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Abstract

In this paper we introduce a new feo-
ture called stroke inder for document image
analysis, It is based on the minimum cov-
ering run ezxpression method (MCR). This
stroke indezr S is a function of the num-
ber of horizontal and vertical runs in the
original image and of number of runs by
the MCR exzpression. As document images
may present a variety of patterns such as
graph, text, picture or dithered image, it is
necessary for image understanding to clas-
sify these different patterns into categories
beforehand. This index gives an insight on
the possibility of stroke extraction from doc-
umment trmages and classifies different pat-
terns in a compound image.

1 Introduction

One of the current trends in document image
processing such as image compression, database
management, image analysis and understanding
is to consider these tasks through an unified ap-
proach. The MCR expression method was devel-
oped in this scope. Using information from the
MCR expression for classifying various types of
regions according to the possibility of strokes ex-
traction, we introduce a new feature called stroke
index for document image analysis. As document
images may preseni a variety of patterns such as
graph, text, picture or dithered image, it is neces-
sary to classify these different patterns into cate-
gories for image analysis and understanding. The
proposed index aims at the classification of these
different image patterns.

2 The MCR Ezpression

The MCR expression method has been developed
to express binary document images by a mini-
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mum number of runs both in the horizontal and
vertical directions rather than being expressed by
either the horizontal or the vertical run represen-
tation. Fig. 1 illustrates this for a simple binary
image: it needs 14, 12, and 10 runs to represent
it by horizontal runs, vertical runs, and MCR ex-
pression method respectively.
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Figure 1: An illustration of (a) a simple binary
image (b) its horizontal run representation (c) its
vertical run representation and (d) its MCR ex-
pression .

The MCR expression is based on maximum
matching in a bipartite graph. A finite and undi
rected graph G = (V,E) is said to be bipartite if
its vertex set V can be partitioned into disjoint
subsets X and Y, called partite sets, such that
every edge in E joins a vertex in X with a veriex
in Y. It has been shown that horizontal and ver-
tical runs of binary image can be thought of as
partite sets of a bipartite graph. From this cor-
respondence between the binary image and the
bipartite graph, where runs correspond Lo partite
sets and edges of the graph correspond 1o pixels in
the image, finding the MCR expression amounts
to solving the problem of maximum matching or
minimum covering in bipartite graph .

The maximum matching is a subset M of edge



sel E which has the largest number of edges such
that no two edges are adjacent. The image is
scanned line by line then representative horizon-
tal and vertical runs are registered. Generally,
information in document images such as charac-
ters or lines is composed of horizontal and vertical
strokes. These can be represented by a minimum
number of covering runs by the MCR expression
method.

3 Stroke Index

3.1 Definition

Based on the MCR expression method we propose
a stroke index which is a function of the number of
horizontal and vertical runs in the original image
and of number of runs by the MCR expression.
The verlical stroke index Sy and Lhe horizonlal
stroke index Sy, are given by:

Sy = (n, = n*)/n,,

Sp = (n. —n")/n.,

where

n, is the number of horizontal runs, n. is the num-
ber of vertical runs, n* is the number of runs by
the MCR expression. This is adopted because in
case of an image with a large number of horizon-
tal strokes, the number of horizontal runs (and
covering runs by MCR) is small compared to the
large number of vertical runs necessary to cover
the image. Therefore the value of Sy tends to
one, and that of Sy tends to zero, and viceversa
for a vertical strokes pattern.

3.2 Basic Properties

To illustrate mapping of dillerent document im-
age palterns into the index plane (Sy,Sy) we
consider five Lypical patierns as shown in Fig.2.
and show the different parameter values and val-
ues of stroke index, These are summarized in
Tablel.

For a dithered or black image (I or I1), as there
are no strokes in these two, they will map into
the region at the origin (0,0) on the index plane,
a vertical strokes image (IV) will map into re-
gion near (0,1), a horizontal strokes image (V)
will map into region near (1,0), and a type (I1I)
composed of both horizontal and vertical strokes
maps as shown in Fig. 2.
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Figure 2: Typical Image Patterns and their map-
ping on the index plane
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4 FEzxperimental Results

As documenl images are in general a mixture of
the above typical patterns, the mapping of any
pattern on the index plane (Sy, Sv ) should be ac-
cording to the above result. To show this we Lake
an example of document as shown in Fig.3(a).
We first segment the image into 12 blocks, Rl
through R12. Rl is a picture, R2 up to RT7 is
text blocks, R8 is a table with only horizontal
lines and text, and R9 through R12 are blocks
of graph type, We then computed the values of
the stroke index for each block and the resull is
mapped on the index plane as shown in Fig.3 (b).
We see that blocks such as R2 up to R7 mapped
on the same region representing a similar patlern



(which is text in this case),

Blocks R8 through R12 mapped in another re-
gion representing another similar pattern (which
is of graphic type ) with higher coordinates of
stroke index. We can also notice that block RS
has a high horizontal stroke value and a verti-
cal value less than the average for text. This is
because it is a table and has lines only in the
horizontal direction and its text has larger font.
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Figure 3: (a) An Example of Test Document and
its Regions R1: picture, R2-R7: text, RB-RI12:
graph, (b) Mapping of regions on index plane
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5 Application: Block Classifica-
tion

One of applications of this stroke index would be
the classification of different patierns on a doc-
ument image. We have scanned some document
images containing graphs, a picture and different
type of text, see Fig.h . The compound docu-
ments have been divided into different blocks to
compute the stroke index values for each block.
Mapping values of the stroke index for different
blocks of the documents on the index plane clas-
sifies the various types of patterns into distinet
regions as shown in Fig.4.
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Figure 4: Mapping of Stroke Index Values for dif-
ferent documents on index plane

We can see that pictures in the three docu-
ments mapped near the origin and then the text.
The graphs and engineering drawings and the ta-
ble have higher coordinates values. One can draw
some curves to separate these three distinct pat-
terns, in this example the picture pattern, the
graphs and drawings patiern, and text could be
separated into regions. The result of this clas-
sification is given in Fig.5. We will note that
the graph type pattern is the most scattered on
a wide area as expected because of the different
shapes that it has. For exemple we can recognize
the value of the graph of document “c®which is
composed mainly of horizontal discontinued lines
as being the point with the lowest vertical stroke
component in the graph area. We can also tell
from the value of Sy and Sy whether the strokes
in the image are mainly horizontal or vertical
strokes.
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Figure 5: Block Classification Result for Test Documents a, b and ¢

6 Conclusion

As document images are composed of various
types of regions; such as text, graph, or picture
it is necessary to classify these patterns for image
processing tasks. The capability of the strokes to
be used as a basic part in representation of char-
acters and lines makes it important to know the
possibility of strokes extraction from document
images. In Lhis paper we have proposed a new
feature called stroke index for document image
analysis. This has been applied to typical binary
image palterns as well as compound document
images scanned locally and the results proved to
be interesting. We have shown that this new fea-
ture could be readily used for classification of var-
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ious pallerns in a document image. We can tell
from the value of this stroke index whether the
possibility of strokes extraclion from a document
image is high or not. The experimental results
are included.
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