getFrame() : Frame
+getRegion() : Region

ObjectType1 ObjectType2 ObjectType3

i

ObjectTyped

Figure 3.17: The Representation of Object Inheritance Hierarchy

Relations may exist among instances of Object. Therewardypes of relations among

instances of Object in our model.

37



1- Semantic relations

These are the relations among instances of Object clasd) af@aot event-specific,

such as mother-of, friend-of, husband-of, etc...
2- Spatial relations

Spatial relations between instances of Object are only &éarfdr image data. The
spatial relations between Object instances in a video evemtl{er words between
actors) are stored in ActorToActorRelation. An Object msta has location
information within a video frame. Spatial relations occur edicg to the locations of
two video objects with respect to each other. The notation of kpelations, which
was used in [13], is also used in our study. Spatial relations mdyrdaional and

topological.

Directional relations are strict directional relatiotap( left, right bottorn) and mixed-

directional relationst¢p-right, top-left, bottom-right, bottom-Ift
Topological relations arequal, inside, disjoint, touch, overlagsdcontain

Relations among Object instances are represented in Bdu@eThere is a many-to-many
relationship from Object class to itself. ObjectToObjecaReh is an association class and
it implements the interface SpatialRelaton, which includesmbthods corresponding to
the spatial relations, used in this study. The type “FuzzyBodlewhich is used in
SpatialRelation interface, is taken from the work [12]. Thethwmds defined in
SpatialRelation interface returns values in the range 0.0 andep@senting fuzziness,

which might occur in spatial relations.

_| ObjectToObjectRelation

I |-relationName : String
————-! |-membershipDegree : float

U | Object
-objectName : String
-description : UT_nu
+getVideo() : Video
+getFrame() : Frame
+getRegion() : Region

Figure 3.18: The Representation of Object class
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The representation of the SpatialRelation interface isngive Figure 3.14 and the
representation of the class, which we define for the type Fuzzg&woois given in Figure
3.19. Since a spatial relation may be fuzzy, there is a mempeatsbiee associated with
the relation. The attributmembershipDegreim the class ObjectToObjectRelation is used

to represent this membership degree.

FuzzyBoolean

-membershipDegree : float

+setMembershipDegree() : void
+getMembershipDegree() : float

Figure 3.19: The Representation of the Class FuzzyBoolean

Actor

Video objects may be involved in different events. In ea@ntesan object is involved, it
becomes an actor and takes semantic and linguistic rolesofleept of actor entity was
introduced in [6]. The concept is integrated to our model. Videactshjeay have event-
specific roles. For example, a video object may be a “newaksgein one event and an
“interviewer” in another event. Therefore, an object has @, mwhich is event-specific.
Event-specific properties are stored in Actor entities inmaodel. There is an association
between Event and Actor classes and there is an associatieeebefctor and Object
classes. An event may have more than one actor. An object niayobeed in more than

one event. These relationships are shown in Figure 3.20.

There are two attributes in Actor entitymgRole and semRoleas it is defined in [6].
semRolemeans the semantic role of an object in an event suctt@®r,skicker, etc.
lingRolemeans the linguistic role of the object in an event. Therthege linguistic roles:
agent, object and recipient. Agent is doing the event, the object is thieaffee from the
event, and recipient is the indirect one. These linguistic eolesaken from Semantic DS
of MPEG-7 [24].

Relations may exist among actors. There might be three typekations among actors in
our model:
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1- Semantic Relations

Semantic relations describe the event-specific semanéiagitons between two

actors in an event.
2- Spatial Relations

Spatial relations describe the relationship between two actosdang to their
locations in the time interval of the event they occur. Spagialtions between
actors are event-specific whereas spatial relations arobperts are handled

within a single video frame.
3- Temporal Relations

Temporal relations describe the relationship between twosaatwording to their

occurrence during the time line.

U | Event
-name : String
-when : UT_fy [range] [relevance]
-startTime : double Actor
-endTime : double acts_in -lingRole : String
+getParentShot() : Shot -semRole : String

+getVideo() : Video +getPositions() : ArrayList

+getTimelnterval() : double 1 " +getEvent() : Event
+setRanges() : void +getObject() : Object
+setRelevances() : void

+calcMShip() : float *

+calcCSCMShip() : float

actg_as

U | Object
-objectName : String
-description : UT_nu
+getVideo() : Video
+getFrame() : Frame
+getRegion() : Region

Figure 3.20: The Relationships among Event, Actor and Object

Relations among actors are represented in Figure 3.21. Theee rany-to-many
relationship from Actor class to itself. ActorToActorRelatis an association class and it
implements both of the interfaces SpatialRelaton and TemporatRelaThe
representation of this relationship is given in Figure 3.14. Sirgpatal relation may be

fuzzy, there is a membership degree associated with tlatione The attribute
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membershipDegreein the class ActorToActorRelation is used to represent this
membership degree. The attributgsrtTime and endTimerepresent the time interval,

which the relation represented with ActorToActorRelation class, hattgw

ActorToActorRelation

-relationName : String
_|-membershipDegree : float
I |-startTime : double

* 1 [endTime : double

Actor
-lingRole : String
-semRole : String
+getPositions() : ArrayList
+getEvent() : Event
+getObject() : Object

Figure 3.21: The Representation of ActorToActorRelation Association @ss

An actor has a spatio-temporal property since it may chasgmsition within the time
interval of an event. Therefore, an actor has trajectofgrmmation in an event. To
represent trajectory information, we define an aggregatiowelest Actor and Position
classes. The class Position indicates the position of an iactorspecific time interval
within an event. Position class is associated with Regios.Cld®e Region class indicates
the MBR (minimum bounding rectangle) of the actor in a spetifie interval. The
collection of Position instances gives the trajectory ofatter in a specific event. These
relationships are represented in Figure 3.22. We store tleettigj information in Actor
entity not in Object entity because the trajectory inforamatis event-specific. The
approach we use to store the trajectory information is airtdl the one in [3] where the
authors define a class named “MovingRegion” to store thectaaje information of a
video object. “MovingRegion” aggregates “Location” which is thimimum bounding

rectangle of an object.

A video shot consists of sequential video/audio frames. Therefoere is a sequence
relationship between Shot and Frame classes. Each framenhge and audio signal
properties. Image specific properties are defined in the ¢ttagge and audio signal
specific properties are defined in the class AudioSignal.sdheelationships are
represented in Figure 3.23. The attributes of the classe® lamabAudioSignal are taken
from the study [11].
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Position

-startTime : double
-endTime : double

+getRegion() : Region
+getActor() : Actor

Figure 3.22: The Representation of the Actor Trajectory Information

1
has

1

Region
—topLeftX : int
-topLeftY : int
-width : int
-height : int

u i

Object

-objectName : String
-description : UT_nu

has 1

Actor

“lingRole : String
-semRole : String

+getPositions() : ArrayList
+getEvent() : Event
+getObject() : Object

Shot

+getParentScene() : Scene
+getFramelist() : ArrayList
+getEventList() : ArrayList

+getVideo() : Video
+getFrame() : Frame
+getRegion() : Region

Figure 3.23: The Relationships between Shot, Frame, Image and Signal

1
has
*
Frame
has —frameNumber : int
+getObjectList() : ArrayList
+getAudioSignal() : AudioSignal
+getimage() : Image
1 1
has has
1
AudioSignal u ] Image
-frequency : float -title : String
-amplitude : int -format : String
-title : String -width : int
-keyword : String -height : int
+getFrame() : Frame -color : UT__fy [range] [relevance]
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-shape : String
-texture : String
-histogram : String
-rawData : String

+getFrame() : Frame
+setRanges() : void
+setRelevances() : void
+calcMShip() : float
+calcCSCMShip() : float

A video frame has video objects associated with it. Thesefan aggregation relationship
is defined between Frame and Object as represented in Fig28 The location

information of an Object instance within a Frame is storedRegion instance; thus, there
is also an association between Object and Region. Spatidibnsl among the Object

instances within a frame can be found by comparing their associated Reggamces.

Finally, Figure 3.24 represents the complete generic model we prégogideo database
applications.



U | Video
-name : String
-rawData : String
title : String has *
-date : Date +getSceneList() : ArrayList
-description : UT_nu 1
+getStructureList() : ArrayList 1
+getObjectList() : AmrayList *
+getEventList() : ArrayList

Sequence

Structure

1
-startTime : double <|7 Scene
1 -endTime : double <17

-name : String +getShotList() : ArrayList

+getTimelnterval() : double <|7 +getParentSequence() : Sequence
+getVideo() : Video

1

has * R
i *
-—-{EventToEventRelation
U | Event -relationName : String Shot
-name : String *
-when : UT_fy [range] [relevance] 1

+getParentScene() : Scene
+getFrameList() : ArrayList
+getEventList() : ArrayList

-startTime : double
-endTime : double
+getParentShot() : Shot
+getVideo() : Video
+getTimelnterval() : double * has 1
+setRanges() : void
+setRelevances() : void
+calcMShip() : float

+calcCSCMShip( : float ActorToActorRelation has
-relationName : String
1 . -membershipDegree : float
Position acts_in -startTime : double

—J-endTime : double

-startTime : double
-endTime : double * N B

+getRegion() : Region has
+getActor() : Actor 1 etor * 1 e
1 nas -lingRole : String -frameNumber : int
-semRole : String +getObjectList() : ArrayList
+getPositions() : ArrayList +getAudioSignal() : AudioSignal
1 +getEvent() : Event +getimage() : Image
+getObject() : Object has
Region 1 1
-topLeftX : int * has has
-topLeftY : int
-width : int acty_as
-height : int 1 1
1 1 AudioSignal U | Image
-frequency : float title : String
has U | Object * -qmplitudg:int -folrmatEString
- . title : String -width : int
-objectName : String -keyword : String -height : int
1 [description : UT_nu . +getFrame() : Frame | |-color: UT_fy [range] [relevance]
+getVideo() : Video -shape : String
+getFrame() : Frame -texture : String
* +getRegion() : Region -histogram : String
-rawData : String
* ! +getFrame() : Frame
! +setRanges() : void
! +setRelevances() : void
r - +calcMShipy() : float
+calcCSCMShip () : float

ObjectToObjectRelation

-relationName : String
-membershipDegree : float

Figure 3.24: The Generic Conceptual Video Data Model Representedttvthe
Extended UML Class Diagram
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3.4 Mapping to FOOD

In this section, we give examples to mapping our conceptual nodelogical model.
FOOD (fuzzy object-oriented data model) [14] is used as thedbgiodel. The uncertain
classes extend the class Fuzzy that provides basic methodsMStep” and
“calcCSCMship” to calculate object membership degrees msd/subclass membership
degrees respectively. The definition of the class Fuzzy is repeedsierFigure 3.25. Figure

3.26 represents the classes extending the class Fuzzy.

Figure 3.25: The Representation of the Class Fuzzy

U | Event
-name : String U |  Video
-when : UT_fy [range] [relevance] C =
-startTime : double Fuzzy -?:vzn[‘)ea-t: frgt?ing
-endTime : double objectMShip : float title - String
+getParentShot() : Shot >l classSClassMShip : float K~ -date : Date
ORI SWEED +calcMShip() : float -description : UT_nu
:gz:;‘;’r‘ft‘:;"f"g 5 double +calcCSCMship() : float TgetStructureList() ; ArrayList
+setReIeg/ancés() : void +getObjectI7ist() : Arrayl..ist
+calcMShip( - float +getEventList() : ArrayList
+calcCSCMShip() : float

U | Object
-objectName : String
-description : UT_nu
+getVideo() : Video
+getFrame() : Frame
+getRegion() : Region

Figure 3.26: The Classes Extending the Class Fuzzy

New classes extending UT_fy are defined to store informatiorifispieca fuzzy domain
such as FuzzyTemperature, FuzzyAge, FuzzyHeight, FuzzybinediuzzyWhen and

FuzzyDegree. The representation of these classes is giveigure 3.27. These classes
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store domain, similarity matrix, semantics, crisp type andmineeship function
information related to a fuzzy domain. UT_fy is used for an atttn between these

classes.

The linguistic values in a fuzzy domain are called fuzzy se®milarity matrix is used to
define similarities between every pair of the elementa ifuzzy domain. To find the
inclusion of an attribute’s value to a fuzzy set, inclusion fda® in [14] are used.
Different inclusion formulas are employed depending on the semanhtickizzy attribute
which might be one of AND, OR, XOR semantics. The attribad®ain simMatrix
semantics, crispType and membershipFunctoa defined static, since they are class
attributes and their values are the same for each instarecelass. It is meaningful that
similarity matrix, semantics, domain and memberhsipFunction inteyma defined by
domain experts. Example class definitions written in Javaukeyey are provided

Appendix A.

FuzzyDlrectlon FuzzyWhen
. iddle-right, ri -domain : HashMap = [beginning of the game, end of the game...]
|mMatnx HashMap -simMatrix : HashMap
-semantics : String = OR -semantics : String = OR
-crispType : String = integer -crispType : String = integer
-membershipFunction : HashMap -membershipFunction : HashMap

FuzzyHeight FuzzyTemperature

-domain : HashMap = [very tall tall, medium short.very shor UT fy -domain : HashMap = [hot,mild,normal,low.very low.frigid
-simMatrix : HashMap T -simMatrix : HashMap

-semantics : String = AND — -(f;l:'|zszy\\llaa||[;l:OH;ZI:;tMap —|-semantics : String = OR

-crispType : String = integer P ) -crispType : String = integer

-membershipFunction : HashMap -membershipFunction : HashMap
FuzzyAge FuzzyDegree
-domain : HashMap = [very old,old young.very young.infan] -domain : HashMap = [very high,high,medium.low very low]
-simMatrix : HashMap -simMatrix : HashMap
-semantics : String = OR -semantics : String = OR
-crispType : String = integer -crispType : String
-membershipFunction : HashMap -membershipFunction : HashMap

Figure 3.27: The Representation of the Classes Defined for FuzzyDoims
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3.5An Application: Football Game Videos

We extend our generic model for a specific application domaintbéll game videos.
Some of the classes are somewhat similar to the ones us2@l,invhich is designed for
SMOOTH soccer application [18, 19]. In our generic model, we pravidédase classes
Event and Object, and then we extend them for the application dowaibalf games by

adding new football game content specific classes.

Figure 3.28 represents the Event hierarchy for the application dofoatball games.

There are six classes extending Event: ShotEvent, Goal, Corner, Fostlevdhd Penalty.
The class FreeKick extends the class ShotEvent. The interitaelationship between
FreeKick and ShotEvent is fuzzy reflecting the fact thatavetry free kick is a shot in a

football game. Some free kicks may be a pass.

Corner
-direction : String

Penalty U | Event

-name : String
u>-when : FuzzyWhen [beginning of the game, end of the game..] [0.7]
-startTime : double
-endTime : double Ul | Foul
+getParentShot() : Shot -harshness : FuzzyDegree [very high,high,medium] [0.8]

+getVideo() : Video -redCard : boolean
-yellowCard : boolean

+getTimelnterval() : double

Whistle +59$3:19950 V(f)lid ” -fieldPosition : String
— > +setRelevances() : voi { +setRanges() : void
-decision : String [+calcMShip() : float +setReIe?/ancesO void

+calcCSCMShip() : float +calcMShip() : float

+calcCSCMShip() : float

U | Goal U | ShotEvent

~style : String -distance : UT_in "
-direction : FuzzyDirection [left, middle-left, middle, middle-right,right] [0.7] F FreeKick
distance : UT_in direction : Stiing

Figure 3.28: The Classes Which Inherit from Event in a Football Game

The range of the fuzzy attributehenin Event class is [beginning of the game, mid of the
first half, end of the first half, beginning of the second,halfl of the second half, end of
the game]. Thelirection attribute in the class Goal represents the information aheut
direction from which the goal is scored, which might takeieslfrom the range [left, left-
middle, middle, middle-right, right]. The range values of the ateilenare taken from

the model introduced in [11].
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The class Foul has “|U|" notation indicating that it is unceraithe object level. As it is
represented in Figure 3.29, there are three instances of #seFdal: Kicking, Pushing
and Hitting. Kicking is the instance of the Foul class witmembership degree of 0.9,
Pushing is the instance of the Foul class with a membership degree of 0.2 anddHittéeng i
instance of the Foul class with a membership degree of 0.2vdlbe of the fuzzy

attributeharshnesslecides the membership degree of these instances to the class Foul.

Kicking : Foul Pushing : Foul Hitting : Foul
harshness : FuzzyDegree = [very high,high] harshness : FuzzyDegree = low harshness : FuzzyDegree = [medium,low]
redCard : boolean = false redCard : boolean = true redCard : boolean = false
yellowCard : boolean = true yellowCard : boolean = false yellowCard : boolean = true
fieldPosition : String = defense fieldPosition : String = midfield fieldPosition : String = midfield
objectMShip : float = 0.9 |objectMShip : float = 0.2 objectMShip : float = 0.2

Figure 3.29: The Instances of Foul Class with Different Membersph Degrees

Ball

U | Object
-objectName : String <I

-description : UT_nu
+getVideo() : Video

|'>+getFrame0:Frame <||
+getRegion() : Region
U | Person U | Match
-name : String -matchDate : Date
-age : FuzzyAge [very old,old,young,very young] [0.5] -audience : UT_in
-height : FuzzyHeight [very tall tall, medium,short,very short] [0.5] | |-airCondition : FuzzyTemperature [hot,mild,normal,low,very lowfrigid] [0.5]
+setRanges() : void +setRanges() : void
+setRelevances() : void +setRelevances() : void
+calcMShip() : float +calcMShip() : float
+calcCSCMShip() : float +calcCSCMShip() : float
0.* 0+ 0.
Player Referee
-dressNumber : int -style : String leads
-fieldPosition : Strin
e osTon: >The U | Stadium
! -name : String
-capacity : UT_in
1. fakes glace in -address : String
1 plays in —}
Team 1
-name : String 2

Figure 3.30: The Classes Which Inherit from Object in a FootbalGame
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Figure 3.30 represents the Object hierarchy for the applicaiomain, football games.
There are five classes extending the class Object: Persaoh MBall, Team and Stadium.
Person, Match and Stadium are uncertain classes, whereaadB&kk@am are crisp classes.
The class Person has two uncertain attribaggs and height of type fuzzy. The class
Match has two uncertain attributesidienceof type incomplete andirCondition of type
fuzzy. There are two classes extending the class Persyer Riad Referee. There is an
association between Referee and Match named “leads”. Theren iaggregation
relationship between Team and Player meaning that a teamtsoofi$l and more
players. There is an association between Team and Matchd rigiags in”. There is an

association between Match and Stadium named “takes place in”.

Figure 3.31 represents an example to the object/class levataintefor the football
games domain. The class TalentedPlayer, which extends #sRilyer, is uncertain at
the object/class level. The values of the uncertain attsbshotAccuracy speedand
ballControl decide the membership degree of an object to TalentedRitgss. The
objects “John” and “Brad” are the instances of the clasentadPlayer with the
membership degrees 0.63 and 0.89 respectively. The atttddatd is a derived fuzzy
attribute and its value is not stored explicitly but derivecbeding to the values of the
attributesshotAccuracyspeedandballControl by processing a fuzzy rule. Fuzzy rules will

be explained in Chapter 3.

Player John : TalentedPlayer

shotAccuracy : FuzzyDegree = low
speed : FuzzyDegree = medium
ballControl : FuzzyDegree = high
objectMShip : float = 0.63

-dressNumber : int
-fieldPosition : String

[Ul | TalentedPlayer Brad : TalentedPlayer
-shotAccuracy : FuzzyDegree [very high,high] [0.8] shotAccuracy : FuzzyDegree = medium
-speed : FuzzyDegree [very high,high] [0.7] speed : FuzzyDegree = high
-ballControl : FuzzyDegree [very high,high] [0.8] ballControl : FuzzyDegree = high
-talent : FuzzyDegree [high, very high] objectMShip : float = 0.89

+setRanges() : void
+setRelevances() : void
+calcMShip() : float
+calcCSCMShip() : float

Figure 3.31: The Representation of the Class TalentedPlayer
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We apply our model for an imaginary football game video, whicplayed between
Fenerbahce and Bigta . Figure 3.32 represents the sequences and the scenes occurring in
a specific football game video by utilizing UML object diagrams. Tist iequence is “1st
half of the game” and the second sequence is the “2nd hidlé @fame”. The first half of

the game has two scenes: “1st goal of the game” and “2nd goal of the game”.

footballVideo : Video

name : String = footballGame
rawData : String

title : String = Fenerbahge-Besiktas has
date : Date = 17.05.2006

description : UT_nu = cup final match

has

half1 : Sequence half2 : Sequence
startTime = 1 has startTime = 8100
endTime = 5400 endTime = 13500
name : String = 1st Half of the Game name : String = 2nd Half of the Game
has
goall : Scene goal2 : Scene
startTime = 1000 startTime = 2500
endTime = 1600 endTime = 3200
name : String = 1st Goal of the Game name : String = 2nd Goal of the Game

Figure 3.32: Representation of Sequences and Scenes of a Football Ganued

The details of the scene “1st goal of the game” are repessenFigure 3.33 by utilizing
UML object diagrams. There are two shots in the scesreerandgoall The shotorner
has only one eventornerEventand the shogoall has only one evengoalEvent There
are two actors icornerEventkicker andkickedl Kicker is associated with a Player object
andkickedlis associated with a Ball object. There are three antagealEvent kicked2
scorerlandgoalkeeperlKicked2is associated with a Ball objecgorerlis associated

with a Player object angbalkeeperis associated with a Player object.

The details of the scene “2nd goal of the game” are represienkégure 3.34 by utilizing
UML object diagrams. There are two shots in the sdemkandpenalty The shofoul has
only one eventfoulEventand the shgbenaltyhas only one evenpenaltyEventThere are
two actors irfoulEvent committerandvictim. Committeris associated with a Player object
and victim is associated with a Player. There are three actopgnaltyEventkicked3
scorer2andgoalkeeper2Kicked3is associated with a Ball objedorer2is associated

with a Player object angbalkeeperds associated with a Player object.
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goall : Scene

startTime = 1000

has.__lendTime = 1600 has
name : String = 1st Goal of the Game
corner : Shot goal1 : Shot

star{Time = 1200
endTime = 1300
name : String = comer

has

cornerEvent : Corner

startTime = 1450
endTime = 1550
name : String = goal1

as

goalEvent : Goal

name : String = cornerEvent
hen : FuzzyWhen = mid of the first half
startTime : double = 1200
endTime : double = 1300
direction : String = right

acts_in

name : String = goalEvent

startTime : double = 1450

endTime : double = 1550

style : String = foot

direction : FuzzyDirection = middle-right
distance : UT_in = {10 - 20}

acts_in

hen : FuzzyWhen = mid of the first half

acts_in

acts_in

| Kicker: Actor

| kickedt: Adtor |

acts_in

kicked? : Actor |

lingRole : String = agent
semRole : String = kicker

lingRole : String = object
semRole : String = kicked

lingRole : String = object
semRole : String = kicked

scorert : Actor

| goalkeepert: Actor

acts_as

tuncay : Player

objectName : String = tuncay
description : UT_nu = dne

name : String = Tuncay Sanli
age : FuzzyAge = young

height : FuzzyHeight = tall
dressNumber : int = 17
fieldPosition : String = middlefield

acts_as

lingRole : String = agent
semRole : String = scorer

lingRole : String = recipient
semRole : String = goalkeeper

L Ball . Ball

adts_as
acts as acts_as
alex: Player hakan : Player

objectName : String = ball
description : UT_nu = dne

dressNumber : int = 20

objectName : String = alex
description : UT_nu = unk

name : String = Alex de Souza

age : FuzzyAge = [young,very young]
height : FuzzyHeight = [tall,very tall]

fieldPosition : String = forward

objectName : String = hakan
description : UT_nu = dne
name : String = Hakan Arikan
age : FuzzyAge = young
height : FuzzyHeight = very tall
dressNumber : int = 84
fieldPosition : String = defense

Figure 3.33: Representation of the Scene “1st goal of the game”

3.6 Querying the Model

The users of video databases might construct various queries siftiray) semantic,

hierarchical, temporal, (fuzzy) spatial, regional, and trajgaoeries. In this section, we

give examples to these queries and explain how our conceptual mogeltsuihese

queries.
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has

has

endTime = 2460
name : String = foul

startTime : double =

name : String = foulEvent
when : FuzzyWhen = end of the first half

2400

endTime : double = 2460
harshness : FuzzyDegree = very high
—IredCard : Boolean =

true
n = false

goal2 : Scene
startTime = 2300
lendTime = 2700
name : String = 2nd Goal of the Game
foul : Shot penalty : Shot
startTime = 2400 startTime = 2600

endTime = 2700
name : String = penalty

has has
foulEvent : Foul penaltyEvent : Penalty

name : String = penaltyEvent

Iwhen : FuzzyWhen = end of the first half

tartTime : double = 2600

actg_in

endTime : double = 2700

acts_in

acts_in|yellowCard : Boolea hots in acts_in
fieldPosition : String = defense -
committer : Actor victim : Actor scorer2 : Actor kicked3 : Actor goalkeeper2 : Actor

lingRole : String = agent lingRole : String = recipient lingRole : String = agent lingRole : String = object lingRole : String = recipient

semRole : String = committer

isemRole : String = victim

semRole : String = scorer

isemRole : String = kicked

semRole : String = goalkeeper

acts_as actd_as actg_as
,_as acty_as
ibrahim : Player alex: Player ball Bal hakan : Player

lobjectName : String = ibrahim
description : UT_nu = ni

name : String = ibrahim Uziilmez
lage : FuzzyAge = young

height : FuzzyHeight = tall
dressNumber : int = 19
fieldPosition : String = middlefield

objectName : String = alex
description : UT_nu = unk

name : String = Alex de Souza

age : FuzzyAge = [young,very young]
height : FuzzyHeight = [tall,very tall]
dressNumber : int = 20

fieldPosition : String = forward

lobjectName : String = ball
description : UT_nu = dne

objectName : String = hakan
description : UT_nu = dne
name : String = Hakan Arikan
age : FuzzyAge = young
height : FuzzyHeight = very tall
dressNumber : int = 84
fieldPosition : String = defense

Figure 3.34: Representation of the Scene “2nd goal of the game”

3.6.1(Fuzzy) Semantic Queries

Semantic queries might be about the properties of evenestelgnd about the semantic

relations between them. We can divide semantic queries to four caseg®fmlows:
1- Querying about video properties such as:
- What is the date of the video played between “Galatasaray” and “Fenérbahce

To answer this query, simply the matches related to each ardesearched. If the
teams playing in a match are “Galatasaray” and “Fenerbatigai, the value of

thedateattribute of that video is the result.

- Find the videos having the title “2007 Champions League Final Match”:
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To answer this queryitle attribute of each video is compared to the title specified

in the query. The list of the videos satisfying the condition is the result.
2- Querying about event properties such as:
- Find the goal events happening betweehditd 108 seconds

To answer this querystartTime and endTimeattributes of each goal event are
compared with the conditions specified in the query. The list obtia events

satisfying the condition is the result.
- Find the foul events with red cards

To answer this querygedCardattribute of each foul event is compared to “true”.

The list of the foul events satisfying the condition is the result.

- Find all fouls occurring between 10th and 200th seconds which can be cedsider

as very harsh (very high degree of harshness) with a threshold of 0.7

To answer this query, Foul events having the time interval withigitles one are
searched. For each foul event, inclusion degree of the vah&rsiinessattribute
to the fuzzy set [very high] is calculated. If it is gredkem the threshold, that foul

event is included in the result.
- Find the goal events which are scored by foot

To answer this quengtyleattribute of each goal event is compared to “foot”. The

list of the goal events satisfying the condition is the result.

- Find the goal events which are scored from the right sidbeofjoalpost with a
threshold of 0.6

Here,directionis a fuzzy attribute in Goal class. To answer this queryysian
degree of the value dlirectionattribute to the fuzzy set [right] is calculated. If the
inclusion degree is greater than the threshold value, then tahteyent is

included in the result.

3- Querying about object properties such as:
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Find the players who are young and, very tall or tall with a threshold of 0.7

Here, age and height are fuzzy attributes in Player class (inherited froms@&er
class). To answer this query, inclusion degree of the valageéattribute to the
fuzzy set [young] and inclusion degree of the valubedfhtattribute to the fuzzy
set [very tall OR tall] are calculated. If the inclusidegrees are greater than the

threshold value, then that player object is included in the result.
Find the matches played in a very cold weather with a threshold of 0.5

Here, airCondition is a fuzzy attribute in Match class. To answer this query,
inclusion degree of the value airCondition attribute to the fuzzy set [very cold]
is calculated. If the inclusion degree is greater tharihiteshold value, then that

match object is included in the result.

Find the matches played in a stadium having a capacity of {10000 - 2Q00&
threshold of 0.5

Here, capacityis an incomplete attribute in Stadium class. To answerdghéry,
inclusion degree of the value o&pacity attribute of Stadium objects associated
with each Match object to the range {10000 - 20000} is calculatelde lifnclusion
degree is greater than the threshold value, then that Matatt @bjecluded in the

result list.

4- Querying about events and actors such as:

Find the time interval in which a goal is scored with a de#gd0m — 20m} from

the goalpost at the end of the game with a threshold of 0.7

Here, distanceis an incomplete attribute amthenis a fuzzy attribute (inherited
from Event class) in Goal class. To answer this query, foh epal event,
inclusion degree of the value distanceattribute to the range {10m — 20m} and
inclusion degree of the value whenattribute to the fuzzy set [at the end of the
game] are calculated. If the degrees are greater teatshold, time interval of

that goal event is included in the result.

Find all talented players (with a threshold of 0.8) which aea $etween 10and
200" seconds
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Events, which have the time interval within 10th and 200th secorelsearched.
For each found event, the TalentedPlayer objects, which are idvioltieat event,
are found by using the actor list of the event. TalentedP&bjects having object

membership degrees greater than the threshold are included in the result.
Find all corner events in which both of playerX and playerY are seen

To answer this query, actors of the corner events arehszh If the actors of a
corner event include the objects playerX and playerY, thenctiraier event is

included in the result.
Find all the other players in goal event in which playerX is the scorer

To answer this query, actors of each goal event are seaittieactors of a goal
event include the object playerX with the semantic role ‘&tpthen the player

objects associated with all of the actors of that goal event duel@cin the result.
Find the events in which playerX commits a foul against playerY

Actors involved in foul events are searched. If the actbis foul event include
the objects playerX with semantic role “committer” and pltdy with semantic

role “victim”, that foul event is included in the result.

Find the goals made against teamA in a match played in ecoktyweather with
audience from 10000 to 30000 people with a threshold of 0.6

Matches are searched and the inclusion degree of the valagGundition
attribute to the fuzzy set [very cold] and the inclusion degfethe value of
audienceattribute to the range {10000 - 30000} are calculated. If the degnee
greater than the threshold, videos, which include those matchegsaarhesl. For
each goal event in the found videos, if the goal event involvpkyger with
semantic role “goalkeeper” who is a member of teamA, thateaait is included

in the result.

Find all objects in the goal event which occurs betweéhah@l 208 seconds in

the video
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To answer this query, the goal events of the given video haviitgeainterval
within the specified time interval are selected. The didbiof the goal event is

traversed. The related player objects are included in the result.

3.6.2Hierarchical Queries

As mentioned before, our model supports the representation of thechieal structure of
video data. Therefore, hierarchical structure of video contanbe queried in the form of

hierarchical queries such as:
- Find the goal scenes appearing in the “first half sequence” of the game

To answer this query, Structure list of each video is searched. If theofidinee
sequence is “first half sequence”, then the scene list of that segsesearched.

The scenes with the name “goal” are included in the result.
- Find the corner shots appearing in the “1st goal scene”

To answer this query, the Structure (sequence) list of each iad®arched. Then
the scene list of each sequence is searched. If the name sédne is “1st goal
scene”, then the shot list of that scene is searched. The lshotgy the name

“corner” are included in the result.
- Find the events in the corner shot of the video “Fenerbahc¢e-Galatasaray”

To answer this query, Scene list of each sequence, whiclthe Btructure list of
the given video, is searched. For each found scene, if the shof the scene

includes a shot with name “corner”, the event list of that shot is thi.res

3.6.3Temporal Queries

Video events might have temporal relations between each otietemporal relations are
represented by the instances of EventToEventRelation clas®fdieerwe can construct

temporal queries to find the temporal relations between eventsasdoll

- Find the foul events occurring before goal events
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To answer this query, the foul events and the goal eventfoane. Then the
temporal relation between each foul event — goal event paaldslated. If the

relation name is “before”, then the related foul event is included iretust.

- Find the temporal relation between the corner event and the \geel @curring

between 10 and 208 seconds in the video “Fenerbahce-Galatasaray”

To answer this query, firstly the goal and foul events of tivengvideo are
searched. If the time intervals of the events are withengiven time interval, the
temporal relation is found between the goal and foul events. Tk ieeseturned

in the form of an EventToEventRelation instance.
- Find the goals which are scored after a corner shoot which is made by playerX

To answer this query, firstly the actors of corner evamtssearched. If the actor
list of a corner event includes playerX with the lingaistle “agent”, then that
corner event is selected. The goal events in the video aktheted corner events
are found. Then the temporal relation between each corner eventevgoapair
is calculated. If the relation name is “before”, then thetedlegoal event is

included in the result.

- Find the penalties which happen after a foul committed by yephlaith name

“Okan”, and of young age with a threshold of 0.7

To answer this query, firstly the foul events are searchbd. events having a
player with name “Okan” as an actor with the linguistie@r@gent” are selected.
The inclusion degree of the value of tige attribute of the player to the fuzzy set
[young] is calculated. If the degree is smaller than liheshold, that foul event is
ignored. Then the penalty events in the same video of the found feniseare
searched. If the temporal relation between the foul event araltypevent is

“before”, that penalty event is included in the result.

3.6.4(Fuzzy) Spatial Queries

When objects are involved in events, they become actors. Actigist mave spatial

relations between each other in an event. The spatial relaiensepresented by the
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instances of ActorToActorRelation class. Therefore, we can rcohpatial queries to

find the spatial relations between actors as follows:

- Find the spatial relation between playerX and playerY atgbal event of the

video “Fenerbahce-Galatasaray”

To answer this query, position lists of the actors (playerd afayerY)
participating in the goal event of the given video are sedrdhéhe time intervals
of two positions of two different actors are intersected, then regions are
compared to find the spatial relation. The result is retuinethe form of an

ActorToActorRelation instance.

- Find the player appearing on the left side of playerX in thedweht of the video

“Fenerbahge-Galatasaray” with a threshold of 0.8

To answer this query, position lists of the actors in the fouhteg&the given
video are searched. If the time intervals of two positiortaofdifferent actors are
intersected and one of these two actors is playerX, regimsanpared to
determine whether the spatial relation in the intersecteel iterval is “left”. If

the membership degree of the relation is greater than thshtiid, the player

other than playerX is included in the result.

- Find the time interval (or event) in which playerX and pidydas the spatial

relation “overlaps” in the video “Fenerbahc¢e-Galatasaray”

To answer this query, firstly the actors related to phayend playerY, which
participate in the same event in the given video, are found. Therositeon lists
of the actors are searched. If the time intervals of pasitions are intersected,
then the regions are compared to find the spatial relation. Ifreélagion is
“overlaps” and the membership degree of the relation is gréte the threshold,

the time interval (or the event) is included in the result.

3.6.5Regional Queries

We store the region of an actor in a specific time interval gitiBo class. Position class is

associated with Region class, which stores the informatiothf® minimum bounding
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rectangle of an actor. Our model supports the regional querieediéf [3, 13]. We can

construct regional queries as follows:

Find the time interval in which playerX has the given regioth i threshold of

0.9 in the foul event of the video “Fenerbahce-Galatasaray”

To answer this query, actors participating in the fouhewe the given video are
searched. If playerX is found as the actor, position list of ¢har & traversed and
regions are compared with the given region. For the region mgicline

following formula, which is taken from the study in [3], is used:
m = intersected_area (Regionl, Region2)
/ minimum_area (Regionl, Region2) (F-1)

If the membership degreej(is greater than the threshold for a region, the related

time interval is included in the result.

Find the regions of the ball in the goal event which is scomd fthe right side of

the field in the video “Fenerbahce-Galatasaray”

To answer this query, Goal events in the given video are foundin€thssion
degree of the value of the attribulieectionto the fuzzy set [right] is calculated. If
the degree is smaller than the threshold, that goal evergn@ed. Actors
participating in the found goal event are searched. If babbusd as the actor,

position list of the actor is traversed and the regions are included regult.

3.6.6Trajectory Queries

Actors follow a path in an event since their position changle respect to time. The path

of an actor is stored in a list of Position instances. Oodahsupports the trajectory

queries defined in [3, 13]. We can construct trajectory queries as follows

Find the trajectory of playerX in goal event in the video “Fenerbahtz#&saray”

To answer this query, actors participating in the goal ewvettite given video are

searched. If playerX is found as the actor, then position list of the actorasstd

58



and regions are included in the result. The result can be shovine tasér by

drawing all the regions and the path between them to the screen.

Find the players having the given trajectory (specified with a stasigign and an
ending region given by query-by-sketch method) in the foul event initle® v

“Fenerbahce-Galatasaray” with a threshold of 0.6

To answer this query, actors participating in the fouhewe the given video are
searched. For each actor, position list of the actor iernsad. Regions are
compared to the given starting and ending region. If matchintheofstarting
region is successful, and the following regions reach to thagndgion, the

player (related to the actor) is included in the result.
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CHAPTER 4

INTELLIGENT FUZZY OBJECT-ORIENTED DATABASE
FRAMEWORK

Video data includes very rich and complex semantic information.tdre such a huge
amount of information could be very space consuming. Moreover,nibtigossible to
extract complete semantic information automatically or mantiaiy a video. Therefore,
mechanisms, which infer information from existing information, aeeded for video

databases.

Integration or interaction of database and knowledge base syis®dngd more powerful
and intelligent systems. The studies in the literaturechvbieal with such an integration,
mostly ignore uncertainty. However, uncertainty might occur in maoymplex
applications such as video databases. The previously proposed IRBDD&rchitecture
provides a tightly coupled environment between database and knowleskgsystems for
complex applications by taking into consideration the uncertainty and fuzzingss. ishe
architecture models data and knowledge including uncertaihighwnight occur in many

cases.

In this study, an intelligent fuzzy object-oriented databasmeweork for the video
database applications is presented. The framework is baséw gmeviously proposed
IFOOD [30] architecture. The IFOOD architecture is adaptetimplemented for video
database applications. The conceptual model, which is introducgthjpter 3, is mapped

to the logical FOOD model [14] and used in the presented framework.

The rest of the chapter is organized as follows: The firstian gives a description about
the presented frameworkhe second section focuses on temporal, spatial and fuzzy
semantic rules. Finally, the last section discusses thesiselated to the integration of

FOOD and FKB by giving query evaluation examples.
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4.1 Intelligent Fuzzy Object-Oriented Database Framework

IFOOD architecture [30] mainly consists of two parts: a yuabject-oriented database
(FOOD) and a fuzzy knowledge base (FKB).

In the object-oriented database part, the FOOD model [14]ligedtias the logical data
model. In the previous chapter, how our conceptual video model is mapped FROOD
model was explained. The object-oriented database provides stiogirggemantic video

entities in the form of objects along with their uncertain features.

The fuzzy knowledge base is capable of not only crisp but alsty finference. Fuzzy
inference is done by using similarity-matching operations definedFOOD model.
Semantic fuzzy rules representing knowledge about a video datghalgEation domain
are processed by FKB. Video databases also need handling tempdragpatial

knowledge, which are stored in FKB in the form of temporal and spatial rules.

Existing database and knowledge base systems do not have the needed construces to handl
uncertainty. Therefore, new methods should be implemented and integoathese
systems. Fuzzy processors are developed at both of the obgedridatabase and
knowledge base parts, which handle all of the operations relatedddainty. The fuzzy
processor at the object-oriented database part provides methiosisiiarity matching,
calculation of inclusion degrees, object membership degred class/subclass
membership degrees. Whereas the fuzzy processor at the knowksg@art provides
calculations of similarity matching, rule antecedent, consequeatthing needed for the

fuzzy inference mechanism.

In the framework, FOOD and FKB are connected through a bridgeshwgriovides

interoperability, and data flow between the database and the kigevlease. As it is
mentioned before, uncertain classes, fuzzy data types and fuzayndowbjects with both
crisp and fuzzy attributes, similarity matrices and mestiiprfunctions defined for the
fuzzy data types, range and relevance information defined fofuttey attributes are
stored in the fuzzy object-oriented database. The temporal, spatial and sénzagtrules

are stored in the fuzzy knowledge base. The objects, W@ work on, are stored in
FOOD. Therefore, the objects should be transferred to FKBdardo make FKB to

process rules on those objects. This transfer is performed tgeb-KB should also
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access the information needed for fuzzy inference. Bridge pothdeneeded information
between FOOD and FKB.

There is a user interface above these systems, which isarssathbtation and querying of
video data. The user interface is connected to the bridgehwhies the system a unified
view. The user of this framework does not need to know any detaéileotinderlying

systems. Therefore, they may construct queries including bisghand fuzzy conditions.
Some queries might be so simple that only object-oriented datalsasss would be
sufficient whereas some queries might need rule firing. Brulgeides the integration

between FOOD and FKB during the query evaluation.

4.2 Temporal, Spatial and (Fuzzy) Semantic Rules

Video data has semantic entities such as events and objelds. events occur within a
time interval; therefore, there exist temporal relations eetwevents. Video objects have
different positions in different time intervals; therefaileey have spatial relations between
each other. Storing every temporal and spatial relation bettieeentities is very space
consuming. The temporal relations may be inferred from thersggaatid ending frames of
each event and the spatial relations may be inferred fromaigon information of each
object. In this study, temporal and spatial inference rulesiefined which are stored in

the fuzzy knowledge base.

4.2.1Temporal Rules

In this study, Allen’s temporal interval algebra [23] is udedrepresent temporal
knowledge. Allen defines an interval x as a pair [x-, x+] wietipoints. x- is the lesser end-
point and x+ is the greater end-point assuming that x- < x+. By tisisglefinition, 13
temporal relations, which may hold between two intervals, carddfmed: before,
overlaps, during, meets, starts, finishes, eqaiatl their inverses excepgjual These

thirteen relations are enough to represent the temporal relationshgebdtmo intervals.

Table 4.1 represents the temporal relations between twovatgex and y which are
defined by using end-points. Table 4.2 represents the temporal relatishswiyg their

meanings.
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Table 4.1: Temporal Relations (by using end-points)

Temporal Relation Definition

before X+ <y-

overlaps (x-<y-) and (x+>y-) and (x+ <y+
during (x->y-) and (x+ <y+)

meets X+ =y-

starts (x- =y-) and (x+ < y+)

finishes (y- < x-) and (x+ = y+)

equal (X- =y-) and (x+ = y+)

Table 4.2: Temporal relations

Relation Symbol Symbol for Inverse Meaning
X before Y b bi XXX YYY
X meets Y m mi XXXYYY
X overlaps Y 0 oi XXX
YYY
X during Y d di XXX
YYYYYYY
X starts Y S si XXX
YYYYYY
X finishes Y f fi XXX
YYYYYY
X equal Y e e XXX
YYY

Temporal rules are defined by using Allen’s temporal relatard represented in Table
4.3. There is no need to define temporal rules for the invergmtahrelations since these
relations may be inferred by the main temporal rules. By usmgdgal rules, temporal

relations between video events can be inferred by the fuzzy knowledge base.

Table 4.3: Temporal rules

Temporal rules Inverse property
X+ <y- =>b(x,y) b(x, y) =>Dbi(y, X)
(x-<y-) and (x+ >y-) and (x+ <y+) =>o0(X,y) m(x, y) => mi(y, x)
(X->y-) and (x+ <y+) =>d(x,y) |o(x,y) =>oi(y, X)
X+ =y- =>m(x,y) d(x, y) =>di(y, x)
(x-=y-) and (x+ <y+) =>s(X,y) s(x,y) =>si(y, X)
(y- <x-)and (x+ =y+) => f(x,y) f(x, y) =>fi(y, x)
(x-=y-) and (x+ = y+) => e(x,y)
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4.2.2Spatial Rules

The semantic video objects can have spatial relations anamfgogher, which represent
the relationship between the positions of objects in a spditife interval. The study in
[33] defines the spatial relations by using Allen’s tempoedhtions. Allen’s temporal
interval algebra represents relations in one dimension and #xtended to two-
dimensional space. A two-dimensional space is represented hyrttvagional axes x and
y. Spatial relations can be defined in terms of temporal oeliin both of the x-axis and
y-axis. A minimum bounding rectangle (MBR) can be used to représemmosition of an
object in a video frame. A minimum bounding rectangle is an imaagi rectangle
covering all parts of an object and is represented by usingdimats: upper left corner and
lower right corner in this study. These points are projected»eatds and y-axis and each
projection is actually an interval. Spatial relations arengefiby using temporal relations

in both of the x-axis and y-axis.

The study in [13] uses the notatide#t, right, topand bottominstead ofwest, east, north
andsouthrespectively. In this study, the same notations are used. There are twgpeain t

of spatial relations in this study: directional and topological.

Table 4.4: Definition of Spatial Relations in Terms of Temporal Reltions

Spatial Relation

Definition

A bottom B A{b, bi, m, mi, o, oi, d, di, s, si, f, fi, e}Band A{b, m}B,
Atop B A b, bi, m, mi, o, 0i, d, di, s, si, f, fi, e}Band A{bi, mi}B
Aleft B A b, m}B, and A{b, bi, m, mi, o, oi, d, di, s, si, f, fi, e}B
Aright B A {bi, mi}B , and A{b, bi, m, mi, 0, 0i, d, di, s, si, f, fi, e}B
A top-left B (A{b, m}B and A{bi, mi, oi}B )

or (&o}B x and A{bi, mi}B )
A top-right B (A{bi, mi}B x and A{bi, mi, 0i}B )

or (Xoi}B x and A{bi, mi}B )

A bottom-left B

(Ax{b, m}B and A{b, m, 0}B,) or (Afo}B xand A{b, m}B,)

A bottom-right B

(A{b, m}B and A{b, m, o0}B,) or (Afoi}B , and A{b, m}B,)

A overlaps B A{d, di, s, si, 1, fi, 0, oi, e}R
and #d, di, s, si, f, fi, 0, 0i, e}B

A equal B A{e}B,and A{e}B,
Ainside B A{d}B , and A{d}B,
A contain B A{di}B , and A{di}B ,
A touch B (A{m, mi}B x and A{d, di, s, si, f, fi, 0, oi, m, mi, e}B

or (A{d, di, s, si, f, fi, 0, oi, m, mi, e}Band A{m, mi}B,)
A disjoint B A b, bi}B  or Afb, bi}B,
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Directional relations ar¢éop, left, right, bottom, top-right, top-left, bottom-right, bottom-
left. Topological relations arequal, inside, disjoint, touch, overlaps, contdbirectional
and topological relations are represented in Figure 4.1 and Hgurespectively. Table

4.4 represents the spatial relations, which are definedrimstof temporal relations, as

defined in [13].

Top

AN

Top-Left
Top-Right
Left < ){2( :> Right
Bottom-Right
Bottom-Left

N

Bottom

Figure 4.1: Directional Relations

A B A 4
Disjoint Touch
A
A
A

B B

B
A contain B

B inside A Overlaps Equal

Figure 4.2: Topological Relations
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Spatial rules are defined by using spatial relations as repeesien Table 4.5. There is no
need to define spatial rules for the relatioight, bottom, bottom-right, bottom-left,
containanddisjoint since these relations may be inferred by the rules defiimddft, top,
top-left, top-right, insideand disjoint respectively. The inferred spatial rules are shown in
Table 4.6.

Table 4.5: Spatial Rules Which are Defined in Terms of Temporal Ras

Spatial Rules
{b, bi, m, mi, o, oi, d, di, s, si, f, fi, e}(A B,)
and {bi, mi}(/8,) => top(A, B)
{b, m}A, By
and {b, bi, m, mi, o, oi, d, di, s, si, f, fi, e}(/,) => |left(A, B)
({o, m}(A, B)) and {bi, mi, oi(A,, B))
or ({o}(A, By and {bi, mi}(A,, B,)) => top-left(A,B)
({bi, mi}(A 4, By) and {bi, mi, oi}(A,B,))
or ({oi}(A, By) and {bi, mi}(A,, B))) => top-right(A, B)
{d, di, s, si, f, fi, 0, oi, e}(A, By)
and {d, di, s, si, f, fi, o, oi, e}(/B,) => overlaps(A, B)
{e}(A, B) and {e}(A,, B,) => equal(A, B)
{d}(A «, By) and {d}(A,, B,) => inside(A, B)
({m, mi}(A , By) and {d, di, s, si, f, fi, 0, oi, m, mi, e}(AB,))
or ({d, di, s, si, f, fi, 0, 0i, m, mi, e}(AB,)
and {m, mi}(ABy)) => touch(A, B)
{b, bi}(A 4, By) or {b, bi}(A,, B,) => disjoint(A, B)

Table 4.6: Inferred Spatial Rules

left(A, B) => right(B, A)

top(A, B) => bottom(B, A)
top-left(A, B) => bottom-right(B, A)
top-right(A, B) => bottom-left(B, A)
inside(A, B) => contain(B, A)
disjoint(A, B) => disjoint(B, A)

Directional spatial relations between two objects may beyfaxzording to the angle
between the centers of the minimum bounding rectangles ofdbe wbjects. To find the
membership degrees of directional spatial relations, theutagrin Table 4.7, which are
taken from the study [13], are used. Here, x is the horizoig@nte and y is the vertical
distance between centers of two rectangles. The membershige ddgdirectional spatial

relations is calculated when the spatial rules are fired by the fuagzggsor of FKB.

66



Table 4.7: Formulas to Calculate Membership Degrees for Fuzzy SpatiRelations

Spatial Relation Angle Membership Degree
top arctan(x/y) 1 — (angle/90)

left arctan(y/x) 1 — (angle/90)
top-left arctan(x/y) 1 - (abs(angle-45)/45
top-right arctan(y/x) 1 - (abs(angle-45)/45

4.2.3Semantic Fuzzy Rules

In this study, football game videos are used as the applicationrdamz semantic fuzzy
rules for football game videos are defined. An example warayfsemantic rule is given

below:
IF shotAccuracys [very high](0.8) AND
speeds [high, very high](0.7) AND
ballControlis [high, very high](0.8)
THENBlentis very high (R-1)

Here, shotAccuracy ballControl, speedand talent are fuzzy attributes of the class
TalentedPlayerTalentis a derived attribute, and its value is not stored in thédsdabut

inferred by this fuzzy rule. The values in parentheses aré¢hthehold values for the
matching degrees of each condition. The “if” part is calledatitecedent of the rule. The

“then” part is called the consequent of the rule.

The fuzzy inference mechanism utilized in this study is the santlee mechanism used in
[30], which uses similarity matching [14]. The inference mecharissmepresented in
Figure 4.3.

In the pattern-matching phase, the matching degree of each comditiamile antecedent
is calculated by using similarity matrix and inclusion formulaghe matching degree of
each condition is greater than the specified threshold valuethberule is activated. The

overall matching degree of the rule antecedent is found by the folldanmgla [30]:

For AND operatormyneceden= Min (M, m, ... ,my)

For OR operator: Myeceden= Max (M, N, ... ,Mmy)
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Fuzzy inference mechanism quantifies the rule conclusion with dership degree using
an implication function. Among the various proposed implication functions, thdiGude

fuzzy implication function is used as follows:

/
1, Moy  Mgy)

txisA yisB)= <

Mey), My > Mbgy)

Here,myy is the matching degree of the antecedent of the rulemgpds the matching

degree of the consequent of the rule.

The fuzzy and crisp attributes might be used together in a rule. If an antecedédtpris
defined with a crisp attribute, traditional pattern matchingsied and if the matching is

successful, the matching degree will be 1.

FUZZY PROCESSOR

(Handling similarity matching,
rule antecedent and
consequent matching degree
calculations)

WORKING MEMORY

Fact1 (x)
Data Objects — Fact2 (y)
Fact3 (z)

INFERENCE ENGINE

RULE BASE

|

Temporal Rules
Spatial Rules :'\I/
Fuzzy Semantic Rules Rule1 (If x Then y)
Rule2 (If y Then z)

Figure 4.3: Representation of the Inference Mechanism

The fuzzy processor at the knowledge base part provides methadsilarity matching,

rule antecedent and consequent matching degree calculations, ambicleeded for the
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fuzzy inference mechanism. The similarity matching methothe fuzzy processor uses

inclusion degree calculations.

The value of a fuzzy attribute might be fuzzy or crisp. If a fuzzy rule is applied bbject
having a fuzzy attribute with crisp value, then our similantgtching method employs
membership functions which determine the fuzzy set to which a gafue belongs.
Membership functions are defined for each fuzzy term of a fuzzy domain. The msbipber
functions utilized in this study are right decreasing, triangigezoidal, elliptical, and

right increasing.

4.3 Integration of FOOD and FKB

In this section, how the developed framework handles temporal, spatiflzzy semantic

querying of video data in an integrated environment is explained.

When a query request is made, the bridge firstly sends the [guEQOD. The objects in
FOOD, which satisfy the conditions, are sent back to bridgthelfquery needs a rule
firing, the bridge transfers those objects to the working merabiiyKB. The rules are
fired on the objects in FKB. Then, the bridge takes the rebjdcts and sends them to the

user interface. Representation of the query evaluation is given in Bigure

Fuzzy Processor

—

BRIDGE )

0O0DB
Send the query to FOOD 4|>
~
Get the result objects from FOOD <|7

FOOD

Query Request

Usenipiezes If the query needs a rule execution, send

the result objects to FKB by adding them to

its working memory 4|> Fuzzy Processor

Atter the rule firing, get result objects from

FKB K

Send the results to user interface

Query Result KB

FKB

Figure 4.4: Query Evaluation of the Framework
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4.3.1Temporal Query Evaluation

Assume that the user constructs a query to find the temporabmeksetween the goal
event in which playerX scores a goal and the foul event occumiagspecified football
game video. To answer such a query, our framework uses the tempesalwhich are
stored in our FKB. Figure 4.5 represents the evaluation of a tehtpemg. The numbers

in the figure show the execution order of the operations.

2 EventToEventRelation instances
BRIDGE Kt
Event instances
2 4
Query Request Event instances
i | 3 i
Fuzzy Processor Fuzzy Processor
~ INFERENCE ENGINE
0OO0DB
~
FOOD
WORKING MEMORY RULE BASE
event1(startTime1, endTime1) |IF (endTime1 < startTime2) THEN
event2 (startTime2, endTime2) add new
EvenToEventRelation(
event1, event2, “before”)
FKB

Figure 4.5: Evaluation of a Temporal Query

The algorithm for a temporal query evaluation is as follows:
1. Bridge sends the query to FOOD.

2. FOOD sends the Event instances satisfying the conditions givea query to the
bridge.

3. Bridge transfers the Event instances to the working memory of FKB.
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4. The engine of FKB is run and the temporal rules are fired om#tances in the

working memory of FKB.

5. If pattern matching is successful in a temporal rule, the adds a new

EventToEventRelation instance to the working memory of FKB.

6. Bridge gets the EventToEventRelation instances from the mgrikiemory of
FKB.

7. Bridge sends the EventToEventRelation instances to the user iaterfac

4.3.2Spatial Query Evaluation

Assume that the user constructs a query to find the spatiibnelsetween playerX and
playerY in the goal event of a specified video. To answer augbery, our framework
uses the spatial rules, which are stored in our FKB. Tgeritim for a spatial query

evaluation is as follows:
1. Bridge sends the query to FOOD.

2. FOOD sends the Position list of Actor instances satisfyiegconditions given in

the query to the bridge.

3. Bridge transfers the position list (a list of Position instanoé#)e Actor instances

to the working memory of FKB.

4. The engine of FKB is run and the spatial rules are firedheninstances in the

working memory of FKB.

5. If pattern matching is successful in a spatial rule, thie mdds a new
ActorToActorRelation instance to the working memory of FKB.hé tspatial
relation is directional, membership degree of the relatiaalsulated by the fuzzy
processor of FKB.

6. Bridge gets the ActorToActorRelation instances from the imgrkmemory of
FKB.

7. Bridge sends the ActorToActorRelation instances to the user interface.
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Figure 4.6 represents the evaluation of a spatial query. The numlieesfigure show the

execution order of the operations.

L1 ActorToActorRelation instances
—> BRIDGE <
Position instances
2 4
Query Request Position instances
1 3
Fuzzy Processor Fuzzy Processor
~ INFERENCE ENGINE
O0DB
FOOD
WORKING MEMORY RULE BASE
position1(st1, et1, IF ([st1,et1] and [st2,et2] intersects)
regioni(sx1,ex1,syl,eyl), and (> ?sx1 ?sx2)
actor1) and (< ?ex1 ?ex2)
position2(st2, et2, and (> ?sy1 ?sy2)
region1(sx2,ex2,sy2,ey2), and (< ?ey1 ?ey2)
actor2) THEN
add new ActorToActorRelation(
actor1, actor2, “inside”,
stgrtTime, endTime)
FKB

Figure 4.6: Evaluation of a Spatial Query

4.3.3Semantic Query Evaluation

Besides processing the temporal and spatial rules, our FKBhaksdhe capability to
process semantic rules, which may include both crisp and fuzzy condiBensantic
queries can consist of both fuzzy and crisp predicates. Sorsatisemantic query can be
so simple that only object-oriented database would be enoughastiergome cases fuzzy

inference would be needed.

Figure 4.7 represents the evaluation of a semantic query. The numiieesfigure show

the execution order of the operations.
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| TalentedPlayer instances
—> BRIDGE <

TalentedPlayer instances

Query Request| TalentedPlayer instances

1 3
Fuzzy Processor Fuzzy Processor
~ INFERENCE ENGINE
0OO0DB
~
FOOD
RULE BASE
WORKING MEMORY
IF
tp1(shotAccuracy, (shotAccuracy is [very high] with 0.8)
speed, and
ballControl) (speed is [high, very high] with 0.7)
and
(ballControl is [high, very high]
with 0.8)
THEN
calculate rule conclusion
modify talent as very high with rule
conclusion
FKB

Figure 4.7: Evaluation of a Semantic Query

The algorithm for a semantic query evaluation is as follows:
1. Bridge sends the query to FOOD.
2. FOOD sends the objects satisfying the conditions given in the query tadbe. br

3. If the query needs rule firing (a derived attribute existsidge transfers the

objects to the working memory of FKB.

4. The engine of FKB is run and the semantic fuzzy rules ar@ dincthe objects in

the working memory of FKB.

5. If pattern matching is successful in a semantic fuzzy rbke,rtile modifies the

object and sets the value of the derived attribute.
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6. Bridge gets the objects from the working memory of FKB.
7. Bridge sends the objects to the user interface.

When the query is sent to FOOD (in the first step of the sémgoery evaluation

algorithm), it evaluates the following algorithm:
1. The query is executed for the crisp attributes at FOOD.
2. The objects satisfying the conditions for crisp attributes are retloppn&OOD.
3. For each object in the list

3.1. If the membership degree of the object is smaller than tlugfisplethreshold,

exclude that object from the list, go to step 3.
3.2. For each uncertain attribute value specified in the query
3.2.1. If the uncertain attribute is a derived attribute, go to step 3.2.
3.2.2. If the uncertain attribute’s type is fuzzy

3.2.2.1If the semantics of the uncertain attribute is AND, cateuthe
AND inclusion degree of the attribute’s value to the value

specified in the query.

3.2.2.2.If the semantics of the uncertain attribute is OR, calculseOR
inclusion degree of the attribute’s value to the value spécih

the query.

3.2.2.3.f the semantics of the uncertain attribute is XOR, calculate
XOR inclusion degree of the attribute’s value to the value

specified in the query.

3.2.2.41f the calculated inclusion degree is smaller than the hbtds
specified in the query for that uncertain attribute, exclude the

object from the result list.

3.2.3. If the uncertain attribute’s type is incomplete
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3.2.3.1.Calculate the incomplete inclusion degree of the range of the

attribute’s value to the range specified in the query.

3.2.3.2If the calculated inclusion degree is smaller than the hbtds
specified in the query for that uncertain attribute, exclude the

object from the result list.
3.2.4. If the uncertain attribute’s type is null

3.2.4.1.If the attribute’s crisp value and null value is not equal tovélee

specified in the query, exclude the object from the result list.
4. Return the result list to the user interface.

Query evaluation will be explained for four cases. In the first case, ury fttributes are
queried and there is no need for rule firing. In the second eaderived attribute is
queried, so a rule firing is necessary. In the third casey farzibutes and derived
attributes are queried at the same time. In the fourth casexaample to incomplete

inclusion degree calculation and usage of a membership function is given.

The similarity matrices used in the examples are repredéntTable 4.8 and Table 4.9.

Suppose that the objects shown in Table 4.10 exist in the fuzzy object-oriatabdse.

FuzzyDegree and FuzzyAge types have OR semantics; theréfiaclusion formula for

the OR semantics is used. The formula for OR semantics is as follows:
INC(rngc(ay)/gi(a)) = Min[Max(77(x,z)), Threshold(ge;))],
"x I oa),”z/ mge(a)

Here, the threshold value indicates the minimum level ofiaiityi between the values of

an attribute and it can be formulated as follows:
Threshold(ga)) = Min[ 7:(x,z)], “x,”z/ o(&)
1- Consider the semantic query below:

“Find the very young (with a threshold of 0.7) players with theediumdegree of

shotAccuracy (with a threshold of 0f1aving an object membership degree above 0.4.
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Here, shotAccuracyandage are fuzzy attribute in class TalentedPlayer. Assume that w
have the TalentedPlayer objects shown in Table 4.10 in the @ljegt-oriented database.
Consider the similarity matrix foshotAccuracyattribute, which is represented in Table

4.8, and the similarity matrix fageattribute, which is represented in Table 4.9.

Table 4.8: Similarity Matrix for shotAccuracyballControl, speedand talent

FuzzyDegree |very high |high | medium | low | very low
very high 1.0 0.9 0.6 0.2 0.2
high 0.9 1.0 0.7 0.2 0.2
medium 0.6 0.7 1.0 0.2 0.2
low 0.2 0.2 0.2 1.0 0.5
very low 0.2 0.2 0.2 0.5 1.0

Table 4.9: Similarity Matrix for the Fuzzy Attribute age

FuzzyAge very old |old oung very young | infant
very old 1.0 0.7 0.0 0.0 0.0
old 0.7 1.0 0.0 0.0 0.0
young 0.0 0.0 1.0 0.8 0.1
very young 0.0 0.0 0.8 1.0 0.3
infant 0.0 0.0 0.1 0.3 1.0

Table 4.10: The TalentedPlayer Objects in the Fuzzy Object-Ori¢ad Database

object | age shotAccuracy | speed ballControl | object
id membership
degree
ol young high very high | high 1
02 very young| high, very high  high high, very.93
high
03 old high medium medium 0.8
o4 young low low medium 0.37

The algorithm of the evaluation of this semantic fuzzy query is as follows
1. Bridge sends the query to FOOD to find the TalentedPlayer objects.

2. FOOD sends the found TalentedPlayer objects, which have obgrobenship
degrees greater than the specified threshold (0.4) to bridgee $e object

membership degree of 04 (0.3) is smaller than the threshold value, 04 is ignored.
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3. Bridge uses the inclusion formulas implemented in the fuzzyepsar of FOOD
to find the inclusion degree of the valuesagkattribute of TalentedPlayer objects
(01, 02, and 03) to the fuzzy set “very young”. Considering the thingects in the

fuzzy object-oriented database:

For ol:my(young, very young) = 0.8

For 02:myvery young, very young) = 1

For 03:myold, very young) =0

Only 01 and o2 satisfy the threshold value giverafggattribute.

4. Bridge uses the inclusion formulas implemented in the fuzzyepsar of FOOD
to find the inclusion degree of the values shiotAccuracy attribute of
TalentedPlayer objects (01 and 02) to the fuzzy set “medium”.id&rirgy the

objects 01 and 02 in the fuzzy object-oriented database:
For o1:m4high, medium) = 0.7
For 02: Min [Max (m4high, medium)mJ4very high, medium)),
mghigh, very high)] = Min[Max (0.7, 0.6), 0.9] = Min[0.7, 0.9] =0.7
Both of the 01 and 02 satisfy the threshold value givesHotAccuracyattribute.
5. Bridge sends the result objects (01 and 02) to the user interface.
2- Consider the semantic query below:

“Find the players withvery high degree of talent (with a threshold of 0.6) which score a

goal in a goal event”.

Here,talentis a derived attribute in class TalentedPlayer. The gueegs a fuzzy rule
firing to find the value ofalentattribute. Assume that we have the rule (R-1) in the fuzzy
knowledge base for the derived attribtaéent Assume that we have the TalentedPlayer
objects shown in Table 4.10 in the fuzzy object-oriented datalmabalbathese objects

have the role “scorer” in a goal event.
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IF shotAccuracys [very high](0.8) AND
speeds [high, very high](0.7) AND
ballControlis [high, very high](0.8)
THENBlentis very high (R-1)
The algorithm of the evaluation of this semantic fuzzy query is as follows

1. The bridge sends the query to FOOD to find the TalentedP&bjects, which
appear in a goal event. The bridge transfers the found Taleayed®bjects (01,

02, 03, and 04) to the working memaory of FKB.

2. When the engine of FKB is run, the semantic fuzzy rules walfir the objects in
working memory. For the first condition of the rule (R-1), thalues of

shotAccuracattribute are compared.

For ol:myhigh, very high) = 0.9

For 02: Min[Maxfm4high, very high)m4very high, very high)),
myghigh, very high)] = Min[Max(0.9, 1), 0.9] = Min[1, 0.9] = 0.9

For 03:myhigh, very high) = 0.9

For o4:mylow, very high) = 0.2

The objects 01, 02 and 03 satisfy the first condition of the rule.

3. For the second condition of the rule, the valuespeledattribute are compared.
For o1: Max(mg(very high, high)myvery high, very high)) = Max(0.9, 1) =1
For 02: Max(mg(high, high),mhigh, very high)) = Max(1, 0.9) =1
For 03: Max(mgmedium, high)mgmedium, very high)) = Max(0.7, 0.6) = 0.7

The objects 01, 02 and 03 satisfy the second condition of the rule.
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4. For the third condition of the rule, the values ldllControl attribute are

compared.
For ol1: Maxtn(high, high),m¢(high, very high))=Max(1, 0.9) =1
For 02: Min[Maxf(high, high),m(high, very high),
my(very high, high)m.(very high, very high))m.(high, very high)]
= Min[Max(1, 0.9, 0.9, 1), 0.9] = Min[1, 0.9]1=0.9
For 03: Max(n{(medium, high)mmedium, very high))=Max(0.7, 0.6) = 0.7
The objects 01 and 02 satisfy the third condition of the rule.

5. 03 does not satisfy the second condition since the matching degrisesthaller
than the threshold value 0.8 specified in the rule definitiontefbee, only 01 and
02 satisfy the rule conditions. The overall matching degree afuteeantecedent
for 01 and 02 is found according to the formula explained in Sect@B 4s

follows:
For 01:Myteceden= Min(0.9, 1, 1) = 0.9
For 02:Mynteceden= Min(1,1,1) =1
6. The matching degree of the consequent is
Maentd(very high, very high) = 1.

Since the matching degree of the consequent is greater thanttiéngnalegree of
the antecedent for object 01, the membership degree of theontéusion is 1.0
for 01 according to the implication formula explained in Section 4.2t T
matching degree of the consequent is equal to the matching deDréw
antecedent for object 02, so the membership degree of the rule comatug.o

for 02 according to the implication formula.

Since the rule conclusion is greater than the threshold valug€ctied for the

talentattribute in the query, 01 and o2 will be included in the result list.
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7. The bridge takes the Player objects from FKB. Only ol and o2 are in the résult lis

Then the bridge sends the result objects to the user interface.
3- Consider the semantic query below:

“Find the young or very youngwith a threshold of 0.7) players withediumdegree of

talent (with a threshold of 0.6) which score a goal in a goal event”.

Here,talentis a derived attribute arefjeis a fuzzy attribute in class TalentedPlayer. The
query needs a fuzzy rule firing to find the valugaént attribute. Assume that we have
the rule (R-1) in the fuzzy knowledge base for the deriveibat@rtalent Assume that we
have the TalentedPlayer objects shown in Table 4.10 in the fuzayt-obented database

and all these objects have the role “scorer” in a goal event.
The algorithm of the evaluation of this semantic fuzzy query is as follows

1. The bridge sends the query to FOOD to find the TalentedPlayects with
young age and appear in a goal event. FOOD uses the inclosionlds to find
the inclusion of the values afjeattributes of players to the fuzzy set [young, very

young]. Considering the four objects in our fuzzy object-oriented database:

For 01: Max fn(young, young)my(young, very young)) = Max (1, 0.8) =1

For 02: Max fn(very young, young)y(very young, very young))

=Max (0.8, 1) = 1

For 03: Max (n(old, young)m(old, very young)) = Max (0, 0) =0

For 04: Max (n(young, young)my(young, very young)) = Max (1, 0.8) =1

The objects 01, 02, and 04 satisfy the threshold value giveag®attribute.

Therefore, the bridge transfers these three objects to the workingrnefi-KB.

2. For the first condition of the rule (R-1), the valuesshbtAccuracyattribute are

compared.

For ol1: Max(n4high, very high)) = Max(0.9) = 0.9
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For 02: Min[Maxfm4high, very high)m4very high, very high)),
m4high, very high)] = Min[Max(0.9, 1), 0.9] = Min[1, 0.9]1 = 0.9
For 04: Max(nflow, very high)) = Max (0.2) = 0.2

04 does not satisfy the first condition since the matching degree €h2aller than
the threshold value 0.8 specified in the rule definition. Therefore, ahignd 02

satisfy the first rule condition.

For the second condition of the rule, the valuespeiedattribute are compared.
For o1: Max(mg(very high, high)myvery high, very high)) = Max(0.9, 1) =1
For 02: Max(mg(high, high),mhigh, very high)) = Max(1, 0.9) =1

The objects 01 and 02 satisfy the second condition of the rule.

For the third condition of the rule, the values lodliControl attribute are

compared.

For ol: Maxtn(high, high),m(high, very high))=Max(1, 0.9) =1

For 02: Min[Maxfmy.(high, high),m(high, very high),
mc(very high, high)mc(very high, very high))m.(high, very high)]
= Min[Max(1, 0.9, 0.9, 1), 0.9] = Min[1, 0.9] = 0.9

The objects 01 and 02 satisfy the third condition of the rule.

. The overall matching degree of the rule antecedent for olo&nd found

according to the formula explained in Section 4.2.3 as follows:
For 01:Myteceden= Min(0.9, 1, 1) = 0.9

For 02:Myteceden= Min(1, 1, 1) =1

. The matching degree of the consequent is

Maent(Medium, very high) = 0.6.
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Since the matching degree of the consequent is smalleritbanatching degree
of the antecedent, the membership degree of the rule conclusibé fer the
objects ol and 02 according to the implication formula explaim&kction 4.2.3.
Since the rule conclusion is equal to the threshold value Ocfisddor thetalent

attribute in the query, o1 and o2 will be included in the result list.

7. The bridge takes the Player objects from FKB. Only 01 and 02 are in the résult lis

Then the bridge sends the result objects to the user interface.

4- Consider the semantic query below:

“Find the videos of football matches played with an audiendd @300 - 40000} with a
threshold of 0.6) and played imald weather (with a threshold of 0.7)

Here, audienceis an incomplete attribute aradrCondition is a fuzzy attribute in class
Match. The query needs calculation of inclusion degree for incompletritdtriand fuzzy
attributes. The formulas to find inclusion degrees for incompléti&wes are previously
explained in Chapter 2. Assume that we have the Match objects shownléMTHL in the
fuzzy object-oriented database. The similarity matrixaio€ondition attribute is given in
Table 4.12. The attributairCondition has OR semantics so inclusion degree formula for
OR semantics is used.

Table 4.11: The Match Objects in the Fuzzy Object-Oriented Datbase

objectid | audience airCondition
ol {20000 - 30000} 45

02 {7000 - 8000} low

03 {7000 - 50000} 30

04 {7000 - 20000} mild, hot

05 {30000 — 50000} very low, frigid

Table 4.12: Similarity Matrix for the Fuzzy Attribute airCondition

FuzzyTemperature [hot |mild |[normal | low very low | frigic
hot 1.0 |0.7 0.2 0.2 0.2 0.2
mild 0.7 |1.0 0.2 0.2 0.2 0.2
normal 0.2 |0.2 1.0 0.7 0.7 0.7
low 0.2 |0.2 0.7 1.0 0.7 0.7
very low 0.2 |0.2 0.7 0.7 1.0 0.7
frigid 0.2 0.2 0.7 0.7 0.7 1.0
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Consider the followings:

R[R;:..Ry] is the range of the incomplete attribute

V[V 1..V;] is the value of the incomplete attribute

The algorithm of the evaluation of this semantic fuzzy query is as follows

1. The bridge sends the query to FOOD to find the Match objeittsandience of
{10000 - 40000}. FOOD uses the inclusion formulas to find the inclusion of the
values ofaudienceattribute of Match objects to the range {10000 - 40000}

Considering the four objects in our fuzzy object-oriented database:
Forol:INC =1, sinceR V,>V; R;

For 02: INC =0, sinc®, > V,> V;

For 03: INC = (40000 — 10000 + 1) / (50000 — 7000 + 1) = 0.69

by the formula:

INC(rngc(a)/oj(@)) = (Ro- Ru+ 1) / (V2- Vi+ 1), where¥ R>R, V;
For 04: INC = (20000 — 10000 + 1) / (20000 — 7000 + 1) = 0.76

by the formula:

INC(rngc(a)/gj(a)) = (Vo- Ru+ 1) / (V2- Vi+ 1), whereR V., R V;
For 05: INC = (40000 — 30000 + 1) / (50000 — 30000 + 1) = 0.5

by the formula:

INC(rngc(ay)/oj(a)) = (Ro- Vi+ 1) / (Vo- Va+ 1), where¥ R, Vi Ry
The objects 01, 03, and 04 satisfy the threshold valusuidienceattribute.

2. For the second condition of the query, the valuesir@ondition attribute of the
objects 01, 03 and 04 are compared with the fuzzy valile Consider the

following membership function is defined for the fuzzy temitd:
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triangle 25, 30, 35

The algorithm to find the membership degree of a crisp valaduazy set for the
membership functiontriangle, which is taken from the IFOOD [30]

implementation, is given below:

Let numberbe the crisp value and let argl, arg2, arg3 be the paranoétdrs

membership functiotriangle (argl = 25, arg2 = 30 and arg3 = 35 in our example):

if number < argl, membership degree is 0
- if number arg3, membership degree is O
- if number argl and number < arg2,
membership degree = (number — argl) / (arg2 — argl)
- if number arg2 and number < arg3,
membership degree = (arg3 — number) / (arg3 — arg2)
For ol: number = 45, membership degree is 0 since number > arg3
For 03: number = 30, membership degree = (35-30) / (35 - 30) =1,
since number arg2 and number < arg3,
For 04: Min[Maxfmdmild, mild), mdhot, mild)), md{hot, mild)]
= Min[Max(1, 0.7), 0.7] = Min[1, 0.7] = 0.7
The objects 03 and 04 satisfy the threshold value for the attely@endition

Only 03 and 04 are in the result list. Then the bridge sends thHeakgets to the

user interface.
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CHAPTER 5

IMPLEMENTATION

We developed a prototype system of our framework by usingpfagsamming language

and used it for a football game video database application.

A fuzzy object-oriented database (FOOD) and a fuzzy knowledge {asB) are
integrated in our framework. As the object-oriented datalely [36], which is an open
source object database developed in Java, is used. Since a fuzzy object-oriantextidht
is used for the object-oriented database, we developed methoddcidating inclusion
degrees and similarity matching which are included in the fuzzyepsoc of FOOD. As
the knowledge base, Jess [37], which is a rule engine foatteeplatform, is used. Since
Jess does not provide any construct for fuzzy inference, we degtatmibods, which are

included in the fuzzy processor of FKB, to handle similarity matching.

FOOD and FKB are connected by a bridge. There is a usdiaggeabove this integrated
environment, which provides the users annotation and querying facilitie users do not
need to know any detail of the underlying system. The userangerbridge and fuzzy

processors are developed in Java programming language.

To play videos in our user interface, JMF API (Java Med@ameéwork Application
Programming Interface) [45] is used. The JMF API provides varwdso control

facilities (such as playing, pausing).

The users of the framework can annotate football game videosity the user interface.
The IBM MPEG-7 Annotation Tool [38] is used to segment a video video shots
automatically. The output of the IBM MPEG-7 Annotation Tool @ntiparsed by our user

interface and the shots detected are stored in our object-orientedsdataba

The framework also provides the user querying facilities. Steported queries are

(fuzzy) semantic, temporal, (fuzzy) spatial, regional, ttajgcand hierarchical queries.
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Queries are performed in an integrated environment and the irule&KB are fired

whenever needed.

The rest of the chapter is organized as follows: The inmgieation tools, which are
utilized in the prototype, are explained briefly in the firstisectin the second section, the
information about the architecture of our framework is givdre third section describes
the annotation module of the prototype and the last section degtiebgserying facilities

of the prototype system.

5.1 Implementation Tools
5.1.1db4o

db4o [36] is an open source object database developed for both Jaetddvelopers.
It allows the users to store complex objects by providing a sirdagration with object-
oriented programming languages. It eliminates the use of algjetional mapping which
most of the developers should deal with in object-oriented prognag. By using db4o,
there is no need to design an additional database schema since the class modelthecome
database schema of your application. db4o also allows updating andrreéatiie class

schema.

It also supports Native Queries (NQ), which allows the lbgess to construct queries by
using the programming languages eliminating the use of a daessaAPl. A sample

native query is given below:

List<Video> videos
= db.query<Video>(new Predicate() {
public boolean match(Video video)

{
return video.getTitle = = “Fenerbahce-Galatasaray Turkey Cup Match”;

1)

Beside NQ, db4o also provides the object-oriented query APls: @ydexample (QBE)
and S.O.D.A. S.O.D.A. is a low-level querying APl and allows creating dynamiegutr
runtime by providing direct access to the nodes of query graphs. fMpkxto a S.O.D.A

query is given below:
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Query query = db.query();

guery.constrain(Video.class);
query.descend("title").constrain(“Fenerbahce-Galatasaray Turkey CupNMgtc
ObjectSet result = query.execute();

File Manage Help

| =f Query history. .. -
FROM ‘footballdomain, Goal' -

Query:

Skore s ) Home \
@ rootballdomain, Goal

@ footballdornain Person
@ footballdomain Player

rConnected to db4o Database

File: Cii\Documents and SettingsiBurcuiDeskiopitez_workspacelWIDECDBbridge!videoDat abase

@ footballdomain, Team
. fuzzy.Fuzzyhge ~Database Statistics
@ fuzzy FuzzyColor
@ fuzzy T Fy Size: 10412 bytes
@ fuzzy T n
@ fuzzy 0T ru Hpai
@ videomodel. Actor Class Objects
@ videomodel AudioSignal :oot:a::jomain.Goal z|al
e i ; ‘ootballdomain. Person 1
: ::::zzz:::.::r:te Footbal\doma?n.P\ayer 1
@ videomadsl Fuzzy Faotbalidomain, Team 1]
@ videomodel. Image :uzzy.::uzzy?g;a é
@ videomodel, Object FUZZY'U#ZZFY gl ; 1
@ videomodel, Position FE:Z:UT_i: s
@ videomodel. Region Fuzzy.UT nu 0
@ vidsomodel. Scene wideomodel . Actor 2[ |
@ vvideomodel. Sequence wideomadsl. AudioSignal 0
@ videomodel. Shot wvideomodel Event z
@ videomodel. Structure wideomodel Frame ]
@ videomodel Yideo wideomods! Fuzzy b=

widenmndsl Trmane e

Figure 5.1: An Example Screenshot of the Object Manager GUI

QBE allows constructing queries by simply using the setter metifatie Java classes as
follows:

Video video = new Video();
video.setTitle("Fenerbahge-Galatasaray Turkey Cup Match");
List videos = db.get(video);

db4o developer community also provides Object Manager GUI whichvisual tool

providing browsing, querying and editing of the objects and classes! stoa db40 object
database. An example screenshot of Object Manager GUI is given in Fiyure 5.
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5.1.2Jess

Jess [37] is a Java based rule engine and scripting languiigd, is used for building
expert systems. It is developed at Sandia National Labomtdriee syntax of the Jess
language is very similar to the syntax of Lisp language. Sless is written in Java, it can

be easily integrated with the applications developed with Java tecknolog

As it is explained in [40], the inspiration for the development e§ jJe the CLIPS expert
system shell [42], which is an open source rule engine developéddmguage. Although
the rule languages of these two rule engines are very sithi&r implementations differ
in so many ways. Different from CLIPS, Jess is dynamic ahthalJava APIs can be

accessed from Jess.

Jess uses the well-known Rete algorithm for pattern matching. Rete algorithm is

implemented by building a network of interconnected nodes, which is ¢xdkednetwork.

Like a typical rule engine, Jess consists of a rule basefenence engine and a working
memory. The rule base stores a set of rules and the workimpmpeonsists of a set of
facts. A rule is similar to an “if —then” statement in @agadural programming language
but differently, the Jess rules are executed whenever thbealed side of the rule is
satisfied. The inference engine continuously checks whetheménynrthe rule base can
be applied to a fact in the working memory. This procesalisccpattern matching. If the
pattern in the left-hand side of the rule is matched witltiaifiethe working memory, then

the actions in the right-hand side of the rule are performed.

The main features of the Jess language, which are used ituthys @&e explained briefly

in this section.

Variables: Like an ordinary programming language, Jess language also providaisle
definitions. A variable is defined with a question mark (?) chearas Jess. A value can be

assigned to a variable by usibigpd function as follows:
(bind ?x “value of x”)

Jess also provides creating global variables, which are niwbyles by a reset command

as follows:

(defglobal ?*gv* = 3)
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Facts: The working memory of Jess contains a set of facts whilds rcan be applied.
Each fact has a template, which consists of a name and assatsofl he template of a fact
is similar to the class of a Java object and the sletsiamilar to the attributes of a Java

class. An example template and fact can be created as follows:
(deftemplate person (slot name) (slot surname) (slot age))
(person (name “John”) (surname “Doe”) (age 25))

Functions: Jess provides the definition of your own functions like any other anoming
language. The created function can be called in the right-handosideless rule. An

example function definition in Jess is as follows:

(deffunction smaller (?v1 ?v2)
(if (< ?v1l ?v2) then (return ?v1)
else (return ?v2)

)

Java reflection: Jess can directly access and manipulate the Java objectapplication.

To use an object of a Java class, you import the package of the classves foll
(import videomodel.*)

Once you import the package, you should define templates corresptmdiegJava class

you want to use as follows:

(deftemplate Event (declare (from-class Event)))

Now, you can create new Event objects as follows:

(bind ?e = (new Event))

To call a method of Event class, the constoaditis used:

(call ?e setName “eventname”)

Rules: Jess provides rule definitions by usohgfruleconstruct as follows:

(defrule before

?pl <- (Event (startTime ?sl) (endTime ?el) (OBJECT ?eventl))
?p2 <- (Event (startTime ?s2) (endTime ?e2) (OBJECT ?event2))
(test (and (neq ?p1 ?p2) (< ?el ?s2)
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(eq (get ?eventl video) (get ?event2 video))))
=> (add (new EventToEventRelation ?eventl ?event2 "before™)))

If the left-hand side (LHS) of the rule matches with an Ewaject in the working
memory, the right-hand side (RHS) of the rule is executed andnew

EventToEventRelation object is added to the working memory.

5.1.3Java Media Framework API (JMF)

JMF API [45] provides adding time-based multimedia such as audiovaleo to the

applications developed in Java. It supplies all the methods to ceidea streaming such
as playing, pausing, restarting and stopping the video streamppogijtithe stream at a
specified time, disabling and enabling the sound of the videspi2 JMF supports
different video formats, it brings difficulties when it is useith video formats other than

AVI. Therefore, our prototype works best with the AVI videos.

5.1.41BM MPEG-7 Annotation Tool (VideoAnnEx)

IBM MPEG-7 Annotation Tool [38] provides annotation of video sequenddsMPEG-7
metadata. The tool segments a video sequence into its shaistdsting scene cuts,
dissolutions and fading. The detected video shots can be annottiestatic scene, key
object, event descriptions and other lexicon sets. The annotatedshdes are stored as
MPEG-7 descriptions in an XML file. Therefore, the input of thel is a MPEG video
sequence and the output of the tool is a MPEG-7 XML file.

The tool also allows opening a previously constructed MPEG-7 XiMLtd display the
annotations and video shots related to a video sequence. Customizeddecdn also be

created by using the tool.

An example screenshot of the IBM MPEG-7 Annotation Tool is shownigré5.2. As
represented in the figure, there are three sections. Therfgss on the upper right corner
of the window and is used to play the video shots. The seconi amethe upper left
corner of the window and consists of the sections, which are usdubfaarmotation. The

third one is at the bottom of the window and is used to display tieeted shots or to
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display the frames within a single shot. There is also antiadai pop-up window for

region annotation, which is not shown in Figure 5.2.

IBM MPEG-7 Annotation Tool accepts MPEG formatted videos waedF APl works
best with AVI formatted videos. A video format converter isduseconvert videos from
one format to the other. MPEG formatted versions are only usedutomatic shot

annotation purposes. AVI formatted versions are annotated by using the edacént

Eile Tools Lexicon View Help

Shot Annotation

KeyFiane: Static Scene: Key Objects:
= O Factary ~ O Smoke ~
=[O Outdoars = [ Graphics_Test
= Mature_[Low-les Graphics
[m]
O 5ky O Text
[ Cloud OLloao
[ water [ Chart
O Snow = [ Transpartation
O Greenery [ Rocket
Events O Rock [ 5pace Shuttle
- OLand Oca
E\é’;‘jflggiﬁ:ng =1- [0 Mature[High-lew O Truck
o Parsan S :akim [ Mountain [ Rover
o Landin; B g [Eeach [ Tractor
Field Boat
[ Take-0ff/Launch E et E A?;ane
Exph
E Mol Shots O] Caryen L] Chopper i sy
O Elanllz = O Deser O Ealaon
o MD \A:’Ial:rlall -0 'E'gmmy Shaot Information
= an-Made - un w
< ¥ ¢ - S < S Shaot Mumber: 7
Start Frame: 1297 B - - -
Kepwords: Clear oK EndFrame: 1384 = IBM MP. 5.6‘7 - o
5 Annotation Tool +

Frames in the Shat  Shats in the Video ]

Figure 5.2: An Example Screenshot of the IBM MPEG-7 Annotation Tool

5.1.5Xerces?2 Java Parser

Xerces2 Java Parser [41] is an XML parser of the Apadrees family. Xerces2 parses
XML documents according to the XML 1.1 Recommendation. In thigystXerces2
parser is used to parse the Mpeg-7 XML files which the IRREG-7 Annotation Tool

produces as its output.
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5.2 Architecture

The architecture of the prototype system is shown in Fig@elbhe architecture consists

of four main parts:

1- FOOD
2- FKB
3- Bridge

4- User Interface

IBM MPEG-7 |
Annotation Tool N User q
Automatic Shot Manual
: - Query Interface

Annotation Annotation Module

Interface Module Interface Module AN
USER INTERFACE
OODB Module BRIDEE Query Module

L e — =

Fuzzy Processor Fuzzy Processor

/J\

N

DB40O
v

FOOD FKB

Figure 5.3: Representation of the Architecture of the Prototype Sysm
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The bridge consists of two modules: OODB Module and Query Module. O@axRile is
responsible for storing the complex objects of video data. Qdedyle is responsible for
processing queries, connecting FOOD and FKB, combining the querysranditsending

the results to user interface.

The user interface consists of three modules: Automatic Anootétterface Module,

Manual Annotation Interface Module and Query Interface Module.

Automatic Annotation Interface Module gets the output of IBREG-7 Annotation Tool
as its input. It parses the MPEG XML file, and stores th¢ isiiarmation in the database.

This module includes scene annotation interface.

Manual Annotation Interface Module consists of annotation interfadeish are used to
annotate a football game video. This module includes video annotatjent abnotation,

sequence annotation and event annotation interfaces.

Query Interface Module consists of querying interfaces, whiehugsed to query the data
stored in the database. This module includes semantic, temporad|, sgtio-temporal,

hierarchical query and class hierarchy interfaces.

5.3 Annotation

A football game video can be annotated and stored in our databasggyhe annotation
interfaces. In annotation process, the objects of the classasr imodel explained in

Chapter 3 are created and stored in the object-oriented database.

In all of the annotation interfaces, a video player component appedne window as
shown in Figure 5.4. The user can select a video from theyitera by using th8rowse

button in the video player. The player provides various opportsrsiieh as pausing,
restarting and stopping the video, positioning the video stream sgpecified time,

disabling and enabling the sound of the video.

When a video is selected, it becomes the active video atieahnotation, which is done
after the selection, will be for the selected video. The caerdisplay different annotation

interfaces by selecting it from the menu on the left-hand side of the window.
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5.3.1Video Annotation

Video Annotation Interface is used for providing video informasoch as name, title,
date and description of video. When information is entered anBa¥ebutton is pressed,

a new instance of Video class is created and stored iobibet-oriented database. Video
Annotation Interface is shown in Figure 5.5.

2 Video Database System

S(EES
Video Database System
Menu

) VIDEQ
=-[_) Annotation
@ Video
# Object
® Scene
- Sequence
@ Event
=[] Query
# Semantic
# Temporal
-4 Spatial
- Spatio-temporal
- Hierarchical
# Class Hierarchy
# Help
- Exit

File Path | Ciivideoslavilvideol avi | [_Browse ]

Figure 5.4: Video Player of the Prototype System

Figure 5.6 shows the panel which is used for null attributesgesgription Since the

value of a null attribute can be null (dne, ni, unk) or crisp, thexgveo sections in the
panel to choose one of them.

5.3.20bject Annotation

Object Annotation Interface is used for defining the video objepfearing in a video.
Object Annotation Interface is shown in Figure 5.7.
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There are four different object typeRlayer, Ball, Match and TalentedPlayerWhen the
object type is selected, the details panel below is refiefeiéhe selected object type and
the needed fields for the selected type are displayed. As shdvigure 5.7, the details of
TalentedPlayer clas?Néme Age DressNumber Field Position ShotAccuracy Speed
and Ball Control) are displayed in thBlayer Details panel. The field©bjectNameand
Descriptioncorrespond to the attributes of the base class Object andf@xait object
types.

<. Video Database System
Video Database System
Menu Video Player Video
) VIDEO
-] Annotation

Name | wideo1 ‘

Title | fenerbahce-besiktas super cup 2007 ‘

Date | 05.08.2007 |

Description @l dne b

ome [ |

Save

Figure 5.5: User Interface for Video Annotation

Description ) Ml b
) Crisp | |

Figure 5.6: Definition of the Null Attribute description
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When information is entered and tHave button is pressed, a new instance of
TalentedPlayer class is created and stored in the objeotaxt database. If another object
type were selected, an instance of the corresponding class would be createtheSatass
TalentedPlayer is uncertain at object/class level, thgcbbmembership degree is

automatically calculated and stored when a TalentedPlas@nice is created and saved to
database.

= Video Database System

Video Database System
Menu Video Player Ohject
] vioEo Chiect Name | Roberto Carlos |
-1 Annotation
o video Cbiject Type ‘Ta\ented Player v ‘
s biject
Description @) Mull dre v
L Sequence .
g Ocm [ ]
1 Query :
eTien Player Details

o Exit MNarne | Raberto Catlos ‘

Age
® Fuzzy very old

~
old =
v

oms [

Shat Accur., (®) Fuzzy

e

File Path |C:\wdaos\aw\wdeol‘avl ‘ [ Browss |

ows [

(2 Fuzzy wery high ]
medium ~

Speed

L —
@ Fuzzy

Ball Control

AN

mediurn

L ——

Figure 5.7: User Interface for Object Annotation

Figure 5.8 shows the panel which is used for fuzzy attributeageqgSince the value of a
fuzzy attribute can be fuzzy or crisp, there are two sectiotisei panel to choose one of

them. Multiple fuzzy values can be selected since a fuzzipwte is a multivalued
attribute.

Figure 5.9 shows the panel which is used for incomplete atdspagaudience Since the
value of an incomplete attribute is a range with a startingeadthg value, there are two
sections in the panel for both of them.
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yaung v
() Crisp

Figure 5.8: Definition of the Fuzzy Attribute age

Audience 10000 - | zo000

Figure 5.9: Definition of the Incomplete Attribute audience

5.3.3Scene Annotation

Scene Annotation Interface is used for defining the video samss shown in Figure
5.10. Before using this interface, the user should create the MRMG file of the
corresponding video by using the IBM MPEG-7 Annotation Tool. An exarl#&EG
XML output of the tool is provided for the reader in Appendix C.

The user can select the previously created XML file from the file sysyamibg the_oad

IBM Annotation Tool Output XMhutton. After selecting the XML file, the content of the
file is displayed in thépeg XMLpanel and the shots, which are created by IBM MPEG-7
Annotation Tool, are listed in th8hotspanel with shot name, start time and end time
information. If the user selects any shot from the list and gsab®Play button, then the
selected shot is played in the Video Player. Therefore, thecaseplay any shot and
combine the semantically closer shots, which make up a video d8ieMPEG-7

Annotation Tool is utilized in this study in a similar way with the studjuded in [46].

If the user selects a nhumber of shots from the shot list,seffiterscene name and presses
the Create Scenbutton, a new instance of the Scene class is created abjdgw-oriented
database. The combined shots are also stored in the objectébdatdabase in the form of
instances of the Shot class. The value ofpheentScenattribute of the combined Shot

instances is set to be the newly created Scene instance.
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* Video Shot Hame Start Time: End Time
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SteneName | goalscens1 | Create Scene |

Figure 5.10: User Interface for Scene Annotation

5.3.4Sequence Annotation

Sequence Annotation Interface is used for defining the video seguandds shown in
Figure 5.11. When the user pressesltbad Scenes of the Vidéwtton, the previously
created scenes are listed in theeneganel with scene name, start time and end time
information. If the user selects any scene from the list andgsdbePlay button, then the
selected scene is played in the Video Player. Thereforeisttrecan play any scene and

combine the semantically closer scenes, which make up a video sequence.

If the user selects a number of scenes from the sceneritsts the sequence name and
presses th€reate Sequendautton, a new instance of the Sequence class is created in the
object-oriented database. The value ofglaentSequencattribute of the combined Scene

instances is set to be the newly created Sequence instance.
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5.3.5Event Annotation

Event Annotation Interface is used for defining video evéaspening within a video
shot. Event Annotation Interface is shown in Figure 5.12.

There are two different event typ&soal andFoul. When the event type is selected, the
details panel below is refreshed for the selected eventaygehe needed fields for the
selected type are displayed. As shown in Figure 5.12, the det&itgib€lass larshness

Y ellow Card, RedCard, andField Positior) are displayed in the window.

2 Video Database System |Z||§HE\

Video Database System
Menu

) VIDEQ

=-[_) Annotation
e Viden
L% Object
l.-# Scene
L= EQUENCE
o Event

-] Query

% Help

Loy Exdit

Sequence

Scenes

Scene Name Start Time End Time

File Path | Ciivideoslavilvideol avi [ Brawse | [ Load Scones of the video | [

Sequence Mame | matchsummarysequence Create Sequence J

Figure 5.11: User Interface for Sequence Annotation

The fieldsStart Time End Time and EventNamecorrespond to the attributes of the base
class Event and exist for all event types. When the user stops theRlaer at a specific
time and presses tli&et Start Timdoutton, the time of the Video Player is displayed in the
Start Timefield. When the user stops the Video Player at a spduife and presses the
Get End Timéutton, the time of the Video Player is displayed inBEhd Timefield.
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When Event Annotation window is loaded, Bequencdist is filled with the sequences of
the selected video. When the user selects a sequence fr@aghencdist, the scenes in
the selected sequence are listed inSbendist. When the user selects a scene from the
Scendist, the shots in the selected scene are listed iShiotlist. When the user presses
the Play button, the selected shot is played in the Video Player. This topgrprovides

an easy way for the user to find an event in the selected video.

At the bottom of the window, there Actor panel to enter information about the actors of
an event. At the right-hand side of tAetor panel, there ig\ctor Informationpanel for
selecting the objects, which have a role in the eventepsesented in Figure 5.13, when
the Event Annotation window is loaded, t@éjectslist is filled with the list of objects of

the selected video. In thénguistic Roldlist, the linguistic roles agent, object and recipient
are listed.

£ Yideo Database System

S(EES

Video Database System
Menu
) VIDEQ
=] Annotation
@ tideo

Video Player

Event
-] Query
@ Help
Loy Exdit
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Actors of the Event
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aet Region

Top Left % [ | width [ |

Top Left ¥ | | Height | |

Add Actar Position

Event
Event Details
Stark Time

End Time:
Ewent Name
Sequence
Scene

Shot

Foul Details
Harshness

() Fuzzy

O Crisp

() Yellow Card

[15.47 |[_eetstartTime__|

[1807 [ GetEndTime |
matchsummarysequence s

‘Shot_386_453
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() Red Card
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Objects
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Semartic Role

_
_
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'H

Clear

Figure 5.12: User Interface for Event Annotation

When the user selects an object from @lgectslist, selects a linguistic role from the

LinguisticRolelist, enters the semantic role of the object and prességithdctorbutton,
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a new instance of the Actor class is created and the ponaing actor is added to the
Actors of the Eventist of the Actor Position panel. The annotation of two actors:
committerandvictim are represented in Figure 5.14 (a) and Figure 5.14 (b). Figure 5.15
shows theéActors of the Everlist.

Actor Information

Ohjecks 3

Roberto Carlos -~
Linguistic Role ball

Edu D.

Tbrahir Uziilmez

Semantic Role Serdar Kulbilge

Hakan Arikan

[Makteja Kezman
Bobo

Figure 5.13: Object List of the Video

The Actor Position panel is used to enter the position information of the actotheof
event. To enter position information for an actor in the ewvtat,user stops the Video
Player, selects the actor from tAetorsof the Eventlist, and presses theet Time button.
The time of the Video Player is displayed in ffiene field of the Actor Position panel.
Then the user draws a rectangle on the Video Player, which bdumd®tresponding
object. After drawing the rectangle, the user pressesGiiteRegion button and the
coordinates of the rectangle are displayed inTibyeLeft X, Top Left Y, Width andHeight
fields of theActor Position panel. If the user presses thdd Actor Position button, the
user interface creates a new instance of Region and Posé&sesland adds the Position
instance to theositionListattribute of the selected Actor instance. Figure 5.16 aguar&i

5.17 show how the actor position information is entered for two differensactor

Finally, the user presses tBaveEventbutton; a new instance of Foul class is created. If
another event type were selected, an instance of the correspahals would be created.
The eventattribute of the Actor instances is set to be the newlgtedeFoul instance and
the parentShotttribute of the Foul (inherited from the base class Evestance is set to
be the selected Shot instance from 8i®tlist of the EventDetails panel. Then all the
Actor, Position, Region and Foul instances are stored persisiertthe object-oriented

database.
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Actor Information

Objects Edu D b
Linguistic Role agent w
Semantic Role ‘ commitker
[ Add Actor ]
(@)

Actor Information

Obijects Bobo v
Linguistic Fole recipient w

Semantic Role | wickim

[ Add Actor ]

(b)

Figure 5.14: Actor Annotation

Actor Position

fckors of the Event Edu D.: commitker

Edu [ commitker
Biobia: wickim

Tirne:

Get Reqgion ]

Top Left ¥ |:| Height: | |

[ Add Ackar Pasition ]

Figure 5.15: Actors of the Event
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Video Player

File Path | Ciivideos\avivideol, avi | [ Browse ]
Actor

Actor Position

Ackars of the Event Eaha: wickim "

Tirme | 15.95 D[ etTme |

L et Region J

Top Left % 181 Width | 150 |

Top Left ¥ Height | 161 |

[ Add Ackar Pasition J

Figure 5.16: Actor Position Annotation for the First Object
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Video Player

File Path | Cvideos\aviivideol, avi | [ Browse ]
Actor
Actor Position
Ackors of the Event Edu D.: commither "
Time [15.95 L[ GetTme |
L et Region J

Top Left ¥ Width |121 |
Top Left ¥ Height | 222 |

[ add Actor Position J

Figure 5.17: Actor Position Annotation for the Second Object
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5.4 Querying

The framework provides the user querying facilities. The suppateries are (fuzzy)
semantic, temporal, (fuzzy) spatial, trajectory, regional andataieical queries. In this
section, the query interfaces of our prototype system glaiegd and query examples are
given. The temporal, spatial and (fuzzy) semantic rules areewiit Jess language and are

provided for the reader in Appendix B.

5.4.1 (Fuzzy) Semantic Queries

Semantic Query Interface provides the user to query the prapeftiideo, Object and
Event instances stored in the database. Since some of thesciaie uncertain and include
uncertain attributes, the queries can be fuzzy. A generic queduagion method is
developed. The method is generic, since it does not access anylfdothaln specific
classes and data types. The method can be employed for any qgomaiting the base

classes be used.

< Video Database System g@_‘
Video Database System
Menu Semantic Queny
(1 vIbEO Search Criteria Details

Video Details

Marne

Entity

Object Type

.~ ® Temporal
| @ Spatisl
% Spatio-temporl | | Date
. # Hierarchical

@ Class Hierarchy
L Help
Lem Exit

Title

Event Type

Obiject Membership Threshald
Description @ hul

LR

Figure 5.18: Semantic Query Interface
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Semantic Query Interface is shown in Figure 5.18. There are three dptibe&ntity list:
Video, Object and Event. If Video is selected from the VigleoDetails panel is loaded as
in Figure 5.18. The user might enter values to the fidkine Title, Date andDescription
When theQuery button is pressed, the query request is sent to the bridge. Theigue
performed by using the query evaluation algorithm. The resulislistisplayed in the
SemanticQuery Resultswindow as shown in Figure 5.19. In tBemanticQuery Results
window, the user can play a video from the result list by 8etpthe video and pressing
the Play button.

£ Video Database System |Z”E”z‘

Video Database System
Menu < Semantic Query Results &l
) VIDEO N
1 Annotation Query Results
-] Quer
Emantic

Mame File Path Title Date Description

i a5 super cup 2007

a C
L@ Spatial i |Fenerbahce-galatasaray super lig 5. ni
i % Spatio-temporal videod Cilvideos\avilvideod.avi  |galatasaray-begiktag super lig 05.05.2006 dne
# Hierarchical videoS Ciivideos) avilvideos, avi Fenerbahce-trabzonspor super lig 02,05,2006 dne
L@ Class Hierarchy video3 Ciivideos\avilvideo3.avi |begktag-trabeonspor super fig [05.03.2006 dne
o Help
ey Exit

Video Player

Figure 5.19: Semantic Query Interface (Video is selected)

If Object is selected from thentity list, theObject Typelist becomes active, and the user
can select the object type (Player, Match, TalentedePldyom the list. When the user
selects an object type, the details panel for the selegbedit loaded as represented in
Figure 5.20. The user might enter values to the fields iDétails panel. When thQuery
button is pressed, the query request is sent to the bridge. Tiyeigjperformed by using
the query evaluation algorithm. The result list is displayethé@BSemanticQuery Results
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panel. Figure 5.20 (a) shows the querying of Match objects iginders.20 (b) shows the
query results. As it can be seen in Figure 5.20 (b), the inclusgmeatefor the attributes

audienceandairConditionare calculated and shown in the results.

Figure 5.21 (a) shows the querying of TalentedPlayer object§ignde 5.21 (b) shows
the query results. As it can be seen in Figure 5.21 (b)nttesion degrees of the fuzzy
attributesage shotAccuracy speed and ballControl are calculated and shown in the
results. Since the class TalentedPlayer is also uncertain at théabdsgsdevel, a threshold
for the object membership degrees can be specified. The méipbeegrees of the

objects in the result list are also displayed inSkenantiQueryResultsvindow.

Semantic Query
Search Criteria Details
; Match Details
Enticy Chject w
[rate
Object Type Match 3
Audience 5000 - | 40000 Threshold | 0.6
Event Type
Air Condition
Object Membership Threshold @ Fuzzy hat: -~ foe=tcly 0.7
mild
normal -
O crisp
(a) Query Specification
Query Results
Date Audience Audience Inclusion Air Condition Air Condition Inclusion Obiject Membership ...
05.08.2007 |{10000.0-30000.0} [1.o |rat [1.o [t.o |

(b) Query Results

Figure 5.20: Semantic Query Interface (Object - Match is selectg¢d

Figure 5.22 (a) shows the querying of TalentedPlayer objects byingi¢he value of a
derived attributgalent The value is specified as “very high” and the thresholdvisngas

0.7. The query results including the rule conclusion are represented in BiRRi@d).

Figure 5.23 (a) shows the querying of TalentedPlayer objects byingi¢he value of a
derived attributgalent This time, the value is specified as “medium” and the Kolesis

0.6. The query results including the rule conclusion are represented in B2Bi@d®).
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If Event is selected from théntity list, the EventTypelist becomes active, and the user
can select the event type (Foul, Goal) from the list. Whemgsbe selects an event type,
the details panel for the selected type is loaded as repedse Figure 5.24 (a). The user
might enter values to the fields in tDetails panel. When th@uerybutton is pressed, the
query request is sent to the bridge. The query is performed iy & query evaluation
algorithm. The result list is displayed in tQeieryResultspanel. Figure 5.24 (b) shows the
query results for the class Foul. In tBemanticQuery Resultswindow, the user can play

an event from the result list by selecting the event and pressiRdgthbutton.

£ Yideo Database System

Video Database System
Menu Semantic Query
] VIDEQ Search Criteria Details
-] Annotation 4 — = Player Details
=] Query S Object e Marne |
4 TBH Object Type Talented Flayer > Age @ Fuszy Threshold | 0.6
i ® Spatial Event Type
i@ Spatio-temporal L hi|
i@ Hierarchical = e
I i tierarthy Object Membership Threshold ~ [0.7 | O |
~® Help -
b Exit Dress Mo |
Field Position |
Shat Accur, (@) Fuzzy veryhih Threshald 97
medum [
O Crisp |
Speed DR pypigh w T 06
:
mediurn o
Ocrisp |
plcentel gy ey [ g | Tresiokl [0
medium v
O crisp
irelemt (® Fuzzy veryhich [ Threshald
high
medum 4
O Crisp [
(a) Query Specification
Query Results
Marne Age Inc. | Shot Accuracy | Inc, | Speed Inc.  Ball Control | Imc. | Talent  Rule Co...  Object Member...
ihrahim Uzillmez |yaung 1.0 |high 1.0 |medium 0.7 |high, medium [0.7 0.5043475
Mateja Kezman |voung 1.0 very high, high (0.9 |high 1.0 |very high 1.0 0.9652174
EduD. young, very young (0.5 high 1.0 |high, medium|0.7  |high 1.0 0, 30569564
Roberto Carlos  |voung 1.0 very high, high 0.9 |high 1.0 |very high 1.0 0.9652174
Bobo woung, very young (0.5 high 1.0 |medium 0.7 |high 1.0 0, 90359564

(b) Query Results

Figure 5.21: Semantic Query Interface (Object — TalentedPlayer iselected)
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For the three types of entity, the user might enter a tbidshalue for the object
membership degrees of the requested objects. This fielddsingful if the selected class
is uncertain at the object/class level such as Foubt@niedPlayer classes. If the field is
left empty, its default value will be considered to be 0.

£ Yideo Database System

Video Database System
Menu Semantic Query
] VIDEQ Search Criteria Details
-] Annakatian Erity . ma Player Details
. Ohbject - 1
(=) Query | Marne | |
Semantic - =
4 Trl Object Type | Talented Flayer vJ Age [CLT= o Threshod 0.7
foe@ Spatial i T —_i
i@ Spatio-temporal | WErY YOUNG o
i@ Hierarchical : —
@ ClassHerarchy Object Membership Threshold |07 | Cusm [ ]
L.# Help -
oot Exit Dress Mo 71
Field Position i _v_=
Shat Accur, (@) Fuzzy veryhih Threshald ‘
high
medium
O Crisp | I
Speed r—
e (&) Fuzzy veryhich (& Threshald - |
high
mediurn o
Ocrisp | |
Ball Contral ]
(%) Fuzzy cerohih |8 Threshald !7
high
mediurm v
Ocrisp | |
Talent @ Fuzzy & Threshold [D_f_t
medium
() Crisp |
(a) Query Specification
Query Results
Mame Age Inc.  Shot Accuracy  Inc.  Speed  Inc. | Ball Control | Imc.  Talent Rule Conclusion...  Object Membership D...
Mateja kezman |young |10 |very high, high [1.0  |high  [1.0 |veryhigh  [1.0  |veryhigh [1.0 0.9652174 |
Roberto Carlos |young [0 [very high, high [1.0 Jhigh 1.0 veryhigh  [1.0 [veryhigh [1.0 |0.5652174 |

(b) Query Results

Figure 5.22: Semantic Query Interface (Object — TalentedPlayer iselected)
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wery high
high -

() Crisp

(a) Query Specification

Query Results

Mame Age Inc, | Shot Accuracy Inc. Speed Inc. Ball Control Inc.  Talent Rule Conclusion ... Object Membership ...
Mateja Kezman |yuung |1.D |\-'ery high, high |1.U |high |1 .0 |very high |1.D |medium |D.6 |D.96521?4 I
Roberta Carlos |young  [1.0 |wery high, high  [1.0 |high 1.0 |very high 1.0 |medium 0.8 |0.9852174 |

(b) Query Results

Figure 5.23: Semantic Query Interface (Object — TalentedPlayer iselected)

Semantic Query
Search Criteria Details
. Foul Details
Entky |Event ~ |
RINEE @Ry [ oy g () | Teshold
Object Type > LUl =
high
ium
Event Type |FUuI 3 | L
S —
object Membership Threshold
(O vellow Card () Red Card

(a) Query Specification

deo Database System

‘ideo Database System
Menu £ Semantic Queny Results x|
) VIDEQ —
£~ ) Annotation Query Results
Mame Start Time | End Time Red Card Vellow Card | Field Posit...  Harshness | Harshness...  Object Me..

=] Query

False

medium

#® Spatial
#® Spatio-temporal
i ® Hierarchical
i@ Class Hierarchy
# Help

® Exit

Video Player

(b) Query Results

Figure 5.24: Semantic Query Interface (Event — Foul is selected)
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5.4.2Temporal Queries

Temporal Query Interface allows the users to construct teingoesies. The interface is
shown in Figure 5.25. All of the search criterias are optionpetéorm a temporal query.
If Video field is not left empty, the query is executed for the védedth the specified
name. If that field is left empty, the query is executed for all of itheos.

£ Yijdeo Database System

Video Database System
Menu < Temporal Query
[ VIDED
- Armotstion Temporal Query
E-Laquery Search Video Player
- Semantic
Ik WTerporal Video
- Spatial ‘ ‘
S+ Spatio-temporal Eventl ‘fnull ‘
-4 Hierarchical
" @ Class Hierarchy Object [EduD. |
L@ Help
Loy Exit
Lingustic Rale ‘agant o ‘

Temporal Relation |beF°re 3 ‘
Event2 | ‘
Results

Ewentl Temporal Relation | EventZz | Start Time of Eventl  End Time of Eventl | Start Time of Event2 = End Time of Eventz | Video
foull before igoald 15,47 15,07 145,82 150,0 Civideosiavity, .
. s = -

foul1 before lgoalz 15,47 15,07 51,54 59,6 Cvideosiavily. ..

Faull befare Foul3 15,47 15,07 128,42 131,46 Civideosiavity, .

Faull befare Foulz 15.47 15.07 87.73 9z.01 Civideosiavity. ..
[ Play Eventl ] [ Play Event2 ]

Figure 5.25: Temporal Query Interface

When the user enters the needed information and press@sehgbutton, the constructed
temporal query is executed. The results are displayed iRebkaltspanel. When a record
is selected from th&esultspaneland Play Eventlbutton is pressed, the time interval of
the Eventl is played in the Video Player on the right-hand sitleeofvindow. When the
Play Event2button is pressed, the time interval of the Event2 igeplan the Video
Player.

Consider the temporal query represented in Figure 5.25:
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Find all the events happening after the foul event (hamed as foulhjéh player Edu D.

commits (has the linguistic role “agent”) the foul.
The steps of the evaluation of this query are as follows:
1- The query is firstly sent to bridge and bridge sends the query to FOOD.

2- FOOD finds the Foul events in which the Player object withendEdu D.” is an

actor having the linguistic role “agent”.

3- FOOD also finds the Event instances, which occur in the same ofdée found

event in step 2.
4- The bridge transfers found Event instances to the working memory of FKB.

5- When the engine of FKB is run, the temporal rules will fire fier Event instances
in working memory. If a rule is activated for two Eventtamees, it inserts a new
EventToEventRelation instance to the working memory of FKB aitlig the

temporal relation between those two Event instances.

6- The bridge takes those newly added EventToEventRelation instamcesends

the ones satisfying the temporal relation “before” to the useractrf

5.4.3 (Fuzzy) Spatial Queries

Spatial Query Interface allows the users to constructjugzatial queries. The interface
is shown in Figure 5.26. All the search criteria are optional toqera spatial query. The
threshold is for directional spatial queries, which can beytu Video and Eventfields

are not left empty, the query is executed for the videos aleb@vents with the specified
names. If those fields are left empty, the query is executedlfof the videos and all of

the events in those videos.

When the user enters the needed information and presg@sehgbutton, the constructed
spatial query is executed and the results are displayed Rethdtspanel. In the result list,
the time intervals in which the selected spatial relatioldls between the selected objects

are displayed with their membership degrees. When a recseteited from the result list
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andPlay button is pressed, the selected time interval is playéueivideo Player on the
right-hand side of the window.

£ Yijdeo Database System

Video Datahase System

Menu < Spatial Query [?|
) VIDED —
-] Annatation
Equery Search Video Player
i@ Semantic
.
i@ Hierarchical
i@ ClassHierarchy .
e e elfed
Threshald
Results
Objectl Spatial Relation | Object2 Start Time End Time Membership Degree | Wideo Event
EduD. left Eobo 16,18 16,26 0,5930473 Ci\videosiavilvideol,avi  [foull
EduD. left Eiobo 15,66 15,95 0.59145134 C:\videosiavilvideol.avi  [foull
EduD. left Bobo 16.1 16,18 0.7048328 Cijvideoshavilvideol.avi  [Foull
left EBobo 16,26 16,34 06192095 FoulL
Bobo 5 £33

Figure 5.26: Spatial Query Interface

Consider the spatial query represented in Figure 5.26:

Find the time intervals in which player Edu D. appears on the fgflayer Bobo with a
threshold of 0.5.

The steps of the evaluation of this query are as follows:
1- The query is firstly sent to bridge and bridge sends the query to FOOD.

2- FOOD finds the events in which the Player objects with sateelu D.” and
“Bobo” are actors.

3- The bridge transfers the position list of the found Actor ms#a to the working
memory of FKB.
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4- When the engine of FKB is run, the spatial rules will firetfar Position instances
in working memory. If a rule is activated for two Positiontémges, it inserts a
new ActorToActorRelation instance to the working memory of FikdBcating the
spatial relation between those two Position instances. lfelagan is directional,

membership degree is also calculated when the rule is executed.

5- The bridge takes those newly added ActorToActorRelation instandeseads the

ones satisfying the specified spatial relation “left” and $pecified threshold
“0.5” to the user interface.

5.4.4Spatio-temporal Queries

Spatio-temporal Query Interface allows the users to constegibrmal and trajectory
queries. WherRegionis selected from th@uery Type,the interface takes the Regional

Query mode. The interface for regional query is shown in Fi§2g. All the search
criteria are optional to perform a regional query.

£ Yideo Database System |'L||i\
Video Database System
Menu £ Spatio-temporal Query 3]
) VIDEQ —
-] Annotation Search Results
=[] Quer
ch‘ Simanti( o l:l Start Time  End Time | Membership Degres | Event Video
Lo Temporal
Lo Spatial 15,66 15.74 0.62464803 Faull Civideosiavil...
g Object 15,74 1552 |n.50321275 foul1 [Crivideosiavi,..
Lo Hisrarchical
i@ Class Hierarchy Threshold
~® Help

Video Player

Figure 5.27: Spatio-temporal Query Interface (Regional Query)
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If VideoandObjectfields are not left empty, the query is executed for the videos and video
objects with the specified names. If those fields areslefity, the query is executed for all

of the videos and all of the objects in those videos.

The region is drawn in the drawing panel, which is on the left-bottom of the window. Since
an exact region can not be specified, a threshold can ba gikich is used to eliminate

the found regions which match with the specified region with a membershgedagaller

than the threshold.

The region matching formula used to calculate the membersigneedewhich is taken

from the study in [3], is as follows:
m = intersected_area (Regionl, Region2)
/ minimum_area (Regionl, Region2) (F-1)

When the user enters the needed information and presg@aghgbutton, the constructed

regional query is executed and the results are displayed Rethdtpanel.

The following algorithm, similar to the one utilized in [3], évaluated for regional

queries:
1- The query is firstly sent to bridge and bridge sends the query to FOOD.
2- FOOD finds the actors according to the specified Video name and Oajeesn
3- For each found actor
3.1- For each position of that actor
3.1.1- Get the region of the position

3.1.2- Find the membership degree of the region to the specifg@dirdy

using the region matching formula (F-1).

3.1.3- If the membership degree is greater than the specifiechtidesadd

that position with the found membership degree to result list.

4- Send the result list to the user interface.
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In the result list, the time intervals in which the regionalrguelds are displayed with
their membership degrees. When a record is selected fromstiieligt andPlay button is

pressed, the selected time interval is played in the Video Player.

WhenTrajectoryis selected from th@ueryType,the interface takes the Trajectory Query
mode. The interface for trajectory query is shown in Figure 5.28 andgbk of the query
is represented in Figure 5.29. All the search criteria anergtto perform a trajectory
query.

£ Yijdeo Database System

Video Database System
Menu

) VIDED

£ Spatio-temporal Query

[ Annotation Search Results
2] Query : - — -
_:I - Start Time End Time Event Video
e SEmantic Video T 1 |
@ Temporal | 15.58 16.34 Foull [c:iwideasiavitvi... |
L@ Spatial -
[ ctio-temporal Object |EduD.
- Hierarchical -
@ Class Hierarchy Threshold 06
@ Help —
Lot Exit Query Type e |
Video Player
2
1
Clear ] [ Exit

Figure 5.28: Spatio-temporal Query Interface (Trajectory Query)

If VideoandObjectfields are not left empty, the query is executed for the videos and video
objects with the specified names. If those fields areslefity, the query is executed for all
of the videos and all of the objects in those videos.

This interface can be used to find the time intervals in waislpecified trajectory holds
for the specified objects in the given video. A trajectorgpecified by drawing starting

and ending regions, which can be drawn in the panel on the left-bottom of the window.
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£ Yijdeo Database System

Video Database System

Menu £ Spatio-temporal Query X
) vIDED -
1 Annotation Search Results
=) Quer

_IQ. S:.mannc Start Time End Time Event Video

bl Temparal

o Hr

oo Class Higrarchy Threshold
o Help
R Query Type Trajectary v

mn— | |~y

[ Clear ] [ Exit

Figure 5.29: Spatio-temporal Query Interface (Trajectory Query Reslts)

Since exact regions can not be specified, a threshold can be givich is used to
eliminate the found regions which match with the specifiedoreggivith a membership

degree smaller than the threshold. The region matching forfatda is used to calculate
the membership degree.

When the user enters the needed information and presg@aghgbutton, the constructed

trajectory query is executed and the results are displayed Rethdtspanel.

The following algorithm, similar to the one utilized in [3], évaluated for trajectory
queries:

1. The query is firstly sent to bridge and bridge sends the query to FOOD.
2. FOOD finds the actors according to the specified Video name and Oajeetn

3. For each found actor

3.1. Create a new trajectory list.
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3.2. For each position of that actor
3.2.1. Get the region of the position
3.2.2. If the trajectory list is empty

3.2.2.1. Find the membership degree of the region to the specified

starting region by using the region matching formula (F-1).

3.2.2.2. If the membership degree is greater than the specified
threshold, add that position to the trajectory list.

3.2.3. Else (trajectory list is not empty)

3.2.3.1. Find the membership degree of the region to the specified

ending region by using the region matching formula (F-1).

3.2.3.2. If the membership degree is greater than the specified
threshold, add that position to the trajectory list. Add the

trajectory list to the result list. Create a new trajectoty lis

3.2.3.3. Else (If the membership degree is smaller than twifiegd
threshold), add that position to the trajectory list.

4. Send the result list to the user interface.

In the result list, the time intervals in which the tré&geg query holds are displayed with
the event names. When a record is selected from the resaltdiBiay button is pressed,
the selected time interval is played in the Video Playerdtitian, the exact starting and
ending regions of the selected trajectory and the path betwesnttine regions are drawn

on the drawing panel as shown in Figure 5.29.

5.4.5Hierarchical Queries

Hierarchical Query Interface allows the users to consthietarchical queries. The
Hierarchical Query Interface is shown in Figure 5.30 and Fi§u8&. Hierarchical Query
Interface provides querying of the hierarchical structure idkos, such as finding

sequences of a video, scenes of a specific sequence or videopklaospecific scene,
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sequence or video or events of a specific shot, scene, sequetecorAt the same time;
name, start time and end time properties of a shot, scene, sequeagent might be

specified to narrow the search.

£ Yijdeo Database System
Video Database System

Menu £ Hierarchical Query [7|
) VIDEO —
] Annotation
Search Video Player
b Start Time
@ Help
Sequence makchsummarysequence
Shot List
Shat Mame Stark Time End Time Parent Scene Parent Sequence Video Video Name
i i ) NEp uuasLe s QUL U101 Y360+ [, G0 \avHEL L Lan viusus
-~
Shot_983_090 39.32 39.92 goalscenel matchsummaryseq... |(Civideos)avilvideol avi |videol =
Shat_993_1011 39,02 40,76 goalscenel matchsummaryseq. .. |Civideos!avi|videol . avi [videol
Shat_1019_1020 40,76 41,12 goalscens matchsummaryseq. .. |Civideos\avi|videol , avi [videol
E 50,36 matchsum £ |
47,96 matchsummary o

Figure 5.30: Hierarchical Query Interface (Shot is selected)

All the search criteria are optional to perform a hidraal query. IfVideofield is not left
empty, the query is executed for all the videos with theifipe name. If that field is left
empty, the query is executed for all of the videldamefield is for the name of the
sequence, scene, shot or event. The figldst TimeandEnd Time are for specifying the
time interval of the queried sequence, scene, shot or evenQudrg Typefield includes
the options: Sequence, Scene, Shot and Event. The query is performed only filectbd se
query type. If Sequence is selected, sequences with the sphgcdigerties are searched, if
scene is selected, scenes with the specified propertiesgearehed. The fields below the
Query Type field (which are for entering pare®equenceSceneand Shot names) are
visible or invisible according to the selected query typ&efluence is selected, none of

them are visible. If Scene is selected, o8Bguencdield is visible. If Shot is selected,
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both of theSequencandScenefields are visible. If Event is selected, all of the fiedde

visible.

2 Video Database System |L”i”li‘
Video Database System
Menu < Hierarchical Query
) VIDED
-] Annotation
=L query Search
i@ Semantic
o e
to-@ Spatial
-4 Spatio-temporal Mame l:l
[ WHi=r v chical
- # Help

Sequence matchsummarysequence

Event List
Event Mame Start Time End Time Parent Shot Parent Scene Parent Sequence Video Yidea Mame
fouls [128.42 [131.48 |shot_3194 3279 [Foulscenes |matchsummaryse: Hvidenstavitvideol.avi |videal -
Faulscenel videosiavilvideol.avi |videol =]
2 matchsummar ideal

Shot_3635_3744  |goalscene3 matchsummarysen. .. [C:lvideosiaviivideol.avi [videol
goall 41,47 |47.38 [Shot_1028_1191 |goalscenel |matchsummarysen. .. |C:\videosiavilvideoL.avi jvideol
|

Fanl> 27 72 a2 N1 Sheb 212% 7907 Feaderana Irskehen i eriean  IC e vidench soitoidant sui uident 1

Figure 5.31: Hierarchical Query Interface (Event is selected)

The following algorithm is evaluated for hierarchical queries:
1. The query is firstly sent to bridge and bridge sends the query to FOOD.
2. If the selected query type is Sequence

2.1.Find the sequences with the specified properties (video, nametirs& and
end time).

2.2.Result list is the list of found sequences.
3. If the selected query type is Scene

3.1.The field for entering the parent sequence name becomes visible.
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3.2.Find the scenes with the specified properties (video, nametistay end time

and parent sequence hame).
3.3.Result list is the list of found scenes.
4. If the selected query type is Shot

4.1.The fields for entering the parent sequence name and parent rszee

become visible.

4.2.Find the shots with the specified properties (video, name tistat end time,

parent sequence name and parent scene name).
4.3.Result list is the list of found shots.
5. If the selected query type is Event

5.1.The fields for entering the parent sequence name, parent saeme and

parent shot name become visible.

5.2.Find the events with the specified properties (video, namd, tétas, end

time, parent sequence name, parent scene name and parent shot name).
5.3.Result list is the list of found events.
6. Send the result list to the user interface.

In the result list, the found instances (sequence list, sdsteshot list or event list
depending on the selected query type) are displayed with thetistartand end time
properties. When a record is selected from the resulatidiPlay button is pressed, the

selected time interval is played in Video Player as shown in Figure &d3Bigure 5.31.

5.4.6Class Hierarchy
This interface can be used to display the content of thetatnjiented database. In the tree

menu on the left-hand side of the window, the class hierarchgpresented. When an

object is stored in db4o, its class definition is automaticgtiyed in the database. The
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db40 reflection API is used to get the class and class Higranformation from the

database. The Class Hierarchy Interface is shown in Figure 5.32.

£ Yideo Database System

Video Database System
Menu

) VIDEQ
-] Annotation
&) Query

@ Semantic

Class Hierarchy

| I HIERARCHY

(= videomodel Fuzzy

- w videomodel.Video

=-[] videomadel. Object

; (| Footballdomain.Persan

(=] Footballdomain Player
“...# Foothaldomain, TalentedPlayer

‘- # footballdomain. Referee

# footballdomain, Team

# footballdomain, Ball

# footballdomain, Match

# Footballdomain, Stadium

(=[] wideomadel.Event
@ footbaldomain.Goal
-4 footballdomain,Foul

- fuzzy,UT_nu

-4 videomodel.Region

# videomodel.Frame

- wideomadel. AudioSignal

- wideomaodel.Image

=+ ) Fuzzy. UT_fy

& fuzzy Fuzzyhge

# fuzzy.FuzzyDegree

# fuzzy.FuzzyTemperature

=] videomnodel Structure

videomodel, Scene

Lt videomorel. Sequence
L@ videomodel. Shat

Class Details
Class attributes
Attribute Name Attribute Type

parentSequence |videamodel.5equence |
shotList [iava. Ll ArrayList |

Objects

name: foulscened, startTime: 15,44, endTime: 24.56 , parentSequence: matc
name: goalscenez, skartTime: 50.36, endTime: 61.64 , parentSequence: mate
name: foulscene3, startTime: 127.76, endTime: 137.0, parentSequence: mat
name: goalscenel, startTime: 34.28, endTime: 50.36 , parentSequence: matc
name;: foulsceneZ, startTime: 86,72, endTime: 114,56 , parentSequence: mat
name: goalscens3, startTime: 1454, endTime: 154,64 , parentSequence: mal

g Fuzzy UT_in
@ videomodel. Actor
- @ videomodel,Position

Figure 5.32: Class Hierarchy Interface

When a class is selected in the tree, the attribute infmnmaf the selected class is
displayed in the&ClassAttributespanel on the right-hand side of the window. The instances
of the selected class are also displayed inGhgectspanel on the right-hand side of the
window. The instances are displayed with their attribute values.
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CHAPTER 6

CONCLUSIONS

In this study, we firstly introduce a fuzzy conceptual data mfmtelideo databases. The
model supports uncertainty, which might naturally occur in varapmications of video
data. The UML model is utilized to represent our conceptualel We extend UML
model to represent uncertain information and video specifipgrties. Our semantic
model does not only support hierarchical structure of video datalémthandles spatial

and temporal relations between semantic entities.

Secondly, we present an intelligent fuzzy object-oriented datdtmsework for video
database applications. The presented framework is the adambtie@OD architecture
and provides an integration of a fuzzy object-oriented database &umky knowledge
base. The framework allows modeling complex and rich semantic cafiteideo data by
incorporating uncertain information in the fuzzy object-orientedlutege. Our conceptual
model is mapped to logical FOOD model and used in the fuzzy objeatexnt database.
To represent knowledge about video data, spatial, temporduang semantic rules are
defined, and these rules are processed by the fuzzy knowledge loeseoBject-oriented
database and fuzzy knowledge base are integrated by a bridgéinggwowerful and

intelligent video retrieval.

We have also developed a prototype system of the preseateeviork, which provides
the user annotation and querying of video data. The framework sugpdit®rsity of

queries related to video data such as (fuzzy) semantic, tempgpedlal, hierarchical,
regional and trajectory queries. Our framework may easilggpdied for any knowledge

intensive video database application involving uncertain information.

The presented framework is developed for video databases. & futuk is to extend the
framework in order to handle other multimedia data such as jnaagio and text. Our

generic conceptual model can be extended for this purpose.
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Another future direction is to incorporate an automatic extmactlgorithm to the
presented framework. It is obvious that manually annotating a iédeary difficult, time
consuming and impractical. Although, we utilize IBM MPEG-7 Annotatiaol Twhich
provides automatic shot annotation, all the other semantic iafmm is obtained
manually. It would be very helpful to use an algorithm thabraatically detects objects,
positions of the objects and even events happening in a tiergahtAutomatic extraction
is a very open research area since extracting high-levelngieninformation (such as to
extract the events happening, the meaning of the sequences ames)sdemands

challenging work.

Considering the automatic extraction algorithms, in the éytilre knowledge base part of
our framework may be used to process rules for automatiacé®ihn of event and object
entities in video data, which can lead to development of more gaetlivideo database

applications.

The number of the rules stored in the knowledge base takes anantpale for the
performance of the framework. Since there might be a huge nwhbateos in a video
database, scalability becomes an important problem. Reseéods eh improving the
performance of the framework would be needed in the future, suddbvakping special

index structures, trying to use a minimum number of rules, etc.

We use JMF API to provide playing and controlling videos in our ugerface. Since
JMF API does not support every video format or every video cpdmgerly, it brings

some problems. A future work would be needed to overcome these video format issues.

To represent how our model and framework can be applied to a video database application,
we prefer to use football game videos. Although it is a very pomldmain among the
studies on video databases, it does not involve sufficient uncartarmation. Choosing a
different knowledge intensive domain such as news or medicabs/idehich might
naturally bring much more uncertainty, would be more illustraiivehow the usability

and applicability of our video data model and framework. As a futwectdin, our
conceptual model and framework can be extended for another donmaie.v& designed

them to be generic, we think that it is easy to apply the naukkhe framework for any

application domain.
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APPENDIX A

EXAMPLE JAVA CLASS DEFINITIONS

UT_fy
HashMap fuzzyValue;

Obiject crispValue;

UT _in

Float valuel;
Float value2;

UT _nu

String nullValue;
Obiject crispValue;

FuzzyDegree  extends UT_fy

static HashMap domain ;

static HashMap simMatrix ;

static ~ String semantics

static ~ String crispType

static HashMap membershipFunction ;

static class FuzzyTerms

public  static  String very_high = "very high";
public  static  String high = "high";

public  static  String medium = "medium";
public  static  String low ="low";

public  static  String very low ="very low";

static  String getSemantics() {
return  semantics ;

static  HashMap getSimMatrix() {
return  simMatrix

abstract  class Fuzzy

131



}
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{
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public

public

private
private

public

}
public

class

private
private
private
private
private
private
private

class

private
private
private
private
private

class

private
private
private
private
private
private

class

private
private
private
private
private

class

private
private
private
private

float objectMShip;
float classSClassMShip;

void setObjectMShip( float  objectMShip) {

this .objectMShip = objectMShip;

void calcMShip(HashMap fuzzyAttributes) {

this .setObjectMShip(FuzzyProcessor

. findObjectClassMembership (fuzzyAttributes));

Video extends Fuzzy

String name;

String rawData;

String title;

String date;

UT_nu description;
ArrayList structureList;
ArrayList objectList;

Object extends Fuzzy

String objectName;
UT_nu description;
Region region;
Video video;
Frame frame;

Event extends Fuzzy

String name;
UT_fy when;
double startTime;
double endTime;
Shot parentShot;
Video video;

Actor

String lingRole;
String semRole;
Event event;

Object videoObject;
ArrayList positionList;

Position
double startTime;
double endTime;

Region region;
Actor actor;
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public
{

}

}

{

}

}

{

class Foul extends Event

private  FuzzyDegree harshness;

private boolean redCard;

private boolean yellowCard;

private  String fieldPosition;

private  static HashMap rangeHarshness ;
private  static float  relevanceHarshness

public

public

public

static HashMap getRangeHarshness() {
return  rangeHarshness ;

static float getRelevanceHarshness() {
return  relevanceHarshness ;
static void setRanges()

rangeHarshness = new HashMap();
rangeHarshness .put( new Integer(0),

FuzzyDegree.FuzzyTerms. very_high );

rangeHarshness .put( new Integer(1),

FuzzyDegree.FuzzyTerms. high );

rangeHarshness .put( new Integer(2),

FuzzyDegree.FuzzyTerms. medium);

public

public

class

private
private
private
private
private
private
private
private
private

static void setRelevances() {
relevanceHarshness = new Float(0.8).floatValue();

void calcMShip()

UncertainAttribute atr =
atr.setAttributeRange(
atr.setUtFyValue(harshness);
atr.setRelevance( getRelevanceHarshness  ());
atr.setSemantics(FuzzyDegree. getSemantics ());
atr.setSimMatrix(FuzzyDegree. getSimMatrix  ());
HashMap hashMap = new HashMap();
hashMap.put(  new Integer(0), atr);

super .calcMShip(hashMap);

new UncertainAttribute();
getRangeHarshness ());

TalentedPlayer extends Player

FuzzyDegree shotAccuracy;

FuzzyDegree speed;

FuzzyDegree ballControl,

FuzzyDegree talent;

static HashMap rangeShotAccuracy ;
static float  relevanceShotAccuracy ;
static HashMap rangeSpeed ;

static float  relevanceSpeed ;

static HashMap rangeBallControl ;
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private  static float  relevanceBallControl ;
public static HashMap getRangeShotAccuracy() {

return  rangeShotAccuracy
}

public  static float getRelevanceShotAccuracy() {
return  relevanceShotAccuracy ;
}

public static HashMap getRangeSpeed() {
return  rangeSpeed ;
}

public  static float getRelevanceSpeed() {
return  relevanceSpeed ;
}

public static HashMap getRangeBallControl() {
return  rangeBallControl ;
}

public  static float getRelevanceBallControl() {
return  relevanceBallControl ;

}
public  static void setRanges()
{
rangeShotAccuracy = new HashMap();
rangeShotAccuracy .put( new Integer(0),
FuzzyDegree.FuzzyTerms. high );
rangeShotAccuracy .put( new Integer(1),
FuzzyDegree.FuzzyTerms. very_high );
rangeSpeed = new HashMap();
rangeSpeed .put( new Integer(0),
FuzzyDegree.FuzzyTerms. high );
rangeSpeed .put( new Integer(1),
FuzzyDegree.FuzzyTerms. very_high );
rangeBallControl = new HashMap();
rangeBallControl .put( new Integer(0),
FuzzyDegree.FuzzyTerms. high );
rangeBallControl .put( new Integer(1),
FuzzyDegree.FuzzyTerms. very_high );
}
public  static void setRelevances()
{
relevanceShotAccuracy = new Float(0.8).floatValue();
relevanceSpeed = new Float(0.7).floatValue();
relevanceBallControl = new Float(0.8).floatValue();
}
public  void calcMShip()
{
HashMap hashMap = new HashMap();
UncertainAttribute atr = new UncertainAttribute();
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atr.setAttributeRange( getRangeShotAccuracy  ());
atr.setUtFyValue(shotAccuracy);

atr.setRelevance( getRelevanceShotAccuracy 0);
atr.setSemantics(FuzzyDegree. getSemantics ());
atr.setSimMatrix(FuzzyDegree. getSimMatrix  ());
hashMap.put(  new Integer(0), atr);

atr = new UncertainAttribute();

atr.setAttributeRange( getRangeSpeed ());
atr.setUtFyValue(speed);

atr.setRelevance( getRelevanceSpeed ());
atr.setSemantics(FuzzyDegree. getSemantics ());
atr.setSimMatrix(FuzzyDegree. getSimMatrix  ());
hashMap.put(  new Integer(1), atr);

atr = new UncertainAttribute();

atr.setAttributeRange( getRangeBallControl 0;
atr.setUtFyValue(ballControl);

atr.setRelevance( getRelevanceBallControl 0);
atr.setSemantics(FuzzyDegree. getSemantics ());
atr.setSimMatrix(FuzzyDegree. getSimMatrix  ());

hashMap.put(  new Integer(2), atr);
super .calcMShip(hashMap);
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APPENDIX B

EXAMPLE RULES IN JESS LANGUAGE

Temporal Rules

(import videomodel.*)

(deftemplate Event (declare (from-class Event)))
(deftemplate EventToEventRelation (declare (from-cl

(defrule before
?pl <- (Event (startTime ?s1) (endTime ?el) (OBJECT
?p2 <- (Event (startTime ?s2) (endTime ?e2) (OBJECT
(test (and (neq ?pl ?p2) (< ?el ?s2)
(eq (get ?eventl video) (get ?event2 vid
=> (add (new EventToEventRelation ?eventl ?even

(defrule meets
?pl <- (Event (startTime ?s1) (endTime ?el) (OBJECT
?p2 <- (Event (startTime ?s2) (endTime ?e2) (OBJECT
(test (and (neq ?pl ?p2) (= ?el ?s2)
(eq (get ?eventl video) (get ?event2 vid
=> (add (new EventToEventRelation ?eventl ?even

(defrule equal
?pl <- (Event (startTime ?s1) (endTime ?el) (OBJECT
?p2 <- (Event (startTime ?s2) (endTime ?e2) (OBJECT
(test (and (neq ?pl ?p2) (and (= ?s1 ?s2)(= ?el
(eq (get ?eventl video) (get ?event2 vid
=> (add (new EventToEventRelation ?eventl ?even

(defrule during
?pl <- (Event (startTime ?s1) (endTime ?el) (OBJECT
?p2 <- (Event (startTime ?s2) (endTime ?e2) (OBJECT
(test (and (neq ?pl ?p2) (and (> ?sl ?s2)(< ?el
(eq (get ?eventl video) (get ?event2 vid
=> (add (new EventToEventRelation ?eventl ?even

(defrule starts
?pl <- (Event (startTime ?s1) (endTime ?el) (OBJECT
?p2 <- (Event (startTime ?s2) (endTime ?e2) (OBJECT
(test (and (neq ?pl ?p2) (and (= ?s1 ?s2)(< ?el
(eq (get ?eventl video) (get ?event2 vid
=> (add (new EventToEventRelation ?eventl ?even

(defrule finishes
?pl <- (Event (startTime ?s1) (endTime ?el) (OBJECT
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?eventl))
?event2))

e0))))
t2 "before™)))

?eventl))
?event2))

€0))))
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?eventl))
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?e2))

e0))))
t2 "equal)))

?eventl))
?event2))
?e2))

€0))))
t2 "during™)))

?eventl))
?event2))
?e2))

e0))))
t2 "starts")))

?eventl))



?p2 <- (Event (startTime ?s2) (endTime ?e2) (OBJECT
(test (and (neq ?pl ?p2) (and (> ?s1 ?s2)(= ?el
(eq (get ?eventl video) (get ?event2 vid
=> (add (new EventToEventRelation ?eventl ?even

(defrule overlaps
?pl <- (Event (startTime ?s1) (endTime ?el) (OBJECT
?p2 <- (Event (startTime ?s2) (endTime ?e2) (OBJECT
(test (and (neq ?pl ?p2) (and (< ?s1 ?s2) (> ?el
?e2))
(eq (get ?eventl video) (get ?event2 vid
=> (add (new EventToEventRelation ?eventl ?even

(defrule beforelnverse
?pl <- (EventToEventRelation (eventl ?el) (event2 ?
(relationName "before"))

=> (add (new EventToEventRelation ?e2 ?el "befo

(defrule meetsinverse
?pl <- (EventToEventRelation (eventl ?el) (event2 ?
(relationName "meets"))

=> (add (new EventToEventRelation ?e2 ?el "meet

(defrule equallnverse
?pl <- (EventToEventRelation (eventl ?el) (event2 ?
(relationName "equal™))

=> (add (new EventToEventRelation ?e2 ?el "equa

(defrule duringlnverse
?pl <- (EventToEventRelation (eventl ?el) (event2 ?
(relationName "during"))

=> (add (new EventToEventRelation ?e2 ?el "duri

(defrule startsinverse
?pl <- (EventToEventRelation (eventl ?el) (event2 ?
(relationName "starts"))

=> (add (new EventToEventRelation ?e2 ?el "star

(defrule finishesInverse
?pl <- (EventToEventRelation (eventl ?el) (event2 ?
(relationName "finishes"))

=> (add (new EventToEventRelation ?e2 ?el "fini

(defrule overlapsinverse
?pl <- (EventToEventRelation (eventl ?el) (event2 ?
(relationName "overlaps"))

=> (add (new EventToEventRelation ?e2 ?el "over

Spatial Rules

(import bridge.*)
(import videomodel.*)

(deftemplate PositionFact (declare (from-class Posi

(deftemplate PositionToPositionRelation (declare (f
PositionToPositi

(deftemplate ActorToActorRelation (declare (from-cl
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ActorToActorRela tion)))

(defglobal ?*fp* = (new FuzzyProcessor))

(defrule during

?pl <- (PositionFact (startTime ?startl) (endTime ?endl)
(startX ?sx1) (endX ?ex1)
(startY ?syl) (endY ?eyl) (ac tor ?al))
?p2 <- ( PositionFact (startTime ?start2) (endTime ?end2)
(startX ?sx2) (endX ?ex2)
(startY ?sy2) (endY ?ey2) (ac tor ?a2))
(test (and (and (neq ?p1 ?p2)
(eq (get ?al event) (get ?a2 event)) (neq ?al ? a?2))
(and (> ?startl ?start2)(< ?endl ?end2))))
=>

(bind ?startTimeResult
(intersectionStart ?startl ?start2 "during"))
(bind ?endTimeResult
(intersectionEnd ?end1 ?end2 "during"))
(add (new PositionToPositionRelation
?startTimeResult ?endTimeResult
?sx1 ?ex1 ?syl ?eyl ?al ?sx2 ?ex2 ?sy2 ?ey2 ?a2)

)

(defrule left
?pl <- (PositionToPositionRelation
(startTimeResult ?startTimeResult)
(endTimeResult ?endTimeResult)
(startX1 ?sx1) (endX1 ?ex1)
(startY1 ?syl) (endY1 ?eyl) (actorl ?al)
(startX2 ?sx2) (endX2 ?ex2)
(startY2 ?sy2) (endY2 ?ey2) (actor2 ?a2))

(test (or (< ?ex1 ?sx2) (= ?ex1l ?sx2)))

=>
(bind ?mShipDegree (call ?*fp* findSpatial MShipDegree
?sx1 ?ex1 ?syl ?eyl
?sx2 ?ex2 ?sy2 ?ey?2 "left")

(add (new ActorToActorRelation
?startTimeResult ?endTimeResult
"left" ?al ?a2 ?mShipDegree) ))

(defrule right
?pl <- (ActorToActorRelation
(startTimeResult ?startTimeResult)
(endTimeResult ?endTimeResult)
(relationName "left")
(actorl ?al) (actor2 ?a2)
(membershipDegree ?mShipDegree))

=> (add (new ActorToActorRelation

?startTimeResult ?endTimeResult
"right" ?a2 ?al ?mShipDegree) ))
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(defrule inside
?pl <- (PositionToPositionRelation
(startTimeResult ?startTimeResult)
(endTimeResult ?endTimeResult)
(startX1 ?sx1) (endX1 ?ex1)
(startY1 ?syl) (endY1 ?eyl) (actorl ?al)
(startX2 ?sx2) (endX2 ?ex2)
(startY2 ?sy2) (endY2 ?ey2) (actor2 ?a2))
(test (and (> ?sx1 ?sx2)(< ?ex1l ?ex2)
(> ?syl ?sy2)(< ?eyl ?ey2)))

=> (add (new ActorToActorRelation
?startTimeResult ?endTimeResult
"inside" ?al ?a2)))

(defrule contain
?pl <- (ActorToActorRelation
(startTimeResult ?startTimeResult)
(endTimeResult ?endTimeResult)
(relationName "inside")
(actorl ?al) (actor2 ?a2))

=> (add (new ActorToActorRelation
?startTimeResult ?endTimeResult
"contain" ?a2 ?al)))

Fuzzy Semantic Rules

(import footballdomain.*)
(import bridge.*)

(deftemplate TalentedPlayer (declare (from-class Ta
(deftemplate Result (declare (from-class Result)))

(defglobal ?*fp* = (new FuzzyProcessor))

(defrule findTalent
?0bj <- (TalentedPlayer
(shotAccuracy ?sa&:( and (neq ?sa nil)
(>= (call ?*fp* similarityMatch (

lentedPlayer)))

create$

"very high") ?sa) 0.8)))

(speed ?sp&:( and (neq ?sp nil)
(>= (call ?*fp* similarityMatch (

create$

"very high" "high") ?sp) 0.7)))

(ballControl ?bc&:( and (ne
(>= (call ?*fp* similarityMatch (

g ?bc nil)
create$

"very high" "high") ?bc) 0.8)))

(talent ?talent)
(OBJECT 2tp)
)
=>
(bind ?result (call ?*fp* ruleResult
(create$ "very high")
(create$
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(call ?*fp* similarityMatch (cr eate$
"very high") ?sa)

(call ?*fp* similarityMatch (create$
"very high" "high") ?sp)

(call ?*fp* similarityMatch (create$
"very high" "high") ?bc)

)

?talent
)
(if (= ?result "true™) then (add (new Resu It ?tp)))
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APPENDIX C

EXAMPLE OUTPUT OF IBM MPEG-7 ANNOTATION TOOL

<?xml version="1.0" encoding="is0-8859-1"?>
<Mpeg7 xmins="urn:mpeg:mpeg7:schema:2001"

xmlins:xsi="http://www.w3.0rg/2001/XMLSchema-instanc e"
xmins:mpeg7="urn:mpeg:mpeg7:schema:2001"
xsi:schemal.ocation="urn:mpeg:mpeg7:schema:2001 Mpeg 7-2001.xsd">

<Description xsi:type="ContentEntityType">
<MultimediaContent xsi:type="VideoType">
<Video>
<TemporalDecomposition>
<VideoSegment>
<MediaTime>
<MediaTimePoint>T00:00:00:0F25</Media TimePoint>
<MedialncrDuration
mediaTimeUnit="PT1N25F">88</MedialncrDuration>
</MediaTime>
<TemporalDecomposition>
<VideoSegment>
<MediaTime>
<MediaTimePoint>T00:00:01:18F25</ MediaTimePoint>
</MediaTime>
</VideoSegment>
</TemporalDecomposition>
</VideoSegment>
<VideoSegment>
<MediaTime>
<MediaTimePoint>T00:00:03:17F25</Medi aTimePoint>
<MedialncrDuration
mediaTimeUnit="PT1N25F">287</MedialncrDuration>
</MediaTime>
<TemporalDecomposition>
<VideoSegment>
<MediaTime>
<MediaTimePoint>T00:00:09:10F25</ MediaTimePoint>
</MediaTime>
</VideoSegment>
</TemporalDecomposition>
</VideoSegment>
<VideoSegment>
<MediaTime>
<MediaTimePoint>T00:00:15:11F25</Medi aTimePoint>
<MedialncrDuration
mediaTimeUnit="PT1N25F">68</MedialncrDuration>
</MediaTime>
<TemporalDecomposition>
<VideoSegment>
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<MediaTime>
<MediaTimePoint>T00:00:16:19F25</ MediaTimePoint>
</MediaTime>
</VideoSegment>
</TemporalDecomposition>
</VideoSegment>
<VideoSegment>
<MediaTime>
<MediaTimePoint>T00:00:18:11F25</Medi aTimePoint>
<MedialncrDuration
mediaTimeUnit="PT1N25F">41</MedialncrDuration>
</MediaTime>
<TemporalDecomposition>
<VideoSegment>
<MediaTime>
<MediaTimePoint>T00:00:19:6F25</M ediaTimePoint>
</MediaTime>
</VideoSegment>
</TemporalDecomposition>
</VideoSegment>
<VideoSegment>
<MediaTime>
<MediaTimePoint>T00:00:20:9F25</Media TimePoint>
<MedialncrDuration
mediaTimeUnit="PT1N25F">53</MedialncrDuration>
</MediaTime>
<TemporalDecomposition>
<VideoSegment>
<MediaTime>
<MediaTimePoint>T00:00:21:10F25</ MediaTimePoint>
</MediaTime>
</VideoSegment>
</TemporalDecomposition>
</VideoSegment>
<VideoSegment>
<MediaTime>
<MediaTimePoint>T00:00:22:19F25</Medi aTimePoint>
<MedialncrDuration
mediaTimeUnit="PT1N25F">8</MedialncrDuration>
</MediaTime>
<TemporalDecomposition>
<VideoSegment>
<MediaTime>
<MediaTimePoint>T00:00:22:22F25</ MediaTimePoint>
</MediaTime>
</VideoSegment>
</TemporalDecomposition>
</VideoSegment>
<VideoSegment>
<MediaTime>
<MediaTimePoint>T00:00:23:9F25</Media TimePoint>
<MedialncrDuration
mediaTimeUnit="PT1N25F">23</MedialncrDuration>
</MediaTime>
<TemporalDecomposition>
<VideoSegment>
<MediaTime>
<MediaTimePoint>T00:00:23:20F25</ MediaTimePoint>
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</MediaTime>
</VideoSegment>
</TemporalDecomposition>
</VideoSegment>
<VideoSegment>
<MediaTime>
<MediaTimePoint>T00:00:24:14F25</Medi aTimePoint>
<MedialncrDuration
mediaTimeUnit="PT1N25F">8</MedialncrDuration>
</MediaTime>
<TemporalDecomposition>
<VideoSegment>
<MediaTime>
<MediaTimePoint>T00:00:24:17F25</ MediaTimePoint>
</MediaTime>
</VideoSegment>
</TemporalDecomposition>
</VideoSegment>
<VideoSegment>
<MediaTime>
<MediaTimePoint>T00:00:25:4F25</Media TimePoint>
<MedialncrDuration
mediaTimeUnit="PT1N25F">164</MedialncrDuration>
</MediaTime>
<TemporalDecomposition>
<VideoSegment>
<MediaTime>
<MediaTimePoint>T00:00:28:10F25</ MediaTimePoint>
</MediaTime>
</VideoSegment>
</TemporalDecomposition>
</VideoSegment>
</TemporalDecomposition>
</Video>
</MultimediaContent>
</Description>
</Mpeg7>
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