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Abstract. In this paper we consider the problem of structured docu-
ment recognition. The document recognition system is proposed. This
system incorporates a recognition module based on methods of struc-
tured image recognition, a graph document model and a method of doc-
ument model generalization. The machine learning component makes the
process of document model construction easier and less time-consuming.
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1 Introduction

The extensive development of information technologies and electronic document
management systems poses the problem of converting paper documents into digi-
tal form. While modern OCR systems can recognize symbols with high precision,
simple character recognition is often insufficient. To capture the data correctly,
a recognition of logical document structure is needed. The most precise and flex-
ible methods of recognition of document structure are those based on structured
pattern recognition [II2]. These methods use the model of document structure
which is compared to the document image during recognition.

The most widespread document model is the graph model where text blocks
and separator lines form graph vertices, whereas graph edges correspond to re-
lations between them [3]. The recognition problem in this case is the problem
of matching of two graphs: the model graph and the document graph which is
formed from the document image prior to recognition process. Systems based on
graph models often allows automatic construction of document model based on
methods of machine learning.

Another document recognition system based on the methods of structured
pattern recognition is the ABBYY FlexiLayout system [4]. This system uses
more complex special-purpose document model (structural description). In com-
parison with graph based methods the FlexiLayout system can reach higher
recognition quality especially for documents with complex structure. The main
drawback of the ABBYY FlexiLayout system is that the document description
is designed to be created manually which is difficult and time-consuming. It
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seems reasonable to combine the FlexiLayout document recognition system with
the methods of machine learning. This allows us to take advantage of both the
precision of the FlexiLayout system and the easy constructing of graph based
document model. We propose a trainable system for document recognition which
incorporates the FlexiLayuot recognition module and a training module. The
training module uses an intermediate graph document model on the training
stage. The graph model is then converted into the FlexiLayout document descrip-
tion. In this paper we will discuss the graph document model and the process of
its construction.

2 Problem Setting

In this work a special class of documents, so called forms, is discussed. The
distinctive feature of this document class is that the document structure consists
of the static part (which is presented by headings, separator lines etc.) and data
elements. The examples of forms are various questionaries, financial documents
like invoices, payment orders, etc.

All forms can be divided in four classes in terms of structure complexity: fixed
forms, semi-fixed forms, flex-forms and free forms. A fixed form is a document
that maintains all characteristics of its layout (except for scanning distortions
such as stretching, skew etc.). The recognition of fixed-forms is a relatively sim-
ple task and does not require structure recognition. Semi-fixed forms are created
from fixed-forms by relaxing some restrictions on the document layout. An exam-
ple of semi-fixed form is an electronic template which allows to move succeeding
data fields, if more space is needed for the given field or section. The recogni-
tion of semi-fixed forms can be performed using table or graph based document
models. In a flex-form (also called context-form) each data element has an identi-
fiable local context associated with it. The data element and the related context
may be located in varying places on the document image. However, the rela-
tive position of the data element to its context is relatively constant. Free forms
include documents which are not fixed, semi-fixed or flex-forms, extraction of
data from this documents may require advanced natural language processing. In
current paper we will consider the first three types of forms: fixed, semi-fixed
and flex-forms.

The problem of form recognition is the following: given a document image
the system must detect the localization of data elements so as to recognize the
required data (using OCR technologies) and input it into the database. The
system uses certain number of document images with marked locations of data
elements as training set. After the training process the system must be able to
locate the data elements on any other document image of the same document
type.

The recognition problem is solved in two stages. On the first stage a model
is generated on the base of training examples, on the second stage this model is
used to solve recognition (prediction, classification) problem. In our work we use
the ABBYY FlexiLayout system as a recognition module. Thereby the model is
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the FlexiLayout structural description (for more information on structural de-
scriptions see [4]). The FlexiLayout document model contains the descriptions
of the document structural elements. The description of each structural element
defines its attributes, allowing to detect the structural element on the docu-
ment image. Unlike the graph based methods the FlexiLayout system does not
use a priori extraction of structural elements. Instead, structural elements are
detected directly during the recognition process according to the document de-
scription and taking into account the particular features of a document type.
Particularly important feature of the system is the ability to calculate attributes
of structural elements and relations between them “on the fly”. For example
the distance between two elements may be calculated using the size of detected
rectangle of one of the elements. The relative positions of structural elements
are described in the model in terms of metrical and ordering relations. In this
respect the FlexiLayout model is similar to graph models. In fact a graph model
with metrical relations may be converted into the FlexiLayout description if the
labels of graph vertices have the appropriate format. The FlexiLayuot model
also supports fuzzy relations between elements.

The document description uses a specialized language to describe attributes of
structural elements and relations between them. Therefore it is not convenient
for machine learning and it was designed mainly to be created manually by
system operator. Therefore, it is preferable to use a simpler graph model on the
stage of model generation. When the intermediate graph model is generated in
the learning process it is then converted into FlexiLayout structural description.
FlexiLayout description in then used for document recognition. In the following
section we will discuss the intermediate graph document model and the method
of its generalization.

3 Document Model

In structural pattern recognition methods it is convenient to represent the doc-
ument image as a set of image objects. The input document image is a raster
image obtained by scanning the paper document. This image is subjected to
segmentation process which extracts connected pixel components. Connected
components are the images of separate letters, punctuation symbols, parts of sep-
arator lines and pictures. Each connected component is classified and recognized
(if it represents letter). We use classified and recognized connected components
as elementary image objects. The elementary image object is described by its
type, surrounding rectangle and Unicode code of recognized symbol (for letters,
diacritics and punctuation symbols). The image object is either an elementary
object or a combination of elementary objects.The complex image object is de-
scribed by its constituents. The following hierarchy of image objects is used:

1. Letter — Word — Text line — Text fragment
2. Separator fragment — Separator line
3. Picture fragment — Picture
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The intermediate representation of the document structure uses a graph
model, which allows us to take advantage of well-known methods of graph data
processing [BJ6I8]. Document model in our case should be able to represent both
single document image and generalized document structure. In the first case it
is called a document graph and in the second case, a template graph.

The vertices of the graph correspond to image objects in the case of document
graph or to elements of logical structure in the case of generalized description.
Graph edges correspond to metric relations between objects. Thereby the doc-
ument model is an oriented labeled graph with labels on vertices and edges:
Gp = (V,E, Ly, Lg, fv, fr), where V is the set of vertices, F is the set of edges,
Ly, Lg are sets of vertex and edge labels respectively, fyv, fg are mappings
taking vertices and edges to their labels.

Vertex labels have the following form: Iy = (id, description), where:

id is an image object or structural element identifier, describing its logical role in
document structure, which can possess values from the set R, S, Fy, Fs, , Fiy,
where:

F; are identifiers of data elements. Since data elements set is known for
particular document type and positions of data elements are marked on
images from training set, the objects which correspond to data elements
have unique identifiers.

R is an identifier of static text object.

S is an identifier of separator line .

description is a description of the set of image objects, which can represent the
element of logical structure on the image. This set can be defined in several
ways: the set consisting of single image object, the set of phrases consisting
of given keywords, the set of text strings consisting of characters from a given
alphabet, etc.

Edge labels have the following form: lg = (zDistamce,yDistance), where
xDistance, yDistance — distance between rectangles measured horizontally
and vertically, respectively and represented as intervals. This distance may be
positive or negative depending on vertex order so the edges of document graph
are directional.

4 Document Model Generalization

Consider the following definition. A template graph Gt describes a document
graph Gp if there exists a mapping X : V(Grt) — V/(Gp), where V'(Gp) C
V(Gp), and for vertices v,u € V(Gr) and their images v',u’ € V'(Gp) the
following conditions are fulfilled:

1. id(v) = id(v"), i.e. vertices have the same identifiers.
2. Object described by the label of vertex v/, is a member of the objects set
described by the label of vertex v.
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3. The label I of vertex e = (v, u) is the generalization of the label I’ of vertex
e/ = (v/,u'), in the sense that distance intervals of the label [ are comprised
in distance intervals of the label I’.

We will perform construction of template graph by generalizing it successively
with document graphs from the training image set. Let G be a template graph
constructed on some document set and Gp be a document graph of the next
document in the training set. A template graph can be generalized from the
graph Gp in the following way. One need to build the mapping of template
graph vertex subset to document graph vertex subset: Y : V/(Gp) — V/(Gp),
where V/(Gt) C V(Gr), V'(Gp) C V(Gp), so that identifiers of image vertices
and counter image vertices match. After that the labels of vertices from set
V/(Gt) should be generalized with the labels of vertices from set V'(Gp) so
that object sets described by vertex labels comprise new objects described by
vertex labels from V’'(Gp). Similarly the intervals of edge labels of graph G
should be generalized with the intervals of corresponding edge labels of graph
Gp.

Obviously there is a large number of such mappings and corresponding tem-
plate graphs. We must define some measure to choose the most appropriate
template graph. It should be noted that discussed vertex mapping corresponds
to an edit path between graphs [5]. In general a probabilistic measure can be
used for edit path [7], however in our case it is reasonable to use specific measure
which is more relevant to our problem setting.

Assume the following measure for vertex mapping and the corresponding tem-
plate graph G

Q= (TTv(vi = u)) * QuV(Gr) \V'(Gr)) * Qu(V(Go) \V'(Gp)), (1)

where Qv is the measure of pair of vertices from mapping Y, Qu is the measure
of sets V(Gt)\ V/(Gr) and V(Gp) \ V/(Gp), i.e. sets of vertices without image
or counter image. The measure Qu depends on the number of elements in the
corresponding set and has the following form: Qu (V (G)\V'(G)) = UV (V' (@),
i.e. for every missed vertex a constant penalty U is given. Since vertex identifiers
are the same for image and counter image vertices, correspondence between
document data elements is unambiguous and we should consider only static
objects in template graph measure.

Qu(v —u) = Qu(v') = (1 —a) *maxQe(e) +a* Y Qu(e)/Ne),  (2)

where Qg(e;) is the measure if i-th edge, coming from vertex v’ of graph G,
which is the result of matching vertex v of graph Gt to vertex u of graph Gp,
i € [1, Ng]; N is data elements count in current document type; « is an empirical
factor.

Edge measure has the following form:

2
Am—l—Ay+4—\/(Ax—Ay)2+16> 3)
2 )

Qe(ei) =max | 0;1 — (
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where Az = Width(xDistance)/W, Width(xDistance) is the width of the in-
terval z Distance if edge e;, W is the characteristic interval width which is about
page size; the same is for Ay. This empirical measure is chosen from the follow-
ing considerations. First, the function isolines must be concave, i.e. the measure
of edge with intervals (for example) Az = 1, Ay = 0 should be higher than
measure of edge with intervals Az =1/2, Ay = 1/2. Second, the measure must
be close to 1 for edges resulting from correct object matching (Az and Ay are
sufficiently less than 1), and decline substantially while Az and Ay get closer
to 1. In our case the isolines are hyperbolas y = wia —a, a € [1,2]. The edge
measure function plot in area Az € [0,1], Ay € [0,1] is a surface obtained by
“sliding” hyperbola y = zil —1, z =0 along parabola z = 1 — 22, 2 = y.

With template measure being defined, the problem is to find a vertex mapping
between graphs with the best measure. This can be done in the following way:

— We will sequentially choose corresponding pairs for vertices of template graph
using search tree. Search tree node corresponds to decision of matching ver-
tex v; to vertex u; or leaving vertex v; without match.

— For each nonterminal node and the corresponding tree path we will define
partial measure QQp, which in contrast to ) does not take into account un-
matched vertices, i.e. Qu(V(Gt) \ V'(G1)) depends only on examined ver-
tices of template graph, and Qu(V(Gp) \ V/(Gp)) is omitted.

— The tree search is performed in the order of descending of path measure.
Since the path measure cannot increase with adding new nodes to the path,
then the measure of current path is an upper estimate of all extensions if this
path. Thus, the search method may be based on the Dijkstra’s algorithm for
trees.

5 Experimental Evaluation

Efficiency of suggested recognition method was tested using cross-validation
technique with increasing size of the training set. Testing document set was
sorted randomly. On each iteration the first n documents were used as the train-
ing set and the (n + 1)-th document was used to test recognition quality. The
percentage of recognition errors was calculated. The test was performed several
times with different sorting of document set, then the average error percentage
for n-th iteration was calculated. This allows us to estimate the required size of
the training set and the minimum error percentage the system can reach. Fig. 1
shows the dependence of error percentage on the size of the training set.

It can be seen that for semi-fixed forms with moderate structure variations
the system needs 5-10 training samples to achieve sufficient precision of about
95% (5% of errors). For more complex forms with grater structure variations (so
called flex-forms) larger training set is needed (at least 20 document samples).
The recognition precision in this case is only 75-80%. This in insufficient for using
the system in the automatic mode. However, since the result of training process is
the FlexiLayout document description, the document model may still be adjusted
manually. This allows one to increase recognition quality to appropriate level.



430 S. Golubev

70

60

-+ Forms with high structure variations
-# Forms with moderate structure variations

Errors, %

[en)

T T T T T T T T T 1

T
0 2 4 6 8§ 10 12 14 16 18 20 22 24 26 28
Learned document examples

Fig. 1. Dependence of recognition errors percentage on training set size

6 Conclusion

A graph document model and structured documents recognition framework was
proposed. We showed that the application of machine learning techniques in
FlexiLayout document recognition system allows one to significantly reduce time
costs for creating document model while maintaining sufficient recognition qual-
ity. Experiments showed that automatically generated document model allows
the FlexiLayout system to recognize semi-structured documents with high pre-
cision. In case of flex-forms with significant structure variations the document
description must be adjusted manually after being generated. However, even
in this case the usage of automatic construction of document model results in
considerable time saving. The further study will be aimed at increasing the
recognition quality for complex documents with high structure variations.
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