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Abstract—Document layout analysis plays a vital role in automated
document recognition system. Document layout retention is actually
a preprocessing step to OCR. Accuracy of OCR decreases in case of
complex layouts due to multiple columns, graphics, paragraphs, font-
size, and text block properties. To increase the accuracy of OCR, we
need to analyze layout of complex documents because automatic
analysis of complex documents is still in nascent form. Document
layout helps in identifying, categorizing and labelling the semantics
of text/non-text blocks for meaningful information retrieval from
document images. Our primary target document includes various
Hindi newspaper images which are having complex layouts. The
proposed approach is based on bottom-up methodology for analyzing
the layout of complex document images. The proposed scheme firstly
extract bounding box at word level using connected component
analysis. After this, horizontal and vertical merging of these
bounding boxes is performed simultaneously based on the properties
of bounding box. Non-text blocks have been classified after
horizontal merging based on some properties like area. Finally,
reading order determination is performed using standard approach.
The proposed approach have been successfully implemented and
applied over a large number of Hindi newspaper pages. The
accuracy has been evaluated by classification of text/non-text blocks,
number of blocks detected and taking their correct ordering
information into account.
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1. INTRODUCTION

The most important step of optical character recognition
system (OCR) is document layout analysis.OCR performs
conversion of scanned document images into editable text, but
the efficiency of OCR decreases to very much extent in
generating text data from complex document images. This is
because the scanner fails to retain the order information of
scanned document images. Hence, we can use document
layout analysis effectively for automatic indexing and
archiving of documents.

There are various techniques that have been used in past for
analysis of layout. But most of the existing OCRs are still
unable to retain the layout of complex documents images of
Hindi newspapers. In our approach, we have used bottom-up
methodology so that it can run faster and efficiently on
complex document images.

This paper is organized in various sections. Section 2
describes the flow chart of proposed approach. This section
explains the bottom-up methodology that has been used to
generate block level data for document images. Section 3
describes the results of the approach. This approach has been
successfully implemented on large number document image of
Hindi newspapers

2. PROPOSED METHOD

In this section we present our approach of layout analysis
which includes various modules. Fig. 1 shows an overview of
the proposed approach.
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Fig. 1: Proposed approach

2.1 Preprocessing

At the very first stage, preprocessing of image is performed
which includes image binarization, removal of noise and skew
correction.For image binarization we have used thresholding
technique, noise can be removed by various filters like
mean/median filter and skew correction have been done by
using hough transform.

2.2 Bounding box extraction

At the second stage of the proposed approach, extraction of
bounding box at word level is performed. Hindi (Devanagari
script) consists of special feature known as headline. This
headline provides more connectivity in words as compared to
other scripts.Therefore we have find out connected
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components in the binarized image. Then, bounding box for
each connected component is extracted. Fig 5 shows the result
of this stage.

2.3 Horizontal merging

At third stage, merging of bounding box to get line level and
block level box is performed. The word level bounding boxes
are merged to give line level bounding box. These bounding
boxes are merged according to properties of bounding box like
height and width. If the height and horizontal inter-bounding
box distance of two bounding boxes are compatible according
to a given threshold value. Then, these boxes are merged in a
single bounding box. In the similar way, we will get all the
line level bounding boxes. Fig 6 shows the result of this stage.

Horizontal inter-bounding box
distance

Fig. 2: Horizontal distance

2.4 Vertical merging

After horizontal merging, line level bounding box are merged
to give block level box. For this, vertical inter- bounding box
distance is calculated. If the vertical inter-bounding box
distance between two boxes is compatible according to a
threshold value, then these line level boxes are merged in a
single block level box. In the similar manner, we will get all of
the block level bounding boxes.Fig 8 shows the result of this
stage.
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Fig. 3 Vertical distance

2.5 Non-text block extraction

At the fifth stage, text/non-text differentiation is performed.
The two main factors that we have considered for
differentiating between text/non-text are:

(@) Area of word level bounding box
(b) Aspect ratio of line level bounding box

Generally, the area of graphic region bounding box is much
larger than the text region (word level) bounding box. Also,

aspect ratio of graphic region is larger than that of line level
bounding box. Aspect ratio of a bounding box can be
calculated as:

Aspect ratio= Height of box/width of box

Therefore, after calculating area and aspect ratio of word level
and line level bounding box respectively. We can extract the
non-text (graphic) part from the image and store coordinate
position of non-text block.

At the fifth stage, ordering of determined blocks has been
performed. For block ordering standard approach have been
followed for top to down and left to right reading sequence.
Fig 7 shows the result of this stage.

2.6 block ordering

At this stage, ordering of determined blocks has been
performed. For block ordering standard approach have been
followed for top to down and left to right reading sequence.
Fig 9 shows the result of this stage.
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Fig. 4: Scanned document image
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Fig. 5: Word level bounding box
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Fig. 6: line level bounding box

Fig. 7: Non-text extraction
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Fig. 8: Block level box

Fig. 9: Block Ordering

3. RESULTS AND CONCLUSION

This paper presents an effective approach to retain the layout
of complex Hindi newspaper which contains multiple
columns, multiple font size and graphics. This approach is
able to identify the text/non-text regions in the document
image of Hindi newspaper and also classify them. Finally,
block ordering is done to determine order of extracted
blocks.We have applied this approach on a large number of
images of Hindi newspapers. The proposed methodology
generates promising results.

The fig shows that the proposed algorithm can accurately
identify textual/non-textual regions and can draw blocks on
them. These ordered blocks can be passed on as an input to
OCR system.

The approach works properly provided it follows the

assumptions:

e Inter-row space between lines should not be greater than
horizontal inter-block space.

e Inter-word space should not be greater than vertical inter-

block space.

For the coming days, we will try to develop a generic
approach for multilingual Indian newspaper documents so that
it can effectively analyze the layout of any Indian script.

Table 1: Result of block detection

Actual Wrongly
Noof segmented
Blocks blocks

40 415 16 96.14

Accuracy

No ofpages
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Table 2: Block ordering results

No of pages Actual Wrongly Ordered | Accuracy
No of blocks
Blocks
40 415 65 8433
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