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Abstract—A script independent, font-size independent scheme
is proposed for detecting bold words in printed pages. In OCR
applications such as minor modifications of an existing printed
form, it is desirable to reproduce the font size and characteristics
such as bold, and italics in the OCR recognized document. In
this morphological opening based detection of bold (MOBDoB)
method, the binarized image is segmented into sub-images with
uniform font sizes, using the word height information. Rough
estimation of the stroke widths of characters in each sub-image
is obtained from the density. Each sub-image is then opened with
a square structuring element of size determined by the respective
stroke width. The union of all the opened sub-images is used to
determine the locations of the bold words. Extracting all such
words from the binarized image gives the final image. A minimum
of 98 % of bold words were detected from a total of 65 Tamil,
Kannada and English pages and the false alarm rate is less than
04 %.

I. INTRODUCTION

When we want to make minor changes to a printed docu-
ment such as an application form, we can OCR the form, make
those modifications and again print the same. In such circum-
stances, it is important that the OCR recognizes the different
font sizes for the title, sub-heading, etc. and reproduce the
same in the output text document. Similarly, it s desirable that
bold or italic text in the original document is reproduced as it
is in the output OCR text. This requirement calls for detection
of bold text as against normal text, and this detection must be
independent of the font size. This aspect of an OCR is distinct
from the need to recognize the text independent of the font
type, size, italicization or bold face.

In this paper, we propose a script and font size independent
method to retrieve the information about the positions of the
bold words in the given page of text using elegant morpho-
logical image processing techniques.

The rest of the paper is organized as follows. Section
IT discusses the various methods existing in the literature.
Section III discusses the proposed method followed by the
experimental results in section IV. Section V presents the
conclusion.

II. EXISTING METHODS FOR DETECTION OF BOLD
TEXT

Very few researchers have reported work on detecting the
bold text in a page. A brief overview of these methods is given
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here. Two of the three methods discussed in this section make
use of morphological image processing techniques, showing
their usefulness to detect bold text.

Bloomberg [1] used various morphological image process-
ing techniques to detect bold text. The binarized image is
thinned progressively, removing pixels alternatively from both
the ends of the stems of a character. Each thinning operation
is followed by opening the thinned image using a vertical
structuring element. This leads to the reduction in the number
of ON” pixels present in the image after each iteration. The
ratio between the number of "ON” pixels in the present to the
previous iteration is calculated after each iteration. If this ratio
is below 40%, the process is stopped and the resultant image
is used to determine the positions of the bold text in the given
page.

Doermann et. al [2] make use of erosion and opening to
perform the task. The binarized image is eroded and opened
alternatively till the total number of ON pixels in the result
is less than 20% of that in the binarized image. The resultant
image is then used to determine the positions of the bold text
in the given page.

Unlike the previous methods, Chaudhuri and Garain [3]
did not use morphological image processing techniques. The
run lengths of the black pixels (ON in this case) is obtained
in different directions for every character. The minimum of
these is considered to be the stroke width. As the stroke width
depends on the height of the character, the stroke width and the
height of the character are compared to determine the position
of the bold characters. This method also detects if the character
is italic or not, type of font and whether the character is capital
or not. However, the emphasis is only on Roman script and
no results are given for any other script.

Since our aim is to develop a method applicable to all
scripts, we make use of morphological image processing
techniques. However, the existing morphological methods have
a few drawbacks. The methods do not consider the font size
information while determining the bold text. This results in
misclassification of higher font size non-bold text as bold text
and missed detection of bold text of lower font size. This
provided us with the scope to improve on these methods,
resulting in the method reported here.
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Fig. 1. Block diagram of the proposed MOBDoB method .

III. MOBDOB ALGORITHM

Figure 1 shows the block schematic of the proposed mor-
phological opening based detection of bold (MOBDoB) algo-
rithm. The algorithm starts with binarized images from which
all the graphics have already been removed and thus contain
only text.

A. Detect Distinct Font Sizes

From the binarized image, the word boundaries are ob-
tained. Based on their heights, the word images in the docu-
ment page are clustered into distinct sub-images. The words in
each resulting cluster have nearly uniform font sizes. However,
any cluster may contain multiple disjoint regions, depending
upon the nature of the document. If we obtain N clusters,
it means that the image contains text of at least N distinct
font sizes. The image is divided into sub-images such that the
following two conditions are met:

N
U Is = Textin Binarizedimage (1)
s=1
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B. Stroke width correlates from thinning

The total number of words present in each sub-image is
counted. The sub-image (I;) with the highest number of
words is selected to obtain a rough estimate of the stroke
density, which is a correlate of the stroke width (ST},) of the
characters of the principal font size. Stroke density is estimated
as the ratio of the total number of "ON” pixels in this sub-
image (A) to that in the completely thinned (thinned to single
pixel width characters) sub-image (B). Using this value, the
stroke widths of other sub-images are estimated. This can be
done because, for the same font type, the stroke density is
nearly correlated to the font size, which can be approximated

by the word height. The equation that provides the respective
stroke widths for other sub-images is given below.
SW[ = i’i X (SWk),

1€1,2,...N 3)

where, H; and Hj are the minimum heights of the words
excluding the ascenders and descenders in sub-images I; and
Iy, respectively. The estimated stroke widths are rounded off
to the nearest integers.

H

C. Detect Bold By Morphological Opening

The stroke width of the bold characters is higher than
that of the normal characters. Opening a sub-image using an
appropriate structuring element removes the normal text while
retaining some parts of the bold text. The dimension of the
structuring element is determined by the stroke width value of
each sub-image. Every sub-image (I) is opened by a square
structuring element of size ((SW;) + 1) x ((SWs) +1). A
resultant image is formed by "OR”ing all the opened sub-
images.
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D. Extract Bold Words

In the ideal case, the resultant image provides us with
the positions of bold characters alone in the given page. In
practice, there are a few places in a few characters, where the
stroke width is considerably larger and is comparable with the
bold character’s stroke width. In many fonts of most scripts,
the stroke width of the bold characters is not uniform. This
may result in loss of a part of the bold character. To remove
this undesired presence of the ON” pixels at the positions of
the normal characters and effectively retain the parts of bold
characters, we post-process the resultant image.

In post-processing, the ratio of number of ON” pixels in
the resultant image to that in the binarized image is calculated
for each word using the word bounding box information (co-
ordinates). The ratio is then thresholded to determine whether



the word under consideration is bold or not. The words
detected as bold are retained and others are removed, thus
resulting in a bold-word-only image.

IV. RESULTS AND DISCUSSION
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Fig. 2. Performance comparison with other techniques in the literature. (a)
Original image. (b) Result after opening using [1]; a few bold words of lower
font size are missed. (c) Result after opening using [2]; normal words of large
font size text are misrecognized as bold. (d) Intermediate result of proposed
method, before postprocessing - union of opened sub-images of different font
sizes; bold words of all the font sizes are properly detected.

The MOBDoB algorithm has been tested on 65 images of
printed pages from Tamil, Kannada and English languages.
The pages are selected in such a way that 50% of the pages
in each language contain a single font size with a part of the
text being bold, 30% pages have multiple font sizes with bold
characters and remaining pages contain no bold text at all in
the entire page.

The proposed method is compared with the two other
morphological methods in the literature and the results for
all the three algorithms are shown for a sample image in Fig
2. It can be seen from the figure that other methods detect
the normal font of large font size text to be bold, while our
method handles it appropriately.

Figure 3 shows the results of some key intermediate steps
involved in the proposed method. In this figure, the binarized
image is divided into two sub-images. Using sub-image 1
and its thinned image, the estimated stroke width is 3.8 and
the word height is 39. The word height of sub-image 2 is
70. By using (3), the SW of sub-image 2 is estimated to be

6.8. Rounding these stroke widths, we obtain SW; = 4 and
SWsy = 7. Therefore, the sub-images 1 and 2 are opened
using square structuring elements of sizes 5 x 5 and 8 x §,
respectively. The union of the opened sub-images is checked
against the word boundaries obtained from the binarized
image. In any word boundary, if more than one-third of the
”ON” pixels of binarized image is retained in the resultant
image, then the word is detected as bold; otherwise, the word is
declared to be normal. Figure 4 shows the results of MOBDoB
technique on a segment of the image of a Kannada printed
page.

The detection results are analyzed in terms of the number
of words detected as bold or normal. The proposed method
provided desirable results for all the scripts tested. The per-
formance for different scripts is tabulated in Table 1. The sixth
and eighth columns in Table I correspond to false alarms and
missed detections of bold words, respectively. From the figures
and the table, it can be seen that the proposed method performs
well irrespective of the script present in the image under test.
In addition to the above scripts, we tested a few documents
of Hindi, Malayalam, Telugu and Bengali scripts and found
that similar results are obtained. However, since only a few
pages were tested, those results are not furnished in Table I.
Since Bloomberg [1] and Doermann et al [2] do not provide
quantitative results of their methods in terms of the percentage
of words correctly detected as bold or otherwise, we are not
in a position to quantitatively compare our method with theirs.

V. CONCLUSION

This paper proposed an elegant method to determine the
positions at which bold text is present in a given page. The
method, based only on morphological processing steps, is able
to effectively detect bold words with different font sizes in the
same page. The results clearly demonstrate that the technique
is script independent at least with respect to the seven scripts
tested. Also, the accuracies obtained over the pages tested is
very good across all the scripts.
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Sub-image 2 of higher font size, (d) Opened sub-image 1, (e) Opened sub-image 2 and (f) Image with the bold words extracted.

Performance of the proposed method on a page of Tamil text (a) Original image, (b) Binarized Sub-image 1 of lower font size, (c) Binarized
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Fig. 4. Performance of the proposed method on a segment of a page of Kannada text (a) Original Image, (b) Opened Image, (c) Detected positions of the
bold words and (d) Image with the bold words extracted.

TABLE I

BOLD WORD DETECTION PERFORMANCE OF MOBDOB METHOD ON DIFFERENT SCRIPTS.

Words present Classified as Overall
Script | No. of pages Bold Normal Performance
Bold | Normal
Correct False Alarms Correct Missed Detections Correct Wrong
Tamil 30 300 5200 | 295 (98.33 %) | 19 (0.37 %) | 5181 (99.63 %) 5 (1.67 %) 5476 (99.56 %) | 24 (0.44 %)
Kannada 30 713 4927 698 (97.9 %) 15 (0.3 %) 4912 (99.7 %) 15 (2.1 %) 5610 (99.47 %) | 30 (0.53 %)
Roman 5 142 929 141 (99.3 %) 2 (0.22 %) 927 (99.78 %) 1 (0.7 %) 1068 (99.72 %) | 3 (0.28 %)




