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Abstract. This paper investigates the use of the logical structure in XML
documents for the retrieval of XML multimedia objects. We study different
logical levels and their combinations. Our investigation is carried on a purpose-
built test collection based on the INEX test collection. Our findings are the
followings. First, all logical levels allow discriminating between elements con-
tained in different documents, whereas the lower logical levels allow discrimi-
nating between elements within a same document. Second, combining the
logical levels improve retrieval performance.

1 Introduction

In XML document collections, a multimedia' object is referenced as an external entity
in the attribute of an XML multimedia element that is specifically designed for mul-
timedia content. Some textual content can appear within the element, describing
(or ‘annotating’) the multimedia object itself. The elements that surround the multi-
media element in the document’s logical structure can have textual content that pro-
vides additional descriptions of the object. Therefore, the textual content within a
multimedia element and the elements in the document’s logical structure can be used
to calculate a representation of the multimedia object that is capable of supplying di-
rect retrieval of this multimedia data by a textual (or ‘natural language’) query. We
believe that exploiting the logical structure can play an essential role in providing ef-
fective retrieval of XML multimedia objects.

The main motivation behind this paper is to investigate the use of the document’s
logical structure for representing and retrieving XML multimedia objects. This work
performed extensive experiments to understand how the approach of combining logi-
cally disjointed document parts works, and to demonstrate why we need this logical
structure for the combination rather than using directly the whole document.

The paper is organised as follows. In Section 2, we present related work. In
Section 3, we describe our approach. In Section 4, we describe the test collection built
to evaluate our approach. In Section 5, we present our experiments and results. Fi-
nally we conclude in Section 6.

" The work described in this paper was carried out with image objects; nonetheless, the ap-
proach can be applied to any other media.
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2 Related Work and Background

The work related to ours is mainly in the area of text-based retrieval of multimedia
objects, and in particular images. Document parts have been used in a number of web
image retrieval approaches. [3] investigates the retrieval of images on the web by
dividing the textual parts of web pages into image caption, neighbouring image cap-
tions, the rest of text in the page, and text in the pages pointing to that page. These
parts are often combined and different weights (in addition to the standard term fre-
quency and inverse document frequency) are assigned to the terms extracted from dif-
ferent parts. Other approaches combine the textual- and content-based retrieval. In
[10], the combination is done after a relevance feedback step. Again weights are used
to emphasise the contribution of the various text parts. In [1], a face recognition sys-
tem and semantic-based retrieval approach are used to analyse the surrounding text of
facial images to locate person names and determine their degree of association with
each image. Thus using surrounding “bits” to index images has already been investi-
gating, which is also what our work is doing, but through the exploitation of the XML
logical structure.

The work reported in [6] is concerned with collections of images with associated
descriptions in the form of captions or metadata that were often manually generated
during for example a cataloguing phase. Even though these descriptions can be semi-
structured (i.e. formatted in XML or MPEG-7), they remain descriptions of the im-
ages. This is different from our work, where the multimedia objects are themselves
embedded within the logically structured XML content.

XML-related work was carried out as part of the INEX 2005 multimedia track
[14]. For instance, [5] used the linear combination of evidence to merge the retrieval
scores from content-based image retrieval and text-based XML retrieval. Other simi-
lar approaches include [13,12]. However, these were developed for the Lonely Planet
collection, which, as described in Section 4, is not appropriate for our investigation.

Approaches in XML text retrieval have exploited the surrounding “bits” (e.g. re-
lated elements) for retrieving XML text elements. For instance, [11] applied the lan-
guage models both at element level and at article (document) level. Then they mixed
evidence from the two language models to retrieve elements. [9] developed a hierar-
chical language model, taking advantage of the logical structure of XML documents.
The score used for ranking an XML element was estimated by mixing evidence of the
element with its parent element. Using surrounding “bits” to represent and retrieve
XML elements has shown to be beneficial, and this is what is being done in our work,
but with respect to XML multimedia elements.

3 Indexing and Retrieving XML Multimedia Objects

The general idea of our approach is to use the surrounding text to represent the con-
tent of multimedia (or in fact any) XML elements. The XML logical structure, for ex-
ample article-> section->subsection->paragraph, can be interpreted to describe a
topic->subtopic->sub-subtopic->one aspect. It is reasonable to assume that
paragraphs in the same subsection are used to describe the subsection’s topic, and
paragraphs in different subsections but in the same section are used to describe the
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section’s topic. This would indicate that the text content closer to the multimedia ob-
ject in the document’s logical hierarchy would provide a better description of the mul-
timedia object and thus could produce more accurate representation of the object.

We divided XML documents into different granularities based on their logical
structure. We call these granularities regions. For a given multimedia object refer-
enced in a multimedia element, the multimedia element is named the multimedia
object’s own region, a sibling element to the multimedia element is named its sibling
region, the parent of the multimedia element is named its 1* ancestor region, etc.

Figure 1 shows an example. The two <p> elements are the sibling region of the
<fig> element, the multimedia (in our case image) element, which is the own region.
The other regions are depicted in the figure. The regions are disjoint from their lower
level regions so that the regions have no overlapping content with their lower level
regions. For example, the lightly dashed line area is the 1*' ancestor (4™ highest) re-
gion and the thick dashed line area is the 2™ ancestor (3™ highest) region.

Levels from the highest down Levels from bottom up

The highest < article » 4" ancestor

2" highest 3" ancestor
!
3" highest ———— ——+—» 2™ ancestor
4" highest ¢——————— — % ancestor
TN
p fig p

Fig. 1. The logical regions

A region can be treated as an atomic retrieval unit, like a document, and then any
standard IR model can be applied to a region just as it might be applied to a docu-
ment. At this stage of our work, we focus on investigating the impact of the XML
logical structure on retrieving XML multimedia objects. Therefore, we use simple in-
dexing and retrieval methods, where it is straightforward to perform experiments that
will inform us on the suitability of our approach. For this purpose indexing is based
on the basic tf-idf weighting and retrieval is based on the vector space model. The
ranking score of a multimedia element is computed as follows:

rsv, ZZOQFSV, (1)

reo

where ¢ is a weight assigned to a logical region r, where 2. o, =1, Finally, rsv s the

reo

retrieval status value of the region  computed by the vector space model.
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This approach was previously presented in [7] and an evaluation on a small test
collection [8] showed the approach to be promising. In particular, it was showed that
using elements higher in a document’s logical structure works well in selecting the
documents containing relevant multimedia objects, whereas elements lower in the
structure are necessary to select the relevant images within a document. However, as
the evaluation was performed on a very small data set (7864 images and 37 MB text),
it is necessary to perform a large-scale evaluation to properly validate the proposed
approach.

4 Building the Test Collection

INEX started a multimedia track in 2005 [14]. However, the test collection is not ap-
propriate for the evaluation of our approach due to the following reasons. First, the
images in this test collection have been organized together in the same parent element
(the <images> element). Therefore, the logical context of the images within the same
XML document is almost the same so that it cannot be used to investigate the impact
of the logical structure on discriminating between the multimedia objects within a
document. Second, there is no diversity in the depths of the multimedia objects as all
images are located in the same logical level. Third, it has a relatively flat hierarchy
(the depth of image elements is 3). Finally, the test collection is still small in size
(2633 images contained in 14.5 MB text). As such, this test collection is not suitable
for a large-scale evaluation of our approach. We therefore built a large test collection,
where XML text elements are used to simulate multimedia elements”.

4.1 Methodology

In [2], a text only document collection is used to test the validity of a cluster-based
multimedia retrieval approach. Two sets of experiments were carried out. The first set
compared the cluster-based representations with representations based on randomly
generated citations. The second set showed that the cluster-based representations
provided approximately 70% of the retrieval effectiveness of directly indexing the
original content.

Our methodology is inspired by [2]: using an XML text collection to validate XML
multimedia retrieval approach. The retrieval of a multimedia object will be viewed as
retrieval of a multimedia element. The proposed methodology selects a number of text
elements from XML documents to simulate multimedia elements, and we refer to
them as simulated multimedia elements. Based on this, we apply our proposed
approach to represent and retrieve these elements.

In an XML document, a multimedia element is an element that has an attribute
value referencing an external entity (a multimedia object). Therefore, there is no dif-
ference between the retrieval of a text element and the retrieval of a multimedia ele-
ment, especially when the retrieval is based on the representations of surrounding
texts, i.e. the regions.

? The INEX 2006 multimedia track provides a large and more suitable multimedia collection.
We are currently continuing our work with this collection.
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4.2 The Document Collection, Topics and Relevant Elements

We use the INEX 2004 text collection, which consists of 12,107 articles, totalling
494MB in size, where the average depth of an element is 6.9 [4]. The INEX collection
can be considered an adequately sized data set due to the large number of documents
and the fact that the elements are distributed in an appropriate tree structure, having
deep logical relationships. The benefit of using the INEX collection is that we can we
use its topics and its relevant assessments.

Our approach is to make use of the regions to represent the content of multimedia
elements and then apply content-oriented retrieval as defined in INEX based on this
representation. For this reasons, we use the CO (content-only) topics in INEX, which
are free-text queries. Our test collection thus contains a subset of the INEX 2004 CO
topics.

For this subset of topics (the precise numbers and how the set was selected are de-
scribed below), we need to identify the relevant simulated XML multimedia elements.
We aim to study how the use of regions impacts on the retrieval of the most relevant
multimedia elements. Thus, only the highly relevant elements will be considered as
relevant in our test collection. Relevance in INEX 2004 is defined according to two
dimensions, Exhaustivity (E) and Specificity (S), each of which is measured on a
4-point scale: not (0), marginally (1), fairly (2), and highly (3). We define the highly
relevant elements as those at least highly exhaustive or highly specific. In addition, if
only highly exhaustive, then the element should be at least fairly specific, and vice
versa. In summary, only elements that have been assessed as (3,3), (3,2) and (2,3) are
considered for building the relevant simulated XML multimedia elements, where
(x,y) stands for (exhaustive value, specificity value).

We exclude any overlapping elements in our test collection as the real multimedia
objects would not be overlapping with each other (in INEX, two overlapping ele-
ments, e.g. an element and its parent element, may both be assessed as (3,3) for a
given topic). To make sure each topic has an appropriate number of simulated rele-
vant elements, we do not select the topics that have less than 10 relevant elements. As
a result, our test collection has 25 topics, following from [15] who show that to obtain
any significant results when comparing approaches, at least 25 topics should be used.
These selected 25 topics have in total 5773 selected relevant simulated multimedia
elements, on average 231 relevant elements per topic. The maximum depth is 9 and
minimum depth is 2, with an average of 5.21.

4.3 Select a Collection of Simulated Multimedia Elements

The selection of the non-relevant simulated multimedia elements in the test collection
is done by a random process, performed by traversing the XML document, where
overlapping elements are excluded. To avoid that the selected elements are contained
within a small number of documents, whilst other documents have no selected
elements, the process will select at least 10 elements from each document. The depth
distribution of selected elements in this process is kept similar to the depth distribu-
tion of the relevant simulated elements. Those selected elements are viewed as irrele-
vant elements as they are randomly selected. In total, the built test collection contains
143,034 (including the relevant ones) simulated multimedia elements, on average 12
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elements per document. For simplicity, we will use “multimedia element” instead of
“simulated multimedia element” in the remaining of this paper.

5 Experiments, Results and Analysis

Extensive experiments were carried out using the built test collections to test the use
of the regions. The title field of 25 selected INEX topics are used as query terms. In
section 5.1 we present the results obtained using regions from the lowest level up.
Section 5.2 presents the results using regions from the document root level down.
Subsequently, in section 5.3, we compared the results using any types of region with
the element’s self content (own region). In section 5.4, we compare the results using
combinations of regions with those using the whole document. At last, we present the
results obtained using a weighted combination of regions in section 5.5.

In all our experiments, the retrieval status values are calculated according to for-
mula 1. When the representations are composed of single regions, ¢ =1 (Sections 5.1

to 5.3). In addition, stop-words were removed and stemming was applied. We report
the precision values for the 11 standard recall values. In addition, we present the
Mean Average Precision (MAP) and sometimes the precisions at element cut-off
(5, 10, 15 and 20).

5.1 Using Lowest Level Region to Up Level Regions

These experiments were performed to investigate the use of region levels for retriev-
ing multimedia elements. The results from using the sibling region to the highest level
region (8" ancestor in this collection) are shown in figure 2. The MAP values ob-
tained using regions from sibling level to 8" ancestor level are: 0.1166, 0.1383,
0.1900, 0.1828, 0.0807, 0.0196, 0.0047, 0.0067, and 0.0019.

We can see that effectiveness decreases from the 2™ ancestor level to the highest
level. This is what we expected, the region closer to a given multimedia element in
the document’s logical hierarchy produces a more accurate representation of the ele-
ment. However, the MAP obtained with the 2™ (or 3“1) ancestor regions is better than
that with the 1% ancestor (or sibling) regions. We expected that the 1* level regions,
which are closer to the multimedia elements in the document hierarchy, should lead to
better performance than when using 2" ancestor regions. There is, however, a clear
explanation why this is not the case. As the regions are disjoint from each other, and
due to the nested logical structure, the 2" ancestor regions have more terms than the
1*" ancestor regions (as shown in figure 1). The greater number of terms increases the
number of matches between a query and the region having more terms, which is why
2" ancestor regions led to better performance.

Therefore, the impact of the regions on retrieval performance could be a balance of
two aspects. A lower level region offers more accurate representation than a higher
level region and a higher level region supplies more terms than a lower level region.
The difference between 1™ and 2™ ancestor regions clearly demonstrates this to be the
case. As presented in table 1 of section 5.3, using 1* ancestor regions produces better
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Sibling —o—
15t Ancestor —+—
2nd Ancestor —5—
3rd Ancestor ——
4th Ancestor —<—
5th Ancestor —%—
6th Ancestor —e—
7th Ancestor —e—
8th Ancestor —m—

Precision

Recall

Fig. 2. Regions from sibling upwards

performance at top 20 cut-off values than using 2" ancestor regions. The higher per-
formance at top cut-off level obtained using 1* ancestor regions is due to them pro-
viding more accurate representations and the higher performance of MAP using 2™
ancestor regions is due to them having more terms.

We observed that the highest levels, the 7™ and 8™ ancestor level, almost retrieved
nothing. We found that only 0.09% of the relevant multimedia elements have 8" an-
cestor region and 1.44% of those have 7" and higher level ancestors. This means that
those not having these level regions will certainly not be retrieved.

5.2 Using Regions from Document Root Level Down

This section presents a second set of experiments to investigate the use of regions to
represent multimedia objects, starting from regions at the document root level and go-
ing down the logical structure. In the built test collection, most of the multimedia
elements are located in the <bdy> element. Thus, the highest region level is the
document root element, /article, the ond highest level region is the element
/article/bdy, and the 3™ highest level region is the element /article/bdy/sec/. We stop
at this level because the lower level regions of some elements may not exist. If they
do not exist, it makes sense that the elements will not be retrieved. The results are
given in figure 3. The MAP values of regions from the highest level to the 3™ highest
level are: 0.1294, 0.1858, and 0.1868.

Looking at the results of the 2™ and 3™ highest level regions, it is clear that the 3™
highest level region leads to higher precision for low recall values and the 2" highest
level region leads to higher precision for high recall values. The lower level (3" high-
est) region offers more accurate representation than the higher level (2™ highest) re-
gion, so the former led to better precision for lower recall values. The latter contains
more terms and thus led to better precision than the former for higher recall values.
This is also what we observed in section 5.1. Due to the balancing effect of the above
two, there is only a small difference between their MAP values.
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the highest level —o—
the 2nd highest level —&—
the 3rd highest level —*—

Fig. 3. Regions from root level down

The results show that the highest level region is still useful for retrieving multime-
dia elements, although it performs worse than its lower levels. This indicates that the
regions at all logical levels seem useful.

5.3 Effectiveness of Self Content

The aim of this section is to compare the use of regions and the element itself
(the own region). As the multimedia elements are actually simulated by text elements,
the own region here simply refers to the text element itself. Table 1 compares the
results from using the own region up to the 3™ ancestor level.

Table 1. MAP values and precisions at element cut-off from own regionup to 3" level region

MAP | precision @ 5| precision @ 10 | precision @15 | precision @ 20
Own |0.1587 0.3680 0.3920 0.3520 0.3340
Sibling [ 0.1166 0.3760 0.3320 0.3013 0.2900
1" ]0.1383 0.4240 0.3920 0.3707 0.3400
2" 10.1900 0.3120 0.3600 0.3360 0.3260
3¢ ]0.1828 0.2400 0.2320 0.2427 0.2560

The results show that the self content obtained poorer MAP than the 2™ and 3™ an-
cestor levels (table 1), although its precisions at 5, 10, 15 and 20 are higher than those
of the 2" and 3™ ancestor levels. The results illustrate that other parts of documents
(here the regions) are necessary to lead to better representation, thus more effective
retrieval, of the text element. This is not a new result in itself, and has been observed
in INEX, where it is now common to include collection and article statistics in repre-
senting and/or retrieving elements [4].

5.4 Using Regions Instead of Document

This section provides two sets of experiments, each of which contains three experi-
ments. The first set represents multimedia objects in three ways: 1. Using the whole
surrounding document text (excluding the self content) to represent the multimedia
element. 2. Using the whole document text (including the self content) to represent
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the multimedia element. 3. Combining surrounding logical regions from sibling up to
the highest level. The second set is as follows: 1. Combining own region with the
whole surrounding document text. 2. Combining own region with the whole docu-
ment text (including the self content). 3. Combining regions from own region up to
the highest level. All the combinations above are based on the average combination
(formula 1).

The results of the first set of experiments are presented in figure 4. The MAP val-
ues of the first set are 0.1922, 0.1900, and 0.3114. There is almost no difference be-
tween representation using the whole document and that using the surrounding text.
However, combining regions led to higher performance than either of these methods.
It obtained 62.02% higher MAP than that of using surrounding text and 63.89%
higher MAP than that of using whole document. The combination of the text in the
regions is the same as the text of the whole surrounding text. The terms in the whole
surrounding text that match query terms are exactly the same as those in the hierar-
chical regions (from sibling to the highest level). So why did combining the term
matching of regions obtained distinctly better performance?

surrounding context —&—
09 whole document —&—
combining surrounding regions ——

0.8

0.7

06
05
0.4 \

Precision

03 §§“E’\k \
02 N
o ) T

0 0.1 0.2 03 0.4 0.5 0.6 0.7 0.8 0.9 1

Recall

Fig. 4. Combination vs. whole document (1)

In the combination formula, each region is treated as an atomic unit to which the
standard cosine function is applied. As the regions are logically nested within each
other, a higher region has more terms. Thus a term occurring in a lower region can
obtain a higher weight than one occurring in a higher region due to the smaller value
of the normalization factor. When we use the text as a whole unit to apply the vector
space model, a term located at different positions in the whole text obtains the same
term weight. Therefore, the terms in the combination of regions that match the query
terms are the same as those in the whole text that match the query terms. The matched
terms’ frequencies in the combination of regions are also the same as those in the
whole text. However, the terms’ weights in the combination are different from those
in the whole text. A term matching the query located in the lower level region is
weighted higher and thus provides more impact on the retrieval than the same term
located in its higher level region.

The results further demonstrate the conclusions of previous sections: a lower level
region offers more accurate representation and thus leads to better performance; the
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higher level region contains more terms and the “more” terms involved in higher level
make the region more effective. The combination of regions benefits from both of the
these points, as it assigns higher weight to the terms matching the query in the lower
level region and provides the whole terms of the text from sibling to the highest level
regions. This is the reason why combining regions performs better.

Furthermore, when using the whole text or whole document to represent the mul-
timedia elements in the XML documents, the representations can only be used to dis-
criminate the multimedia elements located in different XML documents. However,
combining the logically structured regions offers different weights in the representa-
tions of multimedia elements within the same XML documents. This can further dis-
criminate between elements within the same documents in addition to multimedia
elements located in different XML documents. This is another reason why combining
regions led to better performance than using whole surrounding text and using whole
document.

The aim of the second set of experiments is to further demonstrate the advantage
of using the logical structure. We combine the self content (own region) with the
whole surrounding text or whole document to further discriminate between elements
within the same documents and thus to improve performance. Then, the results will be
compared with the combination of logically structured regions (including the own
region).

own + surrounding —o—
0.9 own + whole document —E5—
: combining all regions —*—

Precision

Recall

Fig. 5. Combination vs. whole document (2)

The results of the second set experiments are presented in figure 5. The MAP val-
ues of the second set are 0.2918, 0.2911, and 0.3488. Compared with figure 4, the re-
sults show that the MAP of combining the own region with the whole surrounding
text increase by 51.82% from using the whole surrounding text and that of combining
the own region with whole document leads to an increase of 53.21% over using the
whole document. Combining the self content improves the effectiveness due to the
further discrimination between elements within the same documents.

However, combining logically structured regions (including the own region)
obtained obviously better result than the combination of own region and whole docu-
ment. The MAP of the former is an increase of 19.53% over the latter. Even combin-
ing logically structured regions without the own region (figure 4) gained better MAP
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than the latter. This demonstrates that combining logically structured regions not only
discriminate between elements contained in different documents as well as discrimi-
nate between elements within the same documents but also improve the accuracy of
the overall representation. This is because combining logically structured regions em-
phasizes the lower level regions, which can offer more accurate representation than
the higher level ones. Therefore, combining logically structured document regions
proves essential in XML multimedia retrieval.

5.5 The Weighted Combination

We applied a number of weighted combinations. All led to little effectiveness
improvement. The best one, which emphasizes the own, 2™ highest and 3™ highest
regions, leads to an increase of 0.49% compared to the average combination. This is
due to the following reason: In the average combination, the terms in a lower level re-
gion have already been highly weighted compared to those in a higher level region, as
discussed in section 5.4. Therefore, further weighting the lower level regions can only
lead to very limited improvement.

6 Conclusions and Future Work

This paper investigated the use of the logical structure in XML documents to retrieve
XML multimedia objects. We studied the use of region levels and their combination
for retrieving multimedia elements. We showed that all levels allow discriminating
between multimedia elements contained in different XML documents, whereas the
lower level regions allow discriminating between elements within a document. In ad-
dition, we found that the lower level regions provide more precise representation than
the higher level regions, leading to improved precision, whereas higher level regions
contain more terms than lower level regions, leading to improved recall. We
compared the combination of the logically structured regions with using the whole
document as representation. We showed that the former was better for representing
and retrieving multimedia elements. Therefore, we can conclude that using the XML
logical structure is important in XML multimedia retrieval.

A strong challenge to the validity of the experiments described in this paper comes
from using text elements to simulate multimedia elements. However, as a multimedia
element is just an element, there is no difference between the retrieval of a multimedia
element and the retrieval of a text element, when using their regions to represent
them. Further work needs to be carried out into the use of these methods, or more
sophisticated ones, within a large XML multimedia document collection. We are
currently working with the collection of INEX 2006 multimedia track [16].
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