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Abstract. The expansion in volume of information organized according
to a structure in multiple applications introduces a new equivocal in mul-
timedia retrieval in semi-structured documents. We study in this paper
the impact of introduce a structural context on multimedia retrieval in
XML document thus we present a indexing model which combines tex-
tual and structural information. We propose a geometric method who use
implicitly of textual and structural context of XML elements and we are
particularly interested by improve the effectiveness of various structural
factors for multimedia retrieval. Using a geometric metric, we can rep-
resent structural information in XML document with a vector for each
element. Experimental evaluation is carried out using the INEX Ad Hoc
Task 2007, ImageCLEF Wikipedia Retrieval Task 2010 and ImageCLEF
Plant Task 2014 in the framework of our participation in CLEF 2014
campaign. The results show that integration of structural context signif-
icantly improves compared results of using a single textual context. Our
proposed method perform as compared to other systems evaluated on
two coolection INEX 2007 and ImageCLEF 2010.

Keywords: Structural context, Textual context, Approximative resolu-
tion, XML element, Image retrieval

1 Introduction

The joint evolution of user needs and electronic semi-structured documents con-
stantly raises new challenges in the Information Retrieval (IR) field. The need
with this kind of information is justified by quick change of scopes of appli-
cation which use structural documents (format HTML or XML) what imposes
new challenges in the field of search for information. Indeed, nowadays XML
document passed a simple tool for exchanging data to a new storage medium.
XML document includes textual element and multimedia element such as im-
age, audio and video. These elements are organized according to structure which
includes information notably although there is not only one manner to organize
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contents. However, the choice of structure depends greatly on the context of
use of the textual contents. Mainly in the literature, there are two main classes
of approaches in the field of multimedia retrieval: retrieval methods based on
multimedia content (MR-content) and multimedia methods to retrieval based
on context (MR-Context).

The approaches of the multimedia retrieval based on content use specific
features of low level according to type of media [1]. We can cite for example
image retrieval that exploits visual features (the color, texture, forms - - - ). These
methods have proven effective with media ”image” in well defined fields such as
medical field this is due to requirement for thorough knowledge of distinctive
media. This type of research can be applied to only one type of media in system
due to lack of semantic representation in media content.

The approaches of the multimedia retrieval based on context do not depend
on type of media in question [2] [3]. Indeed, these methods rely on information
surrounding the multimedia element representing its semantic description. Mul-
timedia retrieval based on textual context is most used, although the structural
context remains an obvious source which plays a part paramount in understand-
ing of structured documents.

Multimedia retrieval based on textual context is most used, although the
structural context remains an obvious source which plays a part paramount
in understanding of structured documents. In this paper, we are interested in
Context-based MIR techniques, and more precisely in MIR based on textual and
structural context in XML documents. Image context is composed all textual
information surrounding the image. For retrieve image presentated in Figure 1,
we can use text surrounding image such as document title, image name, image
caption, etc

<2l version="1.0" encoding="UTF-8'7>
<Image>
<Observationld>18228</Observationid>
<FileName>6 jpg</FileName>
<Mediald>6</Mediald>
<Vote>4</Vote>
<Content>Flower</Content>
<caption> Flower Papaver </caption>
<Classld>30269</Classld>
<Family>PAPAVERACEAE</Family>
<Species>Papaver thoeas L.</Species>
<Genus>Papaver</Genus>
<Author>liliane roubaudi</Author>
<Date>26/05/13</Date>

<Location />

<Latitude />

<Longitude />
<YearInCLEF>PlantCLEF2014</YearinCLEF>
<IndividualPlantd2013 />
<ImagelD2013 />
<LeamTag>Train</LearTag>

</Image>

Fig. 1. Example of a multimedia element context.

The textual context remains insufficient in most of time. In this context,
[4] say: ”Ignore the document structure is to ignore its semantics”. There are
other sources of evidence that were used as visual descriptors, information from
link around the image, structure of XML document. Indeed, We focus on XML
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documents don’t have a homogeneous structure. What makes the structure as
new source of evidence.

In this article, we focus on techniques for multimedia retrieval based on tex-
tual and structural context in XML documents. This type of document includes
textual information and structural constraints. So, XML document cannot be
effectively exploited by classical techniques of IR, which regard document as a
plane source of information. The implicit incorporation of multimedia elements
in XML documents requires the exploitation of textual context for multimedia
retrieval. However, the textual context remains insufficient in most of time. The
idea is to calculate the relevancy score of media element based on information
from the textual and structural context to answer a specific information needs
of user, expressed as query composed of set of keywords.And seeking the most
appropriate manner to combine two sources of evidence: text and structure.
Our main inspiration is to use the structure to involve each textual informa-
tion depending on its position in XML document, that is textual information
that gives the best possible description of multimedia element. In our work, we
will be interested by media ”image”. Most existing work in this area uses the
information from textual description of image. There are other sources of ev-
idence that were used as visual descriptors, information from link around the
image [5], structure of XML document. To resolve difficulties in mutlimedia re-
trieval field, you must define adequate source of evidence for representation a
multimedia element and defining appropriate indexing model. In this context,
we present our structural indexing system combining conceptual information for
semi-structured documents dedicated to approximate retrieval data. In Section
3, we presents the details of our proposed method where detailing the prepro-
cessing, extraction of textual and structural and phase calculation relevance of
multimedia element in information a better response to needs expressed by user
and we describe our structural indexing system combining conceptual informa-
tion for semi-structured documents dedicated to approximate retrieval data. In
Section 5, we presents the results of her applying on three data sets "INEX
20077, "ImageCLEF 2010” and ”"ImageCLEF 2014”. The last section provides
our conclusions and future works.

2 RELATED WORKS

The advent of structured documents has caused new problems in information
retrieval world, and more specifically in multimedia elements retrieval. These
problems are strongly related to nature of these documents that provide the
structure as a new source of evidence. Thus, nowadays, XML documents in-
clude multimedia elements of different types (audio, video and image)implicitly
embedded in the textual elements. These multimedia elements (such as phys-
ical objects) do not contain enough information to be able to answer a given
query. Therefore, the calculation of relevance score of multimedia element must
be linked to textual and structural information provided by other nodes XML
[5]. Indeed, XML document is used to describe a set of data by a structure that
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provides a semantic lexicon. Thus, it facilitates the presentation of information
in terms of interpretation and exploitation. Replying to this need, new works
appear in the field of multimedia retrieval that takes in account the structure as
source of relevant information. Existing work in structured retrieval of multime-
dia elements is decomposed in two classes.

The first class includes some works which proceed to adopt some traditional
technical of retrieval information as language model. In this context, the team
CWI/UTwente performs a step of filtering results to keep the fragments con-
taining at least one multimedia element [6][7].

The second class includes the specific work to be structured multimedia re-
trieval. This class uses the structure as a source of evidence in the process of
selection of multimedia elements. As first step, [8] proposed a method which
combines structure of XML document (XPath) with the use of links (XLink).
This method consist to divide XML document into regions. Each region repre-
sent a area of ancestors of the multimedia element. His score is calculated in
function of the scores of each region. This method exploits vertical structure
only. In a second time, [9] have used the addition of horizontal structure to the
notion of hierarchy. [9] use a method called ”CBA” (Children, Brothers, Ances-
tors), which takes into consideration the information carried by the children ,
brothers and fathers nodes for calculate the relevance of multimedia elements.
The authors propose an alternative method ” OntologyLike” which is based on
the identification of XML document to ontology. To calculate the similarity be-
tween nodes the authors use similarity measures that are mainly based on the
number of edges to calculate the distance between nodes.

There are other approaches to multimedia retrieval are based on exploitation
of links in XML document [10]. This work was improved by proposing a hybrid
approach that combines structure with using of links who is consider as semantic
links [11]. This method above to divide the document into regions according the
hierarchical structure and the location of image in document. This factor plays
a role in the weighting of links for compute the score of image.

In this paper, we propose a new metric for multimedia retrieval in XML doc-
uments which involves the use of geometric distances to calculate the relevance of
each node from the multimedia node. This method consists of placing the nodes
of XML document in Euclidean space and define each node by a vector of coor-
dinates to calculate then the distance between each pair of nodes. This distance
will play a beneficial role in to calculate the score of multimedia element.

3 Proposed Approach

We focus on techniques for multimedia retrieval based on textual and structural
context in XML documents. XML documents cannot be effectively exploited by
classical techniques of IR, which regard document as a bog of words. Therefore,
the calculation of relevance score of multimedia element must be linked to textual
and structural information provided by other nodes XML [5]. Thus, it facilitates
the presentation of information in terms of interpretation and exploitation. Re-
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plying to this need, we propose a new method in the field of multimedia retrieval
that takes into account the structure as a source of evidence and its impact on
search performance. We present a new source of evidence dedicated to multime-
dia retrieval based on the intuition that each textual node contains information
that describes semantically a multimedia element. And the participation of each
text node in the score of a multimedia element varies with its position in there
XML document. To compute the geometric distance, we initially place the nodes
of each XML document in an Euclidean space to calculate the coordinates of each
node by algorithm 1. Then, we compute the score of a multimedia element de-
pending on the distance between each textual node. Figure 2 shows the steps

XML document XML tree Geometric representation of XML document

Fig. 2. The steps of passing an XML document to geometric representation.

of passing an XML document to a geometric representation of the XML ele-
ments in a Euclidean space. The first step consist to present a XML document
as XML tree to take into account XML document properties. An XML tree is
described by a set of relationships between nodes. Formally an XML tree is a
pair A = (E, R) where E is a set of XML elements and R C E?, ((p,q) € R if
p is the parent of ¢) is a set of relations satisfying:

dre E,Nge E—{r},(r,q) €R (1)

With r is the root of the tree.

Vpe E—{r},3lge€ E,(p,q) €ER (2)

Each node has a parent except the root r. In second step, we will spend to
presentation of XML tree in a geometric representation. This step is mainly
based on equalities extraction in XML tree according to our proposed hypothe-
ses. The XML tree representation allowed us to unveil certain relationships of
neighboring, brotherhood and offspring. Indeed, the distance d which separate
two or more brothers with their common ancestors iteratively is the same. And
brothers of the same hierarchical level are equidistant. These distances are de-
fined according to the relationship of contiguity and semantic similarity between
nodes. These distances are not quantized but will be extracted in function of the
position of each textual node in XML tree. All these properties result in: For all
¢i = (Ti1, Ti2 - xim) and g = (251,252 - Tjm) Where @Q is a set of vectors in
R™.
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— In the same hierarchy, if there are more than two brothers then their adjacent

nodes are equidistant:
property 1

Vai,q5.qx € Q, if Ai(ai) = Ai(q;) = Ar(qr)
d(Qian) = d(%Qk)

— The distance between any node and its descendants is the same:
property 2

Vai,qj,q9 € Q,n € N, Ay (qi) = An(gj) = ¢
d(gi,q) = d(gj,q)

With Vn € N*| we define function A,, by: Vq € F,

{¢}ifn=0
An(q) =R Ap_1(p)ifIpe E, (p,q) € Randn >0
O else

From these relationships, we can generate system of equations taking into ac-
count for kinship relationships nodes based on hierarchy and adjacency. These
relationships are decried by equalities in this order (these equations are only
examples) (Figure 2):

d(nl, TLQ) = d(nh ng)
d(nq,ne) = d(ny,ng)
d(nl, n7) = d(nl, ng)
d(nl, 77,7) = d(nl, 77,9)

These distances are defined according to the relationship of contiguity and se-
mantic similarity between nodes. They are not quantized but will be extracted
in function of the position of each textual node in the XML tree. The resulting
system is nonlinear, its resolution requires the use of an approximate resolution
iteratively method where we used iterative solution method (see Algorithm 1).
The process begins by assigning to each XML node a random vector. It Tries
to improve the coordinate values of each node according to an error value (the
sum of the squared deviations). At each iteration, the coordinates are improved
together with the minimization of this error. The algorithm stops when the error
reaches its minimum value (no improvement is possible). Let @ the set of vectors
obtained at a given iteration during the running of the algorithm, the error is
defined by:

error(Q) = Z (d(gir 45) — d(gir ax))?

9:,45,9k €Q,
A1(q:)=A1(g5)=4A1(qr)

+ > (dlaq) - d(gs,9)

4:,9;,9€Q,n€EN,
An(qi)=An(gq;)=q
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Algorithm 1 Resolution algorithm approximate nonlinear system of equations

Require: (Q = (q1,92...q/q|), R) :an XML tree as ¢;=(qi1,qi2...¢im) Vi € [1,|Q)]]
m:dimension
for (i, ) € [1,]Q]* do
¢i; < random value
end for
Q1+ (q1,92---91))
repeat
P« Ql
for (i,5) € [1,]Q[]* do
Q2 < (q1,q2.--qi—1,¢i +d;j (1), qi+1- - qq))
Qs < (q1,92--¢i-1, i + d;(€), qit1 - qq))
Q1+ (q1,q2---qi-1, ¢ + dj(1 — €),qiv1 - - qiq))
t+ 0
while error(Q1) > error(Q2) > error(Qs) > error(Q4) do
Qs = (q1,q2--qi—1, ¢ + 2'd; (1), g1+ - qq))
t=t+1
end while
t< 0
while error(Q1) < error(Q2) < error(Qs) < error(Q4) do
Q1= (q1,q2--qi—1,q — 2'd; (1), qiv1- - qq))
t=t+1
end while
while |error(Q1) — error(Q2)| > € do
Qs « Q1+ Q2

let Qs = (pl,pz...p|Q‘)
if error(pi,p2..0i—1,pi — dj(€),pit1---p@|) > error(pi,p2..pi—1,0i +
dj(€),pi+1--p|q|) then
Q1+ Qs
else
Q2 + Qs
end if
end while
end for
until P = Q1

Where m is the dimension of the Euclidean space and Vv € R, D;(v) =
(di,da---d,y,) is such as:

0if k+#j

v otherwise

dy = {

3.1 Multimedia Element Representation by Textual and Structural
Context

A multimedia element (eg image) does not contain textual content. Its score is
based on textual nodes in its neighborhood. The transition from the XML tree
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structure representation of elements in an Euclidean space, where we exploit the
dissimilarity distances separating a multimedia node and other textual nodes, is
performed by extracting the equations satisfying the properties defined earlier
and the application of algorithm 1. To calculate the distance between a node n
and multimedia element H, we will try to use several geometric distances such as
Manhattan distance, Euclidean distance and Minkowski distance between their
respective feature vectors g, and gy described by the following equations:

m
dist pranhattan (TL7 H) = Z | qn —4H | (3)
=1
diStEuclidean (n7 H) = Z<Qn - qH)2 (4)
=1
diStMinkowski(naH) =) Z | gn —4H |p (5)
=1

With m is the dimension of the Euclidean space and p=1. g, is defined by:
Gn=(2M41, TN2 ... TNy ) With zn are the vector characteristics of node n. And
qu is defined by: gy =(xH;1, *H;o ... ©H;y with £ H represent the coordinates
compose the vector characteristics of a node H. We calculate the score for each
textual node depending on the frequency of each term (¢f) and the number of
elements in the corpus according to the number of elements containing the term
(idf). A textual node is presented by: n = (n1,ns2 - - - n|,|) where n; is the weight
of the term t;, v is the set of indexing terms:

n; = tf(t;,n) x idf (t;) (6)

if (1) = log (57 ™)

2

With

Where N is the total number of XML elements in the corpus, IV, is the number
of elements that contain the term ¢; and tf(¢;,n) is the frequency of the term
t; in node n. The score of textual node depends on the weight of each indexing
term. A query is made by the list v = (vy,v2---v},|) where v; € {0,1} (Omot
exist, l:exist) according membership ¢; at the query. The score of textual node
n for the query ¢ is defined by:

|V
rsv(g,n) = qxn’ = ZQi X 1 (8)
i=1
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Where p is the set of textual elements. The score of multimedia node H is defined
by:

_ rsv(q,n)
B dist(n, H)

nep

rsv(q, H) (9)

With dist(n, H) is the distance (Manhattan distance or Euclidean distance or
Minkowski distance) between the feature vectors corresponding to the nodes n
and H. This equation leads to assign the importance of contribution of all nodes
in computing the score of multimedia element that shows its beneficial impact
in multimedia retrieval.

4 Indexing System

We propose a indexing system M XS — index composed by two parts: part of
textual indexing and part of structural indexing. Our indexing methodology as
schematized in Figure 3. The first part consists of four main steps: Pretreatment,
term extraction and term weighing using NLP (Natural Language Processing)
techniques to extract the candidate XML nodes of the resulting indexing. The
first step is to split text into a set of sentences, prune the stop words for each
XML node of the corpus and radicalize terms using the algorithm PORTER
[12]. The second step is term extraction and the last step is calculating term
importance. That is a fundamental step in information retrieval process and it is
determined through term frequency (¢f) and inverse document frequency(idf). In
Second part, we built structural index using information extract from XML tree
and geometric metric. Each XML node will presented by characteristic vector.
We start by extract geometric proprieties. And we compute coordinates of each
XML nodes. This part is accompanied by generating XML data model which
processes ancestor, descendant and proximity relationships (Figure 3). The step
of selection of descriptors of each node consists in associating each XML node
own these textural and structural descriptors to better combine.

5 Evaluation and Results

We evaluate our system on three databases extracted from three collections :
INEX 2007 (Initiative for the Evaluation of XML Retrieval) Ad Hoc task [13],
ImageCLEF 2010 Wikipedia image retrieval task [14] and ImageCLEF 2014
Plant task [15]. The first two databases are composed by XML documents ex-
tracted from Wikipedia. The latest dataset is collected by scientific community
for testing and validation of their approaches (Table 1).

The aim of the experiments in this section is to show the effectiveness of
XML structure in multimedia retrieval. For this purpose, we evaluated sepa-
rately the use of textual context only (TC), as well as the combination of the
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NLP
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Pretreatment EExtraction of geometric descriptorsj

Terms extraction

ECompute coordinates of XML nodea

Terms weighing 1 X1 X1 X1
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Fig. 3. Architecture of our indexing model M X S — index.
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Table 1. INEX 2007, ImageCLEF 2010 and ImageCLEF 2014 collections

Company INEX 2007 CLEF 2010 CLEF 2014
Task Collection XML Ad Hoc Wikipedia Retrieval Plant Retrieval
Number of XML document 659388 237434 47815
Number of image 246730 237434 47815
Topics 19 70 8163

two (TC and TS). For INEX 2007, ImageCLEF 2010 and ImageCLEF 2014
test set, we respectively obtain the following MAP values: 0.2376, 0.1674 and
0,2488 using textual context only (figure 4). We compare between the use of
Manhattan distance, Euclidean distance and Minkowski distance. We observed
that the difference of results between the three distances is very signicant in
the INEX 2007 test set, ImageCLEF 2010 test set and ImageCLEF 2014 test
set. The Euclidean distance gets a most suitable representation of multimedia
element which is none other than the dissimilarity distance between XML nodes.
Indeed, the evaluation results show that this distance provides a MAP which is
equal to 0.2572 as MAP with using "ImageCLEF 2010” collection. The result has
been improved significantly with the "INEX 2007” collection to 0.3102 as MAP
relative to Manhattan distance (0.2376 for "INEX 2007” collection, 0.1754 for
”ImageCLEF 2010” collection and 0.2276 for ITmageCLEF 2014” collection) and
Minkowski distance (0.2876 for "INEX 2007” collection, 0.2245 for ”ImageCLEF
2010” collection and 0.3267 for "ImageCLEF 2014” collection). This increase is
due to nature of "INEX 2007” collection who includes XML documents with
heterogeneous structure. So in 7INEX 2007 collection we find documents with
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MAP

TCand TS Minkowski

TCand TS Euclidean & ImageCLEF 2014

kdlmageCLEF 2010
TCand TS Manhattan
E INEX 2007

TC

Fig. 4. Results of the impact our approach on INEX 2007, ImageCLEF 2010 and
ImageCLEF 2014 based in MAP(Mean Average Precision).

high depth. This factor highlights structural information and amplifies effect
textual information based on computed distances. For against, our system is
more stable with ”ImageCLEF 2010” collection, this is due to rapid convergence
of results. With our measure, we have shown that combined use of textual and
structural context can properly determine the relevance of multimedia element,
and the structure plays a primordial role in multimedia retrieval (Figure4). We
can conclude that an using structural information returns better pertinence in
case uses multimedia retrieval with using "ImageCLEF 2014” collection with
MAP equal to 0.4406. In fact, this collection contains quite specific documents
include descriptions of plants which reduces textual concepts; see Figure 4.

After evaluation of our system on the three described collections, we will try
to position itself compared to participants in INEX 2007 and ImageCLEF 2010.
Our system gives better results using INEX 2007 collection (figure5). Indeed,
comparing work proposed by IRIT system, we obtained a MAP equal to 0.31
[13][9]. Our system also gives a better MAP which is equal to 0.25 compared
to XRCE system with using textual context with ImageCLEF 2010 collection
(figure 6) and he got the better result with textual and visual context a MAP
value which is equal to 0.27 [14].

6 CONCLUSION

This approach allowed us to calculate the score of element multimedia accord-
ing the textual context provided by nodes in proximity and structural context
from distance between nodes and multimedia element. This method was eval-
uated with using of three collections "INEX 20077, "ImageCLEF 2010” and
”ImageCLEF 2014”. In this work, we studied the impact of textual and struc-
tural context on multimedia element retrieval, where the user need can be a
multimedia element (text). We plan to investigate the impact of a mixture of
text and multimedia element(text+image) with to using visual descriptors.. In
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INEX 2007

Proposed approach _
= CBA
OntologyLike —-—' k4 OntologyLike
CBA —

H Proposed approach

0,28 0,29 0,3 0,31

Fig. 5. Compared results on INEX 2007 collection with MAP(Mean Average Precision)
metric.

CLEF 2010

Proposed approach

XRCE Textuel
XRCE Textuel et visuel = XRCE Textuel et visuel
M Proposed approach

XRCE Textuel

+ e "

0,2 0,22 0,24 0,26 0,28

Fig. 6. Compared results on ImageCLEF 2010 collection with MAP(Mean Average
Precision) metric.

the future, we want to exploit another factor to calculate the relevance of mul-
timedia element such as the title of image, the weighting of the links in XML
document ... As well as another source of evidence as visual descriptors.
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