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Abstract- This paper presents an algorithm for seg-
mentation of touching Devanagari characters (also re-
ferred to as conjuncts) into its constituent symbols
and characters. Proposed algorithm extensively us-
es structural properties of the script. Statistical in-
formation about the height and width of character
boxes, which are vertically separate from their neigh-
bours, is used to hypothesize character boxes to be
touching character boxes. The recognition rate of

85% has been achieved on the segmented touching

characters.

1 Introduction
Many algorithms have been proposed for segmenta-
tion of touching characters [4, 5, 6, 7, 8] for Roman

script.

In this paper, we have considered the problem of
conjunct segmentation in the context of Devanagar-
i script’. Consider the word '(TQﬁTT which is pro-
nounced as ‘rashtriya’. The preliminary segmenta-
tion phase based on projections (vertical and hori-
zontal) yields the following units:

T | S | T and the top modifier T .

This process does not separate lower modifiers and
leaves the conjuncts unsegmented. Some additional
touching characters used in Devanagari are shown in

figure 1. Statistical analysis of height and width in-

formation of the character boxes indicate that S is a

IDevanagari is the script for Hindi which is official language
of India. It is also the script for Sanskrit, Marathi and Nepali
languages. It is used by more than 300 million people on the
globe.

possible composite character and has a possible lower
modifier. The output of the classification process is
also taken into consideration before attempting fur-
ther segmentation of the possible composite charac-
ter. In this case, the image box S¢ is rejected by the
classification process [9]. Therefore, image box S is
further segmented to obtain the following units:

§ € and the lower symbol,. .

In section 2, the algorithm for segmentation of touch-
ing characters is presented. The algorithm for lower
modifier separation is discussed elsewhere [1]. In sec-
tion 3, we present results of our investigation followed

by conclusion in section 4.

Touching characters Constituent characters

EE
o H M,
Ha Y o myeT

Figure 1: Some of the Touching characters used in
Devanagari script.

2. Segmentation of Touching Charac-
ters

We refer to the conjunct image by image(conj left,
conj_right, conj_top, conj_bottom) where conjleft,
conj_right, conj_top and conj_bottom are the left,
right, top and bottom coordinates of the minimum
sized upright bounding box of the image. Before dis-

cussing the algorithms, we need to define the follow-



ing:

Vertical Projection:

The pixel projection has been defined by [6] as
{PXP(k),k=1,2,...,W}. It consists of total num-
ber of black pixels in each vertical column and W is
the width of the image. We refer to this projection
as vertical projection.

Collapsed Horizontal Projection:

The collapsed horizontal projection is defined as
{HP(k),k = 1,2,..., H} where HP(k) records the
presence of black pixels in each horizontal row and H
is the height of the image.

Continuity of the Collapsed Horizontal Pro-
jection:

We scan collapsed horizontal projection H P(k) in the
sequence HP(1), HP(2),..., HP(W) and record the
position of first row containing a black pixel; let this
position be ¢. We continue the scan and record the
position of first row containing no black pixels; let this
position be j. We continue the scan and the collapsed
horizontal projection {HP(k),k = 1,2,...,W} has
no discontinuity if all the rows below j contain no
black pixels or j is the boundary row. The difference
7 — 1+ 1 is referred to as height of the projection.
Vertical Bar and its Location:

Devanagari characters can be divided into three
groups based on the presence and position of a verti-
cal bar, namely: end bar characters: 3T & & I S
W A @ I o, middle bar characters: & & & and
non-bar characters: ¥ I F T F TS TS T TE.
The position of the vertical bar is the left most col-
umn where number of black pixels is 80% or more of
the character height. This is determined by scanning
the vertical projection of the image from left to right.
The first column where target number of pixels are
present becomes the position of the vertical bar.
Pen Width:

In Devanagari characters, pen width is same as the

thickness of the header line. Thickness of the header
line is obtained during the preliminary segmentation

process from the horizontal histograms of the words.

The conjunct segmentation algorithm process takes
the image of the conjunct and the co-ordinates of the
enclosing box. The position of the vertical bar and

pen width are also inputs to the algorithm.

We calculate height and width of the conjunct image
referred to as conj_height and conj_width respective-
ly. We also calculate left one third and mid columns
of the conjunct image referred to as left_onethird and
conj_mid respectively. For an example, refer to fig-
ure 2(a). Next, we establish the class of the first
constituent character. Derived half form of the con-
sonants are divided into two classes based on their
heights:

Height of the derived half form is less than
80% of the height of the base form: Characters
of this class are: ® =TT S TELEFST¥EFT FST |
This class is referred to as class Hj.

Height of the derived half form remains the
same as of the base form: Some such examples
are: ¥ ® & F € . This class of characters is referred

to as class Hs.

The class of the first constituent character is deter-
mined by making collapsed horizontal projection of
left 1/3rd of the conjunct image which is stored in H-
Pl1by3. If the height of the HPI1by3 is more than .8
* height of the conjunct image, the first constituent
character of the conjunct belongs to class Hy. Oth-
erwise, it belongs to class H;. Please refer to figure

2(b).

For class H; characters, we include additional

columns in steps of one in image under considera-
tion and modify HPI1by3. The inclusion of additional

columns stops when the middle column of the con-



junct is reached or the pixels strength in the next
column is more than the pixel strength in the column

under examination.

In case of class Hy characters, we look at the left one
third of the image and locate the right most column
which contains 50% or more black pixels of conjunc-
t height. Starting from this column to the middle
column of the conjunct image, we examine each col-
umn. We stop when the pixel strength in the next
column is more than the pixel strength in the column
under examination or the middle column is reached.
The present column is the right boundary column of

the first constituent character. Please refer to figure

2(c).

For extracting the second constituent character of the
conjunct, the continuity of the collapsed horizontal
projection is checked. The collapsed horizontal pro-
jection corresponding to a Devanagari character im-
age has continuity. In case of end bar and middle bar
characters, the collapsed horizontal projection corre-
sponding the character image to the left of the bar
also has continuity. However, if we vertically chop §
columns from the image from the left, where § is a
positive integer greater than or equal to the penwidth,
continuity of the corresponding collapsed horizontal

projection is lost.

The search for the left boundary of the second con-
stituent character starts from conj_right if no bar is
present and immediately to the left of the bar if it is
present. This point is referred to as temp_conj_right.
We make an initial guess for the left column of the
second constituent character. We refer to this colum-
n to as temp_left2 and set it to the temp_conj_right -
2 * penwidth. We now make a collapsed horizontal
projection of the image enclosed by temp_conj_right,
temp_left2, conj_top, conj_bottom. This is referred to
as HPr. If HPr has no discontinuity and the height

of HPr is more than 1/3rd of conj_height, temp_left2
becomes the left boundary of the second constituent
character (referred to as left2). Otherwise, we move
temp_left2 to further left in steps of one column and
modify HPr. We stop moving temp_left2 further if H-
Pr has no discontinuity and required number of rows
are present. The present value of temp_left2 becomes
the left boundary of the second constituent character.
However, if temp_left2 has reached left_onethird and
still a break column has not been located, the search
is abandoned and no segmentation point is suggested.
The magnified conjunct images and their segmenta-
tion have been depicted in figure 2. Please refer to

figure 2(e) and (f).

If left2 is less than rightl, both the segmentation
points are ignored and no segmentation point is sug-
gested. If right! and left2 are same or the difference
(rightl - left2) is same or less than double of pen
width, the segmentation is accepted. However, the
right1 is moved to the left by the pen width. Please

refer to figure 2(g).

3 Results The structural segmentation algorithm
has been tested on 18 document pages from two d-
ifferent magazines. The number of conjuncts in the
test documents are about 5%. Out of all the conjunct
and composite characters, about 90% conjuncts has
been marked for further segmentation based on the
output of the classification process (see [9, 10, 3] and
width and height information of characters. During
testing, it was observed that sometimes a compos-
ite character was substituted by another Devanagari
character. The recognition of the constituent charac-
ters obtained after segmentation of touching charac-
ter is about 88% which matches with the overall per-
formance of the system [3]. The results of touching
character segmentation are summarized in tables 1.

However, the algorithm is capable of segmenting all



(@)
888 8888 88 888
88 8888 88 888
88 888 888 888
88 888 888 888
888 88 888 888
888 88 888 888

888 88888 888

888 8888 888
8888888 88888 888
8888888888888888 888
8888888888888 8 888
888 88 88888
88 8 888888
88 88888888 888
88 88888888 888

88 888

88 888

88 888

88 888

88 888

conjunct image, conj_height is 20,
conj_width is 24, left_onethird is at
column 8 and conj_mid is at column 12.

(b)

left_onethird has 20 rows which contain
black pixels which is half of the conjunct
height, left constituent character belongs

class H2.

(©)

#iH#
#iH#

col9 col 11
col 10

number of black pixels are
same in column 8, 9 and 10.
this number goes up in column

11; the value of rightl is 10.
value of rightl is 10.

()

(e)

O

HPr at
temp_left2 = 18
(connected, Hpr
height 4)

) 388

8888888
8888888888
8888888888
888

left character

888 8888 88
88 8888 88
88 888 88
88 888 88
888 88 88
888 88 88
888 88888
888 8888
8888888 88888
8888888888888888
8888888888888
888 88
88 8
88 88888
88 88888
88
88
88
88
88

Ho

I+ I I

HPr at
temp_left2 = 16

(not connected)

88 888
88 888

888 888

888 888

888 888

838 888

888 888

88 888
888 888
8 888
8 8 888
88 88888
8 888888

88888888 888
88888888 888
888
888
888
888
888

right character
at left2 14

888

888

8 888
8 888
8 888
8 888
888

888

888

888

8 888
88888
888888
888 888
888 888
888

888

888

888

888

bar_pos is 21, temp_conj_right is at 20,
penwidth is 3, initial value of temp_left2
is 18.

FHIFHHH R

HPr at

temp_left2 = 14
(connected, HPr

height 14)

8888 88 888
8888 88 888

888 888 888
888 888 888
88 888 888
88 888 888
88888 888
8888 888
88888 888
8888 888
888 8 888
88 88888
8 888888

88888888 888

88888888 888

888

888

888

888

) 888
right character

at left2 11

Figure 2: A Conjunct and its Segmentation



total number overall number of touching char. | touching chars.
of chars. recognition | touching chars. recognition substitution
Font 1 20856 18162 1172 981 191
87.08% 5.61% 83.70% 16.29%
Font 11 16356 14359 802 678 124
87.79% 4.90% 84.53% 15.46%

Table 1: Performance of the system for Font I and II.

the conjuncts when suggested to do so.

A sample text page and the text after recognition is
shown in figure 3. The segmented image after prelim-
inary segmentation and lower modifier segmentation
is also shown in the same figure. The image after con-
junct segmentation and the OCR output after post-

processing [9] are also presented in the same figure.

4 Conclusion We have introduced a new method
for the segmentation of the conjuncts for Devanagari
script. This strategy is based on the structural prop-
erties of the script. The right and left part of the

images are extracted independently.
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(b) The image after preliminary segmentation and lower modifier separation
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(d) The output of the classification process; the word has been underlined
if the true word is the second or third choice
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Figure 3:



