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ABSTRACT

Segmentation is an important step for developing any optical character recognition (OCR) system, which has
to be redesigned for each script having, non-uniform nature/property. It is used to decompose the image into its
sub-units, which act as a basis for character recognition. Brahmi is a non-cursive ancient script, in which characters
are not attached to each other and have some spacing between them. This study analyses various segmentation
methods for different scripts to develop the best suitable segmentation method for Brahmi. MATLAB software
was used for segmentation purpose in the experiment. The sample data belongs to Brahmi script-based ‘Rumandei
inscription’. In this paper, we discuss a segmentation methodology for distinct components, namely text lines, words
and characters of Rumandei inscription, written in Brahmi script. For segmenting distinct components of inscription
different approach were used like horizontal projection profile, vertical projection profile and Relative minima
approach. This is fundamental research on an inscription based on Brahmi script, which acts as a foundation for
developing a segmentation module of an OCR solution/system of similar scripts in future. Information search and
retrieval is an important activity of a library. So, to ensure this support for digitised documents written in ancient
script, their character recognition is mandatory through the OCR system.
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1. INTRODUCTION

Brahmiandits successor scripts were predominantin Indian
history, literature written in these scripts integrates historical
and cultural knowledge of Indian peninsula. The recognition of
various characters of Brahmi has not received proper attention
as Latin, Devnagri, Arabic, Kannada, Oria, or Bangla scripts
have got'’. In the domain of pattern recognition, the most
difficult and demanding task is character recognition. A state
of excellence is achieved for recognising printed characters but
for handwritten characters, there still exists a gap®. Research on
character recognition for Indic scripts is on progression and at
present, there is no solution that solves the problem correctly
and efficiently’. Every optical character recognition (OCR)
system involves a specific type of segmentation module, where
decisions are taken for dividing a document image text into
its fundamental parts like text line, words, characters, or sub-
characters. These fundamental parts further act as basic units
for the character recognition process. The accuracy of line/
word/character segmentation affects the results of character
recognition accordingly'®. Therefore, it is very important
to segment the document image in such a manner, where
syntactical and grammatical issues may accordingly address
while character recognition. The segmentation task encounters
a number of challenges while practical implementation. In
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text line segmentation approach, major challenges include the
availability of noise-free images of document, difference in
the skew angle among various text lines and also between the
text line and page, overlapping among the words and another
text line, overlapping of characters within the word, and finally
non-uniform spacing of words in the text.

Here we have focused on the identification of the best
suitable segmentation approach for segmenting lines, words,
and characters of ‘Rumandei inscription’ of Brahmi script.
The primary source of Rumandei inscription for the present
research is ‘Rumandei minor pillar edict’ of Mauryan king
Asoka, found in Lumbini region of Nepal. Besides this primary
source, we have also gathered secondary images of Rumandei
inscription from Brahmi script based corpus of Alexander
Cunningham. Images from multiple sources have been used
for ensuring generalisation of the segmentation process of
identified inscription''.

We have applied the Projection profile based segmentation
approach. In the text line segmentation approach, a projection
profile of an image is taken for analysing separate lines,
words, and characters. Projection profile of an image refers
to the running sum of the pixels in a particular direction'?. In
this approach, for line segmentation, a horizontal projection
profile of text image is taken, and corresponding to it a graph
is plotted, which was analysed for the segmentation purpose.
For, word and character segmentation, a verticle projection
profile of a segmented line and word is taken respectively,
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and corresponding to both of it a graph is plotted to perform
segmentation of line and word.

2. RELATED WORK

As per our observation, no work has been reported yet
on the segmentation of characters incorporating the ancient
Brahmi script forms. Although significant work has been
reported in the literature on OCR of both Indic and Non-Indic
scripts. Various segmentation methods which were investigated
are as follows:

2.1 Projection Profile Method for the Line, Words

and Character Segmentation

Pal & Sarkar'® exploited valleys of projection profile for
segmenting text document image into lines, which was analysed
by counting the number of black pixels in each row. Combination
of Vertical projection profile and component labelling methods
have been exploited for character segmentation. In Urdu-
Nastaleeq, font segmentation of words into ligatures can be
done by connected component and baseline using a horizontal
profile'*. Priyanka'?, et al. suggested a technique for segmenting
text lines depends on the modified histogram achieved by run-
length based smearing. The segmented lines of a text document
image were obtained by identifying the valleys in the histogram,
which is computed by summing the row-wise pixel values. The
peak between two consecutive valleys represents the text line'’.
Urdu words have been segmented into ligatures while using
two methods- connected component labelling and centroid to
centroid'®, it reflects multi-tier holistic approach in the process
of segmentation.

2.2 Neural Network Based Segmentation

Techniques

Since 1990, artificial neural networks are used as a
different approach for image segmentation. Characteristics
like graceful degradation in the presence of noise, ability to
be used in real-time applications and the ease of implementing
them with VLSI processors, led to a booming of ANN-based
methods for segmentation'”. Hamad'® proposed a segmentation
technique for Arabic handwritten script that has been used
in two phases: Arabic Heuristic Segmenter and Neural base
segmentation technique. Xiao & Leedham!® used a typical
approach for segmenting characters, firstly characters are
segmented into sub-component on the basis of certain criteria
and then over segmented sub-component are merged on the
basis of their characteristics. Neural networks are the best way
to tackle the problem of over-segmentation. The family of
neural networks used for pattern recognition, which is simple
and effective to implement is Feed-Forward Back Propagation
network!®,

2.3 Segmentation Free Approach

Spotting and segmentation are done simultaneously in
segmentation free approach with the help of a sliding window.
Feasibility and success of the algorithm are tested by spotting
method but the final result is free from the actual spotting method
used?. For the purpose of applying segmentation free approach
to Devnagri scripts, long short-term memory (LSTM) networks
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are suitable due to their good context-aware processing. LSTM
networks are kind of Recurrent Neural Networks and wisely
used in unsegmented character recognition?'. Premaratne
& Bigun?? proposed a novel approach for printed character
recognition using linear symmetry, where features are directly
used to recognise characters with standard alphabets without
performing actual segmentation. Vertical modifiers in the
text are identified by edge detection algorithm which uses
linear symmetry and skews angle. For Arabic script, various
methods based on segmentation free approach were applied for
characters and the satisfactory result for character recognition
was obtained®*%,

2.4 Hough Transform Approach for Line

Segmentation

Hough Transform principle can be utilised in various
research areas like skew detection, slant detection, text line
segmentation, etc.?. Hough Transform is used for the directional
segmentation of lines and words from various kinds of images.
The Hough image is generated from the binarised edge map of
the image and the parameters of the Hough transform are tuned
depending on the variety of the images used?.

2.5 Other Approaches for Character Segmentation
Chaudhuri?’, et al. divided character segmentation into
three categories as explicit segmentation, implicit segmentation
and mixed strategies. Two fuzzy features were used to identify
the Matra region and potential segmentation point in a script
independent character segmentation from word images®.
Bishnu & Chaudhuri® discussed a technique called recursive
contour, which explores the range of zonal height, inside which
the prominent portion of character exists. Acceptable outputs
are obtained if the adjacent characters are not touching. Naz’,
et al. segmented the text image into lines and the contours of
ligatures, which were recognised using shape descriptors.

3. ANCIENT INDIAN SCRIPT- BRAHMI

Indus script is the earliest script of ancient India that was
written by Indus people on seals, sealing, pottery etc. As Indus
was a pictographic script thus, we consider Brahmi as the
oldest script of India*. Brahmi is derived from the Phoenician
text, so the antiquity of this script must be 4% to 5% century
B.C.3. Firstly, Brahmi script was successfully deciphered by
James Prinsep in the 1835. Brahmi script emerged in a finished
form in the Mauryan period. Brahmi script does not seem to
have resulted from the historical process of evolution. It is
an instance of conscious creation of a script at some fixed
period*2.

3.1 Characteristics

The Ashokan Brahmi script consists of seven vowels
including nasal words and thirty-three consonants including
semi-vowels. There is no phase consonant as such, later on,
which was indicated by the form of the required consonants
letter only™.

Brahmi inscriptions are found engraved on rocks, pillars,
caves and on the slab. Lines found in them seen parallel to each
other from left to right. Some sort of punctuation is also observed
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by leaving some space between two words*. The evidence of
writing is found in the form of inscriptions indisputably from
the Ashokan period, and goes back to 3™ century B.C. Ashoka
engraved his messages in two main scripts of the country- the
Brahmi and the Kharosthi**.

3.2 Style of Writing
In various Brahmi inscriptions following attributes have
been identified regarding their writing style:
e The writings follow ink style, as it is
clear from the use of dots in some letters

(ie. Kha-4, Ja- € and Da- )

* It is seldom that the scripts attempted to achieve quality
in most of the cases. They were governed by the original
form of letters rather by their own inclination. (i.e. U, E,
0, Ka, Ga, Jha, Na, Da, Na, Ba, and Bha)

e There is no abruptness in writing. (Mysore inscription is
the only exception)

*  Each letter is distinctly formed

*  No cursive writing in the way of continuously drawn
outlines.

3.3 Engraving Style of the Script

Early Brahmi inscriptions are engraved on rocks, pillars
and caves, while one is the carved on a stone slab®. While
assessing inscriptions like Rumandei, Sarnath etc. rock edict;
itis observed from Fig. 1 that engraving style differs from hand
to hand. Absorbingly, the variance may occur even though the
material on which the record is engraved®. In the rock edict
of Girnar only, we could identify nine forms of ‘a’ etc. It has
35 characters which are used in a few different styles. Among
them, 6 vowels and anuswara, 23 consonant, 4 semi-vowels
and 2 aspirate have been included>.

Vowels

A0 1B viE

Consonants

KN Gall

(Guttural)

cnll 324 Jna
(Palatal)

Ta— Da-
(Lingual)

Ta—H Da—E Na—u
(Dental)

-
Pa Ba L Ma 8
(Labials)

N | VB
(Semi-vowels)

Sa—

(Sibilants)

Ha-m

(Aspirate)

Gha ¥

pha 8

Figure 1. Basic or primary forms of characters of Brahmi.

4. SEGMENTATION PROCESS

Segmentation is a method which determines the elements
of an image. When practised with text, segmentation is the
process of separating characters or words®’. In computer
vision, breaking of a digital image in some collective segments
is known as picture segmentation. More precisely picture
segmentation is the process of labelling of every image pixel
in such a way that pixels assigned with similar tags have some
distinct characteristics with others®. Eikvil’” mentions that
most of the OCR methods recognise character individually
by segmenting the words into separate characters. Generally,
the connected component method is used for the segmentation
process, this method is easy to implement unless the characters
are non-fragmented and non-touching.

PELCLLCLPEL JE LELKEEn EAL

AL Ad BELA CheDEN A I¥eK

LTSN FICN Evordd LOLEA
CPPASEAR YWIAY Ly <
How AL d

Figure 2: Scanned image.

PELELLOLPEL W€ LELKEOEAL
SALH A BOLA CHRDEX ALY LK
LSNP+ 5K Evorrd LALLA
LPRASEAR VYIAY  LpgJit<
HonAdd

Figure 3. Pre-processed.

VILELLCLMEL JE L LKA EAL
SALAd BELA CPPDEX A3¥LH

SJSAPAS #J0A Svend LALLA
CIPASEAR JWIAY LpgJHt<

HoaR1d

Figure 4. Noise-free image with noise image with reduced noise
obtained after pre-processing and binarisation

4.1 Preprocessing
The image of Rumandei inscription obtained after scanning
may consist of noise (Fig. 2). The obtained image depends on the
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resolution power of the camera and thresholding method used.
So, this dependency of the image may lead to low recognition
rate, which can be wiped out by the preprocessor. Preprocessor
helps to smooth the image by applying various process like
filling, thinning and normalization (Figs. 3 and 4). The filling
is done to remove gaps, breaks and holes while thinning
minimises the line width of digitised characters. To achieve
characters of uniform slant, size and rotation normalization is
done*’.

0
20 —

40

Row Pixels
=]
|
|
|
|

120 100 80 60 40
Column-wise sum of pixels

Figure 5. Horizontal projection profile for image segmentation.

Line 1

| AL Ad BELA CHPIDEL LI ¥ LS

Line 2

mm
- -

Line 3

CEaALEAL Jyrx LppJ3¥+<

Line 4

Line 5
Figure 6. Segmented lines from the image.

5. LINE SEGMENTATION

Line segmentation is done by horizontal projection profile
methods®. The whole methodology and experiments were
performed on MATLAB. Initially, a pre-processed binarised
image was taken. Then horizontal projection profile of that
binarised image was developed by summing column pixel
values. The sum of column pixel values was stored in an array
in a matrix form. Now, the matrix of the projection profile was
analysed and the pixel of interest was found. Point/Pixel of
interest is a starting point from where the projection profile
initiates or it is greater than zero till again the projection profile
reaches to the value zero. This can be achieved by applying
the loop with some logical statement in it. To understand more
clearly, a pictorial representation of the above logic is shown
in Fig. 5. The valley between two consecutive peaks/crest in
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PLCLLCLMEL J¢ L SLKAEYENL
SRR > Lt rd BOLA CHRDEN LWL

To R JAACAd$ 0k fuend LALLM
L5 PASERR WAy LoJ¥< based on the threshold

ol —— | TE/SY

Fig. 5, represents the space between two text lines. The peak/
crest between two consecutive troughs in Fig. 5, represents the
text line. So, points representing lines were cropped out using
MATLAB functions and hence the segmented lines are shown
in Fig. 6.

6. SEGMENTATION OF LINE INTO WORDS
Word segmentation is done by vertical projection profile
methods?. Nath, Jelil & Rahul® states that Word segmentation
method assumes that the
spacing among words is
always greater than the
spacing among the characters.
So, if the vertical projection
is performed to calculate
the corresponding vertical
projection profile (Fig. 7),

distance (D) among two
consecutive zero (Fig. 8).
The rupture points of the
histogram have been used to
recognise the word (Fig. 9).
Here, Line 1 was taken
as an input and binarised for
further process. Vertical projection profile of the segmented
image of Line 1 is taken by summing row pixel values of the
binarised image. The sum of row pixel values was stored in
an array in a matrix form. Now, the matrix of the projection
profile was analysed and the pixel of interest was found.
Point/pixel of interest is a starting point from where the
projection profile initiates or it is greater than zero for five
or more consecutive pixels till again the projection profile
reaches to the value zero for five or more consecutive pixels.
To understand more clearly, a pictorial representation of
the above logic is as shown in Fig. 7. The valley between
two consecutive peaks/crest in Fig. 7, represents the space
between two characters or words. The peak/crest between
two consecutive troughs in Fig. 7, represents the characters
or words. So, points representing words are those who have
a threshold distance (D) greater than five (D > 5) (Fig. 8).
So, these words were cropped out using MATLAB functions
and hence the segmented words are reflected in Fig. 9.

7. SEGMENTATION OF WORD INTO

CHARACTERS

Character segmentation is done through vertical projection
profile methods". Here, Word 1 was taken as an input and
binarised for further process. Vertical projection profile of the
segmented image of Word 1 is taken by summing row pixel
values of the binarised image. The sum of row pixel values
was stored in an array in a matrix form. Now, the matrix of the
projection profile was analysed and the pixel of interest was
found. Point/pixel of interest is a starting point from where the
projection profile initiates or it is greater than zero till again the
projection profile reaches to the value zero. To understand more
clearly, a pictorial representation of the above logic is shown
in Fig. 10. The valley between two consecutive peaks/crest in
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Row-wise sum of pixels

LOAC TP VL T Y TV |
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Wl JF L SLAMYEL]

Figure 7. Vertical projection profile for line segmentation.

Row-wise sum of pixels

250

Column Pixels

SELCLL CAbeL T8 L SLAMNEAL

Figure 8. Threshold distance (D) between words in Vertical
projection profile of the image.

£icdl Clbr>d

Word 1

T L SLAAL L]
Word 2

Figure 9. Segmented words from a line.

Fig. 10, represents the space between two characters. The peak/
crest between two consecutive troughs in Fig. 10 represents the
characters. So, the points representing characters were cropped
out using MATLAB functions and hence the segmented word/
character is reflected in Fig. 11.

7.1 Segmentation of Connected Characters into
Individual Characters
Segmentation of connected characters is done through
vertical projection profile methods'. In connected character
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Figure 11. Segmented characters from a word.

segmentation, first of all, there is a need to identify connected
characters. It can be achieved by evaluating segmented
characters, characters which have a width greater than 9 pixels
are the required connected character and hence used as an input.
Vertical projection profile of segmented input image is taken
by summing row pixel values of the binarised input image. The
sum of row pixel values was stored in an array in a matrix form.
Now, the matrix of the projection profile was analysed and the
pixel of interest was found. Point of interest is a starting point,
whenever the first minima of projection profile were found
for the overlapped/connected character. So, from this point
segmentation of character is done. To understand more clearly
a pictorial representation of the above logic is as shown in
Fig. 12. The red line denotes the boundary for segmentation
for the connected components. So, points representing
characters were cropped out using MATLAB functions and
hence character segmentation of connected characters occurs.
The segmented characters from overlapped character were as
shown in tabular form in Fig. 13.

8. DISCUSSION AND CONCLUSION

The data sample belongs to ‘Rumandei inscription’ of
Brahmi script. Figures 6, 9, 11, and 13 shows the output of the
proposed method. From the experimental results, it is clear that
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Figure 12. Vertical projection profile for overlapped characters
segmentation.

[
i
34 36 38

3 L

Figure 13. Segmented characters from an over-lapped
character.

the method which is proposed is suitable for segmenting the
image, lines, words and overlapped characters satisfactorily.

OCR’s character segmentation and classifier stage are
required to be redesigned for each new script, while other
stages can be used as such with certain modification for large
classes of languages'. So, in this paper, we have discussed
various approaches of segmentation with respect to different
scripts/languages and then tried to discover the best suitable
technique for segmentation of Brahmi script-based ‘Rumandei
inscription’. However, these results are achieved on ‘Rumandei
inscription” but this method may not produce a similar
satisfactory result for other inscriptions of Brahmi. It is due to
the following reasons:

e The difference in the skew angles among various units of
an inscription

e Availability of noise-free image, due to various reasons.

e Breaks in the characters, which leads to over-
segmentation

e Overlapping of lines, words and characters, which leads
to mis-segmentation.

This paper concludes that, at present, we do not have any
uniform method for Brahmi script, based text segmentation,
and hence, for character recognition of Brahmi text. So, it is an
open research problem.

8.1 MATLAB function used
J = imcrop(I) displays the image I in a figure window
and creates an interactive Crop Image tool associated with the
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image. I can be a grayscale image, a true-color image, or a
logical array”.

S = sum(A) returns the sum of the elements of A along the
first array dimension whose size does not equal 1*.

* Source for the above code is https://in.mathworks.com/
help/index.html
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