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Abstract: Problem statement: The efficient management and retrieval of the emarsnvolumes of
information generated by many imaging applicatimnstill a challenging problenAppr oach: In this
study we are particularly interested with the uselgject oriented techniques for the management of
digital images. Indeed, it is widely accepted that use of data abstraction in object oriented rnivngle
enables real world objects to be well represemtadformation system$Results. Object orientation is
well suited for digital images management systentsch require the ability to handle multiple type
content. This study proposes a conceptual modaledban object versioning techniques, which
represents the semantics in order to allow theimoity and pattern of changes of images to be
determined over timeConclusion/Recommendations. By first storing a generic image object and
then storing any changes to the object as verssoongjor reduction in storage can be achieved.
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INTRODUCTION simplest way to store changes to objects is thatyev
time a change occurs the whole object is storeihaga

Digital imaging management systems, in whichbut this can be prohibitively costly in terms obrstge
images are collected, organized and categorized tspace and might compromise system performance
facilitate their preservation, retrieval and usee ar particularly if objects are updated regularly (fast
becoming an essential part of many organizationghanges). An alternative is to use object versignin
particularly in visual surveillance and medical gimey  techniques in order to track the evolution of otgec
sectors. This study aims to investigate an object modeltfar

Object oriented techniques have been usednanagement of digital images that will represem th
successfully in many different applications thatga  semantics to allow the continuity and pattern araes
from numerical modeling to web applications. Theof image objects to be determined over time.
main benefits, apart from the abstraction power to In this study we start by considering object
represent real objects, are the provision for theorientation's major concepts and information
extensibility needed to create new models and thenanagement. Then, object versioning is considesed f
semantic needed to construct complex objects afasim the development of the proposed model and is used f
states (Yourdon, 1993; Bertrand, 1993). the determination of the continuous links between

The wuse of object oriented techniques indifferent versions of objects and maintaining the
information management has been given considerabi@etadata of those objects. An object oriented image
attention in the past decade (McHaney, 2003; Chaudhmanagement model is then considered together with a
and Loomis, 1997). Recent research studies hawt usebject-oriented environment for system
temporal information and object oriented technigiees implementation. Finally, we present some conclusion
explicitly define the relationship between objectand suggestions for future study.
behavior over time (Khaddaj, 2004). The ability to
examine the continuity of object changes over time MATERIALSAND METHODS
very important for many different applications.

The object oriented approach provides the  The object-oriented approach has the abstraction
flexibility to make the changes to attributes amd/o power to represent real objects. It representsespac@
behavior of objects independent of one anothesrdler  domain populated with independently existing olgect
to allow the examination of detailed information of that encapsulate attributes and operations. Therefo
object application model. Therefore, it can be uwed this encourages modularity within information sysse
identify the pattern of changes within the objedtse  while entity relationship models will not show tkes
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properties. For example, changes in an object do na@apabilities of their information systems with theeds
necessarily affect the properties of any other d@bje  of their organizations. Users will make choices of
the system. database vendors based on many criteria, some of

The object-oriented approach provides thewhich are addressed here.
extensibility needed to create new models through
“inheritance” which also promotes hierarchies ofObject versioning: Associating additional temporal
objects. It also provides the semantic power nedded information with individual objects provides a meaof
construct complex objects of similar states, thioug recording object histories and thereby allowing the
“polymorphism”, for handling complex attributes and histories of objects and the types of objects teasly
behavior changes and the flexibility needed to tigve traced and compared (Fig. 1). This means that the
simulation models that can adapt to the changiagest temporal aspects can also be described by their
of information systems. This approach makes itezasi temporal topological relationships. The object-otiel
to develop new software from existing ones, thusapproach has been used in different ways to effelgti
promoting reusability. track versions of the original object and thesduide

The object-oriented approach has been usethe use of version manageméwiachowicz, 199¢and
successfully for the unification of temporal andest the identity-based method (Hornsby, 2000).
information related to objects. It is supported by There are a number of methods for dealing with
efficient design tools such as Universal Modelingobject versioning (Khaddaj, 2004). The first teciud
Language (UML), programming tools such as Java, C#tores the versions as complete objects and atlyeof
and C++ and Object Oriented Database Managemenersions can be accessed simply by a referencketo t
Systems (ODBMS) such as Objectivity and Versantparticular object. The second approach, which is a
The choice of a particular database, however, lglear relative technique, stores one version as a complet
depends on the actual application. A relationahldase object and the rest of the versions are presensed a
is a better choice for a project where relationship differences between the current version and the
among objects are fairly fixed and well known. GQlbje previous version. The method of storing the versias
oriented databases can outperform relational da¢sba complete objects is relatively easy to implement in
at handling complex relationships among objectsexisting database systems. But, this method intresiu
(Chaudhri and Loomis, 1997). The problem becomegroblems, such as waste of storage space as theenum
acute, however, when the changes are too fast for @ versions increases. The technique of storing onk
database to be redesigned so it can rapidly delivetomplete version and the rest as differences betwee
necessary information. the current and the previous version is difficudt t

An object-oriented database could model theimplement but is suitable for representing contimio
presented changes based on a mix of objects aird thend dynamic changes and it solves the storage space
relationships. For example, if a real life objest i problem of the previous approach. These two
represented in object oriented form, rather tharams approaches have been examined for relational degtaba
entry in a database table, associations with athgrcts  (Dadam, 1984).
(to which it is linked) can automatically “inheriginy Using the second approach, changes of objects are
changes made, making it easier to track later.n/t t handled using version management, starting with a
point it is important to mention that the Enhané&#®  generic object; then first and subsequent changede
Model supports generalization, aggregation andepresented as versions. Each version of the object
composition. Moreover, many object oriented feature reflects changes of attributes and/or behavior.
are provided by Object-Relational DatabaseSubsequent changes of the versions will generttede
Management Systems (ORDBMS) and are supportedynamic attributes and temporal links to be updated
by SQL3 standard. However, an ORDBMS does notespective versions. Version management redtice
represent a true object oriented database, sinstllit
represents a data-centric system as a relatiotethaise.

The ORDBMSSs, which have now been supported Ve Vi Ve Vo
by most vendors, are much larger and have huge
entrenched marketing infrastructure. By comparison, - Generd ,
. /o = UCneric version
the ODBMS vendors are much smaller. It is cleat tha Vi ..V = Versions of the generic object

in today's complex, rapidly changing world, ODBMSs —» = Temporal topology link
provide the more flexible, extensible alternativar f
companies that must act quickly to match theFig. 1: Object versioning
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need for large storage space, since only the genertemporal relationships between the current object a
object or the current object holds the completeversions is given by:
attributes and behavior of the object.
Versions(x) = (C\(n), A(n,n-1),A, (n-1,n-2),..,
Complete versions. The first approach can be stated A (not1, ) 3)
using the following Eq. 1:
As shown in the Eq. 3, the rest of the versiomrs ar

Versions(x) = (CY(n), CVy(n-1),.....,C\(ng)) (1)  expressed as delta to the successor-in-time version
which means that this strategy provides faster sscce

In Eq. 1: time for the newest versions. As a result, thiatetyy is

CVy(n) = Represents the complete version bound to be more useful than the previous one fustm

n = Indicates the number of the version applications.

X = The object

Ny = The oldest version number Branching: This technique is also classified into two

versioning strategies. The branch forward oriented

Each version can be accessed directly by referencgirategy is based on one-to-many object versioning

to the number of the version, n. Although accesanp  (object splitting), which means any parent or base
version is supported directly and all versions haveobject will have many children or derived objectse

similar access time, storage space can be costly. branch backward oriented strategy is based on r@ny-
one object versioning (object merging) which means

Linear versioning: Using this technique one version is @y child or derived object will have many pareats
stored as a complete object and the rest of theiores basg objects. The relatlon§h|p using the_ firsttestya
are presented as differences between the versiom§ovides the same access time for all versions:
(Khaddaj, 200% The relationship using this approach is ,

based on one-to-one versioning of objects, whicamae  Versions(x) =4, (n,ny), Ac (n-1,ny), ...,

any parent or base object will have only one child Ax(ng*+1, my), CVi(o) (4)
derived object. The technique can be classifieal twb ) ] ) )
versioning strategies. The first strategy allows th The relationship using the second strategy pravide
current version to be calculated from the previous? faster access time for the current version:

version and is referred to as forward oriented .

versioning. The second strategy enables the previoWersions(x) = (C\(n), & (n,n-1),A¢ (n,n-2),..,

version to be evaluated from the current versioth ian Dy(n, v) (5)
referred to as backward oriented versioning. Using _ _
forward linear versioning the temporal relationship However, due to the relationships between the

between the generic object and versions is given by ~ current version and the previous ones the valugbeof
versions are re-calculated whenever a new verson i

Versions(x) =4y (n, n-1),Ac (n-1,n-2),..., created.

RESULTS
Ax(ng+1, my),CVx(no) @)

Video images can now be generated and distributed
Where: easily, but what is still needed is support in nging

CVx(ng) = Indicates the generic version, which the information contained in those images. Thigitial
holds the complete attributes and pecause by putting pieces of information from défe
behavior images together, the user can generate new knowldedg

Ay (k, K) = Represents the difference between therhe ability to efficiently collect, store, managmalyze

current version (k) and the previous and retrieve digital images remains a major issue.
version (k') of object x
Object oriented model for the management of digital
As shown in Eqg. 2 access to the current version mmages. Although there has been some study on using
requires n-1 iterations, which means that thistsgna  object-oriented databases for storing and retrgevin
provides faster access time for the oldest version. images (Donderler, 2005; Grosky and Stanchev, 2001)
In backward linear versioning the current objectnot much investigation has been done using thecbbje
holds the complete attributes and behavior. Theriented approach in conjunction with the concept o
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object versioning. To show the potential benefittluf Moreover, the query technique of the system will
approach, it is sufficient to consider a typical TGC be classified into different parts in order to itinthe
monitoring a car park where the background of tems  attribute and behavior changes to the classes @f th
does not change and the background object camtezist model, which are directly related to individual etis.
in the database as a generic object, any changé® to This will provide support of different types of qgies
scene, for instance a car entering a car parkbeatored such as spatio-temporal, semantic and low level
in the database as versions instead of storingvtitde  features (color and shape) queries on video data.
object, background and changes, again (for sintyplati
this point we are assuming stable weather condition System implementation: A successful implementation
The approach, as mentioned earlier, will reduceof the model will require an Object Oriented
dramatically the size of the stored information. Programming Environment (OOPE) and an Object

Thus, in this study we are concerned with a generiOriented Database System (OODBS) (Fig. 3). This
digital image management, context independent,cbbje approach eliminates the need for mapping the mimdel
model reflecting the structure and semantic linkiog an OODBS, since the class structure used in theemod
different types of images. The model should take in the OOPE and OODBS are consistent. The OODBS
account issues like image versions, notificatiord an considered in this study is based on Objectivity/DB
propagation of changes. Of particular interesthizs t (2000). The classes are defined in the application
approach, are scenarios when images are changihg faschema file, called Data Definition Language (DDL).
and new versions are created whether there iscafoee The DDL processor generates the schema header file
time stamping or not. Clearly, it is more usefulemh and the schema source code which are linked wéh th
time stamping is required, i.e., where there i®ednto application source code. In the application DDL and
keep a history of activities. application source code files, all the classes hbe&

The development of a working system, using thisown representation.
model, requires an intelligent video database that Obijectivity/DB has the capabilities to represtra
provides automatic method of indexing and contentvarious versioning approaches: linear, splittingd an
based retrieving of images or video shots generayed merging. Image objects persist by storing the dbjec
video-cameras based on the time they have beenithin the container of the database. Persistejecth
recorded and the analysis of their features andecbn are identified using the Object Identifier (OID) iwh
This can be used to provide an intelligent databaseemains unique within a federated database.
solution to the continuous logging and annotatidn o Objectivity/DB uses an object handling class toessc
events in public spaces and environments. To aehieversistent objects automatically by the DDL prodess
this we propose a new object oriented video modelevery persistence class found in the schema healer.
According to the proposed model a video consists othe objects and versions in the database can be
a number of shots. A shot is consecutive sequehce aletermined by scanning through the database using
frames, which are the smallest unit of video ddta. iterative scanning functions.
frame consists of a number of physical objectgjcsta Aggregated relationships between the classes are
like building, car park and dynamic objects such asstablished in the application source code.edeer,
persons, cars etc. Considered classes includevémtse
processes and the versions class which is fundaient ﬁ

header

to the system (Fig. 2).
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Fig. 3: General architecture of the system
Fig. 2: Composite classes of a video object implementation
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in order to determine and analyze dynamic charthes, behavior of the versions are independent but have
model establishes a temporal relationship betwaen t relationships that enable the tracking of patteofis
versions, the event and the manager classes. Ardgna change. Also, less data storage is required simtge o
function handles the temporal relationships betwiben the generic object and its versions are stored.
versions, the event and the manager classes.
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