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Abstract

We analyze a system for the retrieval of document im-
ages on the basis of layout similarity. Layout objects are ex-
tracted and represented with the XY tree. Page similarity is
computed with a tree-edit distance algorithm. The peculiar-
ity of the approach is the use of tree grammars to model the
variations in the tree which are due to segmentation algo-
rithms or to structural differences between documents with
similar layout. A few class-independent grammatical rules
are used to modify each tree and obtain a reduced tree that
is supposed to preserve the most relevant features of the
page.

1. Introduction

Libraries and archives digitized large collections of his-
torical documents to preserve their holdings by reducing the
need for manual access to such valuable items. Less em-
phasis has been dedicated to the retrieval of relevant infor-
mation from digital collections. Document Image Retrieval
(DIR) aims at finding relevant documents relying on im-
age features only. Important sub-tasks are the retrieval by
layout similarity and the text based retrieval. Few meth-
ods contemplated the retrieval by layout similarity. In most
cases a fixed-size feature vector is obtained by computing
some features in the regions defined by a grid superim-
posed to the page [1, 2]. To overcome the problems due
to the choice of a fixed grid size, hierarchical representa-
tions of the page layout, like the XY tree, have been con-
sidered [3, 4]. One assumption in XY tree based DIR is the
possibility of retrieving similar pages considering some tree
similarity. In [4], the tree edit distance is considered for the
retrieval of forms represented by means of XY trees. The
tests performed are made on a small data-set. When dealing
with less constrained documents (e.g. journal pages) there
are few invariant parts and trees belonging to the same class
are likely to have a larger distance. This is due to both the
presence of noise in the images and to actual differences in
page layouts.

In this paper we propose one solution to overcome the
variability in XY tree representation that relies on the use of
tree-grammar based transformations of the XY trees. In [5]
we proposed the use of tree-grammars for page classifica-
tion. One important limit of this approach for the use in DIR
is the presence of class-dependent rules. The grammar pro-
posed in this paper is designed to take into account typi-
cal errors and differences in page layout which are reflected
in the corresponding XY trees. Two approaches for the use
of tree-grammars in DIR are described. In both approaches
in the indexing phase the XY tree is computed from each
page and processed according to the tree-grammar. In the
retrieval phase the user provides to the system a prototype
document (with a query by example mechanism) and a XY
tree is computed for the query page and processed by means
of the tree-grammar. A similarity measure is then computed
between the query page and the pages previously indexed.

The first approach is based on the idea of query expan-
sion: given one query page provided by the user we ap-
ply typical transformations to the query XY tree to simulate
variations in the tree that might correspond to actual varia-
tions in document images. Documents in the dataset are af-
terwards ranked on the basis of the similarity with the whole
set of trees obtained from the query one.

The second approach takes into account a different gram-
mar to reduce the complexity of trees by removing tree-
structures that usually bring few information. The similar-
ity is computed by evaluating the distance between the re-
duced query tree and reduced trees in the database. In [6]
we compared the two approaches on a single-book dataset,
with a simpler approach to tree reduction. In this paper we
propose the use of a general grammar, and test it on an
broad dataset containing a XIX*" Century book and tech-
nical journals from the UW-III dataset.

The similarity among trees is evaluated by means of the
tree edit distance, that is based on the evaluation of the num-
ber of edit operations needed to transform one tree into an-
other. The distance between two trees is defined as the cost
of the minimum-cost set of operations that are required to
transform one tree into the other. Zhang [7] proposed an



algorithm to compute the tree edit distance that we use to
measure the effectiveness of the grammar based tree trans-
formation for DIR.

The paper is organized as follows: in Section 2 we de-
scribe the syntax of the tree grammar, in Section 3 the algo-
rithms proposed to modify the trees by means of the gram-
mar are analyzed. Section 4 summarizes the rules consid-
ered in the experimentas reported in Section 5. A final dis-
cussion is drawn in Section 6.

2. XY tree grammar

Tree grammars [8] are similar to string grammars except
that the basic objects are trees instead of strings. More for-
mally, a tree grammar G = (S,N,7,P) is defined by a
starting symbol S (S € N), a set A of nonterminal sym-
bols, a set 7 of terminal symbols, a set P of production
rules of the form o« — ( where « contains at least one non-
terminal. Similarly to the XSLT terminology' we refer to o
as a pattern and to [3 as a template. Generally speaking the
pattern defines the trees where the rule can be applied and
the template describes how to build the output tree. Each la-
beled tree is represented as a string by using a pre-fix nota-
tion. A label describes a region, like the type of XY-cut for
internal nodes and the region content for leaves. The labels
can encode additional information such as the region size.
The rules can contain user-defined logical predicates and
alteration functions. A logical predicate (Table 1) is part of
the rule pattern, it checks a local property of one tree (re-
lated to arrangement, number, and label of nodes) and re-
turns a boolean value. An alteration function is part of the
rule template and modifies the tree structure. For instance
the function Opt(T) randomly adds a T leaf on a given po-
sition. The symbol # corresponds to the empty tree. Rules
have the form:

node_name : pattern — node name : template (1)

where pattern and template contain a tree (with pred-
icates and alteration functions) defined with a pre-fix nota-
tion. For instance in the following rule one hs node with
two children (one T  and one L) is replaced with a T leaf:

ny:hsng : (T),ng: (L)) = ny : Tng : #,n3 : #] (2)

3. Tree manipulation

Two approaches can be considered when using a tree
grammar to modify a XY tree. Either the query tree can be
“expanded” or every tree in the database, in addition to the
query one, can be reduced.

3.1. Query expansion

After defining an appropriate set of rules, it is possible
to modify one tree so as to reflect actual differences in trees
built from similar pages. To avoid an excessive distortion

I See: “http://'www.w3.org/TR/xslt”

[[ Predicaie | Meaning [

Lup value | Node level greater than value

AP value | Region with area lower than value %
of the whole image

FimT The children are all leaves and at least
one leaf is T

FimI The children are all leaves and at least
one leaf is I

Table 1. Some logical predicates of interest for
the rules discussed in the paper.

in generated trees we assign a cost to the deformation made
by each rule and we allow a maximum accumulated cost for
each generated tree.

Algorithm 1 describes the function ExpandQ(fg) that
performs query expansion of the query tree ¢ and produces
a set of trees (Exp) obtained by applying the grammar de-
scribed in Rule_Sct (thc grammar is reported in Scction 4).
Before calling ExpandQ, Ezp is initialized with the empty
set and Cosi(tg) is set to 0. In the algorithm, a given rule r
with pattern that matches one tree ¢ will be applied (giving
rise to tree 1) when the accumulated cost (Cost) is lower
than the maximum allowed cost (MaxCost). T is a list of
trees that is obtained as the result of the possible applica-
tions of 7 to t. T is produced by Apply(¢, r) that also up-
dates the value of Cost(1"). App 1y returns a null value when
the conditions in the pattern do not hold.

Algorithm 1 ExpandQ(t)
Exp«— ExpUt
foreach r € Rule_Set do
T < Apply(t.r)
if (T # 0 AND Cost(T) < MaxCost )
foreach 7 € T then ExpandQ(?)
else Return

An expanded tree (Z in the algorithm) can be expanded
again. However, the association of a cost to each rule avoids
the presence of infinite recursions and bounds the maximum
number of trees that may be generated. After the query ex-
pansion the set Fxp can be used for computing the similar-
ity between each tree in the database and 7.

3.2. Tree reduction

Tree reduction is based on the assumption that similar
trees share a common structure. With appropriate rules (see
Section 4) the query tree can be simplified so as to obtain
a smaller tree that replaces the original one. One example
of a typical rule is the substitution of a set of leaves labeled
as text with a unique leaf labeled as text as well. In general,
several rules can be applied to one tree and several alterna-
tives are possible. As a consequence, a hierarchy of trees
can be obtained starting from a given ¢ by means of Algo-
rithm 1. When the algorithm terminates we may select the



| Class name | Description | DB |
Biblio Bibliography page w
Image One image in the page G W
ImageText2 | One image above a two | G W

columns text

Issue2 First page of a chapter G

SecE2 End-of-section page G

SecM?2 Title of a new paragraph G

TableText2 | Table and text on 2 columns

Text2 Text on 2 columns (no im- | G
ages)

Text2Image | Image and text on 2 columns | G

Text21able | One table over a two
columns text
Title First page of the article

g F = ==

Table 2. Classes of pages in the dataset. The DB
column points out the databases where the class
is present (G = “Gallica”, W= UWIII).

most appropriate tree by looking, for instance, to the size
of all the generated trees. One significant difference with
respect to Section 3.1 is that the rules are usually contrac-
tive ones (the number of nodes in the template is lower or
equal to the number of nodes in the pattern), therefore, even
by setting C'ostMaz to a large value the algorithm termi-
nates. However, it frequently occurs that a large number of
trees belong to the hierarchy and it may be not appropriate
to generate every possible tree. This computational prob-
lem is more critical with respect to the expansion case since
now we must process all the trees in the database and not
only the query tree.

To address these efficiency issues we devised an ap-
proach that regards the generation of reduced trees as a
search algorithm and implicitly interprets the hierarchy of
trees as a search space. To select the most promising rules a
simple heuristic function has been defined (Eq. 3) which as-
signs a value to each tree considering the number of nodes
at each level (m is the height of the tree and ny, is the num-
ber of nodes at the level k).

m N

Aty =1+> 3 ki (3)

k=0i=1

Only the rule with the lowest value for h is applied. In
so doing to reduce a generic tree ¢ a Best-First search is ap-
plied as summarized in Algorithm 2. At the end of the algo-
rithm one reduced tree, RT, is returned. The algorithm ter-
minates when there are no rules to apply at any point of the
current tree. The computation of reduced trees is a compu-
tationally intensive step that is applied once for each dataset
during its indexing. The similarity is computed by compar-
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Original Tree
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Figure 1. Documents of three classes for the Gal-
lica dataset. We point out the subtrees modified
by the grammar (with the rules applied), and the
reduced trees.

ing the simplified query tree and the simplified trees in the
database.

Algorithm 2 ReduceTree(?)
t—0;we—o0; RT —t
foreach » € Rule_Set do

T — Apply(t,r)
if (T # 0)
foreach { € T do
if (h(f) < w)
T fwe h)
if (t # ) ReduceTree(?)

4. Rule sets

When dealing with the two methods described in Sec-
tion 2 appropriate rule sets need to be defined. The mean-
ing of labels is: T" for text region, I for image region, h L
(vL) for horizontal (vertical) ruling line. Concerning inter-
nal nodes we have: hs (vs) for one cut along horizontal (ver-



tical) white space; hl (vl) for one cut along horizontal (ver-
tical) line; [ denotes either hl or vl; similarly s denotes ei-
ther hs or vs.

The set of rules devised for query expansion is:

1. ny : T(Lup 1) — ny 2 hs|T, T, Opt(T))
Replace a T" leaf with a subtree having a hs root and 2
or 3 leaves labeled as T'; the number of leaves is ran-
domly selected.

2. ny:T(Lupl) — ny: hl(T, kL)
Replace a T leaf with a subtree having a hl root and 2
leaves labeled as T and L, respectively.

3. ny : T(Lup 1) — ny : RI(RL,T)
Replace a T leaf with a subtree having a hl root and 2
leaves labeled as L and T, respectively.

The set of rules devised for tree reduction is:

1. ny : I{AP1) —ny: T
A small [ region is replaced with a T region.
2. n1:T(AP1) > ng : #
A small T region is removed.
3.ni: L(AP1) —ny 1 #
A short line is removed.
4. ny:sna: (L)4] — na - hLng : #
A node (hs or vs) with only L children is replaced with
a I leaf (all the children are deleted).
5. m1:ng: (T)yng : (L)) = ny : Tng : #,n3 : #],
6. ny:lng: (L),ns: (T)] — ny: Tnae : #,n3 + #]
One [ node with two children (one L and one T') is re-
placed with a T leaf.
7. ny:s(Fiml) —nq : 1,
8. ny:s(FimT)—ny:T
When one children of s is I (T), then s becomes a [
(T) leaf.
9. ny:lno: I,ng: L) = ng : Ingt #,n3 1 #],
10. ny :lng : Lyng : I| = ny : Ing : #,n3 : #]
One [ node with two children (one L and one [) is re-
placed with a [ leaf.
11. ny : s(isLeaf) — ny : #
A node (hs or vs) is removed if it is a leaf.

5. Experimental results

We considered two datasets for the experiments. The
“Gallica” dataset contains the 601 pages of a XIX*" Cen-
tury book 2 that is part of a multi-volume encyclopedia.
The second dataset contains all the 311 pages from the
WO* series of the UWIII database (B/W images of English

2 Downloaded from the web site of the National Library of France.

Journals). The pages of the datasets can be grouped in the
classes described in Table 2. Two experiments have been
performed with the aim of evaluating the Precision & Re-
call plots when making queries with pages of user-defined
classes. On both experiments for each class we grouped 50
randomly selected pages. For each page in the groups we
made a query and we computed the precision-recall plots for
the methods that we compared: the standard method (with-
out the use of the grammar), the query expansion (only in
the first experiment), and the tree reduction. Plots reported
on this paper are computed by averaging the 50 plots ob-
tained for each query. The retrieval has been performed by
considering the whole set of pages in each dataset, and not
only the classes considered for the query.

In the first experiment we considered the “Gallica”
dataset and compared the approaches described in Sec-
tion 3 using the rules listed in Section 4. For the tree reduc-
tion we did not use rules 2, 3, and 11, that are needed for
noisy trees. We focused on three types of pages that are very
common: ImageText2, Text2Image, and SecM?2 (see Fig-
ure 1 for examples of pages). Additional results of this ex-
periment are reported in [6]. The results achieved with
query expansion are similar to the baseline. For SecM2
most errors are due to T'exrt2 pages erroneously evalu-
ated similar to SecM?2 ones. This is probably due to the
large size of expanded trees that does not allow to easily dif-
ferentiate small differences with the tree-edit distance. En-
couraging results can be remarked by looking at the
reduction approach. In this case we always have a clear im-
provement of performance. We therefore made the next ex-
periment comparing only the tree-reduction approach with
the baseline.

In the second experiment we refined the reduction rules
and added rules 2, 3 and 11 to cope with small regions
mainly due to segmentation errors. In the first row of Fig-
ure 2 we considered again the “Gallica” data-set with the
ncw rules and we still achicved good results. Comparing
the two rows of Figure 2 we can observe that the results
on the UW dataset are significantly worse than those in the
Gallica data. This is not surprising, considering that the lat-
ter documents are more uniform than the first ones. In both
cases the reduction rules deal in a good way with most dis-
tortions due to noise. However, the style variations in the
UW dataset are harder to model. In Figure 2 we shown the
results achieved for a few classes. With other classes we ob-
tained similar results, with the exception of the T'ext2 class.
For this class we observed worst results when using reduc-
tion rules with respect to the baseline method. This is proba-
bly due to excessive reduction of some trees that are consid-
ered as T'ext2. Even if the T'ext2 class is the most frequent
in the dataset we feel that a typical user would be less inter-
ested in retrieving pages with this standard layout and con-
taining only text. In this case a text-based retrieval would be
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Figure 2. Comparison of Precision & Recall plots for the “Gallica” dataset (first row) and UW dataset (second
row). Continuous line: tree reduction; dotted line: the grammar is not used.

more appropriate to answer the user’s queries.

6. Conclusions

In this paper we deal with layout based retrieval of doc-
ument images belonging to digital libraries. The method re-
lies on a tree-based representation of the page layout and
computes page similarity on the basis of tree-edit distance.
To improve the similarity computation a tree grammar is
introduced so as to model the typical distortions that oc-
cur in actual documents. A reduction algorithm and general
rules have been devised and tested on a mixed dataset con-
taining a book of the XIX*"* Century and technical journals
from the UWIII database. The proposed rules work quite
well on such heterogeneous dataset providing an improve-
ment in the retrieval performance on most cases.

The current research includes the study of algorithms for
the semi-automatic learning of most appropriate grammat-
ical rules. Moreover, we plan to replace the tree edit dis-
tance algorithm currently in use with more efficient algo-
rithms that allow to perform approximate nearest neighbor
search between trees [9].
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