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Retrieval of multimedia data by similarity
in the HERMES DBMS'

Giuseppe Amato’, Gianni Mainetto®, Pasquale Savino~

"IEL-CNR Via S. Maria 46 - 56126 Pisa Ttaly
Email: G.Amato@iei.pi.cor.it, Email: P.Savino@iei.pi.cor.it
"CNUCE-CNR Via S. Maria 36 — 56126 Pisa Italy
Email: G.Mainetto@cruce.cnr.it

Abstract. This paper presents the main characteristics of the MuitiMedia
Query Language, a query language designed for supporting content-based
similarity retrieval of multimedia documents. The query language processor
is a component of the HERMES multimedia database system, a DBMS in
which both a structural representation of raw multimedia data and an
automatically compuied description of the multimedia daia content are
possible. The MultiMedia Query Language is an extension of a traditional
object-oriented query language. It allows users to express restrictions on
features. concepts and structural aspects of the multimedia database objects.
In addition, the language supports the formulation of queries with imprecise
conditions. The outcome of a query evaluation is an set of pairs, each one
consisting of an object and a measure of the similarity of the object with the
criteria specified in the query, sorted by decreasing degree of similarity.

1. Introduction

Content-based similarity retrieval of multimedia documents is ome of the most

promising techmological challenges of short/medium term research. In terms of the

information used to represent the content of multimedia data, we can broadly classify
the different approaches to content-based retrieval into three categories [Gudivada95]:

¢ keyword based, where the content of the multimedia data is described through
annotations provided by users as for example free text or keywords taken from a
controlled vocabulary;

@ feature based, where a set of features is directly extracted, i.e. computed, from
the machine readable representation of multimedia data and used for the retrieval.
Typical features are values that represent either geperic information about
multimedia data, such as colour, texture, shape, speed, position, motion, etc., or

! A preliminary version of this paper has been presented at the 1st East-European Symp.
on Advances in Database Information Systems, St. Petersburg, Sept. 2-5, 1997. This
work has been partly funded by EU ESPRIT L.TR program, project no. 9141, HERMES.
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specific information needed by a particular application, such as face recognition,
trademarks [Wu95), medical imagé™analysis [Petrakis96]. Feature extraction is
either performed through the supervision and support of the user or automaticatly,
which is in some cases computationally expensive and usually appiication domain
specific. Other examples of existing systems that use features extracted from
images are [QBIC95] and [ Virage96].

o concept based, where application domain knowledge is used to perform an
interprefation of object’'s content. This interpretation leads to the recegnition of
concepts which are used to retrieve the object itself. Usually this process is
application domain specific and may require the user intervention.

In our opinion, the abstraction mechanisms of a data model for multimedia data should
allow one to represent both the features and concepts which are intrinsically present tn
this kind of data. Furthermore, the data model should allow the description of the
structure of the knowledge on such data and to combine it with the other, more
traditional, representations of data. In a recent paper [Amato97], we have described the
main characteristics of a model of this type and its supporting system. The proposed
model is Object-Orented (QO): this is because the QO model is closer to the
complexity of the real world than other models. Since multimedia da@ are a raw
machine readable tepresentation of the reality, we believe that the OO model should
better allow one to structure the knowledge about such representation.

In this paper, we will mainly describe how queries can be formulated and executed
in the Hermes DBMS, a prototype multimedia DBMS supporting a data model with
the above characteristics?. The query language of the system, called MultiMedia Query
Language (MMQL), has the usual expressive power of an OO query language such as,
for example QQL [Cattel96]. It has been extended to allow the formulation of queres
that can at the same time consider restrictions on features, concepts and the structural
aspects of multimedia objects, Furthermore, the language supports the formulation of
queries with imprecise conditions. The result of a query is an set of pairs. Every pair
is composed from an object and an estimation of its degree of matching of the query,
The result of a query is sorted by decreasing order of this degree of matching. We
underting that MMQL is a textual language that should be considered as an
intermediate langnage, target of a (set of) query formulation tocl(s) that allows end-
users to directly manage multimedia representations.

The paper is organised as follows. Section 2 provides an overview of the
multimedia daia model adopted fTom the Hermes DBMS. The multimedia Query
Language, which exploits the features offered by the model, is illustrated in Section 3.
Section 4 contains examples of queries while in secton 5 the reader can find a
description of the techniques that we are investigating in the realisation of the
prototype query language processor. Section 6 concludes and outlings some open
issues and areas for future research.

% The collection of tzchnical reports of the Hermes Project can be found at [Hermes].
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2. The data model of the Hermes DBMS

The Hermes model can be considered as composed of three layers: the Multimedia
Storage Model layer (MSM), which provides constructs to specify how multimedia
information is stored in the database and how it can be accessed; the Multimedia
Description Model layer (MDM), which allows the identification of relevant portions
of multimedia data; and the Multimedia Interpretation Model layer (MM) which
allows one to represent the semantic content of multimedia objects.

A multimedia data, ar the lowest level of representation, is an unstructured piece of
information stored in the multimedia database - taken either from the real world or
from other existing multimedia databases. Raw objects, in the MSM, identify these
multimedia data. Raw objects do not contain any specification regarding internal
content and internal structure, They contain information about their physical encoding
and the storage strategy used to store them.

One of the aims of interpreting a set of persistent muitimedia data is to make
explicit their structure and content in order to support their retrieval,

The MDM is used to individuate the objects to be interpreted. In the Multimedia
Description Model, the unstructured content of a raw object can be conveniently
structured by representing portions of it, and assembling such basic compeonents into
complex objects. Objects of the Multimedia Description Model are those that can be
retrieved, manipulated, and delivered.

The MIM offers constructs to represent the content of objects of the MDM at two
different levels: a) the physical content is represented by extracting physical features
from objects, b) the semantic conient is obtained by associating objects with pre-
defined concepts.

The next three subsections will describe the main characteristics of the three layers
of the model. Further details can be found in [Amato97].

2.1 The Multimedia Storage Model (MSM)

In the MSM, a raw object (RO) can represent any fragment of multimedia
information. ROs do not contain any description about their semantic content, They
just contain information about their physical encoding and information on the storage
sirategy used Lo store them - which means that it is possible to define the place where
raw objects are stored (on local disks, remotely) and the type of access that will be
used to retrieve them (sequential, striped, etc.).

The storage strategy of an object is a quadnuple <strmame, striype, file_to_str,
str_to_file>. The name of the storage strategy is given in strmame; examples are
local_file, local_database_object, striped, off-line, remote-url, etc. strtype is the type
of the data strecture that contains the information about the storage strategy and that
allows one to represent and to access the physical content of a RO that uses this
storage strategy. file_to_str is a function that stores the comtent of a file in the
database using the associated storage strategy and retuns a value of type strtype.
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Figure 1. Description model schema

str_to_file is a function that retrieves from the database a multimedia document
represented by a value of type strrype, and store it in a file,

When a new RO is created, its siorage strategy name and the source file should be
specified. Then the content can be ransparently managed regardless the storage
strategy adopted. When the content of a RO i3 requested, the sir_ro_jile function is
automatically used. When the content of a RO is updated the file_to_str function is
automatically used.

For example a RO may represent an image encoded into the GIF format and its
Slorage strategy may indicate that following a particular web URL can fetch the
object. Another RO may represent a video encoded into the MPEG format and its
storage strategy specifies that it must be stored by using a striping algorithm. Both
objects are accessed by a raw object identifier, regardless the details that involve their
corresponding storage strategies.

2.2 The Multimedia Description Model (MDM)

The function of the MDM is to provide the mechanisms for defining and manipulating
the structure of the information represented by ROs. At the MDM level, no
assumption on the semantic content of the documents is made, only their structure is
handled. The semantics is provided by the MIM.

The MM provides three types of objects: the Canenical Objects (COs), which
represent entire multimedia documents; the Media objects (MQs), that represent
relevant portions of CQs; the Complex objects (CXOs), which provide a way of
aggregating CQOs and MOs (as well as CXOs themselves).

For example a CO may represent an image or a video while a MO can represent the
region of an image that contains a person. An HTML page containing in-line images
and embedded videos can be represented by a CXO that points to a CO that contains
the HTML source, to a set of COs that contain the in-line images and 10 a set of COs
that contain the embedded videos. Classes of CO, MO and CXO can be defined to
classify different types of documents. Figure 1 shows an example of description model
schema.
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2.3 The Multimedia Interpretation Model (MIM)

The MIM is used to represent the content of COs and Mos. Two different levels of
interpretations are considered by the Multimedia Interpretation Model: the feature level
- using physical properties of the objects — and the concept level — according to the
semantic content of the objects.

The feature leve! describes the content of objects of the MDM by measuring the
values of some of their physical properties, that is the feqtures. Examples of features
are color distribution, shape, texture, motion vectors, etc.

A feature is mndividuated through a name, an extractor function used to calculate the
value of the feature in an object, a similarity function used to compare feature valoes,
a data structare used to represent feature values, and the name of a class of the MDM
that contains the objects which the feature can be extracted from. In the HERMES
model is possible to define new features according to user and application needs,
providing the previous menticned components.

The measure of similarity between features is used during document retrieval in
order to measure the degree of matching between the query and the retrieved
documents. Indeed, the process of retrigving multimedia documents is imprecise: the
system does not retrieve the documents that exactly match the query — it ranks the

- documents according to their similarity with the query.

The concept level describes the semantic content of objects of the description
model. It may describe and represent the conceptual entities contained in an object and
the relatons among entities. This is obtained using an object-oriented mode! extended
to cope with the issues of multimedia document description. Concepts are tepresented
both by classes and objects. Each concept associated with a set of membership
Junctions. Every function associated with a concept corresponds to a different class of
the description model. These functions provide a measure of the degree of recognition
of the concept in an object of the description level. Several strategies can be used to
define membership function and io calculate the degree of recognition of a concept.
For example, a concept can be recognised in an object because a prototype —
representing the concept — is similar to the object; it can be recognised by identifying
a particular combination of feames; a concept can be recognised because other
combination of concept have already been recognised in an object. Figure 2 shows an
example of concepual schema.

275



Congept level

Interpresation; Mode!

. ‘h( 1
sy
" ePEipeh

Feature Jevel

& Compoats Objet
fCXoy

) Canonical Giyect
icoy .

QO Madis Ot
MO)

Deser, Model

Storage Model

Ruw image

Figure 3. An example of HERMES database .

Figure 3 shows all levels of the model used to describe the Interpretation of an image.
The parts of the image that contain the tower, the Baptistery and the Duomo are
considered as the most relevant and are represented at description level as MOs while
the entire image is a CO. Feature defined ar the feature level are extracted from
objects of the description level. These features can be used to recognise concepts at
the concept level.

3.  The MultiMedia Query Language

The retrieval process in Multimedia DBMS is inherently different from the retrieval
brocess in traditional DBMS. Retrieval in DRMS is based on the exact evaluation of a
boolean combination of predicates on attributes. Each attribute has a well defined
domain and predicates which can be applied to it. Tt is possible to exactly determine
in a DBMS when the query is satisfied or not. The answer to a query is the set of
database records for which the query condition (ie. the boolean combination of
predicates on record attributes) evaluate to "true”,

Vice versa, the retdeval of multimedia data consists in determining all documents
whose properties are similar 1o those specified in the query {[Cardenas93], [Day53],
[Dimitrova94], [Petrakis93], [Petrakis96], [WuG5]).

In general, a similarity-based retrieval is reeded when:

— exact comparison is not possible, it is too restrictive or it may even lead to an
empty set results-the data is vague and/or the user is not able to express queries in

4 precise way;
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— ranking of retrieved objects is ‘needed so that the set of retrieved objects can be
restricted and/or qualifying objects shown to the user in decreasing order of
rejevance,

Similarity based queries can be processed if a measure of the similarity between each

retrieved object and the query (the matching degree) can be computed. The result of a

query execution is a set of objects ranked according to the value of the matching degree

of each object. The imprecision of the match between the guery and the retrieved
objects is due to the fact that the interpretation of muitimedia documents is
intrinsically imprecise: the extraction of features and the recognition of concepls may
be affected by errors; the result of the interpretation is the value of the feamure or the
name of the concept associated with the object, plus a recognition degree which gives

a measure of the quality of the recognition. The most frequently used types of .

similarity queries are the range and the nearest neighbour queries. A range query has

the formy: find all objects thar are similar to the desirable query object within a specific
distance; the nearest neighbour query has the form: find the first k closest objects to
the given query object.

Tradidonal query languages does not provide an adequate support (o express
similarity based queries. Furthermore, the user usually has only an imprecise
knowledge of the characteristics of documents he is seeking and it is also difficult,
with features offered by avatable query languages, to express queries which help in
discriminating between relevant and non relevant decuments.

Here we propose a query language that has the traditional select-from-where syntax
and has constructs specialised for multimedia data retrieval. Of course, because of the
nature of queries that users would like to express in order to retieve multimedia
documents, the best interface to specify queries would be a graphical interface. The
described query language can be considered as the target language of a guery
Jormulation tool which provides such a graphical interface.

The proposed language aliows users to express the following types of restrictions:
¢ Features: The user may express restrictions on the values of object’s feaiures. An

-example of a query on featres, provided that the featres colour, spatial position
and mouon have been defined, is “Retrieve all videos that have a red spot on this
position that is moving toward left”.

» Concepts: Queries that check the presence of a concept in a multimedia document
can be expressed using objects of the concept level. As mentioned above, objects of
the concept level are associated with a set of membership functions used to check
the presence of a concept in objects of the description level. An example of a query
that uses concepts is as follows: “Retrieve all images that contain a person”; we
suppose that the concept person has been defined and that this concept is associaied
with a membership function for the class images of the description model.

¢ Object Structure: Single media objects as well as multimedia objects are
structured, as illustrated in previous section. The query language will allow the user
to express restrictions on the structure of the multimedia objects to be retrieved. An
exampie of query that uses the structure is: “Retrieve all shots of this episode of
this video™.
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* Spatio-temporal aspects: An tmporiant feature of multimedia data is related to
the spatial and temporal relationships among different objects. The user should have
the possibility to formulate restrictions on the spatial and temporal relationships of
the objects to be retrieved. This is possible if specific features have been defined to
express object spatial and temporal position. These features also entail defining
operations to measure the relative position of two (or more) objects.

Furthermore the proposed query handles the following aspects:

* Uncertainty: The query language will allow one to express the uncernainty the
user has on some of the restriction formulated and on the preference the user may
have on some conditions with respect to others. For example the user may not be
certain of the colour of an object, while he is sure of the presence of an object. The
vatues of preference and importance will be used to measure the degree of matching
between the query and the retrieved objects.

¢ Imprecision: Similarity and classification operations are intrinsically imprecise.
Similarity based retrieval is needed since often exact comparison s not possible, it
is 100 restrictive or it may lead to empty results. Ranking of the retrieved elements
is meeded in these cases so that the set of the retrieved elements can be restricted
and/or qualifying elements shown to the user in decreasing order of relevance. To
cope with these issues, the logical operators of the query language shouid deal with
recognition degrees instead of booleans. Query executions should always returmn an
ordered set of objects. In the ordered set each element is associated with a value that
represents a measure of the degree of relevance of the element and the ordering is
made with respect to that value,

3.1 The SELECT-FROM-WHERE construct

The MultiMedia Query Language (MMOQL) offers both the standard functionality of an
OO0 query language and the constructs to express the previous computational needs.
A query has the typical select-from-where structure:

<Query>::= pelewt <select-clause>
£from <from-clauses>
where <condition>
where:

* <from-clause> specifies the set of objects that are candidates to be returned by the
query. It may be one of the following ¢lements: a concep! level class, a description
level class, a subquery, the union g, the intersection I, or the cartesian product x
of two queries:

<from-clause>::= <Class> | <belass»
<Query:> |
U (fs_1, w_l, £fs_2, w_2}]|
I {fs 1, w_l, £s_2, w_2) |
X (fs_1, w_1, fs_2, w_2)

where fs_1,fs_2e<from-clause>
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Union, iatersettion and-cartesian product operations do not follow the
boolean logic. For example, o {Q 1, w_1, Q_2, w_2) represents the
union of gueries © 1 and ¢ 2 with a relative importance w 1 and w_2
respectively. This operation will perform the union of the result of 9_1 and
g_2; the degree of martching of each object will depend its degree of
matching in ¢_1 (resp. ¢_2) and the relative importance w_1 {resp. w_2).

» <select-clause> has the form:
<salect-clause> ::= [n-hits]<select-list>

where n-hits indicates that only the first n-hits should be shown as the
result and <select-list> is an expression that specifies what a query
should return for each element of the from clause that has been validated in .
the query condition. It represents the projection of the query. The query
projection is a valid expression based on constants and on paths rooted at
<from-clauses.
For example, if the from clause of the query contains the class Persons that
as an attribute Name, then a valid expression for the selact-1ist could be
Person Name.

¢ <condition> 18 the query condition. It can be a simple condition or a complex
condition. A simple condition can be a precise or imprecise comparison. A
complex condition is an expression that may involve simple conditions and other
complex conditions:
<condition»::= <simple-cond> | <complex-cond>
<simple-cond> ::= <precise-compar> |<imprecise-compar>
The precise comparison expressions are the usual comparison expressions
such as equal, less-than, greater-than.
In the following we will describe the imprecise comparisons and the complex
expressions, We will indicate with v expressions that evaluates to a generic value,
with ¢ expressions that evaluvates to a generic object, with do expressions that
evaluates Lo an object of the description level, with mo expressions that evaluates o a
media object, with ¢ expressions that stands for a concept, with e condition
expressions, with w weights to be associated to condidons when complex condition
are specified, with fv expressions that evaluate to feature values.

3.2 Imprecise comparison.

Imprecise comparition, as previously stated, returns recognition degree instead of
boolean values. These recognition degrees are real values in the range [0 ... 1L

The proposed language basically provides three operators that perform imprecise
comparitions. The first checks the similarity between two feature values. The second
checks recognition degree of a concept in a multimedia document. The last allows one
1o infer to what degree a value belongs to a ranked set.
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The syntax for these operators is thé Follgwing:
Fv_1 sim fv_2 similarity betwsen feature values
do match class a descr. obkj. matches a conceptual class?
do match ref{co) a descr. obj. matches a conceptual object?

v in <Query> tasts if a value belongs to a ranked set

The sim operator is used to evaluate the similarity between two feature values. Since
the set of features that can be used is not fixed but users can define new features, as we
said previously, the behavior of this operator cannot be determined statically. It
depends on how the feature, which the specified feature values belong to, has been
defmed. Actually the evaluation of the sim operator corresponds to evaluate the
similarity function associated with the feature which the feature values belong to. The
#im operator will behave in different way if we check the similarity between two
colours, between two shapes, between two motion vectors or between two strings,

The match operator measures the recognition degree of a concept in a description
object do. There are two forms of the matck operator. One should be usad for
concepts represented by classes, the other for concepts represented by objects, The
bebaviour of this operator cannot defined statically since evaluating the match
Operator  comesponds to  evaluating  the membership function of the concept,
corresponding to the description model class which the description model object go
belongs to. As we said previously, the membership functions should be provided by
users when they define new concepts. Two different concepts may be associated with
different membership functions.

The in operator tests to what degres a value belongs to a ranked set. It acrually
returns the rank associated with the specified value in the ranked set. It corresponds to
the traditional SQL in operator with the difference that it works whit ranked sets
instead of traditional sets and retums recognition degrees (i.e. ranks) instead of
booleans.

3.3 Complex conditions

Simple conditions can be combined into complex conditions through the use of and,
or and not operators. In the following we consider that two expressions, =_1 and
=_2 have to be combined. Expression e_L {resp. =_2) has a relevance w_1 (w_2). The
relevance allows one to specify the weight to be assigned to each expression. It takes
into account the uncertainty that users may have regarding some of the conditions they
are expressing (for example they want to express that it is muck more important that
the retrieved images contain a church rather than of a bell tower).
The proposed operators are the following:

e_ 1l [,w_l] and e_2 [.w_2]

e 1l [,w.l] or e 2 [,w 2]

nct <
The query language does not impose any constraints on the method to be used to
compute the recognition degree of the complex expressions. This is a task of the query
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processor, which is not described in the paper. However, various approaches can be
followed, such as the adoption of firzzy logic, probabilistic logic, or the probabilistic
model of Information Retrieval [Salton89].

The language is not tied to a specific approach whose validity has still not been
demonstrated. The query language uses constructs that deal with imprecision and it
manages recognition degrees, but we do not restrict it to a specific approach. However,
a specific approach must be defined when the language is implementad, since its
choice affects implementation and optimisation techniques. :

The intuitive meaning of the anda and or operaiors should be preserved
irrespective of the implementation: the use of the and operator means that both
recognition degrees of the terms should be high; the use of the or operator means that
at least one of the recognition degrees should be high. The difference between the
actual behaviour and the intuitive behaviour of the language can be considered as a.
matter of precision and it is often subjective. Since the information is also
intrinsically imprecise, the user may also use the language without knowing the
actyal implementation of constructs. Users may only use their intuitive ideas of the
behaviour knowing that the results are affected by a certain degree of imprecision.

3.4 Selectors

The proposed langnage supports ali classical expression of an object orented query
language and constructs specific for the adopted multimedia model. In particular, three
specific selectors are offered to cope with feanire extraction, recognition degrees and
structure of multimedia documents in addition to classical selectors for accessing fields
of structured values and for evaluating objects' methods. The first accesses the value of
a particular feature in a multimedia document. The second accesses the recognition
degree of a candidate value of the query, the third accesses the object which a media
object has been extracted from:

ref {o) gets the cbject identity of an chject
o.faature (rfid) feature value of a description object
v.rec-dagraae racognition degree of a value
mo.part-of original object of a media object
v.attribute field of a structured value
o.method(args) method evaluation of an object

Given an object of the description level, it is possible 1o access its feature value
corresponding to the feature £id using the feature selector. This would comrespond
to evaluating the feature extraction function associated with the specified feature.
However notice that generally it is not necessary to evaluate that function since
feature extraction is done when objects are inserted into the database, in order to index
them, and the feature values can be successively obtained simply accessing some
indexing structure,

The rec-degree selector is used to access the recognition degree of values.
During the query processing, the values specified in the <from-clauses> are validated
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using the <condition> specified for the query. This validation process corresponds to
check the <condicion> for each value of the <from-clause>. Al the end each value
Is associated with its recognition degree. The rec-degrea selector accesses this
recognition degree. For instance the following guery:

salact I
from IMAGES as I
whare I.featura{color) sim red
and I.rec-degrea > 0(.7;
evaluates to all images whose colour is similar to red with a degree greater than 0.7.
Since the condition can be a complex condition, the rac-degree selector returns
the recognition degree of a value limited to the context in which the selector is used.
For instance the following query:
select I
from IMAGES as I
wheare { I.feature(color}! sim ra=d
and I.rec-degree > 0,7 }
and { I.featurs({shape) saim ¢ircle
and I.rec-degreae > 0.5 )}
evaluates to all images whose colour is similar to red with a degree greater than 0.7
and whose shape is similar to a circle with a degree greater than 0.5. On the other
hand, the following query;
select I
from IMAGES as I
whera { I.feature{color) sim red
and T.feature (shape! sim circle )
and I.rec-degree > 0.6;
evaluates to all images whose colour is similar to ted and shape is similar to circle
with a joint recognition degree greater than 0.6,
The paxt-of selector is used to access the object of the description model which
the specified media object refers to. This can be useful for instance, given a media
object that represent a shot or a frame, to access the video which it belongs to.

4. Examples of queries

In the examples of queries that follow the description model schema and concept level
schema of Figure 1 and Figure 2 are used.

At the description level we consider videos and images. Videos can be encoded in
MPEG, AVI and Quick time. Images can be encoded in JPEG and GIF. We represent
the structure of videos in terms of frames shots and episodes. We represent regions of
images that contair relevant entities. This is expressed in the description model
schema by defining two class of canonical objects: the VIDEOS and the TMAGES
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classes. The class VIDEQCS has three subclasses of canonical objects: MPEG, AV] and
QTIME classes, each one comesponding to a different video encoding. The class
IMAGES has two subclasses of canonical objects: the JPEG and GIF classes. We
represent shots and frames as media objects. These media objects are grouped in the
SHOTS and FRAMES classes of media objects. Shots are extracted form videos.
Frames are extracted from shots. Set of shots that form an episodes are represented by
objects of the EPISODES class. Relevant regions of images are represented by media
objects of the REGIONS class. Frames and images are both considered as stiil images
so the FRAMES and IMAGES classes are subclasses of the STILL class.

At the concept level we suppose to model important buildings. Actually we want
to manage information about sky scrapers, churches and bell towers. In the concept
level schema the BUILDINGS class has three subclasses: the SKY-SCRAPERS,
CHURCHES and BELL-TOWERS classes. The objects of the CHURCHES class that
represents churches that have an important bell-tower are associated with the object of
the BELL-TOWER class that represents such a bell-tower. We suppose that classes
and objects are alf associated with membership functions that tests if objects of the
descaption level contain the concept they represent.

We suppose that the feature shape, the feature color and the featre position ae
defined. They are extracted from objects of the class REGIONS of the description
level. The functions lefi-to and right-ro have been defined to compare positions.

4.1 Query 1

Features can be used to retrieve multimedia documents that contain concepts that have
not been defined. For instance in our example the concept sun has not been defined.
However we can search for regions that contain the sun searching for regions that are
circular and red. Therefore the query that we should express is “retrieve the ten best
regions that are circular and mostly red’. Let's suppose that we are very confident on
the fact that the region we are looking for is red; on the other hand we are less
convinced that the region should be circular. In the query we use the two constants
circle and red, that we suppose have already been defined. They represent the feature
values comesponding to a circle and to the red cotour. The following query
accomplishes this task:

selact 10 ref(R)

from REGICNS as R

whare R.feature(color) sim reg, ¢.7

and R.feature(shape} sim circle, 0.3;

The user's uncertainty has been expressed by associating different weights to the two
clavses of the condition. We used 0.7 for the similarity to the red color and 0.3 for the
similarity to the circle shape. Notice that, if we wanted to define the sun concept, the
previcus query could be used to build a membership function for such a concept.
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4.2 Query 2.

Let us suppose that we want to “remrieve all images that contain churches with their
bell tower”. We want to privilege the fact that in the image there is the church instead

- of the fact that there i3 the bell tower,

The query performs a cartesian product between the IMAGES and the CHURCHES.
classes then it keeps just the rows in which the image matches both the church and its
bell tower: ;

selact ref(I)
from CHURCHES as C, IMAGES as I
whera I mateh ref(C}, 0.8
and I mateh C.bell_tower, 0.4;

The previous query mixes information extracted from multimedia data and conceptual
information: the association between a church and its bell tower is a concept level
information; the fact that both appear in the same images is inferred from multimedia
data.

4.3 Query 3.

Let's suppose that the concept churches is associated with a membership function that
recognises it in video frames. We want to “search for all shots that contain a church’,
In order to retrieve shots that contain a church we can use the churches concept 1o
retrieve frames that contain a church, then we can use the information on the structure
of videos o retrieve the corresponding shots. In addition let's suppose that we want o
be quite accurate so we want that the recognition degree should be greater than 0.7,
The following query returns what we need:
saleact raf(5)
from SHOTS
where ref(sS) in (select F.part-of
from FRAMES as ¥
where F match CHURCHES)

and S.rec-degree > 0.7;
4.4 Query 4.

Spatial queries can be expressed by using the feature position. Let us suppose that we
want 1o “retrieve the 10 best fiiting images that contain a circular region on the left of
a rectanguiar region”, Let us suppose that we have already defined the two constants
circle and rectangle that respectively represent the feature values corresponding to a
circle and to a rectangle. This query can be expressed as follows:

selact 10 xref(I)

from IMAGES as I, REGSIONS as C, REGIONS asm R

whera
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C.part-of = ref(I} and

R.part-of = ref(ffuadah
C.faaturae{shape) sim circle and
R.feature{shape) sim rectangle and
left—to(c.fautura{position),

R.feature {position}}; -
In the query the uncertainty is introduced when the shapes of the regions are-compared
with that of circles and rectangles. The other clauses of the condition are in fact
boolean conditions.

4.5 Query 5,

The following guery uses at the same time concept level, featre level and description
level information. Let us suppose that we want to retrieve “all buldings whose shape
is similar to that of the Empire State Building”. Let us suppose that objects of the
concept level class BUILDINGS have a field name that contains the name of the
building. We want to privilege the fact that a region i3 a building instead of the fact
that it is similar to the Empire state building, _

The query should first retrieve alf regions that match the Empires State Building.
Then all regions that match some building and whose shape is similar to that of the
regions containing the Empire State Building are retrieved. Since we want to give
more importance to the fact that a region is a building then it is similar to the Empire
state building, we use the weight 0.7 for the first clause and 0.3 for the second:

selact raf(R)
from REGIONS am RI1, BUILDINGS as B
wheare
Rl.faature(shape) s8im any {
sBelact R.fautura(shape)
from REGIONS as B
where
R matehl |
saelect unigue raf {55}
from SKY_SCRAPESR agm 35S
where SS.name='Emp. St. Build.'}, 0.3
and

Rl matech r=f (B}, 0.7;
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5. Query processing issues and implementation techniques

We are currently working at the design and implementation of the query language
processor for the described query language. In the following we will briefly summarise
the techniques we are investigating,

MMQL ailows users to EXpress range queries and nearest neighbour queries using
weighted similarity predicates. An efficient processing of this kind of queres is stji]
an Open research issue. Traditional query processing and query optimisation techniques
are not sufficient 0 cope with them.

For instance consider the following nearest neighbour query: find the best k objects
having (Shape sim ‘round’) and (Colour sim ‘red’). Each predicate somehow orders
objects of the dartabase correspondingly. How can this query be executed without
scanning the entire database? Notice that the best & objects for the former predicate
might be the worst & for the latter.

[Fagin96] provides 2 proposal for solving this problem. Supposing that
® the and operator is defined as the standard fuzzy and operator using the min

between the scores of the two predicates,

. the predicates are independent,

the suggested approach is to retrieve &’ objects from each predicate where
K= FHm N 1S shown that retrieving &' objects insures that in the
intersection of the results of the two predicates there are at least & objecis. In the
previous formula & is the number of nearest neighbours for the conjunction, ¥ is the
number of objects in the database, m is the number of conditions in the conjunction,

(Chaudhuri%6] proposes a Strategy to solve range queries in which multiple
predicates occur. It uses a notion of Selectivity Statistics and an ad-hoc cost modei to
decide in which order the predicates should be processed. The selectivity statistics,
given a range r and an object O, used as the term of comparison, provide the expected
amount of objects whose distance from O, is smaller than r. The idea is that, if there
is a conjunction of predicates, then the best strategy is to begin the computadon with
the predicate that returns the smallest amount of objects and checking the score of the
obtained objects in the other predicates. However the probiem of obtaining Selectivity
Statistics is in most cases a complex task to deal with,

The problem of solving similarity condition with weights has been addressed in
[Fagin97]. Provided that the grades g; and the weights w; for i= 1,2,..m are in the
interval [0,1] and that the weights are normalised, the following formula has been
Propesed to compute scores for the conjunction of 7 atomic conditions with weights:

ar =1
f(w,.,..w") (gi , ...,gm)= Z [i(w,. —-w,.H)- min{gl, -3 }]—f-m w_ -min {gl yees gm}

In order to compute scores for a disjunction of m atomic condrtions, a similar formula
can be used where the scoring function min is substituted by the function max:

m =
T @)= X[ =) macle, g, Ve v, max g
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6. Conclusions and future work

In this paper we presented a multimedia Query Language that supports (i) partial
maich retrieval, i.e. there are retrieved all objects which are similar to the query at
least with a certain degree; (ii) restrictions on the values of features, the presence of
concepts and the structure of objects; (iii) the possibility to take into account user

Uncertaimty on some parts of the query (iv) the possibility to take into account the

imprecision of the interpretation of the content of the muitimedia object.

The result of a query is a ranked set, that is a set of pairs {object, recognition
degree). The recognition degres is a measure of the degree of match between the query ©
and the object,

We consider our future work will evolve along the following main directions:

1. Study how to combine similarity degrees deriving from different features and

concepts.

2. The implications of these models with the storage and access of multimedia objects
will be studied. Indeed, real application environments will require the storage of
many trillions of bytes of data, requiring the use of a storage hierarchy Comsisting
of different layers. This implies that data placement is crucial for effective
manipulation of the data and for an efficient retrieval,

. Completion of the implementation of the system that supports the proposed query
language.

(U%)
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